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Purpose: Although both anti-PD-1 antibody and treatments using anti-PD-L1 antibody are 

currently in clinical use, their therapeutic effects vary according to cancer type. One of the factors 

accounting for this variability is the expression level of the immune checkpoint molecule that 

differs between cancer types; thus, it is important to clarify the relationship between clinical 

outcomes and immune checkpoint molecules for all types of human cancer. The purpose of this 

study is to evaluate the clinical outcome of osteosarcoma in relation to PD-L1, PRF, GZMB, 

and IFNγ expression.

Methods: Using 19 clinical specimens of osteosarcoma, we examined the expression of PD-L1, 

PRF, GZMB, and IFNγ in relation to their clinical outcomes.

Results: PD-L1 expression correlated with early metastatic formation in clinical specimens of 

osteosarcoma, and the group with highly expressed functional markers for T cells such as PRF 

and GZMB resulted in a long overall survival time.

Conclusion: This is the first study to elucidate the clinical outcomes of osteosarcoma in rela-

tion to PD-L1, PRF, GZMB, and IFNγ expression. This study provides valuable information 

regarding the clinical indication and prediction of effect for anti-PD-1 antibody in osteosarcoma.
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Introduction
Osteosarcoma is the most common tumor among primary malignant bone tumors, and 

patients are treated by a combination of pre- and post-operative chemotherapy and 

surgery.1 The current standard chemotherapy for osteosarcoma is a triple-combination 

therapy consisting of methotrexate, adriamycin, and cisplatin. The 5-year survival 

rate for the triple-combination therapy regimen has demonstrated an improvement 

of 50%–70% or more when the tumor is localized.1–7 Despite these improvements, 

existing treatments remain ineffective for select patients with a 5-year survival rate of 

20%–30% for patients with metastasis at first visit and 20% for recurrent cases.1,4,7,8 

The poor efficacy of non-localized cases could be partially attributed to the lack of 

progress in the development of novel drugs such as molecular targeted drugs. There-

fore, a better understanding of the pathology of osteosarcoma and the development 

of novel therapeutic agents with new mechanism of action may potentially improve 

the survival outcome of patients with metastatic disease.

On the other hand, in the microenvironment of cancer, the role of innate immunity is 

inhibited in a process known as immune tolerance. One of the mechanisms of immune 

tolerance is the immune checkpoint mechanism, whereby T cells are suppressed to 

prevent excessive immune responses. Several types of immune checkpoint molecules 
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are known, namely the cytotoxic T-lymphocyte antigen 4 

(CTLA-4) and lymphocyte activation gene 3 (LAG-3), in 

addition to programmed cell death 1 (PD-1) and its ligand 

(PD-L1).8,9 PD-1 is expressed on the surface of cytotoxic 

T cells and transmits suppressive signals to T cells by bind-

ing to PD-L1. Normal cells are believed to express PD-L1 in 

an inflammatory environment, suppress T cells, and prevent 

excessive tissue damage from long-term persistence and 

spread of inflammation.10 However, in some types of cancers, 

PD-L1 is reported to be expressed on the surface of cancer 

cells by means of stimulation by IFNγ, a proinflammatory 

cytokine.8,11–13 Cancer has been known to prevent attacks 

from the immune system by suppressing T cell activation 

by binding the PD-L1 that are expressed on cancer cells to 

the PD-1 on cytotoxic T cells.14

Anti-PD-1 antibody and treatments using anti-PD-L1 

antibody are already in clinical use; however, the efficacy 

of these treatments differs between cancer types. One of the 

factors contributing to this variability is different expression 

levels of PD-L1 that depend on cancer type,15 and there is a 

need for further clarification in terms of understanding the 

relationship between clinical outcomes and immune check 

point molecules for all types of human cancer. Although 

osteosarcoma is considered a cancer that is especially 

responsive to immunotherapy,16 the efficacy of treatments 

that utilizes anti-PD-1 and anti-PD-L1 antibodies remains 

relatively unexplored. We analyzed gene expression in 

clinical specimens of osteosarcoma, and our study for the 

first time has clarified the relationship of PD-L1 and T cell 

activation markers with clinical outcomes of osteosarcoma.

Material and methods
Clinical specimens and analysis
Since 1995, clinical specimens from cases diagnosed and 

treated by the Department of Orthopaedic Surgery at Shinshu 

University Hospital were collected, frozen, and stored. The 

subjects were diagnosed with conventional osteosarcoma 

and biopsy specimens analyzed only when a subject had not 

received chemotherapy prior to sample collection.

Expressions of PD-L1, GZMB, PRF, and IFNγ were 

evaluated using real-time PCR. Iliac cancellous bone of 

healthy control subject (one sample) was adjusted as baseline 

(set to 1) and subsequently evaluated. Survival and metastasis 

were evaluated using the Kaplan–Meier method according to 

high and low expression groups that indicated either a higher 

or lower expression than the control group, respectively.

All patients provided written informed consent regarding 

the use of their specimens for basic research. Permission 

for using human specimens was acquired from the Genetic 

Analysis Ethics Committee of Shinshu University Hospital 

(approval number 470). Patient information was made anony-

mous to ensure their privacy. This study was conducted in 

accordance with the Declaration of Helsinki.

RNA-based expression analysis
For quantitative reverse-transcriptase PCR (RT-PCR) analysis 

of immune related genes in human osteosarcoma clinical 

samples, RNA extracted with Trizol (Invitrogen, Carlsbad, 

CA, USA) was transcribed into cDNA using ReverTra Ace 

reverse transcriptase (Toyobo, Tokyo, Japan). The genes 

consisting of human PD-L1, IFNγ, PRF and GZMB were 

 analyzed by qPCR. RT-PCR was performed using SYBR 

Green Master Mixes (Life Technologies, Carlsbad, CA, 

USA) with the StepOnePlus system (Life Technologies, 

Carlsbad, CA, United States). mRNA levels were calculated 

by normalizing to the house keeping gene GAPDH using the 

ΔCT method. Changes in gene expression of samples were 

expressed relative to that of untreated samples. Sequences 

of the primers used for PCR and RT-PCR analyses are 

described in Table 1.

Statistical analysis
Statistical analysis was performed with SPSS software 

version 25 (IBM, Armonk, NY, USA) using Pearson’s cor-

relation analysis. Kaplan–Meier curves were created by the 

same software and log rank analysis was used for comparison 

between groups. P-values less than 0.05 were considered 

statistically significant.

Table 1 Primers used in analysis of immune related genes in human osteosarcoma

Species Target gene Forward Reverse

Human GAPDH GCGCCGTCAGGCTGAGAAC TGGTGAAGACGGCCGTGGA

Human PRF1 ATTCTCAAGCCCTGCAGTCACA AATGAAGGCTTTGCCACACCA

Human GZMB GCTGACAGCTGCTCACTGTTG GCAGTAGCATGATGTCGTTGGA

Human PDL1 CAATGTGACCAGCACACTGAGAA GGCATAATAAGATGGCTCCCAGAA

Human IFNγ CTTTAAAGATGACCAGAGCATCCAA GGCGACAGTTCAGCCATCAC
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Results
Since 1995, 28 cases of osteosarcoma were treated at 

our institution, of which 22 cases were conventional 

osteosarcomas.29,30 Because the biopsies for two of these 

cases were conducted at another institution, frozen specimens 

prior to the initial treatment were not stored at our hospital. 

In addition, another frozen specimen was lost. Thus, the 19 

remaining cases were included in this study. Demographic 

data are shown in Table 2. The effect of preoperative che-

motherapy was evaluated by pathological examination, 

and cases were classified into effective and ineffective 

groups. Because one of the 19 cases was contraindicated for 

surgery of the primary lesion, 18 cases were evaluated for 

response to chemotherapy and degree of tumor resection.

We first evaluated the correlation between PD-L1 and 

T cell activation markers in osteosarcoma. There was a 

considerably strong positive correlation between the expres-

sion of PRF and GZMB (Figure 1A, r=0.823, P�0.0001). 

Expression of IFNγ also showed a significant positive cor-

relation with the expression of GZMB and PRF (Figure 1B, 

r=0.657, P=0.0022; Figure 1C, r=0.822, P�0.0001, respec-

tively). Expression of PD-L1 exhibited a significant posi-

tive correlation with the expression of IFNγ, GZMB, and 

PRF (Figure 1D, r=0.668, P=0.0018; Figure 1E, r=0.855, 

P�0.0001; Figure 1F, r=0.680, P=0.0013, respectively).

Two groups were divided into high and low PD-L1 

expression groups, and a survival curve was created with 

metastasis as an endpoint. Metastases were detected 

significantly earlier in the high PD-L1 expression group 

(Figure 2A, P=0.011). The same deductions were made in 

terms of PRF, GZMB and IFNγ. There was also no signifi-

cant relationship between the time of onset of lung metas-

tases and the expression levels of PRF, GZMB, and IFNγ 

(P=0.217, P=0.217, P=0.547 in Figure 2B–D; respectively).

A comparison of survival curves showed that the overall 

survival rate of the high GZMB or PRF expression group 

was significantly higher (both P=0.032 in Figure 3A and 

B, respectively). On the other hand, the high and low levels 

of IFNγ and PD-L1 did not affect the overall survival rate 

(Figure 3C and D, respectively).

Discussion
The current understanding in regard to the efficacy of anti-

PD-1 antibody against osteosarcoma is unclear. In basic 

research, a report has demonstrated the suppression of lung 

metastasis when human osteosarcoma is subcutaneously 

transplanted into humanized mice.17 On the other hand, 

multiple clinical trials have been conducted for human 

osteosarcoma, in addition to those currently in progress (NCT 

02301039, NCT 02304458, NCT 03282344, and others). 

However, there are no reports that place their focus on 

clinical trials of osteosarcoma alone, and existing reports 

only describe osteosarcoma as a segment of broader research 

on multiple types of sarcomas.

Paoluzzi et al examined the therapeutic effect of 

nivolumab in advanced sarcoma and reported that one case 

was partial response (PR), one case was stable disease (SD),  

and two cases were progressive disease (PD) for four cases 

of osteosarcoma.18 In addition, Tawbi et al reported the 

interim progress of pembrolizumab’s Phase II study on 

Table 2 Background and gene expression in clinical specimens 
of osteosarcoma

Age (years) 6–77 Range (average ± SD)
(24.7±19.8)

Gender Female 6 Male 13

Location Femur Distal 11
Mid shaft 1
Proximal 1

Tibia Proximal 2

Fibula Proximal 1
Mid shaft 1

Humerus Proximal 2

Yes 10

No 9

Response to chemotherapy Good 12

Bad 6

Degree of tumor resection R0 18

Follow up (days) 245–7,123 (1,921±1,906)

Outcome CDF 6

NED 1

AWD 3

DOD 9

GZMB 0.0073–3.4 Range (average ± SD)
(0.87±1.1)

High 4 Low 15

PRF 0.0011–4.3 Range (average ± SD)
(0.79±1.3)

High 4 Low 15

IFNγ 0.0048–5.7 Range (average ± SD)
(0.73±1.5)

High 2 Low 17

PD-L1 0.062–9.3 Range (average ± SD)
(2.0±2.8)

High 8 Low 11

Abbreviations: AWD, alive with disease; CDF, continuously disease-free; DOD, 
dead of disease; NED, no evidence of disease.
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advanced sarcoma. Among 22 cases of osteosarcoma that 

were reported, one case was PR, six cases were SD, and 

15 cases were PD.19,20 Normally, the response rate of the 

drug is proportional to cases with complete response (CR) 

and PR. However, since osteosarcomas produce an extracel-

lular matrix of osseous tissues, many cases do not result in 

the reduction of tumor size despite effective chemotherapy. 

Therefore, in the treatment of osteosarcoma, the effectiveness 

of clinical chemotherapy is not only determined by changes 

to the size of the tumor, but also by the results of pathological 

examination.2,6

Because currently reported clinical trials include subjects 

with soft tissue sarcoma, only Response Evaluation Criteria 

in Solid Tumors, version 1.1 (RECIST v1.1), which is based 

on changes in tumor size, is used to determine its efficacy. 

Pathological evaluation has not been reported in these current 

clinical trials, and the effectiveness of anti-PD-1 antibody 

against osteosarcoma remains difficult with the limited 

Figure 1 Correlation between each T cell activation marker and PD-L1. 
Notes: The relationship between gene expressions and clinical outcomes of human osteosarcoma clinical specimen was evaluated. (A) Scatter plot and approximate curve 
of GZMB and PRF r=0.823; P�0.0001). (B) Scatter plot and approximate curve of GZMB and IFNγ
r=0.657; P=0.0022. (C) Scatter plot and approximate curve of IFNγ and PRF r=0.822, P�0.0001). (D) Scatter plot and approximate curve of 
expression of IFNγ and PD-L1 r=0.668; P=0.0018). (E) Scatter plot and approximate curve of expression of GZMB and PD-L1
r=0.855; P�0.0001). (F) Scatter plot and approximate curve of expression of PRF and PD-L1 r=0.680; P=0.0013).

γ

γ

γ

γ

γ

Figure 2 Relationship between PD-L1, each T cell activation marker, and metastasis.
Notes: (A PD-L1 (P=0.011, log rank analysis). (B–D) From 
the left, grouping was done with high and low PRF, GZMB, IFNγ expression, P=0.217, P=0.217, P=0.547 in log rank analysis.
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results of these trials alone; thus, it is important to analyze 

gene expressions using clinical specimens and to evaluate 

the correlation of clinical outcomes with PD-L1 and T cell 

activation markers.

In gene expression analysis using clinical specimens, it 

has been reported that the prognosis is poor when the tumor 

PD-L1 is highly expressed in melanoma and lung cancer, 

which have already been confirmed to have anti-PD-1 anti-

body efficacy.21–23 In osteosarcoma, a high expression of 

PD-L1 has been reported to decrease survival time.24 There 

have been no standards for classifying the degree of PD-L1 

expression, and as a status quo, such classifications have 

varied according to each individual study.25 One study used 

normal bone as a control for osteosarcoma to analyze PD-L1 

expression using tissue microarray,26 and we classified our 

high- and low-expression groups by referencing the normal 

bone from this study.

In this study, metastasis occurred at an early stage when 

the PD-L1 is highly expressed in clinical specimens of 

osteosarcoma, which is consistent with previous findings. 

This result indicates that the prognosis of osteosarcoma 

patients may be deteriorated due to the interaction between 

PD-1 and PD-L1.

On the other hand, it has been reported that GZMB and 

PRF produced by T cells are important for tumor immunity.27 

For osteosarcoma, GZMB expression has been reported to 

increase with the administration of anti-PD-1 antibody in 

mouse models of osteosarcoma and humanized mice.17,28 

In this study, we evaluated T cell activation markers for 

clinical specimens of osteosarcoma and showed that good 

overall survival is obtained with high expression of GZMB 

and PRF. This suggests that good survival can be attained 

when T cell activity is high in human osteosarcoma and that 

the reactivation of T cells by anti-PD-1 antibody can improve 

the life prognosis of human osteosarcoma.

In this study, the relationship between T cell activity 

markers and PD-L1 was also evaluated, indicating that 

IFNγ, GZMB, and PRF show significant positive correlation 

with PD-L1. Previous reports have shown that IFNγ induces 

PD-L1 expression in tumors such as angiosarcoma.11–13,29 

There is also a report that IFNγ production of CD8+ T cells 

is elevated by the administration of anti-PD-L1 antibody,30 

and another report states that the administration of anti-PD-1 

antibody increases the expression of GZMB within the 

tumor.28 These reports indicate that PD-1/PD-L1 interac-

tions demonstrate the suppression of T cell activity mark-

ers. A positive correlation between T cell activity markers 

and PD-L1 expression is thought to be due to the increased 

expression of PD-L1 by T cell activation. In addition, the 

suppression of T cells due to increased PD-L1 expression 

may also suppress PD-L1 expression, resulting in a potential 

decrease in PD-L1 expression; however, further examination 

is recommended for future studies.

Limitations
A limitation of this study was the small sample size; thus, 

we were unable to use multivariate analysis to adjust for 

confounding factors. However, osteosarcoma is a rare type 

of cancer. As a point of comparison, colorectal cancer is the 

most common type of cancer in Japan and constitute 130,000 

new cases per year, whereas the incidence of osteosarcoma 

is only 300 new cases per year, which is only 0.23% of 

colorectal cancer. Although the sample size was relatively 

small in this study, we believe that the fact that we were able 

to obtain results with statistical significance is of valuable 

importance.

Conclusion
For the first time, to the best of our knowledge, we clarified the 

relationship between the clinical outcomes of osteosarcoma in 

γ

γ

Figure 3 Relationship between PD-L1, each T cell activation marker, and overall survival. 
Notes: (A GZMB (P=0.032, log rank analysis). (B–D) From the left, 
grouping was done by high and low expression of PRF, IFNγ, PD-L1 expression, and in log rank analysis P=0.032, P=0.165, P=0.429, respectively.
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relation to PD-L1, perforin (PRF), granzyme B (GZMB), and 

IFNγ expression. This study provides important  information 

regarding the clinical indication and prediction of effect for 

anti-PD-1 and anti-PD-L1 antibodies in osteosarcoma.
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