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Abstract

Background: Programmed Death Ligand 1 (PD-L1) expression was used to determine type of patients who
respond to immunotherapy using immune checkpoint inhibitor in several solid malignancies. However, the role of
PD-L1 in hematological malignancies is less explored. Therefore, we aim to investigate PD-L1 mRNA expression
in childhood leukemia patients. Association between PD-L1 expression and clinicopathological features was
also analyzed. Method: Blood samples of 17 childhood leukemia patients and 12 healthy individuals as control
were used in this study. The samples were collected in Dharmais Cancer Hospital. Real time PCR was used to
analyze PD-L1 expression with GAPDH as internal control. Result: PD-L1 mRNA expression is significantly
lower in childhood leukemia patients (medians: 0.0012) compared to healthy individuals (medians: 0.0041)
(p=0.017). PD-L1 mRNA expressions were not correlated with age (p=1.000), sex (p=1.000), outcome (p=1.000),
type of leukemia (p=1.000), hyperleukocytosis (p=1.000), and syndrome down (p=0.426). Conclusion: PD-L1
expression is lower in leukemia patients compared to healthy controls. PD-L1 expressions were not correlated
with all clinicopathological features. Our result provides preliminary data of PD-L1 expression in Indonesian

childhood leukemia patients.
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Introduction

Leukemia is most common cancer in children with high
mortality rate. Acute Lymphocytic Leukemia (ALL) and
Acute Myelogenous Leukemia (AML) are 2 major types
in pediatric leukemia [1]. Survival rates have improved
in children with leukemia due to advances in treatment
and supportive care [2]. However, rate of survival in
childhood leukemia is still low in developing countries
including in Indonesia [3]. Standard therapy for children
with leukemia such as radiation and chemotherapy is not
effective enough especially for those who faced resistant
or recurrent cancers [4-5]. Patients with refractory,
high-grade, recurrent or metastatic disease are still
undergone extremely poor outcomes [2]. Therefore, novel
therapy to treat childhood cancer is needed to improve
patient’s outcome.

Immunotherapy has emerged as an effective cancer
treatment. CAR T cell therapy is one type of immunotherapy
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that has shown promising result in treating childhood
leukemia [4]. In solid tumor, immune checkpoint
inhibitors such as anti-PD-1 and anti-PD-L1 have been
approved by Food and Drug Administration (FDA) to treat
several cancers such as melanoma and non-small cell lung
cancer (NSCLC) [6]. Anti-PD-1/ PD-L1treatment is type
of immunotherapy that use monoclonal antibody (mAb)
to inhibit the binding between programmed cell death-1
(PD-1) and programmed cell death ligand-1 (PD-L1)
molecules in cancer patients [7-8]. Binding interaction
between PD-1 and PD-L1 significantly down regulates T
cell, thus causes tumor growth, promotes metastasis, and
mediates immune suppression [8-10]. Therefore, blocking
the engagement between these 2 molecules could enhance
T cell responses and increase anti-tumor immunity [8-11].

In childhood cancer, pembrolizumab, mAb for PD-1
has been approved by FDA for the treatment of children
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with refractory classic Hodgkin Lymphoma (HL) [4].
In childhood leukemia, clinical trials using immune
checkpoint inhibitors is currently on going [2]. A case
report suggested that pediatric patient with multiple
relapsed and refractory acute leukemia treated with
combination of 5-azacytidine with immune checkpoint
inhibitors (nivolumab and ipilimumab) is tolerated the
therapy and showed improvement of symptoms [12].
It has been suggested that combinations of multiple
immunotherapeutic and conventional therapy such as
chemotherapy might improve pediatric cancer outcome
[2-4]. Currently, there is an on-going clinical trial
(NCT02813135) for combination of cyclophosphamide
and nivolumab for the treatment of recurrent pediatric
cancers [4].

PD-1 is an inhibitory receptor expressed on activated
T cell. PD-L1 is a PD-1’s ligand and commonly expressed
on cancer cells and immune cells like T cell and B cell
[8]. PD-L1 has 40-kDa size and categorized as type
1 trans-membrane cell surface glycoprotein and member
of the B7 family of co-stimulatory molecules [2-9-13].
Studies have shown that expression of PD-L1 is associated
with poor prognosis in several cancers such as melanoma
and non-small cell lung cancer (NSCLC) including in
pediatric cancer [2-4-14]. PD-L1 expression also has been
correlated with response to anti PD-1/PD-L1 therapy [14].
In fact, PD-L1 expression has been used to determine type
of patients who respond to immune checkpoint inhibitors
in several cancers [6]. FDA has approved the measurement
of PD-L1 expression using immunohistochemistry as
companion diagnostic for the treatment of NSCLC and
melanoma using anti PD-1 [6-8].

However, in hematological malignancies especially
in children, the role of PD-L1 is less explored. There are
only a very few studies investigating PD-L1 expression
in pediatric malignancies [15]. Besides, to the best of
our knowledge, there is no study analyzing PD-LI in
childhood leukemia that has been done in Indonesia.
Therefore, we aim to analyze PD-L1 mRNA expression in
blood samples of childhood leukemia patients in Dharmais
Cancer Hospital (National Cancer Center of Indonesia)
and investigate the relationship between PD-L1 expression
and clinicopathological features.

Materials and Methods

Samples Collection

We examined 17 blood samples of childhood
leukemia patients which consist of 11 samples of ALL
patients and 6 samples of AML patients. All cases have
been confirmed in the Clinical Pathology Department,
Dharmais Cancer Hospital. The 17 patients included
9 males and 8 females with an age ranging from 2 to
15 years (mean ages: 6.1+4.2). As many as 12 healthy
people were used as controls that were consisted of 6
males and 6 females. Blood samples were collected
in ethylenediaminetetraacetic acid (EDTA) tubes then
directly processed for RNA isolation. This study has
been approved by Ethical Committee of Dharmais Cancer
Hospital (code: 065/KEPK/V1/2020).

Real time PCR analysis

RNA molecule was extracted using Total RNA Blood/
Culture (Gene Aid). A maximum of 2000 ng of RNA was
then reverse transcribed to cDNA using High Capacity
cDNA Sythesis Kit (Applied Biosystem). Dilution to 100
ng was done to all cDNA samples. Diluted cDNA samples
were then used in real time PCR analysis.

To avoid genomic DNA amplification, primers used in
real time PCR were designed to span 2 different exons. For
PD-L1, weused forward primer 5’-tgtgaaagtcaatgccccat-3’,
reverse primer 5’-tgtcagttcatgttcagaggt-3’, and probe
5’-attttggttgtggatccagte-3’. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as internal control. For
GAPDH, the forward primer, reverse primer, and probe were
5’-agcctcaagatcatcagcaa-3°, 5’-actgtggtcatgagtccttc-3°,
and 5’-ctgcaccaccaactgcttag-3’, respectively. All primers
and probes were formulated and mixed by Applied
Biosystem into Custom TagMan Gene Expression Assay.

Single real time PCR reaction consisted of 10 uL
of TagMan Gene Expression Master Mix (Applied
Biosystem), 1 pL of Custom TagMan Gene Expression
Assay (Applied Biosystem), 5 pL of Nuclease Free Water,
and 4 puL of cDNA. We doubled the reaction for each
sample. The thermal cycling condition for qPCR were: 2
minutes (50°C) and 10 minutes (95°C) hold stage, followed
by 40 cycles of denaturation step at 95°C for 15 seconds,
and annealing and extension step at 62°C for 1 minute.
The reaction was performed in 7500 Fast Real-Time PCR
System (Applied Biosystem).

Data was analyzed using 24T (AACT = ACT of each
samples — average ACT of healthy controls) to get the
value of gene expression. We classified the level of gene
expression as low or high expression by using average
ACT value of 12 healthy people as cut-off value. ACT
values of samples below average ACT value of healthy
controls were determined as high expression. Meanwhile,
samples with ACT values above average ACT value of
healthy controls were determined as low expression.

Statistical analysis

Statistical analysis was done using SPSS Statistics
22 statistical software (IBM Corporation). Fisher exact
test was used to analyze the relationship between PD-L1
expression and clinicopathological characteristics. To
analyze the comparison of PD-L1 expression in cancer and
healthy control group, Man-Whitney test was performed.
A value of P<0.05 is considered statistically significant.

Results

The expression of PD-L1 in childhood leukemia patients

PD-L1 expression in childhood leukemia patients is
significantly lower compared to healthy controls. Median
expression of PD-L1 in childhood leukemia is 0.0012
(ranges from 0.00005 to 0.077), while median expression
of PD-L1 in healthy control group is 0.0041 (ranges from
0.0016 to 0.013) (p=0.017) (Figure 1). Gene expression
in figure 1 is the result of 224 calculation method with
median and error bar (95% confidence interval).
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Figure 1. PD-L1 Gene Expression in Childhood
Leukemia (Leukemia) and Healthy Controls (HC)

The association of PD-L1 expression and
clinicopathological characteristic of childhood leukemia
patients

From 17 samples analyzed, as many as 4 patients were
categorized as high expression, while 13 patients were
categorized as low expression. The expression of PD-L1
in childhood leukemia patients was not associated with all
clinicopathological characteristics examined. The result
showed that there was no significant relationship
between PD-L1 mRNA expressions with age (p=1.000),
sex (p=1.000), outcome (p=1.000), type of leukemia
(p=1.000), hyperleukocytosis (p=1.000), and syndrome
down (p=0.426) (Table 1).

Discussion

This study revealed that PD-L1 expression is
significantly lower in childhood leukemia patients
compared to healthy controls. We found a low frequency
of PD-L1 high expression in pediatric leukemia. Only
23.5% (4/17) patients of childhood leukemia showed
high PD-L1 expression. The same finding also found in

previous reports in pediatric solid tumors. Positive PD-L1
expression was only found in 11 of 81 (14%) of Wilms
tumors [16] and only 13% of total 500 cases of pediatric
tumors (including neuroblastoma, brain cancers, and
sarcomas) [17]. Another study by Aoki et al. [18] showed
positive PD-L1 expression only found in 1 sample of
rhabdomyosarcoma out of 53 samples of pediatric solid
tumors (8 extracranial malignant germ cell tumors, 18
neuroblastomas, 7 hepatoblastomas, 7 germinomas, 4
medulloblastomas, 4 renal tumors, 2 atypical teratoid/
rhabdoid tumor (AT/RT), and 3 rhabdomyosarcomas).

In human adults with leukemia, Chen et al. [19]
described positive PD-L1 expressions were higher in
monocyte leukemia (M5) patients than other type of
leukemia (24%), while Yang et al. [20] showed that PD-L1
mRNA expression were significantly higher in T-Acute
lymphoblastic leukemia (T-ALL) compared to reactive
hyperplasia. Meanwhile, in childhood leukemia, study
by Feucht et al. [21] revealed inter-individual differences
in PD-L1 expressions of childhood ALL. Variable
PD-L1 expression patterns were found on patients’ bone
marrow blasts [21], suggested that PD-L1 expressions in
childhood leukemia could be highly vary among different
individuals. Moreover, Feucht et al. [21] revealed that high
PD-L1 expression was mostly found in pediatric ALL
patients who relapsed and not respond to Blinatumomab
treatment.

It has been explained that PD-L1 gene abnormality
such as change in PD-L1 gene copy number status
might contribute to the increase of PD-L1 expression in
cancer. Study by Inoue et al. [22] showed that tumor with
PD-L1 genomic gains exhibit significantly higher PD-L1
expression compared to those without. Moreover, it has
been shown that pediatric cancer seems to have lower
gene mutation burden compared to cancer in adults [2-4].
In general, childhood cancers do not have high mutations
rate [23]. Because of the low level of gene mutation
burden in pediatric cancer, PD-L1 gene abnormality
might not present in childhood leukemia, thus diminish

Table 1. Relationship between Clinicopathological Parameters and PD-L1 mRNA Expressions in Childhood Leukemia

Patients
Parameter Low expression High expression p-value
n (%) n (%)
Age <10 11 (78.6) 3(21.4) 1
>10 2 (66.7) 1(33.3)
Sex Male 7 (77.8) 2(22.2) 1
Female 6 (75) 2 (25)
Type of Leukemia ALL 8(72.8) 3(27.2) 1
AML 5(83.3) 1(16.7)
Syndrome Down Yes 1(50) 1 (50) 0.426
No 12 (80) 3 (20)
Hyperleukocytosis Yes 2 (100) 0(0) 1
No 11 (73.3) 4(26.7)
Outcome Life 11(78.6) 3(21.4) 1
Dead 2 (66.7) 1(33.3)

AML, Acute Myelogenous Leukemia; ALL, Acute Lymphocytic Leukemia
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one of the factors that is responsible for enhancing
PD-L1 expression. This could explain why PD-L1
expression is lower in childhood leukemia. However,
it should be confirmed with further study to analyze
the correlation between PD-L1 gene abnormalities with
PD-L1 expression in childhood leukemia.

This study also found that PD-L1 expression
is not associated with all the clinicopathological
parameters such as age, sex, outcomes, type of leukemia,
hyperleukocytosis, and syndrome down. This might
be due to the small sample size in our study. To find
significant correlation, number of samples need to be
added.

Pediatric cancer patients tend to exhibit poor response
toward single immune checkpoint inhibitor therapy
(anti-PD-1/ anti PD-L1) [4]. Low tumor mutation load
might be one of the factors that cause poor response rate
of anti-PD-1/ anti PD-L1 therapy in pediatric cancer
[4]. In this study, we found most childhood leukemia
patients have low PD-L1 expression. Since low PD-L1
expression is mostly related with poor clinical outcomes
to anti-PD-1-directed therapy [24], this result might
additionally explain why pediatric cancer patients seem
to not give good response to single immune checkpoint
inhibitor. It has been suggested that combination of therapy
such as immune checkpoint inhibitor and chemotherapy
might enhance response rate of pediatric cancer and
improve survival [2-4]. However, the limitation of this
study is very small sample size. To obtain more accurate
data, more samples need to be added and comparison
with immunohistochemistry of PD-L1 as gold standard
to measure PD-L1 expression need to be done in the
subsequent experiment.

In conclusion, PD-L1 expression seems to have low
expression level in childhood leukemia. This might
explain why single immune checkpoint inhibitor therapy
did not show very good result in pediatric cancer patients.
Besides, we also found, the expressions of PD-L1 were
not correlated with all clinicopathological features. This
result provides preliminary data of PD-L1 expression in
Indonesian pediatric leukemia patients.
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