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Aim: To explore the difference in tumor-infiltrating lymphocytes (TILs) and programmed 
death-ligand (PD-L1) in primary hepatocellular carcinoma (HCC) and its adjacent tissues, 
and to evaluate their effect on HCC prognosis.
Methods: Liver cancer and paracancerous tissue samples were collected from 72 patients 
who underwent radical hepatectomy between December 15, 2017 and January 9, 2019. Flow 
cytometry was used to detect the distribution of TILs and PD-L1, analyze the correlation 
between the expression of CD8/CD3 and PD-L1 and clinical-pathological parameters, and 
evaluate their effect on the prognosis of HCC patients.
Results: The distribution proportion of CD3+T cells, CD4+T cells, and PD-L1 in liver 
cancer were significantly higher than in paracancerous tissues, while the distribution propor-
tion of CD8+T cells was significantly lower (all P<0.05). In HCC, the distribution proportion 
of CD8+T cells was related to tumor size and stage, while the PD-L1 expression was related 
to the tumor stage only (all P < 0.05). Univariate analysis showed that tumor differentiation, 
TNM stage, expression of CD8/CD3, and PD-L1 in tumor tissue were related to disease-free 
survival (DFS)(P < 0.05); multivariate Cox regression analysis showed that tumor differ-
entiation, TNM stage, CD8/CD3, and PD-L1 expression were independent influencing 
factors of postoperative DFS (P < 0.05). Kaplan–Meier survival curve analysis showed 
that the DFS of CD8/CD3 high expression group was significantly higher than that of the 
low expression group, and the DFS of PD-L1 low expression group was significantly higher 
than that of the high expression group (all P < 0.05).
Conclusion: There are significant differences in the distribution of TILs and PD-L1 in HCC 
and paracancerous tissues. The expression of CD8/CD3 and PD-L1 in tumor-infiltrating 
lymphocytes in HCC may help evaluate the immunological indexes of prognosis after radical 
resection of HCC and to further the study of immunotherapy in patients with HCC.
Keywords: liver cancer, TILs, PD-L1, DFS

Introduction
Hepatocellular carcinoma (HCC) is one of the most common malignant tumors 
worldwide, with high morbidity and mortality and poor prognosis. At present, 
surgical treatment is still considered as the most effective treatment for liver cancer. 
Early diagnosis and early treatment of liver cancer are essential for the radical 
operation of liver cancer. Yet, most cases present with a middle and late stage.

Over the last decade, biotherapy has gradually become a new and funda-
mental treatment strategy for patients with advanced liver cancer. The immune 
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microenvironment has an important role in cellular 
immunotherapy. Tumor-infiltrating lymphocytes (TILs) 
are essential parts of the cellular immune microenviron-
ment. In general, the vast majority of TILs are CD3+T 
cells, which can be divided into two subgroups: CD4+T 
cells and CD8+T cells.Moreover, programmed death fac-
tor-1 (PD-1) is another checkpoint molecule in the 
immune response. PD-L1, a ligand of PD-1, is expressed 
in a variety of tumor cells. The combination of PD-L1 
and PD-1 can inhibit the proliferation of TILs. 
Nowadays, a number of studies have reported that TILs 
and PD-L1 are closely related to the prognosis and 
survival of tumor patients.2-5 The purpose of this study 
was to detect the distribution ratio of TILs and PD-L1 in 
liver cancer tissues and adjacent tissues by flow cytome-
try so as to understand the changes of the immune 
microenvironment in patients with liver cancer, and to 
analyze the correlation between the expression of PD-L1 
and TILs and clinical-pathological parameters and post-
operative prognosis. Moreover, this study explored the 
possibility of using PD-L1 and TILs as biomarkers for 
the prognosis and survival of patients with liver cancer.

Materials and Methods
Research Object
Liver tissue samples were collected from 72 patients who 
underwent radical hepatectomy at the Department of 
Hepatobiliary Surgery, affiliated with Cancer Hospital of 
Zhengzhou University between December 2017 and 
January 2019. All patients had complete clinicopathologi-
cal data. There were 51 males and 21 females patients 
aged 30 to 84 years old, with an average age of (54.1 
±10.7) years. All patients were diagnosed with hepatitis 
B associated hepatocellular carcinoma. They all had 
a history of hepatitis B virus (HBV) infection; serum 
HBsAg or HBV-DNA were positive before the operation. 
Hepatocellular carcinoma was confirmed by pathology 
after the operation.

No patients received other treatments, such as radio-
therapy, chemotherapy, and immunotherapy, before the 
operation. The tumor was completely removed during the 
operation. Anatomical hepatectomy or the cutting edge 
was more than 2cm from the tumor, and the postoperative 
pathological examination was negative.

The hospital ethics committee approved the study, and 
informed consent was signed by patients.(The ethics 

committee of The Affiliated Cancer Hospital of 
Zhengzhou University, The ethical code is 2016CT054).

Detection of Infiltrating Lymphocytes in 
Liver Tissue by Flow Cytometry
Main Reagents and Instruments
FITC anti-human CD4 antibody PE/CY7 anti-human CD3 
antibody, FITC anti-human CD8 antibody, APC anti- 
human PD-L1 antibody, FITC anti-human CD4 antibody, 
APC Mouse IgG1, κ Isotype Ctrl (FC) antibody, and 
7AAD active staining solution were obtained from 
American Biolegend company. RPMI1640 was purchased 
from the American Gibco company. FACSCanto Ⅱ flow 
cytometry was obtained from American BD company.

Preparation of Single-Cell Suspension 
from Fresh Liver Cancer and 
Paracancerous Specimens
The resected specimens were stored in RPMI1640 culture 
medium at 4 °C immediately upon collection. After the 
necrotic tissue was removed by scissors, the liver cancer 
and paracancerous specimens were cut into small pieces. 
The specimens were then grinded by manual tissue grinder 
until the tissue blocks were not visible to the naked eye, 
filtered suing 70 μm filter, and centrifuged at 300g for 
5min. Finally, the cells were collected for flow staining.

Flow Cytometry
A total of 1 × 107 mL/tube (100ul/tube) mixed with PBS 
were added to three flow tubes (labeled tube 1, 2, 3). 
Tube 1 was then mixed with the following reagents: 5ul 
FITC anti-human CD8, 5ul PE/CY7 anti-human CD3, 
and 5ul APC Mouse IgG1; tube 2 with 5ul FITC anti- 
human CD8, 5ul PE/CY7anti-human CD3, and 5ul APC 
anti-human PD-L1; and tube 3 with 5ul FITC anti-human 
CD4, 5ul PE/CY7 anti-human CD3, and 5ul APC anti- 
human PD-L1.

After incubation at room temperature for 20 minutes in 
dark, samples were washed with PBS for two times, mixed 
with 200ul PBS resuspension cells and 10ul of 7AAD 
active staining agent for 10 minutes. Consequently, sam-
ples were analyzed using flow cytometry.

Follow-Up
All patients were regularly followed up according to reex-
amination (serum tumor marker alpha-fetoprotein (AFP) 
and abdominal B-mode ultrasound) and telephone contact 
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until the death or the end of the study. Tumor recurrence 
was the primary endpoint of this study. The disease-free 
survival (DFS) was the main observation index defined as 
the time from the date of complete resection of the tumor 
to the time of recurrence or metastasis or death due to 
disease progression. The diagnosis of tumor recurrence or 
metastasis was based on enhanced CT or magnetic reso-
nance imaging and serum AFP levels. The follow-up was 
performed from December 2017 to June 2020.

Statistical Analysis
The experimental data were analyzed by SPSS22.0 statis-
tical software. The data of continuous variables were 
expressed by (x±s), and the differences between paired 
samples (liver cancer tissues and paracancerous tissues) 
were tested by Nonparametric Test. The cut-off values of 
CD8/CD3 and PD-L1 were determined according to the 
receiver operating zone line (ROC). The cut-off values are 
42.6 and 5.8. According to this cut-off value, CD8/CD3 
and PD-L1 were divided into high expression groups and 
low expression groups. Kaplan–Meier method was used to 
analyze the survival time of the two groups, and the Log- 
rank method was used to test the survival rate. Univariate 
and multivariate Cox regression analysis was used to ana-
lyze the independent prognostic factors. The difference 
was statistically significant (P < 0.05).

Results
Flow Analysis of Infiltrating Lymphocytes 
and PD-L1 in Hepatocellular Carcinoma 
and Paracancerous Tissues (Figures 1 and 2)
Differences in the Distribution Proportion of 
Primary Anti-Tumor Effector Cells in Hepatocellular 
Carcinoma and Paracancerous Tissues
The flow test analysis indicated that the proportion of CD3 
+T cells and CD4+T cells in the hepatocellular carcinoma 
group was significantly higher than that in the paracancer-
ous group (P=0.002, P < 0.001). Moreover, the proportion 
of CD8+T cells in the hepatocellular carcinoma group was 
significantly lower than that in the paracancerous group (P 
< 0.001). The ratio of CD4+T cells to CD8+T cells in the 
HCC group was significantly higher than that in the para-
cancerous group (P < 0.001), which was out of balance. 
The distribution proportion of PD-L1 protein in the hepa-
tocellular carcinoma group was significantly higher than 
that in the paracancerous group (P < 0.001) (Table 1).

The Relationship Between the Proportion 
of CD8/CD3, the Expression of PD-L1, 
and Clinicopathological Factors in 
Hepatocellular Carcinoma
The above results showed that the expression of CD8/CD3 
in HCC tissues was significantly lower than in paracancer-
ous tissues, while the expression of PD- was significantly 
higher. Therefore, we further analyzed the relationship 
between the expression of CD8/CD3 and PD-L1 in HCC 
and the patient’s age, sex, tumor size, degree of differen-
tiation, TNM stage, liver cirrhosis, and preoperative AFP 
level. The results showed that the expression of CD8/CD3 
in HCC was related to tumor size and TNM stage. In 
contrast, the expression of PD-L1 was related to the 
TNM stage and had no significant correlation with other 
clinical indexes, as shown in Table 2.

The CD8/CD3 in Liver Cancer Tissue is 
the Influencing Factor of (DFS) in 
Postoperative Disease-Free Survival of 
Patients with Liver Cancer
Factors affecting the postoperative disease-free survival in 
patients with liver cancer were further analyzed. 
Univariate Cox regression analysis showed that tumor 
differentiation, TNM stage, expression of CD8/CD3, and 
PD-L1 in tumor tissue were related to postoperative DFS. 
Multivariate Cox regression analysis showed that the 
degree of tumor differentiation and the expression of 
CD8/CD3 and PD-L1 were independent influencing fac-
tors of postoperative DFS (Table 3). Moreover, the 
Kaplan–Meier survival curve analysis showed that the 
DFS of CD8/CD3 high expression group was significantly 
higher than that of the low expression group, and the DFS 
of PD-L1 low expression group was significantly higher 
than that of the high expression group (Figure 3).

Discussion
Surgical resection, transcatheter arterial chemoemboliza-
tion, radiofrequency ablation, and tyrosine kinase inhibi-
tors (such as sorafenib) are the primary treatment methods 
for patients with HCC. Yet, the overall prognosis of liver 
cancer is still not satisfactory.1,6,7

Immunotherapy has an important role in the treatment 
of malignant tumors. It can reduce the tumor’s load and 
prevent other chronic liver lesions from developing into 
HCC.8,9 TILs are the type of cells that participate in the 
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Figure 1 Flow diagram of tumor infiltrating lymphocytes and PD-L1 in hepatocellular carcinoma. (A) Removal of adhesion of cells by forward angular scattering of FSC-An 
and FSH-H. (B) CD3 sets up a door to circle out CD3+T cells. (C) Elimination of dead cells by setting a gate through 7AAD. (D and E) Set up a gate to circle the CD4+ cells 
and CD8+ cells in CD3+T cells. (F and G) Through the control tube of the same type, the PD-L1 positive group was circled.
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Figure 2 Flow diagram of tumor infiltrating lymphocytes and PD-L1 in paracancerous tissues. (A) Removal of adhesion of cells by forward angular scattering of FSC-An and 
FSH-H. (B) CD3 sets up a door to circle out CD3+T cells. (C) Elimination of dead cells by setting a gate through 7AAD. (D and E) Set up a gate to circle the CD4+ cells and 
CD8+ cells in CD3+T cells. (F and G) Through the control tube of the same type, the PD-L1 positive group was circled.
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body’s anti-tumor immune response and have a specific 
anti-tumor effect.10 Among them, T cells are the most 
important tumor-infiltrating lymphocytes. In general, the 
vast majority of TILs are CD3+T cells, which can be 

divided into two subgroups: CD4+T cells and CD8+T 
cells.11 CD8+T cells are the most important effector cells 
in the process of the anti-tumor immune response. CD4+T 
lymphocytes mainly refer to helper T cells, which can 

Table 1 Distribution Proportion of Main Anti-Tumor Effector Cells and PD-L1 in Hepatocellular Carcinoma and 
Paracancerous Tissues

Cancer Adjacent to Cancer P

CD3+ 4.53 (2.06,10.50) 3.14 (1.89,5.59) 0.026

CD8+/CD3+ 51.30 (32.80,62.10) 66.20 (56.45,71.50) <0.001

CD4+/CD3+ 45.10 (33.70, 61.05) 24.00 (20.00,30.70) <0.001

CD4+/CD8+ 0.88 (0.53,1.86) 0.36 (0.28,0.53) <0.001

PD-L1 9.18 (4.91,15.85) 6.46 (2.90, 9.90) 0.01

Table 2 Relationship Between the Expression of CD8/CD3 and PD-L1 in Hepatocellular Carcinoma and Clinicopathological Factors

Characteristics Cases CD8/CD3 t P PD-L1 t P

Age (years) 0.266 0.791 0.769 0.444

<60 51 49.2±27.90 11.39±8.99

≥60 21 48.03±14.32 13.40±12.47

Gender 0.934 0.354 0.585 0.561

Male 51 47.66±17.63 12.42±10.82

Female 21 51.75±14.77 10.89±8.15

Tumor size (cm) 3.231 0.002 1.211 0.230

<5 23 57.65±14.85 14.07±10.48

≥5 49 44.73±16.25 10.99±9.85

Differentiation 0.649 0.519 0.045 0.964

High and medium 46 48.14±17.27 11.95±10.52

Low 26 51.18±15.65 12.07±8.82

TNM stage 2.493 0.015 2.229 0.029

I, II 37 53.50±15.95 9.47±6.67

III, IV 35 43.95±16.57 14.63±12.29

Cirrhosis 0.420 0.676 1.689 0.096

No 12 50.73±17.65 7.54±2.77

Yes 60 48.48±16.81 12.86±10.77

AFP (μg/L) 0.857 0.394 0.178 0.860

<20 15 45.53±17.92 11.56±10.25

≥20 57 49.73±16.60 12.08±10.13
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regulate the immune response of other T cell groups and 
assist B cells in secreting antibodies. The CD4+T/CD8+T 
ratio is crucial for the immune response and immune 
regulation; its changes reflect the immune state.12,13 

Some studies have found that lower CD8+TILs levels are 
related to some clinicopathological parameters, such as 
negative HBsAg, large tumor size, and late TNM stage. 
In addition, the high-density CD8+TILs have been related 
to better OS and DFS.14

In this study, we found that the expression of CD8/ 
CD3 in hepatocellular carcinoma is associated with the 
tumor size and stage. This further suggests that TILs 
are an important factor in the mechanism of HCC 
immunosuppression. The body’s immune status is 
related to the invasive activity of TILs, which indicates 
that the low immunity is one of the important factors 
of tumor growth, recurrence, and metastasis. 
Furthermore, our multiple Cox regression analysis 

Table 3 Univariate and Multivariate Cox Regression Analysis of Postoperative Prognosis in 72 Patients with Hepatocellular Carcinoma

Variable Univariate Analysis Multifactor Analysis

HR(95% CI) P HR(95% CI) P

Age (years) 0.538 (0.208~1.387) 0.200

Gender(Male/Female) 1.132 (0.520~2.464) 0.755

Tumor size (cm) 0.510 (0.230~1.132) 0.098

Differentiation(High and medium/Low 5.152 (2.393~11.095) <0.001 4.720 (1.962~11.355) <0.001

TNM stage(I II/III IV) 3.539 (1.667~7.514) 0.001

Cirrhosis (Yes/No) 1.372 (0.487~3.869) 0.549

AFP (μg/L) 2.064 (0.747~5.702) 0.162

CD8/CD3(Higher/Lower expression) 0.087 (0.036~0.212) 0.001 0.083 (0.032~0.211) 0.013

PD-L1 (Higher/Lower expression) 0.410 (0.192~0.876) 0.021 0.440 (0.202~0.959) 0.039

Figure 3 Kaplan–Meier survival analysis curve. (A) CD8/CD3; (B) PD-L1.
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revealed that CD8/CD3 is an independent protective 
factor affecting the postoperative prognosis of patients 
with liver cancer.

Programmed death factor-1 (PD-1) is a checkpoint 
molecule in the immune response. By binding with PD- 
1, PD-L1 blocks the secretion, proliferation, and cytotoxic 
cytokine secretion of T lymphocytes, resulting in 
a decrease in T lymphocytes’ distribution.3,15 At present, 
the inhibitor of immune checkpoint molecule (PD-L1/PD- 
1) has achieved remarkable results in many malignant 
tumors. It has been found that its clinical efficacy is 
closely related to the expression of PD-L1 in tumors. In 
addition, PD-L1 positive patients, in comparison with PD- 
L1 negative patients, are twice as likely to undergo relapse 
and have greater numbers of tumors with vascular inva-
sion. Yet, its clinical value in HCC needs further 
assessment.16,17

Our data indicated that the expression of PD-L1 in 
HCC was associated with the clinical stage. The clinical 
stage could further affect the prognosis of patients. 
Multiple Cox regression analysis showed that PD-L1 was 
an independent factor affecting the postoperative prog-
nosis of patients with hepatocellular carcinoma. DFS in 
the group with high expression of PD-L1 was significantly 
lower than that in patients with low expression of PD-L1. 
Therefore, PD-L1 may also be used as a prognostic bio-
marker of HCC and to evaluate immune checkpoint inhi-
bitors’ clinical efficacy.

This study has a few limitations. First, the study has 
a small sample size. Second, most of the patients in this 
study received resection, radiofrequency ablation, inter-
ventional therapy, immunotherapy, and other related 
comprehensive treatments for recurrent or metastatic 
tumors once they were found to have recurrence or 
metastasis after the operation. These treatments may 
have a different effect on the overall survival time 
(OS) of the patients. Therefore, the overall survival 
time of the patients was not evaluated in this study. 
The small sample size is another limiting factor in this 
study.

To sum up, our data suggest that CD8+T and PD-L1 
have independent and significant effects on the survival 
and prognosis of patients with HCC. Thus, CD8+T and 
PD-L1 could potentially become prognostic biomarkers 
for HCC. Future studies should include a larger sample 
size and should explore the relationship between TILs, 
PD-L1, and overall survival (OS) further.
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