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Background: Immunotherapy using immune checkpoint inhibitors has currently emerged as an
effective treatment for a subset of colorectal cancer (CRC) patients. The roles of PD-1 and PD-L1
expression levels in peripheral blood to predict patient’s response to immune checkpoint
inhibitors are not well established. Therefore, we analyzed PD-1 and PD-L1 mRNA expression
levels of peripheral blood in Indonesian CRC patients and explored the association with the
clinicopathological features.

Methods: Peripheral blood of 25 CRC patients and 10 healthy individuals were collected in
Dharmais Hospital-National Cancer Center from 2017 to 2018. PD-1 and PD-L1 mRNA expression
levels were analyzed using real time PCR. The associations with clinicopathological variables were
analyzed with fisher-exact test or chi square test.

Results: PD-1 mRNA expression levels were significantly lower in CRC patients compared to
healthy individuals (HI) (mean: 0.0015 + 0.0013 and 0.017 + 0.010 respectively, p<0.001).
Although PD-L1 mRNA expression levels were lower in CRC patients, the difference was not
statistically significant (mean in CRC and HI: 0.021 + 0.013 and 0.034 + 0.028 respectively, p = 0.125).
The expression of PD-L1 was higher in CRC females compared to males (p=0.030). The expression
levels of PD-L1 were not associated with different ages (p=0.673), stages (p=0.372), histological
type of colorectal cancer (p=0.852), patient status (p=1.000), and body mass index (p=0.514).

Conclusions: The mRNA expression levels of PD-1 and PD-L1 were lower in CRC patients
compared to healthy controls. Expression of PD-L1 were correlated with sex, but not correlated
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with ages, stages, histological type of CRC, patient status, and body mass index.

INTRODUCTION

Colorectal cancer (CRC) is the number 2 cancer type
that causes death. In 2018, there were 1.8 million deaths
worldwide caused by colorectal cancer [1]. Several
treatment types which are commonly used to treat
cancer are surgery, chemotherapy and radiotherapy [2].
However, the recurrence rate and adverse effect using
these treatments is still high in colorectal cancer patients
[3]. Thus, alternative therapy should be developed.
Immunotherapy has emerged as a promising therapeutic
strategy against cancer. One of the most popular
immunotherapeutic approaches for treating cancer
patients is blocking immune checkpoint pathways [4].

Immune checkpoint normally functions to control
the balance of immune system. The most studied

immune checkpoint molecules are Programmed cell
death-1 (PD-1) and programmed cell death ligand-1 (PD-
L1) [4]. PD-1 is a protein receptor commonly expressed
by T-cell, B-cell, monocyte, dendritic cell, NK cell,
regulatory T cell, and tumor infiltrating lymphocytes
(TILs) [5,6]. PD-L1 is the ligand of PD-1 and usually
expressed by macrophages, dendritic cells, resting T
cells, pancreatic islet cells, B cells, vascular endothelial
cells and various types of cancer [7]. The interaction
between PD-L1 and PD-1 reduces T cell activity and
increases T cell apoptosis, so that it promotes tumor
growth [4,8].

Inhibiting the interaction between PD-L1 and PD-1
molecules with monoclonal antibodies may mediate
antitumor activity and enhance T-cell responses, thus
promote tumor regression and inhibit tumor growth
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[8,9]. Several inhibitors that target PD-1 or PD-L1 (anti
PD-1/ anti PD-L1) have been approved by FDA and show
good efficacy against several cancer types. Studies have
shown that anti PD-1/ anti PD-L1 can improve clinical
outcomes in various types of cancers including colorectal
cancer [4,8].

Measurement of PD-L1 expression in cancer tissues
using immunohistochemistry assay has been used to
predict patient response to therapy with immune
checkpoint inhibitor and its expression is also correlated
with prognosis in several cancer types such as malignant
melanoma, lung cancer (NSCLC), thymoma, bladder,
renal cell carcinomas (RCC), and ovarian cancer [10,11].
However, previous studies indicated that PD-1 and PD-
L1 expression in peripheral blood potentially can be
used to predict cancer progression and identify the types
of patients who respond anti PD-1/ PD-L1 therapy
[12-15]. The use of blood is easier and may have clinical
benefit for monitoring sequential tumor response to
immunotherapy [12].

However, not many studies have been done analyzing
mRNA expression of PD-1 and PD-L1 in peripheral blood
of CRC patients. The predictive value of PD-1 and PD-
L1 expression is also remain controversial in CRC
patients, with some studies on PD-L1 reporting conflicting
results [16,17]. Besides, research of PD-1/ PD-L1 is also
very rare in Indonesia. Thus, this study aims to profile
PD-1 and PD-L1 mRNA expression in peripheral blood
of colorectal cancer patients in Dharmais Hospital-
National Cancer Center Indonesia using quantitative
real-time PCR assay. The association between PD-1/
PD-L1 expression and clinicopathological features in
colorectal cancer patients is also discussed.

METHODS

Patients

The sample used in this study was the peripheral
blood of 25 colorectal cancer patients collected in
Dharmais Hospital-National Cancer Center from 2017
to 2018 and 10 healthy individuals as controls. Minimum
1 mL of blood samples were collected using EDTA tube.

This study has been approved by Ethical Committee
of Dharmais Cancer Hospital with ethical approval
number 085/KEPK/X/2017 for colorectal cancer patients
and 075/KEPK/V/2018 for healthy individuals. The
informed consents of patients were also obtained. The
patient inclusion criteria include positive colorectal
cancer patients with anatomical pathology confirmation,
not receiving any therapy yet, and above 18 years old.

RNA extraction and cDNA synthesis

The extraction of total RNA was done using Total
RNA Mini Kit for Blood/Culture Cell (GeneAid) following

DNase treatment using RNase-Free DNase set (Geneaid).
The purity and concentration of mRNA was measured
using Nanodrop spectrophotometer (Thermo Scientific).
All total RNA samples were reverse-transcribed using
SensiFAST cDNA Synthesis Kit (Geneaid) to generate cDNA.
The amount of RNA samples which reverse-transcribed
was made equal (50 ng). All the procedures were
conducted according to the manufacturer’s instruction.

Primer and probes

Primers and probe used in this study were newly
designed to span exon-exon junction to avoid genomic
DNA amplification. The sequence of PD-1, PD-L1, and
GAPDH primers and probes used in this study can be
seen in Table 1. Each primer pair and probe was mixed
and formulated into Custom TagMan Gene Expression
Assay (Applied Biosystem).

Table 1. Primers and probes used in real-time PCR

Primer Sequence

PD-1 for 5’-ccaaggcgcagatcaaagaga-3’
PD-1 rev 5’-tgggctgtgggcactt-3’

PD-1 probe 5’-tctgggcggtgctacaact-3’
PD-L1 for 5’-tgtgaaagtcaatgccccat-3’
PD-L1 rev 5’-tgtcagttcatgttcagaggt-3’
PD-L1 probe 5’-attttggttgtggatccagtc-3’
GAPDH for 5’-agcctcaagatcatcagcaa-3’
GAPDH rev 5’-actgtggtcatgagtccttc-3’

GAPDH probe 5’-ctgcaccaccaactgcttag-3’

Real-time quantitative PCR

Real-time quantitative PCR was conducted using 7500
Fast Real-Time PCR system (Applied Biosystem). Each
sample was duplicated. The reaction mixture contained
100 ng of cDNA, custom TagMan gene expression assay
(Applied Biosystem), TagMan gene expression master
mix (Applied Biosystem), and nuclease free water
(Ambion). The temperature set was as follows: hold
stage at 50°C for 2 minutes and 95°C for 10 minutes,
followed by 40 cycles of denaturation at 95°C for 15
second, and annealing and extension at 62°C for 1
minute. qPCR data was analyzed using Livak method
(18). The cycle threshold (CT) values of PD-1 and PD-L1
were normalized with CT value of GAPDH. To determine
the high or low expression levels of PD-1 and PD-L1 in
each CRC patient, the ACT value of each sample was
compared with the average ACT value of healthy
individuals. The average PD-L1 ACT value of healthy
individuals was 5.18. PD-L1 ACT values of samples below
5.18 were considered as high expression, while PD-L1
ACT values above 5.18 were considered as low
expression.
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Statistical Analysis

The data was analyzed using IBM SPSS Statistics 22
statistical software. Association between gene expression
and clinicopathological features was analyzed using
fisher-exact test or chi-square test. Comparison of mRNA
expression between CRC patients and healthy individuals
was analyzed using Mann-Whitney test and it is
considered statistically significant if p-value is <0.05.

RESULTS

Clinicopathological features of CRC patients and
healthy individuals

A total of 25 CRC patients and 10 healthy individuals
as the control group were used in this study. Demographical
characteristics of all participants and clinicopathological
features of CRC patients are listed in Table 1. CRC patients
consisted of 13 males and 12 females with the mean age
of 53.7 £ 13.7. Healthy individuals included 5 males and
5 females with the mean age of 32.4 + 11.7.

Table 2. Clinicopathological characteristic of samples used in
this study

n (%) n (%)

Number of cases 25 10
Sex

Male 13 (52%) 5 (50%)

Female 12 (48%) 5 (50%)
Age (M 1SD) 53.7 + 13.7 324 + 11.7
Age range 28-77 19-50
Cancer stage

I 6 (24%)

n 13 (52%)

IV 6 (24%)
Type of colorectal cancer

Colon cancer 8 (32%)

Rectal cancer 10 (40%)

Sigmoid cancer 2 (8%)

Colon sigmoid cancer 2 (8%)

Rectal sigmoid cancer 3 (12%)
Patient status

Life 22 (88%)

Dead 3 (12%)
Body Mass Index

Normal 19 (76%)

Underweight 3 (12%)

Overweight 3 (12%)

M: Mean, SD: Standard Deviation

Comparison of PD-1 and PD-L1 expression in blood
between CRC patients and healthy individuals

The results of PD-1 and PD-L1 mRNA expression
analyses showed that PD-1 and PD-L1 expression is lower
in colorectal cancer patients compared to healthy
individuals (Figure 1). The difference of PD-1 mRNA
expression was statistically significant (mean expression
levels of PD-1 in CRC patients and healthy individuals
were 0.0015 + 0.0013 and 0.017+0.010 respectively,
p<0.001), while the PD-L1 mRNA expression was not
statistically significant (mean expression levels of PD-L1
in CRC patients and healthy individuals were 0.021 +
0.013 and 0.034 * 0.028, respectively, p=0.125).
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Figure 1. mRNA expression of PD-1 and PD-L1 of colorectal cancer
patients (CRC) and healthy individuals (HI). The expression was
calculated using 2" calculation method. The lines in the centre
of each group represent means.

Expression of PD-1 and PD-L1 and
clinicopathological features of patients

The results showed that 7/25 patients (28%) have
higher PD-L1 expression, whereas all CRC patients have
lower PD-1 expression. The correlation of PD-L1 expression
and clinicopathological features is shown in Table 3. PD-
L1 expression is associated with sex (p=0.030) where
females tend to express more of higher PD-L1 expression.
There was no significant correlation between PD-L1
expression and age, stage, CRC type, patient status,
and body mass index. PD-1 expression cannot be
associated with clinicopathological features because its
expression in all CRC patients is low.

www.indonesianjournalofcancer.or.id
P-ISSN: 1978-3744 E-ISSN: 2355-6811

82 |



The mRNA Expression Profile of PD-1 and PD-L1 in Peripheral Blood of Colorectal Cancer Patients

AJOEDI, ET AL

Table 3. Correlation between clinicopathological features and PD-L1 mRNA expressions in colorectal cancer patients

parameter Low expression High expression Odds Ratio value
n (%) n (%) (95% Cl) P
Age
< 50 6 (33.3 3 (42.9
(33.3) (42.9) 0.67 0.673
> 50 12 (66.7) 4 (57.1) (0.11-3.99)
Sex
Male 12 (66.7 1(14.3
(66.7) (14.3) 12 0.030
Female 6 (33.3) 6 (85.7) (1.16-123.68)
Stage
1l 3 (16.7) 3 (42.9)
0.26
n 10 (55.5) 3 (42.9) (0.04-1.86) 0.372
v 5 (27.8) 1 (14.3)
Histological Type
Colon cancer 6 (33.3) 2 (28.6)
Rectal cancer 7 (38.8) 3 (42.9)
. . 1.01
Sigmoid cancer 1 (5.5) 1 (14.3) (0.52-1.95) 0.852
Colon sigmoid cancer 2 (11.1) 0
Rectal sigmoid cancer 2 (11.1) 1 (14.3)
Patient Status
Life 16 (88.9 6 (85.7
(88.9) (85.7) 1.33 1.000
Dead 2 (11.2) 1 (14.3) (0.10-17.54)
Body Mass Index
Normal 13 (72.2) 6 (85.7)
. 0.79
Underweight 3 (16.7) 0 (0.20-3.09) 0.514
Overweight 2 (11.1) 1 (14.3)

Cl: Confidence Interval

DISCUSSION

The result showed that PD-1 mRNA expression
decreased in peripheral blood of CRC patients compared
to healthy individuals. Previous studies have shown that
PD-1 expression tends to be low in CRC with advanced
stages [19]. Meanwhile, most samples used in this study
were also CRC patients with advanced stages (76%), thus
this study supports the result from Gasser et al. [19].

This study also revealed that PD-L1 mRNA expression
in blood seems to be low in colorectal cancer patients
compared to healthy individuals, but the difference is
not statistically significant (p=0.125). The results showed
that 28% (7/25) of CRC patients have high PD-L1 mRNA
expression. Previous related studies which analyzed PD-
L1 expression also showed that positive PD-L1 expression
in colorectal cancer was only found in small number
of samples. These studies reported that the rates of
positive PD-L1 expression are only 5% (19/394) [20],
14% (15/107) [21], and 9% [22] in CRC patients. It also
has been shown that PD-L1 expression in colorectal
cancers is significantly lower compared with other cancer
types [21].

Our result showed that the mRNA expression levels
of PD-1 and PD-L1 are lower in peripheral blood of
CRC patients compared to healthy individuals. This might
be caused by several factors such as reduced T cell
immunosuppression, enhanced PD-1* CD4* T cell
apoptosis, and PD-L1 gene methylation. The study by
Zhong et al. [23] showed that lower PD-1 and PD-L1
MRNA expression in peripheral blood might be the
indication of reduced T cell immunosuppression which
may lead to the activation of abnormal T cell. The study
by Hassan et al. [24] suggested that low PD-1 expression
might be caused by enhanced apoptosis in PD-1* CD4*
T cell compartment. Another study by Goltz et al. [25]
revealed that PD-L1 expression may be regulated by
promoter methylation on PD-L1 gene in CRC. The study
showed that PD-L1 methylation is inversely associated
with PD-L1 mRNA expression. This indicates that low
PD-L1 mRNA expression in CRC may be caused by
methylation in PD-L1 gene. However, further studies to
confirm these possibilities are needed.

This study also showed no significant correlation
between the PD-L1 expression level in blood of CRC
patients and age, stage, CRC type, patient status, and
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body mass index. Nevertheless, PD-L1 expression is
correlated with sex where females tend to express
more PD-L1 compared to males. The same finding was
also found in the previous study by Rosenbaum et al.
[22]. However, due to large range of confidence
interval in sex parameter (Table 2), this finding still
needs to be clarified by further studies with larger
samples.

The previous study by Bae et al. [26] reported that
low PD-L1 expression was significantly correlated with
poor prognosis and tumor relapse in stage Il CRC. In
this study, we found that 76.9% CRC patients with stages
Il have low PD-L1 expression. This indicates that low
PD-L1 expression may commonly be found in CRC with
advanced stages, especially in stage Ill, and its low
expression may be correlated with poor prognosis.
However, the limitation of this study is the sample size
which is too small. To find significant correlation
between PD-1 and PD-L1 expression and
clinicopathological features, the number of samples need
to be added.

To the best of our knowledge, this is the first study
analyzing PD-1 and PD-L1 mRNA expression in peripheral
blood of CRC patients especially in Indonesia. This study
could be an important contribution to predict a subset
of CRC patients that will take benefits of immune
checkpoint inhibitors. However, for future studies, the
result needs to be compared with immunohistochemistry
of PD-L1, a standardized method that has been used
to predict the response of therapy with immune
checkpoint inhibitor [27]. These findings also need
further evaluation with a larger cohort of samples to
further analyze the correlation between PD-1/PD-L1 and
clinicopathological features and survival rate of CRC
patients.

CONCLUSIONS

The mRNA expression of PD-1 and PD-L1 is lower
in CRC patients compared to healthy individuals. Only
28% of CRC patients have high PD-L1 expression. Lower
PD-1 and PD-L1 mRNA expression in CRC patients might
be due to several factors such as reduced T-cell
immunosuppression, enhanced PD-1* CD4* T cell
apoptosis, and methylation in PD-L1 gene. However,
further studies in larger samples are needed to confirm
the results.
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