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Abstract: Introduction: Programmed cell death protein 1 (PD-1) and programmed death-ligand 1 (PD-L1) play a 
major role in suppressing the immune system during the formation of the PD-1/PD-L1 pathway, which transmits an 
inhibitory signal to reduce T cell activity. PD-L1 is often expressed in various malignant tumors. In contrast, PD-1 is 
generally observed in activated lymphocytes and myeloid-derived dendritic cells. Of the malignant cells, only Jurkat 
cells under special conditions and angioimmunoblastic T-cell lymphoma tissue cells express PD-1 on their surface. 
Methods: To clarify whether the PD-1/PD-L1 pathway participates in the immunotolerance of small-cell lung cancer 
(SCLC) cells, we examined the expressions of PD-1 and PD-L1 on the cell surface of SCLC cell lines using flow cytom-
etry and reverse transcription polymerase chain reaction. Results: Among the four SCLC cell lines examined, only 
SBC-3 expressed both PD-1 and PD-L1. Conclusions: We demonstrated that both PD-1 and PD-L1 molecules were 
co-expressed on the surface of SCLC cells. Although the biological implications of this remain unclear, we speculate 
that PD-1 and its ligand on the SCLC cells may participate in the growth inhibition of tumor cells as reported in 
cytotoxic T cells.
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Introduction

Programmed cell death protein 1 (PD-1) is a 
288 amino acid, cell surface molecule that has 
been designated as a membrane protein of the 
immunoglobulin superfamily in humans. This 
protein is expressed on T cells, pro-B cells, and 
myeloid-derived dendritic cells, leading to neg-
ative regulation of the proliferation and activity 
of these cells [1]. Programmed death ligand 1 
(PD-L1) is a 40-kDa type 1 transmembrane pro-
tein, which plays a major role in suppressing 
the immune system in cases of autoimmune 
disease and viral infections [2]. In the field of 
tumor immunology, PD-L1 is mainly expressed 
on the cell surface of tumor cells or antigen pre-
senting cells; the formation of the PD-1/PD-L1 
complex transmits an inhibitory signal that 
reduces the proliferation and activity of killer T 

lymphocytes [3]. In contrast, PD-1 is generally 
observed in activated lymphocytes and myeloid-
derived dendritic cells. Of the malignant cells, 
only Jurkat cells, which are T-cell leukemia cells 
producing interleukin-2 under special condi-
tions, and angioimmunoblastic T-cell lymphoma 
tissue cells express PD-1 on their surface [4, 5]. 
Here we demonstrated that both PD-1 and 
PD-L1 molecules are co-expressed on the sur-
face of small-cell lung cancer (SCLC) cells.

Materials and methods

Cell lines

The SCLC cell lines SBC-3 (JCRB0818), SBC-5 
(JCRB0819), SBC-7, and SBC-9a were estab-
lished in our laboratories [6]. All cell lines were 
maintained in tissue culture flasks at 37°C 
under a humidified atmosphere supplemented 
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with 5% CO2. The culture medium used in this 
study was RPMI-1640 (Life Technologies, Inc., 
Grand Island, NY, USA) supplemented with 10% 
fetal bovine serum (FBS) (ICN Biomedicals 
Japan Co., Ltd., Tokyo, Japan), penicillin-G (100 
U/ml), and streptomycin (100 μg/ml).

Antibodies

Monoclonal antibodies (mAbs) for flow cytome-
try used in this study are as follows: anti-mouse 
PD-1 Armenian hamster mAb [clone J43] (biotin 
labeled) (Abcam plc, Cambridge, UK), anti-
human PD-1 mouse mAb [clone J110] phycoer-
ythrin (PE)-conjugated (Medical & Biological 
Laboratories Co., Ltd., Nagoya, Japan), anti-
mouse PD-L1 rat mAb [clone MIH5] PE-con- 
jugated (Fitzgerald Industries International, 
North Acton, MA, USA), anti-human PD-L1 mo- 
use mAb [clone MIH2] PE-conjugated (LifeSpan 
BioSciences, Inc., Seattle, WA, USA), anti-hu- 
man CD34 mouse mAb [clone 581] PE-Cyanine 
5.5-conjugated (Life Technologies Japan, To- 
kyo, Japan). Goat anti-mouse IgG1 polyclonal 
antibody (Genway Biotech, Inc, San Diego, CA, 
USA) was used as a negative control. Stre- 
ptavidin-fluorochrome conjugates (Streptavidin-
FITC) were used as a secondary antibody for 
flow cytometry (Bioscience Inc., Cleveland, OH, 
USA).

Flow cytometry

Cultured cells were incubated with specific 
mAbs or control polyclonal Ab for 30 min at 4°C 
and were washed thrice with phosphate-buff-
ered saline (PBS) containing 0.2% FBS and 
0.01% azide. For the J43 mAb, after washing, 
cells were incubated with streptavidin-fluoro-
chrome conjugates for 20 min at 4°C and were 
washed thrice with PBS containing 0.2% FBS 
and 0.01% azide. Flow cytometry was per-
formed on a FACSverse (Becton Dickinson, CA, 
USA), and the data were analyzed with FACSuite 
software (Becton Dickinson). To quantify the 
expressions of PD-1, PD-L1, and CD34 on each 
cell line, the ratio of the mean fluorescence 
intensity (MFI) between test and control events 
was used [6]. This ratio corresponded to the 
distance between the test and control MFI on a 
logarithmic scale. The expression levels of 
PD-1, PD-L1, and CD34 on each cell line were 
calculated as follows: 10^[log (MFI test- 
ed)]/10^[log (control MFI)] = 10^[log (MFI test-
ed) - log (control MFI)].

Messenger RNA expression analysis

Messenger RNA (mRNA) expression of PD-1 
and PD-L1 were analyzed by quantitative rev- 
erse transcription-polymerase chain reaction 

Figure 1. Flow cytometric analysis (single color analysis) of PD-1 and PD-L1 molecules on SBC-3 cells. A. Black line: 
negative control (anti-mouse IgG1), blue line: anti-human PD-L1, red line: positive control (anti-human CD34). PD-
L1 was weakly expressed on the cell surface of SBC-3 cells. B. Black line: negative control (anti-mouse IgG1), blue 
line: anti-human PD-1. PD-1 was weakly positive on the cell surface of SBC-3 cells. Both PD-1 and PD-L1 may be 
co-expressed on the cell surface of some SCLC cell lines.
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(qRT-PCR) of cDNA using primer and probes 
sets and TaqMan Universal PCR Master Mix 
(Applied Biosystems, Foster, CA, USA), accord-
ing to the manufacturer’s protocol. Primer and 
probe sets were as follows: PD-1, Hs01550088_
m1; PD-L1, Hs01125301_m1; and GAPDH, 
Hs99999905_m1. PCR amplification was per-
formed on a StepOne Plus Real-Time PCR In- 
strument (Applied Biosystems), and gene ex- 
pression was calculated using the comparative 
CT method. Triplicate samples were assayed 
for each gene. To quantify the relative changes 
in gene expression, reactions were normalized 
to expression levels of the endogenous control 
gene GAPDH.

Results 

Flow ctometric analysis

Figure 1 reveals the results of flow cytometry 
(single color analysis) of PD-1 and PD-L1 mole-

Figure 2. Summary of flow cytometric analysis of SCLC 
cell lines. A. Anti-human PD-1: PD-1 molecule was 
positively detected in SBC-3 and SBC-9a cells. The ex-
pression levels of PD-1 molecules on SBC-5 and SBC-
7 cells were relatively low compared with SBC-3 and 
SBC-9a cells. Thus, PD-1 molecule was not expressed 
on the cell-surface of these cell lines. B. Anti-human 
PD-L1: PD-L1 molecule was weakly expressed on the 
cell-surface of all cell lines examined in this experi-
ment. C. Anti-human CD34: positive control.

Figure 3. RT-PCR of PD-1 and PD-L1 mRNAs. Lane 1: 
Molecular weight marker. Lane 2: PD-L1 expression 
on SBC-3 cells. Lane 3: PD-L1 expression on SBC-5 
cells. Lane 4: PD-1 expression on SBC-3 cells. Lane 
5: PD-1 expression on SBC-5 cells. Lane 6: GAPDH ex-
pression on SBC-3 cells. Lane 7: GAPDH expression 
on SBC-5 cells. The mRNAs of PD-1 and PD-L1 were 

detected in SBC-3 cells (lanes 2 and 4). Although PD-
L1 mRNA was detected clearly in lane 3, PD-1 mRNA 
was not detected in lane 5. The expressions on lanes 
6 and 7 were used as positive controls.
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cules on SBC-3 cells. Because we previously 
reported that CD34 antigen is highly expressed 
on the cell surface of SBC-3 cells [7] (Figure 
2C), anti-human CD34 mouse mAb was used 
as a positive control, and goat anti-mouse IgG1 
antibody was used as a negative control. Figure 
1A shows that the PD-L1 molecule was weakly 
expressed on the cell surface of SBC-3 cells. 
Although CD34 as a positive control (red line) 
was strongly expressed on the cell surface of 
SBC-3 cells and the average ratio of MFI of 
CD34 was 24.93 (Figures 1A and 2C), the 
expression level of PD-L1 molecules on SBC-3 
cells was weak, and the average ratio of MFI of 
PD-L1 molecules was 1.068 (Figures 1A and 
2B). These experiments were repeated four 
times, and the results were similar every time. 
Furthermore, because the normal distribution 
curve of PD-L1 (blue line) always shifted to the 
right side compared with the negative control 
(Figure 1A), we judged that PD-L1 was weakly 
but evidently expressed on the cell surface of 
SBC-3 cells.

Figure 1B shows that PD-1 molecules were also 
expressed on the SBC-3 cells. As observed in 
the experiments of PD-L1 molecules, the nor-
mal distribution curve of PD-1 (red line) always 
shifted to the right side compared with nega-
tive control (black line). We judged that PD-1 
was expressed weakly on the cell surface of 
SBC-3 cells (Figure 1B). These results suggest 
the possibility of co-expression of both PD-1 
and PD-L1 molecules on the epithelial cancer 
cell line.

Flow cytometric analysis using four cell lines is 
summarized in Figure 2. Expression levels of 
PD-1 and PD-L1 were calculated using the for-
mula described above. Among the four SCLC 
cell lines, the cell surface expression of PD-1 
molecule was confirmed in two cell lines: SBC-3 
and SBC-9a (Figure 2A). In contrast, PD-L1 
molecules were expressed weakly in all the cell 
lines (Figure 2B).

Quantitative reverse transcription-polymerase 
chain reaction

The results obtained from our flow cytometric 
analysis were confirmed by qRT-PCR. The 
expression levels of GAPDH in each cell line 
were used as positive controls. As shown in 
Figure 3 (lanes 2 and 4), PD-1 and PD-L1 
mRNAs were detected in SBC-3 cells. In con-

trast, PD-L1 mRNA was weakly observed on 
SBC-5, but PD-1 mRNA was not detected at all 
(lanes 3 and 5). Mean threshold cycles of each 
DNA product in this experiment were as follows: 
SBC-3, PD-L1: 35.78; SBC-3, PD-1: 25.99; SBC-
3, GAPDH: 21.45; SBC-5, PD-L1: 32.32; SBC-5, 
PD-1: 0.00; and SBC-5, GAPDH: 19.87. The find-
ings also indicate that both PD-1 and PD-L1 
may be co-expressed on the cell surface of 
SCLC cells.

Discussion

The PD-1/PD-L1 pathway appears to be a criti-
cal therapeutic target for a variety of diseases. 
Of the malignant tumors, this pathway partici-
pates in immunotolerance and negatively con-
trols antigen-specific T-cell activity through the 
T-cell receptor and major histocompatibility 
complex [8]. Furthermore, clinical trials have 
demonstrated that PD-1 or PD-L1 antibodies 
have antitumor activities in the treatment of 
solid tumors, including non-small cell lung can-
cer [8-10]. Their findings may be explained by 
destruction of immunotolerance and activation 
of T cell-mediated antitumor effects. Numerous 
investigations regarding the PD-1/PD-L1 path-
way have been conducted to clarify the main 
role as an immune checkpoint modifier. PD-1 
and PD-L1 are supposed to be the molecules 
responsible for activating T cell-mediated tumor 
lysis [11-13]. The findings in our experiments 
indicate that these molecules may participate 
in the self-regulation of epithelial tumor cell 
growth. On activated T cells, Src homology 
2-domain containing tyrosine phosphotase 2 
(SHP-2; dephosphorylates a variety of mole-
cules, which is located downstream of the PD-1 
molecule, is recruited to inhibit T cell receptor-
mediated signaling [14]. To the best of our 
knowledge, there is no other report describing 
that both PD-1 and PD-L1 molecules are co-
expressed on SCLC cell lines. It will be interest-
ing to elucidate downstream signals of PD-1 
molecules on the cell surface of SBC-3 cells. 
Although the biological implications of the co-
expression remain unclear, we speculate that 
PD-1 and its ligand on the SCLC cells may par-
ticipate in the growth inhibition of tumor cells 
as is reported in cytotoxic T cells.
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