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INTRODUCTION 
 

Hepatocellular carcinoma (HCC) is a malignant liver 

tumor characterized by very poor survival, and is the 

second leading cause of cancer death worldwide [1]. 

One important reason for HCC poor survival is the 

limited effect of chemotherapy, radiotherapy, and 

surgical resection can only be performed in patients 

with early stage HCC [2]. Recent reports show that 

immunotherapy is a highly promising therapeutic 

method in many advanced cancers, particularly in those  

 

induced by viruses [3, 4]. In China, most HCC patients 

are infected with hepatitis B virus and have chronic 

hepatitis, indicating that HCC patients may be suitable 

for immunotherapy. More important, the liver is 

recognized as a critical site for the development of 

immune tolerance to cancer [5], where cancer cells are 

not sensed and destroyed by the immunosystem [6]. In 

addition, one study has shown that dysregulation of 

hepatic immunotolerance is involved in liver 

carcinogenesis and progression [7]. Therefore, 

immunostimulatory treatment is potentially effective for 
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ABSTRACT 
 

Recent studies demonstrate that immune checkpoint inhibitor (ICI) therapy has achieved success in many types 
of advanced cancers including advanced hepatocellular carcinoma (HCC). However, ICI therapy is beneficial in 
only some HCC patients, suggesting that immune-responses are highly variable in HCCs. Therefore, 
understanding the immune status in HCC microenvironment will facilitate ICI immunotherapy and guide patient 
selection for the therapy. In this study, we first analyzed the expression profile of immune-modulating genes 
and their relationship with survival of HCC patients using the data downloaded from The Cancer Genome Atlas - 
Liver Hepatocellular Carcinoma (TCGA-LIHC) database, and found that the higher expressions of CD276 (B7-H3) 
and CD47 were significantly associated with poor survival. Then we identified 4 immune subtypes of HCCs with 
different survivals by using the combination expression of B7-H3 (or CD47) and CD8. Patients with B7-
H3low/CD8high or CD47low/CD8high have the best survival while ones with B7-H3high/CD8low or CD47high/CD8low have 
the worst survival. The 4 immune subtypes were validated in another 72 HCC patients obtained from South 
China. In conclusion, our findings suggest that HCC patient prognosis is associated with immunophenotypes by 
T cell infiltration (CD8 expression) and the expression of the adaptive immune resistance gene (B7-H3 or CD47), 
and this immune classification system will facilitate HCC patient selection for ICI immunotherapy. 
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HCC patients, and may help restore anti-cancer 

immunity and prolong the survival of these patients.  

 

Recently, studies demonstrate that immune checkpoint 

molecules (also called immunomodulators), which are 

pathways that balance the immune response and protect 

the host from autoimmunity, are dysregulated in the 

tumor microenvironment (TME) of many cancers [8]. 

The immune checkpoint molecules include programmed 

cell death protein 1 (PD-1), cytotoxic T lymphocyte–

associated antigen 4 (CTLA-4), PD-1 ligand 1 (PD-L1), 

B7 homolog 3 (B7-H3) and others. When dysregulated 

in the TME, the immune checkpoint molecules could 

suppress anti-tumor immune responses in many cancers 

including liver cancer, resulting in the development and 

progression of cancer. Therefore, these inhibitory 

immune checkpoint molecules have become targets for 

immunotherapy, and now seven immune checkpoint 

inhibitors (ICIs) have been developed and approved  

by US Food and Drug Administration for the treatment 

of advanced cancer [https://medi-paper.com/us- 

fda-approved-immune-checkpoint-inhibitors-approved-

immunotherapies/]. However, most of the ICIs are 

effective in only a portion of patients. For example, 

Nivolumab and Pembrolizumab (antibodies against PD-

1) have approximately 16–20% of objective response 

rate in unselected patients with advanced HCC [9, 10], 

which implies that there is a great need for 

understanding the immunologic characteristics of HCCs 

for optimal selection of patients who may respond to 

immune-based therapies [11–15]. 

 

In 2017, Sia D et al found 25% of HCC patients have 

high-expression of identified immune checkpoints and 

cytolytic activity markers, suggesting that these patients 

might be sensitive to ICI therapy [16]. Kim et al 

subsequently identified two subgroups of HCCs: the 

first group with a discrete population of PD-1high CD8+ 

T-cells was more aggressive, and the second group 

without a discrete population of PD-1high CD8+ T-cells 

was much less aggressive; the first HCC group had 

higher levels of predictive biomarkers of response to 

anti-PD-1 therapy, and incubation of the T cells from 

these HCCs with antibodies against PD-1, TIM3 or 

LAG3 restored proliferation and production of IFNγ 

and TNF in response to anti-CD3 treatment [17, 18]. 

These findings clearly indicate that the efficacy of 

immune checkpoint-based therapy is mainly related to T 

cell antitumor activity in the TME but not the tumor cell 

phenotype [19]. Therefore, elucidation of the subtypes 

of infiltrated T cells in HCC tissues will facilitate 

personalizing ICI therapy and potentially prolong the 

survival of HCC patients.  

 

In this study, we first utilized the clinical survival and 

RNA expression data downloaded from The Cancer 

Genome Atlas - Liver Hepatocellular Carcinoma (TCGA-

LIHC) database to analyze the relationship between the 

immune-checkpoint gene expression profile and survival 

of patients with HCC, and identified additional 

dysregulated immune checkpoints that may be implicated 

in tumor progression. Then, we confirmed the clinical 

significance of these dysregulated immune checkpoints 

using immunohistochemistry (IHC)-based method in an 

HCC patient cohort obtained from Sun Yat-Sen 

University Cancer Center. Our findings provide broad 

understanding of HCC immunophenotypes and indicate 

opportunities for establishing systemic immunotherapies 

in HCC. 

 

RESULTS 
 

The expression patterns and clinical significance of 

immunomodulators in HCC patients 
 

To explore the expression patterns of immuno-

modulators in HCC, we performed clustering analysis 

of expression of immune-modulating pathway genes, in 

which RNA-seq data were downloaded from TCGA-

LIHC database. A group of selected immune checkpoint 

genes were upregulated mainly in a subset of HCC 

tissues, implying that these immune checkpoint genes 

might be activated in only a small portion of HCC 

patients (Figure 1). To elucidate the clinical significance 

of the upregulated immune checkpoints, we analyzed 

the relationship between these genes and overall 

survival (OS) of HCC patients. The results show that 

only two genes are significantly associated with poor 

OS: CD276 (B7-H3) (P = 0.014, Figure 2A) and CD47 

(P = 0.039, Figure 2B), consistent with previous reports 

[20–25]. All the others do not have a statistically 

significant relationship with survival (Supplementary 

Figure 1). These results suggest that the upregulated 

B7-H3 and CD47 may lead to immunosuppression, 

resulting in poor survival in HCC patients.  

 

High tumor-infiltrating lymphocyte density in TME is 

often associated with better survival in many tumor 

types [26, 27]. However, there is no significant 

relationship between the survival and the expression of 

any canonical lymphocyte subset markers including 

CD4, CD8, or CD19 in HCC patients (all, P> 0.05, 

Supplementary Figure 2), based on the mRNA 

expression from TCGA-LIHC data. These results imply 

that the number of infiltrated lymphocytes may be small 

in most of the HCC tissues or big in only a small part of 

tumor tissues so that these lymphocyte markers could 

not relay the statistical significance in the survival 

analysis for the whole cohort of HCC patients. 

 

Given that high expression of B7-H3 and CD47 is 

associated with poor prognosis in HCC, we 
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subsequently investigated their relationship with other 

clinical factors. Recently, tumor mutational burden 

(TMB) is reported to be related with the effectiveness of 

ICI immunotherapy [28], and an average of 30–40 

mutations per tumor are identified in HCC, which 

represents a high TMB [29]. A high TMB may produce 

more neoantigens that can induce the infiltration of 

neoantigen-specific CD8+ lymphocytes into the tumor 

tissues, indicating a possible upregulation of the 

adaptive immune resistance genes in the T cells or 

tumor cells. Therefore, we analyzed the relationship 

between B7-H3 or CD47 expression and TMB in HCC 

 

 
 

Figure 1. Heatmap of adaptive immune resistance genes in HCC patients of TCGA-LIHC cohort. The data were downloaded from 
TCGA-LIHC dataset and analyzed with clustering method. All HCC patients (374 cases) were clustered into two groups: one (73 cases) was 
characterized by high-expression of nearly all adaptive immune resistance genes, and the other (301 cases) by low-expression of the genes. 
Red bar represents gene high expression, and green represents gene low expression. Each column indicates one sample. 

 

 
 

Figure 2. Survival curves of HCC patients stratified by B7-H3 (CD276) or CD47 expression levels in TCGA-LIHC cohort. HCC 
patients (n = 345) were divided into high or low expression group based on the median value of gene expression. (A) Survival curves of HCC 
patients with high and low B7-H3 expressions. (B) Survival curves of HCC patients with high and low CD47 expressions. The P-value cut-off 
was 0.05 (log rank test). 
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patients. However, the results show no significant 

relationship between the TMB and B7-H3 or CD47 

expression in TCGA-LIHC database (Supplementary 

Figure 3A, 3B).  

 

Then we explored the relationship between the 

expression of these molecules and other clinical 

features. As shown in Supplementary Figure 4, the 

increased B7-H3 expression is positively correlated 

with increased tumor stage, and increased CD47 

expression is marginally correlated with increased 

tumor stage. All of these results suggest that the 

upregulated immune checkpoints B7-H3 and CD47 may 

increase the development and progression of HCC. 

 

B7-H3 and CD47 expressions are positively 

correlated with subsets of infiltrated T cells in HCC 
 

One study indicates that CD8+ cytotoxic T cells in the 

TME can upregulate the adaptive immune resistance 

genes via enhancing the expression of IFNγ [30, 31]. In 

this study, though the mRNA was originated from HCC 

tissues including HCC cells, infiltrated lymphocyte cells 

and other mesenchymal cells, the amount of CD8 

mRNA mainly represented the number of infiltrated T 

cells because CD8 was principally expressed on T cells. 

Therefore, we explored whether CD8 expression was 

associated with B7-H3 or CD47 expression (Figure 3). 

As expected, a positive relationship between CD8 and 

B7-H3 (r = 0.19, P = 3.07 × 10-4) or CD8 and CD47 (r 

= 0.23, P = 1.42 × 10-5) was observed (Figure 3A and 

3B), indicating that the increased CD8+ T cells may 

have upregulated the adaptive immune resistant genes 

by activating IFNγ pathway in HCC patients. In 

addition, B7-H3 and CD47 expressions were also 

observed to be positively correlated with each other (r = 

0.30, P =1.96 × 10-8, Figure 3C). 

Similarly, T helper type 1 (Th1) cells also produce IFNγ 

and subsequently activate IFNγ gene signature which is 

primarily responsible for activating an anti-tumor 

immune response including an increase of infiltrated 

cytotoxic T cells in the TME. Therefore, we supposed 

that IFNγ gene signature might be correlated with B7-

H3 or CD47 expression. To this end, we performed a 

correlation analysis of Th1/IFNγ gene signature with 

B7-H3 or CD47 expression. As shown in Figure 4, most 

genes of Th1/IFNγ gene signature have a positive 

correlation with B7-H3 or CD47 expression. These 

results imply that the infiltration of CD8+ T cells and 

Th1 cells may increase the expression of B7-H3 and 

CD47, or increased expression may enhance cytotoxic T 

cell infiltration and Th1 differentiation. 

 

Identification of HCC immune subtypes with 

different survivals 

 

Tumor-infiltrating CD8+ T lymphocytes are associated 

with favorable survival in multiple tumor types [32] 

while B7-H3 or CD47 expression is correlated with 

poor survival of cancer patients. In our results described 

above, different HCC patients have distinct expression 

patterns of CD8 and B7-H3/CD47, although CD8 

expression is positively correlated with B7-H3 or CD47 

expression (Fig 3). Therefore, we supposed that HCC 

patients with different patterns of CD8 and B7-

H3/CD47 have different survivals. To confirm this, we 

first divided HCC patients into 4 immune subtypes 

based on the expression patterns of CD8 and B7-H3 in 

HCC tissues: B7-H3high/CD8high, B7-H3low/CD8high, B7-

H3high/CD8low, and B7-H3low/CD8low. Then we 

performed survival analysis on the patients with 4 

immune subtypes. As expected, patients with B7-

H3low/CD8high had the best outcome, whereas patients 

with B7-H3high /CD8low had the worst outcome. Similar 

 

 
 

Figure 3. The correlations between 3 immune markers (B7-H3, CD47 and CD8) in TCGA-LIHC cohort. The correlations between 
the expressions of CD8 and B7-H3 (A), CD8 and CD47 (B) and B7-H3 and CD47 (C), were presented with Scatter plots (based on 345 HCC 
samples), and there are significantly positive correlations between 3 pairs of immune markers. The Pearson correlation coefficient (r) and 
corresponding P-value are shown in each plot. The P-value cutoff was 0.05. 
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Figure 4. The relationships of B7-H3 and CD47 with Th1/IFNγ gene signature in TCGA-LIHC cohort. Heat map shows the 
correlations of each gene expression of Th1/IFNγ gene signature with B7-H3 and CD47 expression, which were computed based on 345 HCC 
cases. Red color indicates positive Pearson correlation coefficients; blue color indicates negative correlations. 
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results were obtained from the patients stratified by the 

expression patterns of CD8 and CD47 (Figure 5B). 

These results suggest that the combined analysis of CD8 

and B7-H3 (or CD47) expression can identify different 

HCC immune subtypes that have distinct survivals. 

 

HCC immune subtypes are validated in patients 

from South China 
 

To validate the HCC immune subtypes identified from 

the mRNA expression data of TCGA-LIHC database, 

we first collected 72 HCC samples from SYSUCC, in 

South China and detected the protein levels of CD8 and 

B7-H3/CD47 in HCC tissues by IHC. The IHC scoring 

of CD8 expression on immune cells and B7-H3 or 

CD47 on tumor cells was performed by two 

experienced pathologists who were blinded to the 

patients’ clinical information. The representative IHC 

images of B7-H3, CD47 and CD8 were presented in 

Figure 6A. Then we analyzed the relationships of B7-

H3 and CD47 expression with CD8 expression and 

clinical characteristics. As shown in Table 1, B7-H3 or 

CD47 expression is significantly positively correlated 

with CD8 level, but there is no significant correlation 

with other clinical characteristics, including sex, age, 

tumor number, tumor size, differentiation grade and 

clinical stage (all comparisons, P> 0.05).  Next, we 

conducted survival analysis on the IHC scoring of CD8, 

B7-H3 and CD47 expression. According to the IHC 

scoring on CD8 and B7-H3, HCC patients were 

separated into four groups: B7-H3low/CD8low,  

B7-H3low/CD8high, B7-H3high/CD8low, and B7-

H3high/CD8high. The survival analysis demonstrated that 

B7-H3low/CD8high group had the best survival, whereas 

B7-H3high/CD8low patients had the worst survival (P< 

0.001, Figure 6B), which was consistent with the results 

obtained from TCGA-LIHC data. Finally, we performed 

the same analysis on CD47 and CD8 expression, and 

acquired the similar result: CD47low/CD8high subtype 

patients had the best survival and CD47high/CD8low 

subtype ones had the worst survival (P< 0.001, Figure 

6C). These results indicate that we have identified 4 

immune subtypes for HCC patients that have distinct 

survivals, which will provide a new tool for the 

personalized immunotherapy in HCC. 

 

DISCUSSION 
 

Although ICIs have shown substantial treatment success 

in some cancers, they have inadequate effectiveness in 

others, and only a few patients respond to these 

therapies [19]. Enhanced understanding of T cell 

exhaustion in the TME is needed to overcome the 

limitations of these therapies. It is widely accepted that 

successful anti-tumor immune responses following PD-

1/PD-L1 blockade require tumor-specific T cell 

reactivation and clonal proliferation in the TME, and 

the different results of cancer immunotherapy can be 

partly ascribed to the TME heterogeneity [33, 34]. Most 

current studies on the determinants of clinical responses 

to ICIs have focused on tumor intrinsic factors, e.g., 

tumoral PD-L1 expression or oncogenic mutational load   

[35, 36] instead of characteristics of tumor-infiltrating T 

cells. The CD8+ T cells in the TME are the main

 

 
 

Figure 5. Survival curves of HCC patients stratified by combined CD8 expression and B7-H3 or CD47 expression in TCGA-LIHC 
cohort. (A) Overall survival curves of HCC patients stratified by the combined expressions of B7-H3 (CD276) and CD8: the survival of patients 
with B7-H3low/CD8high is significantly better than that of those with B7-H3high/CD8high (P = 0.004), B7-H3high/CD8low (P = 0.001) or B7-
H3low/CD8low (P = 0.012) and no significance between other groups. (B) Survival curves of HCC patients stratified by the combined expressions 
of CD47 and CD8: the survival of patients with CD47high/CD8low is significantly worse than that of those with CD47low/CD8high (P = 0.008) or 
CD47low/CD8low (P = 0.045), and no significance between other groups (log rank test). H represents high and L represents low respectively. 
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effectors and cytotoxic T cells against tumor cells. 

Thus, characterization of tumor-infiltrating CD8+ T cell 

and its exhaustion will aid not only the identification of 

patients with different treatment responses, but also the 

determination of the personalized treatment strategies. 

 

In the present study, we utilized TCGA-LIHC data to 

systematically analyze the expression of immune 

regulatory molecules and their clinical significance in 

HCC, and identified four immune subtypes with distinct 

survivals. The four immune subtypes were validated by 

IHC in 72 HCC patients from South China. The results 

have shown the following: (i) there is an association 

between high B7-H3 expression and poor survival in 

HCC, which is consistent with previous reports [21–24]; 

(ii) B7-H3  expression is positively associated with CD8 

expression and a Th1/IFNγ gene signature in HCC; and 

(iii) patients with B7-H3low/CD8high subtype are 

correlated with favorable survival in HCCs. Our 

findings support the view that, despite the limited 

efficiency of immunotherapy, the endogenous anti-

tumor immune response is a critical factor for survival 

 

 
 

Figure 6. Parallel analysis of the effect of B7-H3, CD47 and CD8 on survival of HCC patients in the SYSUCC cohort. 
(A) Representative images of high and low expression of CD8, B7-H3 and CD47 detected by IHC in HCC tissues (Magnifications: 200× and 400x 
[the left-lower corner in the images]). (B) Survival curves of HCC patients stratified by combined expressions of B7-H3 and CD8 proteins: the 
survival of patients with B7-H3low/CD8high is significantly better than that of those with B7-H3high/CD8high (P = 0.043), B7-H3highCD8low (P = 
0.003) or B7-H3low/CD8low (P = 0.048) and no significance between other groups. (C) Survival curves of HCC patients stratified by combined 
expression of CD47 and CD8 proteins: the survival of patients with CD47high/CD8low is significantly worse than that of those with 
CD47high/CD8high (P = 0.01), CD47lowCD8high (P < 0.001) or CD47low/CD8low (P = 0.003) and no significance between other groups. H represents 
high and L represents low respectively (log rank test). 
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Table 1. Association of B7-H3 and CD47 expression with clinical characteristics and CD8+ T cell infiltration in patients 
with HCC. 

Characteristic 

Tumor B7-H3 Density/HPF# 

P value 
 

Tumor CD47 Density/HPF* 

P value cases Low High 
 

Low High 

N N (%) N (%) 
 

N (%) N (%) 

Gender 
        

Female 11 4 (13.79) 7 (16.28) 
 

8 (19.51) 3 (9.68) 

Male 61 25 (86.21) 36 (83.72) 
 

33 (80.49) 28 (90.32) 

Age  
        

<45 36 12 (41.38) 24 (55.81) 
 

20 (48.78) 16 (51.61) 

≥45 36 17 (58.62) 19 (44.19) 
 

21 (51.22) 15 (48.39) 

Tumor number 
        

1 53 21 (72.41) 32 (74.42) 30 (73.17) 23 (74.19) 

≥2 19 8 (27.59) 11 (25.58) 11 (26.83) 8 (25.81) 

Tumor size 
        

<1cm 48 16 (55.17) 32 (74.42) 
 

26 (63.41) 22 (70.97) 

≥1cm 24 13 (44.83) 11 (25.58) 
 

15 (36.59) 9 (29.03) 

Pathological Grade 
        

Low/Moderate 41 17 (58.62) 24 (55.81) 
 

27 (65.85) 14 (45.16) 

High 31 12 (41.38) 19 (44.19) 
 

14 (34.15) 17 (54.84) 

Clinical Stage 
        

stage I~II 50 20 (68.97) 30 (69.77) 
 

32 (78.05) 18 (58.07) 

stage III~IV  22 9 (31.03) 13 (30.23) 
 

9 (21.95) 13 (41.93) 

CD8 Expression 
        

Low <10 43 22 (75.86) 21 (48.84) 
 

30 (73.17) 13 (41.93) 

High ≥10 29 7 (24.14) 22 (51.16) 
 

11 (26.83) 18 (58.07) 

Note: # Tumor B7-H3 Density/HPF: <10% of tumor cells as low expression, ≥10% of tumor cells as high expression. *Tumor 
CD47 Density/HPF: <1% of tumor cells as low expression, ≥1% of tumor cells as high expression. 
 

in HCCs. Specifically, our results imply that the 

combined analysis of B7-H3 and CD8 expression levels 

may yield a better assessment of the immunologic state 

of HCCs and patient survival than either B7-H3 or CD8 

expression alone. Our findings also provide a possibility 

for developing immunotherapeutic approaches based on 

the HCC immunologic subtypes. 

 

B7-H3 is expressed in various tumor cells and tissues, 

and its high expression has been associated with poor 

prognosis in various cancers, including HCC [21–24]. 

However, these studies have only focus on B7-H3 

expression and its relationship with survival, and none 

of them has analyzed both B7-H3 and CD8 

expressions simultaneously. Despite B7-H3 was 

originally characterized as a stimulator of T cells [37], 

growing evidence has indicted it may indeed be an 

inhibitor [37–40]. In human HCC, B7-H3 dominantly 

functions in a inhibitory manner in tumor immunity 

via decreasing T cell proliferation and IFNγ 

production and B7-H3 can also be induced as a 

consequence of an anti-tumor T cell response, 

suggesting an adaptive immune resistance [23, 24]. 

Accordingly, the positive correlation between B7-H3 

expression and CD8 expression or Th1/IFNγ gene 

signature in our study implies that compensatory B7-

H3 upregulation in HCC is induced as a result of an 

anti-tumor T cell response and patients with different 

expression patterns of B7-H3/CD8 have significantly 

different survivals. Therefore, our study suggests that 

the personalized immunotherapy should be based on 

both B7-H3 and CD8 expressions.  

 

HCC is a heterogeneous group of tumors with 

diversified immune characteristics. So far, ICIs have 

failed to demonstrate a clinical benefit in most HCCs 

due to its extensive immune heterogeneity. Therefore, 

there is a need to improve the assessment of the HCC 

immunologic state for the selection of subsets of 

patients who may benefit clinically from the 

immunotherapies. B7-H3 blockade enhances anti-tumor 

immune activity in preclinical models and early phase 

clinical trials [41, 42]. An anti B7-H3 antibody, 

enoblituzumab (also referred to as MGA271) has been 
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shown to produce antitumor responses in a fraction of 

tumor patients in a recent phase I clinical trial [43]. In 

our study, the subset of HCC patients with B7-

H3high/CD8high may have the greatest benefit from B7-

H3 inhibitor therapy as it may reactivate the antitumor 

response of CD8+ T cells and prolong the survival of 

patients. Our results are consistent with a recent 

integrated study on HCC, which identified that 

approximately 25% of HCC patients belong to an 

“Immune class” characterized by enrichment of immune 

cell infiltration, immune checkpoint expression, and 

active IFNγ signaling [16], greatly resembling that of 

the most immunotherapy-responsive cancers [44–46]. In 

this “Immune class”, patients could be divided into 

active and exhausted immune subtype, and the active 

immune subtype patients would respond to ICI therapy 

and had a favorable prognosis. This finding can explain 

why only a portion of HCC patients respond to ICIs, 

which underscores the significance of optimizing 

patient selection in immunotherapy. 

 

In this study, we also identified that the elevated CD47 

expression is correlated with poor survival in HCCs, which 

is consistent with previous observations [25, 47–51]. In 

2015, William C Chapman et al. have shown that blocking 

CD47 with specific antibodies has therapeutic efficacy in 

human HCC [52]. CD47 expression on tumor cells can 

bind to its counter-receptor signal regulatory protein alpha 

(SIRPα) on macrophages and produces a “don’t eat me” 

signal [53], thus serving as an innate immune checkpoint 

to inhibit phagocytosis of tumor cells and tumor antigen-

presenting to T cells [54–56]. Recently, CD47 was also 

reported to be a marker of tumor-initiating cells in various 

cancer types including HCC, which is responsible for a 

higher capacity in tumorigenicity, progression and 

metastasis [57–60]. In addition, CD47 expression on T 

cells interacts with thrombospondin-1 (TSP-1), thus acting 

as an adaptive immune checkpoint to inhibit T cell 

activation [61–63] and blockade or loss of CD47 signaling 

in T cells is sufficient to stimulate T cell cytotoxicity 

against tumors [64]. Thus, blocking CD47 could enhance 

anti-tumor innate immunity mediated by macrophages and 

anti-tumor adaptive immunity indirectly via suppressing 

immunosuppressive signals in antigen presenting cells [65, 

66] and directly via activating T cell cytotoxicity. Our 

study has shown that patients with different expression 

patterns of CD47/CD8 have significantly different 

survivals, suggesting the personalized immunotherapy 

should be developed based on the combination of CD47 

and CD8 expression, which is consistent with the report 

that the therapeutic effects of anti-CD47 antibody were 

abrogated in CD8+ T cell-deficient mice [54]. Another 

finding of our study was that a subset of patients highly 

expressed more than one adaptive immune-resistance 

molecules, which implies that multiple ICIs can be 

combined for the immunotherapy on the basis of immune 

biomarkers in the TME. A recent study showed a 

combination of anti-PD-1, anti-CTLA4, and anti-CD47 

antibodies together has extended survival compared with 

anti-PD-1 and anti-CTLA4 alone or anti-CD47 alone in a 

syngeneic mouse model of esophageal squamous 

carcinoma [67]. A phase Ib clinical trial showed that 

rituximab in combination with 5F9, a macrophage 

checkpoint inhibitor that targets CD47, resulted in 

increased antitumor activity in patients with aggressive and 

indolent lymphoma [68]. However, currently there is a 

lack of clinical report that it can improve outcomes in 

HCCs. 

 

Despite the limitations inherent in the present 

retrospective study, i.e., small number of specimens and 

sample selection biases in SYSUCC cohort, we 

analyzed two different patient cohorts with well-

documented clinical information and survival data and 

found that HCC patients can be divided into 4 immune 

subtypes with different survivals, in which B7-

H3low/CD8high or CD47low/CD8high subtype patients have 

the best survival and B7-H3high/CD8low or 

CD47high/CD8low subtype ones have the worst survival. 

These findings support the theory that an active anti-

tumor microenvironment can predict long-term survival 

in HCCs and provide clues for establishing personalized 

immunotherapy with optimal patient selection based on 

the combined biomarkers. Finally, our findings warrant 

future study on immune subtypes and immunotherapy 

in larger HCC cohorts. 

 

MATERIALS AND METHODS 
 

TCGA data 
 

The RNA sequencing (RNA-seq) level 3 data and 

FPKM (fragments per kilobase of exon model per 

million mapped reads)-normalized data in TCGA LIHC 

(Liver HCC, n = 374) database were first downloaded 

from the UCSC Xena website (https://xena.ucsc.edu). 

Then somatic mutation annotation files for patients with 

HCC (n = 364) were downloaded from the same 

website, and R package maftools was used to compute 

the tumor mutational burden. Finally, survival data were 

also downloaded from the website, and 29 cases were 

deleted from the further survival analysis because the 

follow-up days for these patients were less than one 

month. The data were analyzed with custom routines 

and built-in packages of R/Bioconductor software 

(version 3.5.0). 

 

HCC patients  

 

In this study, we collected 72 HCC specimens that were 

randomly selected from The Tissue Bank of Sun Yat-

Sen University Cancer Center (SYSUCC). All of the 

https://xena.ucsc.edu/


 

www.aging-us.com 12196 AGING 

Table 2. Clinical characteristics of HCC cases included in SYSUCC cohort (N=72). 

Patient characteristics N 

Age at surgery (Mean) 
 

  <45 36 

  ≥45 36 

Gender 
 

  Female 11 

  Male 61 

Tumor number 
 

  1 53 

  2 15 

  3 3 

  4 1 

Tumor size(diameter) 
 

  <1cm 45 

  1~2cm 17 

  >2cm 10 

Clinical Stage 
 

  I 32 

  II 18 

  III 7 

  IV  15 

Differentiation grade 
 

  Low 3 

  Moderate 38 

  High 31 

Outcomes 
 

  Short-survivors (<18 m) 25 

  Long-survivors (≥18 m) 47 

 

72 HCC patients from whom the HCC samples were 

obtained had undergone surgical resection between 

2005 and 2008 at SYSUCC. The patients were 

diagnosed as HCC pathologically and did not receive 

any other treatment before operation. The clinical 

characteristics of the patients were listed in Table 2. The 

clinical staging was defined according to tumor-node-

metastasis staging system of the 7th Union for 

International Cancer Control/American Joint Committee 

on Cancer. All patients included in the study had 

detailed follow-up and long-term survival data. Overall 

survival (OS) is defined as time from surgical resection 

to death or the last follow-up. This study was approved 

by the Ethics Committee of SYSUCC. Written informed 

consents were obtained from every patient prior to 

surgery. 

 

IHC staining 

 

Consecutive sections (5-μm thick) were cut from the 

paraffin-embedded tissues and mounted on the glass 

slides for IHC analysis. All HCC tissues were 

diagnosed by two experienced pathologists [69]. The 

tumor histological grading was performed according to 

the Edmondson grading system. The HCC tissue 

sections were detected by IHC staining according to 

standard protocols. In brief, the slides were first 

deparaffinized, rehydrated, and washed. Then antigen 

retrieval was performed in microwave oven, and the 

slides were incubated with 0.3% hydrogen peroxide to 

inhibit endogenous peroxidase activity and goat serum 

to block nonspecific binding sites. Next, we incubated 

the sections overnight with rabbit monoclonal antibody 

(mAb) against human B7-H3 (1:300, Cell Signaling 

Technology Inc.), human CD47 (1:300, Cell Signaling 

Technology Inc.), or human CD8 (1:200, Cell Signaling 

Technology Inc.) at 4°C. After serially washing, the 

slides were incubated with Dako REAL™ EnVision™ 

secondary antibody. Finally, the slides were 

counterstained with hematoxylin. Supplementary Table 

1 lists the additional staining reagent information for 

CD8, B7-H3, and CD47. 

 

To assess the tumor infiltration of CD8+ T cells, we 

counted positive-staining cells manually in five separate 

fields in the tumor compartment under ×200 high-power 

field (HPF). To define the high- or low-infiltration of 

CD8+ T cells, we used cut-off of 10 cells/HPF for CD8+ 



 

www.aging-us.com 12197 AGING 

cells. For quantifying B7-H3 and CD47 expressions in 

tumor cells, we employed the proportion of cells with 

B7-H3 or CD47 positive staining to the total tumor 

cells, and high- or low-expression was determined by a 

cut-off value of 10% or 1% of tumor cells with positive 

staining, respectively. The protein expression scoring 

was performed independently by two trained 

pathologists blinded to the clinical information, and the 

final score of each sample was determined by averaging 

the two sores made by the two pathologists. 

 

Statistical analysis 

 

For gene expression in TCGA database, high and low 

expression of immune checkpoints and CD8 was 

defined with the median expression value as a cutoff.   

The box-and-whisker plots, heat maps, and scatter plots 

were generated with the gplots package and built-in R 

graphic functions in R/Bioconductor software. Kaplan–

Meier survival curves were produced with the survfit 

function in the survival package, and the survival curves 

were compared with log-rank tests. For the T helper 1 

cell (Th1)/IFNγ gene signature, we used the published 

Th1 signature genes from Gentleman and colleagues 

[70] and the IFNγ signaling pathway genes from 

Reactome (http://www.reactome.org; Supplementary 

Table 2). A Pearson T test statistic was used to analyze 

the relationship between B7-H3 (CD276) and CD47 

expression with CD8 and the Th1/IFNγ gene signature, 

and T test was applied to the Spearman coefficients of 

correlation for tumor mutational load analysis. 

 

Ethics statement 
 

The SYSUCC Ethics Committee approved this study. 

All patients included in our study approved and signed a 

written informed consent according to the policies of 

the SYSUCC Ethics Committee. 

 

ACKNOWLEDGMENTS 
 

We are grateful to Dr. Qi Wang, PharmD/MD, a 

resident of UMass Memorial Medical Center and 

UMass Medical School, for her proofreading this 

manuscript! 

 

CONFLICTS OF INTEREST 
 

The authors declare that they have no conflicts of 

interest. 

 

FUNDING 
 

This study was supported by the National Natural 

Science Foundation of China (Grant Numbers: 

81772991, 81572466, 81730081, and 81572440). 

REFERENCES 
 

1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, 
Rebelo M, Parkin DM, Forman D, Bray F. Cancer 
incidence and mortality worldwide: sources, methods 
and major patterns in GLOBOCAN 2012. Int J Cancer. 
2015; 136:E359–86. 

 https://doi.org/10.1002/ijc.29210 
 PMID:25220842 

2. Thomas MB, Abbruzzese JL. Opportunities for targeted 
therapies in hepatocellular carcinoma. J Clin Oncol. 
2005; 23:8093–108. 

 https://doi.org/10.1200/JCO.2004.00.1537 
 PMID:16258107 

3. Larrubia JR, Moreno-Cubero E, Lokhande MU, García-
Garzón S, Lázaro A, Miquel J, Perna C, Sanz-de-
Villalobos E. Adaptive immune response during 
hepatitis C virus infection. World J Gastroenterol. 2014; 
20:3418–20. 

 https://doi.org/10.3748/wjg.v20.i13.3418 
 PMID:24707125 

4. Webster GJ, Reignat S, Maini MK, Whalley SA, Ogg GS, 
King A, Brown D, Amlot PL, Williams R, Vergani D, 
Dusheiko GM, Bertoletti A. Incubation phase of acute 
hepatitis B in man: dynamic of cellular immune 
mechanisms. Hepatology. 2000; 32:1117–24. 

 https://doi.org/10.1053/jhep.2000.19324 
 PMID:11050064 

5. Jewell AP. Is the liver an important site for the 
development of immune tolerance to tumours? Med 
Hypotheses. 2005; 64:751–54. 

 https://doi.org/10.1016/j.mehy.2004.10.002 
 PMID:15694692 

6. Zitvogel L, Tesniere A, Kroemer G. Cancer despite 
immunosurveillance: immunoselection and 
immunosubversion. Nat Rev Immunol. 2006; 6:715–27. 

 https://doi.org/10.1038/nri1936 
 PMID:16977338 

7. Roth GS, Decaens T. Liver immunotolerance and 
hepatocellular carcinoma: patho-physiological 
mechanisms and therapeutic perspectives. Eur J 
Cancer. 2017; 87:101–12. 

 https://doi.org/10.1016/j.ejca.2017.10.010 
 PMID:29145036 

8. Philips GK, Atkins M. Therapeutic uses of anti-PD-1 and 
anti-PD-L1 antibodies. Int Immunol. 2015; 27:39–46. 

 https://doi.org/10.1093/intimm/dxu095 
 PMID:25323844 

9. El-Khoueiry AB, Sangro B, Yau T, Crocenzi TS, Kudo M, 
Hsu C, Kim TY, Choo SP, Trojan J, Welling TH, Meyer T, 
Kang YK, Yeo W, et al. Nivolumab in patients with 
advanced hepatocellular carcinoma (CheckMate 040): 

https://doi.org/10.1002/ijc.29210
https://pubmed.ncbi.nlm.nih.gov/25220842
https://doi.org/10.1200/JCO.2004.00.1537
https://pubmed.ncbi.nlm.nih.gov/16258107
https://doi.org/10.3748/wjg.v20.i13.3418
https://pubmed.ncbi.nlm.nih.gov/24707125
https://doi.org/10.1053/jhep.2000.19324
https://pubmed.ncbi.nlm.nih.gov/11050064
https://doi.org/10.1016/j.mehy.2004.10.002
https://pubmed.ncbi.nlm.nih.gov/15694692
https://doi.org/10.1038/nri1936
https://pubmed.ncbi.nlm.nih.gov/16977338
https://doi.org/10.1016/j.ejca.2017.10.010
https://pubmed.ncbi.nlm.nih.gov/29145036
https://doi.org/10.1093/intimm/dxu095
https://pubmed.ncbi.nlm.nih.gov/25323844


 

www.aging-us.com 12198 AGING 

an open-label, non-comparative, phase 1/2 dose 
escalation and expansion trial. Lancet. 2017; 
389:2492–502. 

 https://doi.org/10.1016/S0140-6736(17)31046-2 
 PMID:28434648 

10. Zhu AX, Finn RS, Edeline J, Cattan S, Ogasawara S, 
Palmer D, Verslype C, Zagonel V, Fartoux L, Vogel A, 
Sarker D, Verset G, Chan SL, et al. KEYNOTE-224 
investigators. Pembrolizumab in patients with 
advanced hepatocellular carcinoma previously 
treated with sorafenib (KEYNOTE-224): a non-
randomised, open-label phase 2 trial. Lancet Oncol. 
2018; 19:940–952. 

 https://doi.org/10.1016/S1470-2045(18)30351-6 
 PMID:29875066 

11. Wherry EJ, Kurachi M. Molecular and cellular insights 
into T cell exhaustion. Nat Rev Immunol. 2015; 
15:486–99. 

 https://doi.org/10.1038/nri3862 PMID:26205583 

12. Pauken KE, Wherry EJ. Overcoming T cell exhaustion 
in infection and cancer. Trends Immunol. 2015; 
36:265–76. 

 https://doi.org/10.1016/j.it.2015.02.008 
 PMID:25797516 

13. Blackburn SD, Shin H, Freeman GJ, Wherry EJ. Selective 
expansion of a subset of exhausted CD8 T cells by 
alphaPD-L1 blockade. Proc Natl Acad Sci USA. 2008; 
105:15016–21. 

 https://doi.org/10.1073/pnas.0801497105 
 PMID:18809920 

14. Paley MA, Kroy DC, Odorizzi PM, Johnnidis JB, Dolfi DV, 
Barnett BE, Bikoff EK, Robertson EJ, Lauer GM, Reiner 
SL, Wherry EJ. Progenitor and terminal subsets of CD8+ 
T cells cooperate to contain chronic viral infection. 
Science. 2012; 338:1220–25. 

 https://doi.org/10.1126/science.1229620 
 PMID:23197535 

15. Utzschneider DT, Charmoy M, Chennupati V, Pousse L, 
Ferreira DP, Calderon-Copete S, Danilo M, Alfei F, 
Hofmann M, Wieland D, Pradervand S, Thimme R, 
Zehn D, Held W. T cell factor 1-expressing memory-like 
CD8(+) T cells sustain the immune response to chronic 
viral infections. Immunity. 2016; 45:415–27. 

 https://doi.org/10.1016/j.immuni.2016.07.021 
 PMID:27533016 

16. Sia D, Jiao Y, Martinez-Quetglas I, Kuchuk O, Villacorta-
Martin C, Castro de Moura M, Putra J, Camprecios G, 
Bassaganyas L, Akers N, Losic B, Waxman S, Thung SN, 
et al. Identification of an Immune-specific Class of 
Hepatocellular Carcinoma, Based on Molecular 
Features. Gastroenterology. 2017; 153:812–826. 

 https://doi.org/10.1053/j.gastro.2017.06.007 
 PMID:28624577 

17. Kim HD, Song GW, Park S, Jung MK, Kim MH, Kang HJ, 
Yoo C, Yi K, Kim KH, Eo S, Moon DB, Hong SM, Ju YS, et 
al. Association between expression level of PD1 by 
tumor-infiltrating CD8+ T cells and features of 
hepatocellular carcinoma. Gastroenterology. 2018; 
155:1936–50.e17. 

 https://doi.org/10.1053/j.gastro.2018.08.030 
 PMID:30145359 

18. Kalathil SG, Lugade AA, Miller A, Iyer R, Thanavala Y. 
PD-1+ and Foxp3+ T cell reduction correlates with 
survival of HCC patients after sorafenib therapy. JCI 
Insight. 2016; 1:e86182. 

 https://doi.org/10.1172/jci.insight.86182 
 PMID:27540594 

19. Restifo NP, Smyth MJ, Snyder A. Acquired resistance to 
immunotherapy and future challenges. Nat Rev 
Cancer. 2016; 16:121–26. 

 https://doi.org/10.1038/nrc.2016.2 PMID:26822578 

20. Sun J, Chen LJ, Zhang GB, Jiang JT, Zhu M, Tan Y, Wang 
HT, Lu BF, Zhang XG. Clinical significance and 
regulation of the costimulatory molecule B7-H3 in 
human colorectal carcinoma. Cancer Immunol 
Immunother. 2010; 59:1163–71. 

 https://doi.org/10.1007/s00262-010-0841-1 
 PMID:20333377 

21. Zang X, Thompson RH, Al-Ahmadie HA, Serio AM, 
Reuter VE, Eastham JA, Scardino PT, Sharma P, Allison 
JP. B7-H3 and B7x are highly expressed in human 
prostate cancer and associated with disease spread 
and poor outcome. Proc Natl Acad Sci USA. 2007; 
104:19458–63. 

 https://doi.org/10.1073/pnas.0709802104 
 PMID:18042703 

22. Zheng Y, Liao N, Wu Y, Gao J, Li Z, Liu W, Wang Y, Li M, 
Li X, Chen L, Zhang W, Zhao B. High expression of B7-
H2 or B7-H3 is associated with poor prognosis in 
hepatocellular carcinoma. Mol Med Rep. 2019; 
19:4315–25. 

 https://doi.org/10.3892/mmr.2019.10080 
 PMID:30942404 

23. Sun TW, Gao Q, Qiu SJ, Zhou J, Wang XY, Yi Y, Shi JY, Xu 
YF, Shi YH, Song K, Xiao YS, Fan J. B7-H3 is expressed in 
human hepatocellular carcinoma and is associated 
with tumor aggressiveness and postoperative 
recurrence. Cancer Immunol Immunother. 2012; 
61:2171–82. 

 https://doi.org/10.1007/s00262-012-1278-5 
 PMID:22729558 

24. Kim AK, Gani F, Layman AJ, Besharati S, Zhu Q, Succaria 
F, Engle EL, Bhaijee F, Goggins MB, Llosa NJ, Pawlik TM, 
Yarchoan M, Jaffee EM, et al. Multiple immune-
suppressive mechanisms in fibrolamellar carcinoma. 
Cancer Immunol Res. 2019; 7:805–12. 

https://doi.org/10.1016/S0140-6736(17)31046-2
https://pubmed.ncbi.nlm.nih.gov/28434648
https://doi.org/10.1016/S1470-2045(18)30351-6
https://pubmed.ncbi.nlm.nih.gov/29875066
https://doi.org/10.1038/nri3862
https://pubmed.ncbi.nlm.nih.gov/26205583
https://doi.org/10.1016/j.it.2015.02.008
https://pubmed.ncbi.nlm.nih.gov/25797516
https://doi.org/10.1073/pnas.0801497105
https://pubmed.ncbi.nlm.nih.gov/18809920
https://doi.org/10.1126/science.1229620
https://pubmed.ncbi.nlm.nih.gov/23197535
https://doi.org/10.1016/j.immuni.2016.07.021
https://pubmed.ncbi.nlm.nih.gov/27533016
https://doi.org/10.1053/j.gastro.2017.06.007
https://pubmed.ncbi.nlm.nih.gov/28624577
https://doi.org/10.1053/j.gastro.2018.08.030
https://pubmed.ncbi.nlm.nih.gov/30145359
https://doi.org/10.1172/jci.insight.86182
https://pubmed.ncbi.nlm.nih.gov/27540594
https://doi.org/10.1038/nrc.2016.2
https://pubmed.ncbi.nlm.nih.gov/26822578
https://doi.org/10.1007/s00262-010-0841-1
https://pubmed.ncbi.nlm.nih.gov/20333377
https://doi.org/10.1073/pnas.0709802104
https://pubmed.ncbi.nlm.nih.gov/18042703
https://doi.org/10.3892/mmr.2019.10080
https://pubmed.ncbi.nlm.nih.gov/30942404
https://doi.org/10.1007/s00262-012-1278-5
https://pubmed.ncbi.nlm.nih.gov/22729558


 

www.aging-us.com 12199 AGING 

 https://doi.org/10.1158/2326-6066.CIR-18-0499 
 PMID:30902819 

25. Chen J, Zheng DX, Yu XJ, Sun HW, Xu YT, Zhang YJ, Xu J. 
Macrophages induce CD47 upregulation via IL-6 and 
correlate with poor survival in hepatocellular 
carcinoma patients. Oncoimmunology. 2019; 
8:e1652540. 

 https://doi.org/10.1080/2162402X.2019.1652540 
 PMID:31646099 

26. Sato E, Olson SH, Ahn J, Bundy B, Nishikawa H, Qian F, 
Jungbluth AA, Frosina D, Gnjatic S, Ambrosone C, 
Kepner J, Odunsi T, Ritter G, et al. Intraepithelial CD8+ 
tumor-infiltrating lymphocytes and a high 
CD8+/regulatory T cell ratio are associated with 
favorable prognosis in ovarian cancer. Proc Natl Acad 
Sci USA. 2005; 102:18538–43. 

 https://doi.org/10.1073/pnas.0509182102 
 PMID:16344461 

27. Adams S, Gray RJ, Demaria S, Goldstein L, Perez EA, 
Shulman LN, Martino S, Wang M, Jones VE, Saphner TJ, 
Wolff AC, Wood WC, Davidson NE, et al. Prognostic 
value of tumor-infiltrating lymphocytes in triple-
negative breast cancers from two phase III randomized 
adjuvant breast cancer trials: ECOG 2197 and ECOG 
1199. J Clin Oncol. 2014; 32:2959–66. 

 https://doi.org/10.1200/JCO.2013.55.0491 
 PMID:25071121 

28. Lee M, Samstein RM, Valero C, Chan TA, Morris LGT. 
Tumor mutational burden as a predictive biomarker for 
checkpoint inhibitor immunotherapy. Hum Vaccin 
Immunother. 2020; 16:112–115. 

 https://doi.org/10.1080/21645515.2019.1631136 
 PMID:31361563 

29. Llovet JM, Villanueva A, Lachenmayer A, Finn RS. 
Advances in targeted therapies for hepatocellular 
carcinoma in the genomic era. Nat Rev Clin Oncol. 
2015; 12:436. 

 https://doi.org/10.1038/nrclinonc.2015.121 
 PMID:26099984 

30. Takikawa O, Tagawa Y, Iwakura Y, Yoshida R, Truscott 
RJ. Interferon-gamma-dependent/independent 
expression of indoleamine 2,3-dioxygenase. Studies 
with interferon-gamma-knockout mice. Adv Exp Med 
Biol. 1999; 467:553–57. 

 https://doi.org/10.1007/978-1-4615-4709-9_68 
 PMID:10721099 

31. Garcia-Diaz A, Shin DS, Moreno BH, Saco J, Escuin-
Ordinas H, Rodriguez GA, Zaretsky JM, Sun L, Hugo W, 
Wang X, Parisi G, Saus CP, Torrejon DY, et al. Interferon 
receptor signaling pathways regulating PD-L1 and PD-
L2 expression. Cell Rep. 2017; 19:1189–201. 

 https://doi.org/10.1016/j.celrep.2017.04.031 
 PMID:28494868 

32. Sharma P, Shen Y, Wen S, Yamada S, Jungbluth AA, 
Gnjatic S, Bajorin DF, Reuter VE, Herr H, Old LJ, Sato E. 
CD8 tumor-infiltrating lymphocytes are predictive of 
survival in muscle-invasive urothelial carcinoma. Proc 
Natl Acad Sci USA. 2007; 104:3967–72. 

 https://doi.org/10.1073/pnas.0611618104 
 PMID:17360461 

33. Jenkins RW, Barbie DA, Flaherty KT. Mechanisms of 
resistance to immune checkpoint inhibitors. Br J 
Cancer. 2018; 118:9–16. 

 https://doi.org/10.1038/bjc.2017.434 
 PMID:29319049 

34. O'Donnell JS, Long GV, Scolyer RA, Teng MW, Smyth 
MJ. Resistance to PD1/PDL1 checkpoint inhibition. 
Cancer Treat Rev. 2017; 52:71–81. 

 https://doi.org/10.1016/j.ctrv.2016.11.007 
 PMID:27951441 

35. Topalian SL, Taube JM, Anders RA, Pardoll DM. 
Mechanism-driven biomarkers to guide immune 
checkpoint blockade in cancer therapy. Nat Rev 
Cancer. 2016; 16:275–87. 

 https://doi.org/10.1038/nrc.2016.36 
 PMID:27079802 

36. Danilova L, Ho WJ, Zhu Q, Vithayathil T, De Jesus-
Acosta A, Azad NS, Laheru DA, Fertig EJ, Anders R, 
Jaffee EM, Yarchoan M. Programmed Cell Death 
Ligand-1 (PD-L1) and CD8 Expression Profiling Identify 
an Immunologic Subtype of Pancreatic Ductal 
Adenocarcinomas with Favorable Survival. Cancer 
Immunol Res. 2019; 7:886–895. 

 https://doi.org/10.1158/2326-6066.CIR-18-0822 
 PMID:31043417 

37. Zou W, Chen L. Inhibitory B7-family molecules in the 
tumour microenvironment. Nat Rev Immunol. 2008; 
8:467–77. 

 https://doi.org/10.1038/nri2326 
 PMID:18500231 

38. Hofmeyer KA, Ray A, Zang X. The contrasting role of 
B7-H3. Proc Natl Acad Sci USA. 2008; 105:10277–78. 

 https://doi.org/10.1073/pnas.0805458105 
 PMID:18650376 

39. Yi KH, Chen L. Fine tuning the immune response 
through B7-H3 and B7-H4. Immunol Rev. 2009; 
229:145–51. 

 https://doi.org/10.1111/j.1600-065X.2009.00768.x 
 PMID:19426220 

40. Kreymborg K, Haak S, Murali R, Wei J, Waitz R, 
Gasteiger G, Savage PA, van den Brink MR, Allison JP. 
Ablation of B7-H3 but not B7-H4 results in highly 
increased tumor burden in a murine model of 
spontaneous prostate cancer. Cancer Immunol Res. 
2015; 3:849–54. 

https://doi.org/10.1158/2326-6066.CIR-18-0499
https://pubmed.ncbi.nlm.nih.gov/30902819
https://doi.org/10.1080/2162402X.2019.1652540
https://pubmed.ncbi.nlm.nih.gov/31646099
https://doi.org/10.1073/pnas.0509182102
https://pubmed.ncbi.nlm.nih.gov/16344461
https://doi.org/10.1200/JCO.2013.55.0491
https://pubmed.ncbi.nlm.nih.gov/25071121
https://doi.org/10.1080/21645515.2019.1631136
https://pubmed.ncbi.nlm.nih.gov/31361563
https://doi.org/10.1038/nrclinonc.2015.121
https://pubmed.ncbi.nlm.nih.gov/26099984
https://doi.org/10.1007/978-1-4615-4709-9_68
https://pubmed.ncbi.nlm.nih.gov/10721099
https://doi.org/10.1016/j.celrep.2017.04.031
https://pubmed.ncbi.nlm.nih.gov/28494868
https://doi.org/10.1073/pnas.0611618104
https://pubmed.ncbi.nlm.nih.gov/17360461
https://doi.org/10.1038/bjc.2017.434
https://pubmed.ncbi.nlm.nih.gov/29319049
https://doi.org/10.1016/j.ctrv.2016.11.007
https://pubmed.ncbi.nlm.nih.gov/27951441
https://doi.org/10.1038/nrc.2016.36
https://pubmed.ncbi.nlm.nih.gov/27079802
https://doi.org/10.1158/2326-6066.CIR-18-0822
https://pubmed.ncbi.nlm.nih.gov/31043417
https://doi.org/10.1038/nri2326
https://pubmed.ncbi.nlm.nih.gov/18500231
https://doi.org/10.1073/pnas.0805458105
https://pubmed.ncbi.nlm.nih.gov/18650376
https://doi.org/10.1111/j.1600-065X.2009.00768.x
https://pubmed.ncbi.nlm.nih.gov/19426220


 

www.aging-us.com 12200 AGING 

 https://doi.org/10.1158/2326-6066.CIR-15-0100 
 PMID:26122284 

41. Mao L, Fan TF, Wu L, Yu GT, Deng WW, Chen L, Bu LL, 
Ma SR, Liu B, Bian Y, Kulkarni AB, Zhang WF, Sun ZJ. 
Selective blockade of B7-H3 enhances antitumour 
immune activity by reducing immature myeloid cells in 
head and neck squamous cell carcinoma. J Cell Mol 
Med. 2017; 21:2199–210. 

 https://doi.org/10.1111/jcmm.13143 
 PMID:28401653 

42. Picarda E, Ohaegbulam KC, Zang X. Molecular 
pathways: targeting B7-H3 (CD276) for human cancer 
immunotherapy. Clin Cancer Res. 2016; 22:3425–31. 

 https://doi.org/10.1158/1078-0432.CCR-15-2428 
 PMID:27208063 

43. Powderly J, Cote G, Flaherty K, Szmulewitz R, Ribas A, 
Weber J. Interim Results of an Ongoing Phase 1, Dose 
Escalation Study of MGA271 (Enoblituzumab), an Fc-
optimized Humanized Anti-B7-H3 Monoclonal 
Antibody, in Patients with Advanced Solid Cancer. J 
Immunother Cancer. 2015; 3:O8 

 https://doi.org/10.1186/2051-1426-3-S2-O8 

44. Ji RR, Chasalow SD, Wang L, Hamid O, Schmidt H, 
Cogswell J, Alaparthy S, Berman D, Jure-Kunkel M, 
Siemers NO, Jackson JR, Shahabi V. An immune-active 
tumor microenvironment favors clinical response to 
ipilimumab. Cancer Immunol Immunother. 2012; 
61:1019–31. 

 https://doi.org/10.1007/s00262-011-1172-6 
 PMID:22146893 

45. Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, 
Eyring AD, Skora AD, Luber BS, Azad NS, Laheru D, 
Biedrzycki B, Donehower RC, Zaheer A, et al. PD-1 
blockade in tumors with mismatch-repair deficiency. N 
Engl J Med. 2015; 372:2509–10. 

 https://doi.org/10.1056/NEJMoa1500596 
 PMID:26028255 

46. Bald T, Landsberg J, Lopez-Ramos D, Renn M, Glodde 
N, Jansen P, Gaffal E, Steitz J, Tolba R, Kalinke U, 
Limmer A, Jönsson G, Hölzel M, Tüting T. Immune cell-
poor melanomas benefit from PD-1 blockade after 
targeted type I IFN activation. Cancer Discov. 2014; 
4:674–87. 

 https://doi.org/10.1158/2159-8290.CD-13-0458 
 PMID:24589924 

47. Poels LG, Peters D, van Megen Y, Vooijs GP, Verheyen 
RN, Willemen A, van Niekerk CC, Jap PH, Mungyer G, 
Kenemans P. Monoclonal antibody against human 
ovarian tumor-associated antigens. J Natl Cancer Inst. 
1986; 76:781–91. 

 PMID:3517452 

48. Jaiswal S, Jamieson CH, Pang WW, Park CY, Chao MP, 

Majeti R, Traver D, van Rooijen N, Weissman IL. CD47 
is upregulated on circulating hematopoietic stem cells 
and leukemia cells to avoid phagocytosis. Cell. 2009; 
138:271–85. 

 https://doi.org/10.1016/j.cell.2009.05.046 
 PMID:19632178 

49. Majeti R, Chao MP, Alizadeh AA, Pang WW, Jaiswal S, 
Gibbs KD Jr, van Rooijen N, Weissman IL. CD47 is an 
adverse prognostic factor and therapeutic antibody 
target on human acute myeloid leukemia stem cells. 
Cell. 2009; 138:286–99. 

 https://doi.org/10.1016/j.cell.2009.05.045 
 PMID:19632179 

50. Rendtlew Danielsen JM, Knudsen LM, Dahl IM, Lodahl 
M, Rasmussen T. Dysregulation of CD47 and the 
ligands thrombospondin 1 and 2 in multiple myeloma. 
Br J Haematol. 2007; 138:756–60. 

 https://doi.org/10.1111/j.1365-2141.2007.06729.x 
 PMID:17760807 

51. Chan KS, Espinosa I, Chao M, Wong D, Ailles L, Diehn 
M, Gill H, Presti J Jr, Chang HY, van de Rijn M, 
Shortliffe L, Weissman IL. Identification, molecular 
characterization, clinical prognosis, and therapeutic 
targeting of human bladder tumor-initiating  
cells. Version 2. Proc Natl Acad Sci U S A. 2009; 
106:14016–21. 

 https://doi.org/10.1073/pnas.0906549106 
 PMID:19666525 

52. Xiao Z, Chung H, Banan B, Manning PT, Ott KC, Lin S, 
Capoccia BJ, Subramanian V, Hiebsch RR, Upadhya GA, 
Mohanakumar T, Frazier WA, Lin Y, Chapman WC. 
Antibody mediated therapy targeting CD47 inhibits 
tumor progression of hepatocellular carcinoma. Cancer 
Lett. 2015; 360:302–09. 

 https://doi.org/10.1016/j.canlet.2015.02.036 
 PMID:25721088 

53. Oldenborg PA, Zheleznyak A, Fang YF, Lagenaur CF, 
Gresham HD, Lindberg FP. Role of CD47 as a marker of 
self on red blood cells. Science. 2000; 288:2051–54. 

 https://doi.org/10.1126/science.288.5473.2051 
 PMID:10856220 

54. Liu X, Pu Y, Cron K, Deng L, Kline J, Frazier WA, Xu H, 
Peng H, Fu YX, Xu MM. CD47 blockade triggers T cell-
mediated destruction of immunogenic tumors. Nat 
Med. 2015; 21:1209–15. 

 https://doi.org/10.1038/nm.3931 
 PMID:26322579 

55. Maxhimer JB, Soto-Pantoja DR, Ridnour LA, Shih HB, 
Degraff WG, Tsokos M, Wink DA, Isenberg JS, Roberts 
DD. Radioprotection in normal tissue and delayed 
tumor growth by blockade of CD47 signaling. Sci Transl 
Med. 2009; 1:3ra7. 

 https://doi.org/10.1126/scitranslmed.3000139 

https://doi.org/10.1158/2326-6066.CIR-15-0100
https://pubmed.ncbi.nlm.nih.gov/26122284
https://doi.org/10.1111/jcmm.13143
https://pubmed.ncbi.nlm.nih.gov/28401653
https://doi.org/10.1158/1078-0432.CCR-15-2428
https://pubmed.ncbi.nlm.nih.gov/27208063
https://doi.org/10.1186/2051-1426-3-S2-O8
https://doi.org/10.1007/s00262-011-1172-6
https://pubmed.ncbi.nlm.nih.gov/22146893
https://doi.org/10.1056/NEJMoa1500596
https://pubmed.ncbi.nlm.nih.gov/26028255
https://doi.org/10.1158/2159-8290.CD-13-0458
https://pubmed.ncbi.nlm.nih.gov/24589924
https://pubmed.ncbi.nlm.nih.gov/3517452
https://doi.org/10.1016/j.cell.2009.05.046
https://pubmed.ncbi.nlm.nih.gov/19632178
https://doi.org/10.1016/j.cell.2009.05.045
https://pubmed.ncbi.nlm.nih.gov/19632179
https://doi.org/10.1111/j.1365-2141.2007.06729.x
https://pubmed.ncbi.nlm.nih.gov/17760807
https://doi.org/10.1073/pnas.0906549106
https://pubmed.ncbi.nlm.nih.gov/19666525
https://doi.org/10.1016/j.canlet.2015.02.036
https://pubmed.ncbi.nlm.nih.gov/25721088
https://doi.org/10.1126/science.288.5473.2051
https://pubmed.ncbi.nlm.nih.gov/10856220
https://doi.org/10.1038/nm.3931
https://pubmed.ncbi.nlm.nih.gov/26322579
https://doi.org/10.1126/scitranslmed.3000139


 

www.aging-us.com 12201 AGING 

 PMID:20161613 

56. Murata Y, Kotani T, Ohnishi H, Matozaki T. The CD47-
SIRPα signalling system: its physiological roles and 
therapeutic application. J Biochem. 2014; 155:335–44. 

 https://doi.org/10.1093/jb/mvu017 
 PMID:24627525 

57. Lee TK, Cheung VC, Lu P, Lau EY, Ma S, Tang KH, Tong 
M, Lo J, Ng IO. Blockade of CD47-mediated cathepsin 
s/protease-activated receptor 2 signaling provides a 
therapeutic target for hepatocellular carcinoma. 
Hepatology. 2014; 60:179–91. 

 https://doi.org/10.1002/hep.27070 
 PMID:24523067 

58. Lo J, Lau EY, Ching RH, Cheng BY, Ma MK, Ng IO, Lee 
TK. Nuclear factor kappa b-mediated CD47 up-
regulation promotes sorafenib resistance and its 
blockade synergizes the effect of sorafenib in 
hepatocellular carcinoma in mice. Hepatology. 2015; 
62:534–45. 

 https://doi.org/10.1002/hep.27859 
 PMID:25902734 

59. Lo J, Lau EY, So FT, Lu P, Chan VS, Cheung VC, Ching RH, 
Cheng BY, Ma MK, Ng IO, Lee TK. anti-CD47 antibody 
suppresses tumour growth and augments the effect of 
chemotherapy treatment in hepatocellular carcinoma. 
Liver Int. 2016; 36:737–45. 

 https://doi.org/10.1111/liv.12963 
 PMID:26351778 

60. Rodríguez MM, Fiore E, Bayo J, Atorrasagasti C, García 
M, Onorato A, Domínguez L, Malvicini M, Mazzolini G. 
4Mu decreases CD47 expression on hepatic cancer 
stem cells and primes a potent antitumor T cell 
response induced by interleukin-12. Mol Ther. 2018; 
26:2738–50. 

 https://doi.org/10.1016/j.ymthe.2018.09.012 
 PMID:30301668 

61. Li Z, He L, Wilson K, Roberts D. Thrombospondin-1 
inhibits TCR-mediated T lymphocyte early activation. J 
Immunol. 2001; 166:2427–36. 

 https://doi.org/10.4049/jimmunol.166.4.2427 
 PMID:11160302 

62. Li Z, Calzada MJ, Sipes JM, Cashel JA, Krutzsch HC, 
Annis DS, Mosher DF, Roberts DD. Interactions of 
thrombospondins with alpha4beta1 integrin and CD47 
differentially modulate T cell behavior. J Cell Biol. 2002; 
157:509–19. 

 https://doi.org/10.1083/jcb.200109098 
 PMID:11980922 

63. Kaur S, Kuznetsova SA, Pendrak ML, Sipes JM, Romeo 
MJ, Li Z, Zhang L, Roberts DD. Heparan sulfate 
modification of the transmembrane receptor CD47 is 
necessary for inhibition of T cell receptor signaling  

by thrombospondin-1. J Biol Chem. 2011; 286: 
14991–5002. 

 https://doi.org/10.1074/jbc.M110.179663 
 PMID:21343308 

64. Soto-Pantoja DR, Terabe M, Ghosh A, Ridnour LA, 
DeGraff WG, Wink DA, Berzofsky JA, Roberts DD. CD47 
in the tumor microenvironment limits cooperation 
between antitumor t-cell immunity and radiotherapy. 
Cancer Res. 2014; 74:6771–83. 

 https://doi.org/10.1158/0008-5472.CAN-14-0037-T 
 PMID:25297630 

65. Mittal R, Gonzalez-Gomez I, Prasadarao NV. 
Escherichia coli K1 promotes the ligation of CD47 with 
thrombospondin-1 to prevent the maturation of 
dendritic cells in the pathogenesis of neonatal 
meningitis. J Immunol. 2010; 185:2998–3006. 

 https://doi.org/10.4049/jimmunol.1001296 
 PMID:20675593 

66. Fortin G, Raymond M, Van VQ, Rubio M, Gautier P, 
Sarfati M, Franchimont D. A role for CD47 in the 
development of experimental colitis mediated by 
SIRPalpha+CD103- dendritic cells. J Exp Med. 2009; 
206:1995–2011. 

 https://doi.org/10.1084/jem.20082805 
 PMID:19703989 

67. Tao H, Qian P, Wang F, Yu H, Guo Y. Targeting CD47 
enhances the efficacy of anti-PD-1 and CTLA-4 in an 
esophageal squamous cell cancer preclinical model. 
Oncol Res. 2017; 25:1579–87. 

 https://doi.org/10.3727/096504017X14900505020895 
 PMID:28337964 

68. Advani R, Flinn I, Popplewell L, Forero A, Bartlett NL, 
Ghosh N, Kline J, Roschewski M, LaCasce A, Collins GP, 
Tran T, Lynn J, Chen JY, et al. CD47 blockade by Hu5F9-
G4 and rituximab in non-hodgkin’s lymphoma. N Engl J 
Med. 2018; 379:1711–21. 

 https://doi.org/10.1056/NEJMoa1807315 
 PMID:30380386 

69. Edge SB, Compton CC. The american joint committee 
on cancer: the 7th edition of the AJCC cancer staging 
manual and the future of TNM. Ann Surg Oncol. 2010; 
17:1471–74. 

 https://doi.org/10.1245/s10434-010-0985-4 
 PMID:20180029 

70. Gentleman RC, Carey VJ, Bates DM, Bolstad B, Dettling 
M, Dudoit S, Ellis B, Gautier L, Ge Y, Gentry J, Hornik K, 
Hothorn T, Huber W, et al. Bioconductor: open 
software development for computational biology and 
bioinformatics. Genome Biol. 2004; 5:R80. 

 https://doi.org/10.1186/gb-2004-5-10-r80 
 PMID:15461798  

https://pubmed.ncbi.nlm.nih.gov/20161613
https://doi.org/10.1093/jb/mvu017
https://pubmed.ncbi.nlm.nih.gov/24627525
https://doi.org/10.1002/hep.27070
https://pubmed.ncbi.nlm.nih.gov/24523067
https://doi.org/10.1002/hep.27859
https://pubmed.ncbi.nlm.nih.gov/25902734
https://doi.org/10.1111/liv.12963
https://pubmed.ncbi.nlm.nih.gov/26351778
https://doi.org/10.1016/j.ymthe.2018.09.012
https://pubmed.ncbi.nlm.nih.gov/30301668
https://doi.org/10.4049/jimmunol.166.4.2427
https://pubmed.ncbi.nlm.nih.gov/11160302
https://doi.org/10.1083/jcb.200109098
https://pubmed.ncbi.nlm.nih.gov/11980922
https://doi.org/10.1074/jbc.M110.179663
https://pubmed.ncbi.nlm.nih.gov/21343308
https://doi.org/10.1158/0008-5472.CAN-14-0037-T
https://pubmed.ncbi.nlm.nih.gov/25297630
https://doi.org/10.4049/jimmunol.1001296
https://pubmed.ncbi.nlm.nih.gov/20675593
https://doi.org/10.1084/jem.20082805
https://pubmed.ncbi.nlm.nih.gov/19703989
https://doi.org/10.3727/096504017X14900505020895
https://pubmed.ncbi.nlm.nih.gov/28337964
https://doi.org/10.1056/NEJMoa1807315
https://pubmed.ncbi.nlm.nih.gov/30380386
https://doi.org/10.1245/s10434-010-0985-4
https://pubmed.ncbi.nlm.nih.gov/20180029
https://doi.org/10.1186/gb-2004-5-10-r80
https://pubmed.ncbi.nlm.nih.gov/15461798


 

www.aging-us.com 12202 AGING 

SUPPLEMENTARY MATERIALS 
 

Supplementary Figures 

 

 

 

 

 

 
 

Supplementary Figure 1. Survival analysis of HCC patients based on the expression levels of adaptive immune resistance 
gene in TCGA HCC cohort (n = 345). (A-L) Kaplan–Meier plots of survival based on the expression of selected adaptive immune 
resistance markers CD40, CD70, CD274(PD-L1), CTLA4, IDO1, HAVCR2, LAG3, TIGIT, TNFSF14, TNFRSF18, VTCN1 and PD-1. The results show 
that these gene expressions are not associated with the survival of HCC patients. 
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Supplementary Figure 2. Survival curves of HCC patients with high and low expressions of immune markers in TCGA HCC 
cohort. (A) Survival curves of HCC patients with high and low expression of CD4. (B) Survival curves of HCC patients with high and low 
expression of CD8. (C) Survival curves of HCC patients with high and low expression of CD19. The results indicate that 3 genes are not 
significantly associated with the survival of HCC patients. (log rank test) 

 

 

 

 
 

Supplementary Figure 3. The correlations between tumor mutational load (TMB) and B7-H3 or CD47 expression. (A) The 
relationship between the TMB and B7-H3 expression. (B) The relationship between the TMB and CD47 expression. The coefficient and the 
corresponding P-value from the Pearson's correlation test is displayed. 
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Supplementary Figure 4. The relationship between clinical stage and B7-H3 or CD47. (A) B7-H3 expression is significantly positively 
correlated with the clinical stages. (B) CD47 expression is marginally positively correlated with the tumor stages. The coefficient and the 
corresponding P-value from the Spearman’s correlation test is displayed. 
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Supplementray Tables 

 

 
Supplementary Table 1. Information of antibodies of CD8, B7-H3, and CD47. 

Antibody Clone Source 
Antigen retrieval 

condition 
Antibody  
dilution 

Antibody  
incubation time 

CD8 C8/144B Cell Signaling Technology 
EDTA buffer, 

pH9.0 
1:200 18hrs 

B7-H3 (CD276) D9M2L Cell Signaling Technology 
EDTA buffer,  

pH9.0 
1:300 18hrs 

CD47 D307P Cell Signaling Technology 
EDTA buffer, 

pH 9.0 
1:300 18hrs 

 

 

Please browse Full Text version to see the data of Supplementary Table 2. 

 

Supplementary Table 2. The correlation coefficients between Th1/IFNγ signature genes and B7-H3 or CD47. 


