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Study of PD-L2 gene expression in patients with NSCLC-type

subclasses of lung cancer using Real-Time PCR

Abstract

Introduction: Lung cancer is one of the biggest health problems in the
world. Non-small cell lung cancers (NSCLCs), which account for
approximately 85% of lung cancer cases, are the leading cause of deaths
due to cancer worldwide. The type Iplanned death molecule (PD-I,
CD279) and its PD-L1 ligands (B7-H1, CD274) and PD-L2 (B7-DC,
CD273) are the key molecules inhibiting the immune regulation. The
aim of this study was to investigate the expression of PD-L2 gene and
the evaluation of cancerous stages of NSCLC and its subclasses in lung
cancer patients in Tehran hospitals using Real-Time PCR.

Materials and Methods: A total of 35 clinical samples were collected
from patients with NSCLC-derived lung cancer from three hospitals in
Tehran (Khatam, Athiyah and Masih Hospitals). Of the 35 samples
obtained in 2017, 20% of them were women and 80% were men. The
age range of patients varied from 37 to 80 years. The disease grade
gradients among the patients in this investigation varied and 22 different
grades were observed. To investigate the PDL-2 gene expression, after
extraction of total RNA and cDNA synthesis using Real-Time PCR, the

expression of the gene was investigated.



Results: 74% of adenocarcinoma cases were in T-categories of lung
cancer and 25% of patients were in grade Illa. Patients with T3 stage
had four samples, 2 of which were adenocarcinoma and other 2 samples
being SCC and their age ranged from 55 to 62 years old. Three patients
were in the T1 category, of which 100% had adenocarcinoma. The
results showed that expression of PD-L2 gene was increased 5.45 fold
among patients with NSCLC-type lung cancer compared to those with
normal condition.

Conclusion: PD-L2 expression detection methods, including the
detection of mRNA expression by using Real-Time PCR and the use of
multiple systems for detecting PD-L2 expression with cell type and in
association with other immune markers, can make a deeper
understanding of PD-L2 as a biomarker and help to diagnose lung
tumors of the NSCLC type. In our studies, it was found that expression
of PD-L2 gene in cancer patients is higher than normal conditions.
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Introduction

Lung cancer is one of the biggest global health problems accounting for
more than six deaths from cancer. Lung cancer is the cause of 12.8% of
cases of cancer and 17.8% of deaths due to cancer worldwide [1]. The
two main types of lung cancer, including small cell lung cancers (SCLC,
formerly called "barley cell carcinoma"), invasive tumors often

associated with general symptoms and distant metastases, and non-small



cell lung cancers (NSCLCs), which accounts for approximately 85% of
lung cancers as the leading cause of deaths from cancer worldwide [1,
2]. Among NSCLCs, adenocarcinoma (ADC) and squamous cell
carcinoma (SqCC) are two major histological subgroups which have
distinct epidemiological, biological and genetic characteristics [3]. SqQCC
is often observed in men in the lung airway and is related to catarrhal
etiology [4]. Adenocarcinoma is the most common type that accounts for
50% of cases and is the most common type of cancer in non-smokers.
The third type of NSCLC cancers, large cell carcinoma, sometimes
called undesirable carcinoma, is a common type of NSCLC that forms
10 to 15 percent of the lung cancer cases. This kind of cancer has a
tendency to spread to lymph nodes and distant places [5].

Stages of Lung Cancer Non-small Cells:

NSCLC: Cancer cells are found in the sputum, but the tumor is not
found in imaging or bronchoscope tests in the lungs, or the tumor is very
small to check.

Phase 0: Cancer at this stage is also known as carcinoma in the area. The
cancer is small and does not spread to the lung tissue or outside the
lungs.

NSCLC Stage I: Cancer may be present in the lung tissue, but lymph
nodes are not affected.

NSCLC Stage II: Cancer may spread to adjacent lymph nodes or to the
wall of the chest.



NSCLC Stage III: Cancer continues to extend from lungs to lymph
nodes or adjacent structures and organs, such as the heart, trachea, and
esophagus.

NSCLC Stage IV: Cancer metastasis throughout the body and may
already affect the liver, bones or brain.

The stages of NSCLC are described using the TNM system standing for
T or a tumor that describes the size of the tumor, N or the lymph node
shows whether or not there is cancer in the lymph nodes, and the third
stage being M or metastasis, which indicates that cancer has spread to
other parts of the body, such as the liver, bone, or brain [6, 7].

The PD-L1 and PD-L2 molecules

The planned type 1 death molecule (PD-I, CD279) and its ligands PD-
L1 (B7-H1, CD274) and PD-L2 (B7-DC, CD273) are the key molecules
inhibiting the immune regulation. This route provides specific goals for
cancer immunotherapy. There is considerable evidence that PD-L2
inhibits immunity by binding to the PD-1 receptor [10]. However,
numerous studies have shown that PD-L2 can act as a stimulant for T-
cell proliferation and cytokine production, even in PD-1 T-cell defects or
with PD-L2 mutations not connected to PD-1 [11-13]. These findings
indicate that the PD-L2 may act via a receptor other than that for PD-1.
Most studies using mAb inhibitors highlight that it plays an important

role in inhibiting PD-L1 immune responses. However, PD-L2 plays an



important role in responses such as increased airway sensitivity,
experimental allergic conjunctiva, and nematode infections [14].

The aim of this study was to investigate the expression of PD-L2 gene
and the evaluation of cancerous stages of NSCLC and its subclasses in

patients with lung cancer in Tehran hospitals using Real-Time PCR.

Materials and methods

Collection of clinical samples

A total of 35 clinical samples from patients with NSCLC lung cancer
were collected from three hospitals in Tehran (Khatam Hospital, Attih
Hospital, and Christian Hospital). 71.4% of the patients were from
Hospital of Masih, 22.8% of the patients were from Atiyah Hospital, and
5.7% of them were from Khatam Hospital. Of the 35 samples collected
in 2017, 20% of the patients were women and 80% of the patients were

men. The range of patients varied from 37 to 80 years.

Clinical information of patients

The disease grade gradients in the patients in this study were varied and
22 different grades were observed. Grades obtained include IB, IIB, III,
[TA, Ila, PTANOMX, T1bN) MX, T1aNOMX, TINIMX, T2, T2BNI1,
T2BNOMX, T2NO, T2N1, T2aN2MX, T3NOMX, T2aN0O, T2AN2MX,



T2aNOMOB1, T3NOMX-IIB, T3NIMX, and T3N2MX. Six patients had
an unknown stage of the disease.

All subtypes of Adenocarcinoma, Adenosquamous, and SCC were
observed in the subtypes of the disease. Sixteen subtypes of
adenocarcinoma, 1 adenosquamous subtype, and 12 subtypes were also
identified as SCC. The only sub-type Adenosquamous belonged to the
T2BNOMX Grade which was detected in the Masih Hospital.

Real-Time PCR

Extraction of RNA from tumor tissues:

First, we separated 50 to 100 milligrams of tissue cut with a scalpel and
placed it on a plate. Then we scraped and homogenized the slice using a
scalpel. Then the tissue was transferred to the RNase, DNase free
Cryotubes, and 1000 ul TRIZOLE was added and the vertex was done
lysed and no particles are observed in solution and a homogeneous
solution was obtained. Then, 200 ul of chloroform was added to the
microtubes containing the TRAIZOLE to separate the phases and then
inverted for several times. In the next step, the sample was centrifuged
for 10 minutes at 13,000 rpm at 4 ° C.

After centrifugation, three phases were formed. The pink TRIZOLE was
below, a white precipitate layer containing blood proteins and
supernatant phase containing RNA. We slowly and accurately extracted

the supernatant containing RNA without contacting the underlying layer



with the head of the RNase, DNase free sampler taking 400 ul of it, and
transferred to a new RNase, DNase free 1.5 ml tube, and then the same
amount (400 ul) of isopropanol was added to tube and incubated for 10
minutes at room temperature.

In the next step, centrifugation was performed for 5 minutes at 13000
rpm at 4 °C for this purpose. The supernatant was then completely
discharged by RNase, DNase free, to maintain only RNA pellet. RNA
was then added to 1000 pl of 75% ethanol for washing. The centrifuges
were then centrifuged again for 5 minutes at about 10,000 rpm at 4 °C.
After centrifugation, alcohol was completely removed.

In the next step, the microtubule was placed on ice for 10 minutes to
completely dry the RNA sediment. Based on the volume of the obtained
coil, the amount of DEPC water was added at the end of 50 ul and
pipetting was done to completely dissolve the RNA. Finally, for OD, 3
ul of the extracted RNA was taken to evaluate its quality using
NanoDrop apparatus and the total RNA was transferred immediately to

the -70C.

Synthesis of cDNA
After extraction of RNA samples, the quantity and quality of RNA were
evaluated using spectrophotometry and agarose gel. For this purpose, the

enzyme Primerscript (Takara) and specific primers and oligomer



dioxymidine (Oligo-dt) were used to synthesize ¢cDNA using thermal

conditions and master mix prepared.

Real-Time PCR conditions

The reaction time of the PCR was performed using the Applied
Biosystems StepOnePlus Real-Time PCR Systems. The cDNAs made
from specimens with genetic primers and the target designed for RT-
PCR was amplified using qualitative PCR. The GADPH enzyme-
encoding gene was used as a housekeeping and internal control. Primers
and materials used in regard to performing the Real-Time PCR

temperature conditions are shown in Tables 1, 2 and 3.

Table 1: Primers used the expression of the PD-L2 gene

Primer TM Sequences 5'-3’ Primer name
61.1 5-AGT GAT TTC CAA AAG CAG AGG TG-3 PDL2-F-meh
60.9 5-ATT ATG ATT TGA GTT TGT GCG AAG C-3 | PDL2-R-meh

Table 2: Materials used in the reaction of the real-time PCR for the PD-L2 gene

Materials Volume (uL) in the reaction
RealQ Plus 2x Master Mix Green - Amplicon 7.5
Primer Mix Forward and Reverse (3uM each) 1
cDNA (10 ng/uL) 1
Distilled Deionized Water 5.5
Final volume 15




Table 3: Temperature and time used for real-time PCR for the PD-L2 gene

Temperature °C Time Repeat
Hot Start Activation 95 15 min -
Denaturation 95 15 S 40
Annealing and Extension 60 1 min -

Results

Patient specimens and disease gradients

The frequency of 22 grades of the disease observed in patients in this
study was seen as shown in Figure 1. The highest grade as Illa grade
included 6 patients (17.1%).

An interesting point was that 74% of adenocarcinoma cases were in T-
categories of lung cancer and 25% of patients were in grade Illa.

Patients with T3 grade, 4 samples were obtained, 2 of which were
adenocarcinoma and 2 were SCC and their age ranged from 55 to 62
years old. Three patients were in the T1 category, and all of them had
adenocarcinoma. Patients in the IIA and IIB categories belonged to the
SCC subclass, and all three patients were from Atiyah Hospital.

Only one IB case was seen in the patients, which was also classified
under the SCC subclass. The frequency of different grades in patients

studied is shown in Fig. 1.




Independent t-test showed that the average age of the patients with a
subtype of adenoma was 56.7 years and the SCT subtype was 60.7 years,
and this difference was not statistically significant between the two

groups (p = 0.202).
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Figure 1: Frequency of observed gradients in patients studied

Based on the volume of the obtained coil, the amount of DEPC water was added at

the end of 30-50ul and the RNA was completely dissolved by pipetting.
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Figure 2: Linear and logarithmic diagrams of Real-Time PCR amplification and

temperature curve for the PD-L2 gene

Discussion

In this study, we focused on one of the PD-1, PD-L2 ligands to
determine whether or not this might be a new molecular target for lung
cancers of the NSCLC type. The results showed that there was a
correlation between expression of PDR-L2 mRNA and lung cancer
using RT-PCR. Human cancers occur following many of genetic and
epigenetic changes which produce new antigens potentially detectable
by the immune system [15]. Tumors develop multiple-stage resistance
systems, including local immunosuppression, induction of tolerance, and
systemic dysfunction in signaling of T cells [16-18]. In addition, tumors
use several paths to escape destruction by the immune system [19]. PD-1

is a key protease immune receptor expressed by activated T cells, which



can prevent immunosuppression. PD-1 ligands include PD-L1 (B7-H1)
and PD-L2 (B7-DC) expressed by tumor and stromal cells [20, 21].
Therefore, PD-L1 and PD-L2 may act as a molecular target for tumor
progression in various types of cancer. Under laboratory conditions,
inhibition of PD-1 metabolism and PD-L1 and PD-L2 ligands may
increase the response of T cells and increase the pre-clinical anti-tumor
activity. Research on the role of anti-PD-1 and PD-L2 antibodies in
tumors 1s under advancement [22, 23].

Recent studies [24,25] by Brahmer [24] and colleagues and Topalian
[25] and colleagues reported the immune system and anti-PD1 or PD-L1
immunotherapy activity in tumors such as NSCLC. In NSCLC, 10% of
patients exhibited an anti-PD-L1 antibody response [24], while 18% of
NSCLC patients responded to the anti-PD1 antibody. Therefore, the
expression of PD-L1 with the response has been reported in recent
studies [25]. In our studies, it was also proved that the expression of this
gene in our patients was increased.

In our survey, there was a correlation between PD-L2 expression and
tumor formation. PD-L2 expressing tumor cells are likely to exhibit a
high potential for progression of NSCLC conditions. Therefore, it can be
concluded that PD-L2 plays an important role in promoting tumorigenic
conditions of NSCLC in patient populations.

PD-L2 is the second known receptor for the T cells from PD-1 [26]. It is

a membrane protein encoded by the programmed death of ligand 1



ligand 2 (PDCDILG2) and is structurally similar to the PD-LI.
Although PD-LI is the dominant ligand for PD-1, PD-L2 can compete
with PD-L1 by 2-6 times more than PD-1 with PD-1 [27].

PD-L2 is expressed in relatively few numbers of cells and tissues but is
activated in antigen presenting cells (APCs) such as monocytes,
macrophages and dendritic cells [28]. However, the role of PD-L2 in
inhibiting immunosuppression in the microscopic environment of the
tumor and as a marker for clinical features has not yet been determined.
Several research groups have recently revealed a possible correlation
between expression of PD-L2 tumor and clinical outcome in
retrospective cohort studies using IHC staining and various antibodies.
In a study by Shin, they analyzed the expression of PD-L2 in renal cell
carcinoma using [HC and anti-PD-L2 monoclonal antibody in mice and
demonstrated an increase in this regard, but found that expression of PD-
L2 had a poor prognostic value in the diagnosis of renal cell carcinoma.
The same antibody used in the other study revealed the expression of
PD-L2 in lung polymorphic carcinomas and showed that expression of
PD-L2 had no prognostic effect [29].

It should be noted that anti-PD-1 therapies can stop interactions between
PD-L1 and PD-L2 or PD-1 while releasing anti-PD1 antibodies to
inhibit PD -1 will release PD-L2 to communicate it [30].

A better understanding of the relationship between the expression of the

PD-L1 protein and the expression of other proteins involved in the



immune response, especially in patients who do not respond to PD-
L1/PD-1 inhibitors, may lead to better treatment for non-respondents to

PD-L1/PD-1.

Conclusion

PD-L2 expression detection methods, including the detection of mRNA
expression by using Real-Time PCR and the use of multiple systems for
detecting PD-L2 expression with the cell type, and in association with
other immune markers, can contribute to a deeper understanding of PD-
L2 as a biomarker in the diagnosis of NSCLC-type lung tumors. In our
studies, it was realized that expression of PD-L2 gene in cancer patients
is higher than those in normal conditions. In the coming years,
expression of the PD-L2 protein may be evaluated along with other
information such as immunosuppression markers or mutations to

provide more precise guidance on the clinical use of immunotherapy.

References:

1. Hoffman, P.C., A.M. Mauer, and E.E. Vokes, Lung cancer. The Lancet, 2000.
355(9202): p. 479-485.

2. Siegel, R., D. Naishadham, and A. Jemal, Cancer statistics, 2013. CA Cancer J Clin,
2013. 63(1): p. 11-30.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ginsberg, M.S., R.K. Grewal, and R.T. Heelan, Lung cancer. Radiol Clin North Am,
2007. 45(1): p. 21-43.

Kenfield, S.A., et al., Comparison of Aspects of Smoking Among Four Histologic
Types of Lung Cancer. Tobacco control, 2008. 17(3): p. 198-204.

Li, B.-Q., et al., Classification of Non-Small Cell Lung Cancer Based on Copy
Number Alterations. PLOS ONE, 2014. 9(2): p. ¢88300.

Board, P.D.Q.A.T.E., Non-Small Cell Lung Cancer Treatment (PDQ®): Health
Professional Version. 2017.

Molina, J.R., et al., Non-Small Cell Lung Cancer: Epidemiology, Risk Factors,
Treatment, and Survivorship. Mayo Clinic proceedings. Mayo Clinic, 2008. 83(5): p.
584-594.

Van Schil, P.E., Non-small cell lung cancer: the new T1 categories. F1000Research,
2017. 6: p. 174.

Sanchez de Cos Escuin, J., et al., Tumor ,node and metastasis classification of lung
cancer--M1la versus M1b--analysis of M descriptors and other prognostic factors.
Lung Cancer, 2014. 84(2): p. 182-9.

Sledzinska, A., et al., Negative immune checkpoints on T lymphocytes and their
relevance to cancer immunotherapy. Molecular Oncology, 2015. 9(10): p. 1936-1965.
Liu, X., et al., B7TDC/PDL2 Promotes Tumor Immunity by a PD-1-independent
Mechanism. The Journal of Experimental Medicine, 2003. 197(12): p. 1721-1730.
Shin, T., et al., Cooperative B7-1/2 (CD80/CD86) and B7-DC costimulation of CD4+
T cells independent of the PD-1 receptor. J Exp Med, 2003. 198(1): p. 31-8.

Wang, S., et al., Molecular modeling and functional mapping of B7-H1 and B7-DC
uncouple costimulatory function from PD 1-interaction. J Exp Med, 2003. 197(9): p.
1083-91.

Ritprajak, P., et al., Antibodies against B7-DC with differential binding properties
exert opposite effects. Hybridoma (Larchmt), 2012. 31(1): p. 40-7.

Sjoblom, T., et al., The consensus coding sequences of human breast and colorectal
cancers. Science, 2006. 314(5797): p. 268-74.

Topalian, S.L., G.J. Weiner, and D.M. Pardoll, Cancer immunotherapy comes of age.
J Clin Oncol, 2011. 29(36): p. 4828-36.

Mellman, 1., G. Coukos, and G. Dranoff ,Cancer immunotherapy comes of age.
Nature, 2011. 480(7378): p. 480-9.

Drake, C.G., E. Jaffee, and D.M. Pardoll, Mechanisms of immune evasion by tumors.
Adv Immunol, 2006. 90: p. 51-81.

Mizoguchi, H., et al., Alterations in signal transduction molecules in T lymphocytes
from tumor-bearing mice. Science, 1992. 258(5089): p. 1795-8.

Dong, H., et al., B7-H1, a third member of the B7 family, co-stimulates T-cell
proliferation and interleukin-10 secretion. Nat Med, 1999. 5(12): p. 1365-9.



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Freeman, G.J., et al., Engagement of the PD-1 immunoinhibitory receptor by a novel
B7 family member leads to negative regulation of lymphocyte activation. J Exp Med,
2000. 192(7): p. 1027-34.

Dong, H., et al., Tumor-associated B7-H1 promotes T-cell apoptosis: a potential
mechanism of immune evasion. Nat Med, 2002. 8(8): p. 793-800.

Iwai, Y., et al., Involvement of PD-L1 on tumor cells in the escape from host immune
system and tumor immunotherapy by PD-L1 blockade. Proc Natl Acad Sci U S A,
2002. 99(19 :(p. 12293-7.

Brahmer, J.R., et al., Safety and activity of anti-PD-L1 antibody in patients with
advanced cancer. N Engl J Med, 2012. 366(26): p. 2455-65.

Topalian, S.L., et al., Safety, activity, and immune correlates of anti-PD-1 antibody in
cancer. N Engl J Med, 2012. 366(26): p. 2443-54.

Latchman, Y., et al., PD-L2 is a second ligand for PD-1 and inhibits T cell activation.
Nat Immunol, 2001. 2(3): p. 261-8.

Youngnak, P., et al., Differential binding properties of B7-H1 and B7-DC to
programmed death-1. Biochem Biophys Res Commun, 2003. 307(3): p. 672-7.
Yamazaki, T., et al., Expression of Programmed Death 1 Ligands by Murine T Cells
and APC. The Journal of Immunology, 2002. 169(10): p. 5538.

Shin, S.J., et al., Clinicopathologic Analysis of PD-L1 and PD-L2 Expression in
Renal Cell Carcinoma: Association with Oncogenic Proteins Status. Ann Surg Oncol,
2016. 23(2): p. 694-702.

Champiat, S., et al., Incorporating immune-checkpoint inhibitors into systemic
therapy of NSCLC. J Thorac Oncol, 2014. 9(2): p. 144-53.



