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Purpose: Among hematological malignancies, the expression profile of programmed cell death-1 (PD-1) and its ligands in multiple
myeloma (MM) is still debated by numerous research groups. In current study, we characterized the expression of PD-1 and its ligands
both on RNA and protein levels in MM patients. We have also attempted to analyze whether daratumumab therapy might overcome
CD38-mediated immunosuppression that inhibits in particular CD8+ T-cell function.

Patients and Methods: This study included 149 newly diagnosed MM patients and 15 relapsed/refractory MM patients before and
after daratumumab treatment. The mRNA levels of PDCDI, PDCDILGI, PDCDILG?2 and their splicing variants was assessed by
quantitative reverse transcriptase-polymerase chain reaction (qQRT-PCR). Flow cytometry was used to characterize the surface
expression of PD-1 and its ligands on plasma cells, B and T cells. The surface expression of PD-1 on T cells was assessed by flow
cytometry before and after daratumumab treatment.

Results: The mRNA expression of PDCDILG1, PDCDILG2 and their splicing variants were higher in plasma cells as compared to
bone marrow mononuclear cells (BMMCs). Our results show that the percentage of plasma cells expressing PD-L1 was significantly
higher than plasma cells expressing PD-L2 (p<0.0001) in bone marrow (BM) of MM patients. There was no significant difference
between the percentage of plasma cells expressing PD-1 and B cells expressing PD-1 in BM of MM patients (11.19% vs 8.91%). We
also found that the percentage of CD8+PD-1+ T cells was significantly higher than CD4+PD-1+T cells in BM (»p<0.0001) of MM
patients. Here, we observed no change in PD-1 expression on CD4+ and CD8+ T cells after the daratumumab treatment.
Conclusion: The PD-1 and its ligands might represent an interesting target for MM immunotherapy, as one would target both
malignant plasma cells as well as the immune cells that play a key role in tumor escape mechanisms.

Keywords: PD-1, PD-L1, PD-L2, daratumumab, multiple myeloma

Introduction

Multiple myeloma (MM) is the second most common diagnosed hematological disease, derived from B-cells in the terminal
stage of differentiation after immunoglobulin heavy (IGH) chain recombination and immunoglobulin class switching. In the
pathogenesis of MM, the immune dysregulation has emerged as a critical process responsible for promoting tumor cell growth,
survival, and disease progression. This dysfunction is due to the reduction of T cells cytotoxicity, the B cells immunodeficiency,
the expansion of regulatory T cells (Tregs), the dendritic cells (DCs) dysfunction, which makes plasma cells can easily escape
immune surveillance." Programmed cell death-1 (PD-1, CD279) is a type I transmembrane protein belonging to the cluster of
differentiation 28 (CD28)/cytotoxic T lymphocyte antigen-4 (CTLA-4) family and is mainly expressed on antigen-activated and
exhausted T and B cells.>* PD-1 interacts with two ligands, the programmed death ligand-1 (PD-L1, B7-H1, CD274), and the
programmed death ligand-2 (PD-L2), known as B7-DC or CD273. PD-L1 is widely expressed on immune cells, including
activated T cells, B cells, macrophages, DCs, and neutrophils but also at low levels on organs such as lung, heart, liver and
kidneys.* PD-L2 is another ligand of PD-1, its role in modulating the immune response is not as well-known as that of PD-L1.
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The expression of PD-L2 is more limited than PD-L1 and is found on DCs and macrophages, and its expression can be induced in
other cells, depending on the microenvironmental stimuli.>® PD-1 transmits suppressive signals to T cells after binding to PD-L1
or PD-L2 on antigen-presenting cells (APCs) or cancer cells.” Multiple studies have demonstrated that the increased expression
level of PD-L1 in different tumor types is associated with advanced disease stages and weak prognosis.®*'* Studies on MM
models have shown that the PD-L1-expressing plasma cells inhibit T cell activities, thus contributing to the escape from immune
surveillance.'" Studies in cell lines and animal models have provided sufficient evidence for the potential therapeutic effect of
PD-1/PD-L1 pathway blockade in MM."*'* In a Phase I clinical trial anti-PD-1 monotherapy provided no clear clinical benefit in
relapsed/refractory MM (RRMM) patients.'® Interestingly, the recent data have reported that the resistance to anti-PD-1 or anti-
PD-L1 therapy is associated with the upregulation of CD38 on tumor cells.'®'”

The aim of the study was the analysis of PD-1 and its ligands both on RNA and protein levels in the bone marrow
(BM) of MM npatients. The study was also aimed at the characterization of PD-1 and PD-L1 expression on CD4+ and
CD8+ T cells in the BM and peripheral blood (PB) of MM patients. Moreover, the analysis of PD-1 expression on CD4+

and CD8+ T cells in RRMM patients before and after anti-CD38 (daratumumab) treatment was performed.

Materials and Methods
The Study Groups

Peripheral blood (PB) samples and bone marrow (BM) aspirates were obtained from 149 patients diagnosed with MM at the
Department of Hematooncology and Bone Marrow Transplantation, Medical University of Lublin, Poland and Hematology
Department, St John’s Cancer Center, Lublin, Poland. All samples were collected at the point of initial diagnosis and prior to
any treatment. Among a cohort of 149 MM patients, in 68 patient samples (BMMCs=38 and CD138+ PCs=30) assessment of
the mRNA expression of PDCDI, CD724 (PDCDILG1), PDCDILG2, and their splicing variants was performed with
quantitative reverse transcriptase-polymerase chain reaction (QRT-PCR). For 98 patients assessment of surface expression of
PD-1, PD-L1 and PD-L2 on plasma cells as well as B cells was examined with flow cytometry. In 66 MM cases (BM=45 and
PB=21), the expression of PD-1 and PD-L1 on CD4+ and CD8+ T cells was analyzed with flow cytometry. The clinical
characteristics of the cohorts of MM patients are presented in Tables 1 and 2.

PB samples were also collected from 15 relapsed/refractory MM (RRMM) patients 11 female and 4 male, median
age=59 (range: 47-82 years) patients before and after daratumumab monotherapy. Patients received daratumumab at
a dose of 16 mg/kg, intravenously, once weekly for 8 weeks, next, once every 2 weeks for 16 weeks, and then once every
4 weeks thereafter until unacceptable toxicity or the progression of the disease. Samples were collected before treatment
and after 5 cycles of daratumumab monotherapy.

As the controls, PB samples collected from 40 healthy volunteers (HVs) were used.

Isolation of PBMCs and BMMCs

Peripheral blood mononuclear cells (PBMCs) and bone marrow mononuclear cells (BMMCs) were separated using
Biocoll (Biochrom AG, Berlin, Germany) density gradient centrifugation. The trypan blue dye exclusion test
(SigmaAldrich Co., St. Louis, MO, USA) was used to determine the viability of obtained cells. The viable cells were
quantified in a Neubauer chamber (Zeiss, Oberkochen, Germany) and stored at —80°C until the time of analysis.

mRNA Preparation and Reverse Transcription

Total RNA was extracted from BMMCs (n=38) and plasma cells (n=30) of patients with MM using QIAamp RNA Blood
Mini Kit (Qiagen, Venlo, the Netherlands). From BMMCs, CD138+ plasma cells were separated by positive selection in
a magnetic field using MACS Separation Technology and anti-human CD138 MicroBeads as per manufacturer’s protocol
(Miltenyi Biotec, Bergisch Gladbach, Germany). Purified CD138+ cells were used for RNA isolation. The concentration
and purity of isolated RNA were determined using BioSpec-nano Micro-volume UV-V spectrophotometer (Shimadzu,
Kyoto, Japan). One ug of mRNA was transcribed to cDNA using a QuantiTect Reverse Transcription Kit (Qiagen, Venlo,
the Netherlands) according to the manufacturer’s instruction.
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Table | Clinical Characteristics of the Studied Groups

Characteristics Flow Cytometry BMMCs qRT-PCR CD138+ PCs qRT-PCR BMMCs
Number of patients 98 30 38
Age, years
Median 65 69 65
Range 38-85 50-82 42-82
Gender, n (%)
Female 50 (51.02) 21 (70.0) 11 (28.95)
Male 48 (48.98) 9 (30.0) 27 (71.05)
International staging system (ISS), n (%)
| 27 (27.56) 4 (13.33) 10 (26.32)
Il 30 (30.61) 13 (43.33) 14 (36.84)
n 35 (35.71) 11 (36.67) 12 (31.58)
Not available 6 (6.12) 2 (6.67) 2 (5.26)
Monoclonal protein type, n (%)
1gG 60 (61.22) 17 (56.66) 23 (60.53)
IgA 21 (21.43) 8 (26.67) 13 (34.21)
Light chain 12 (12.24) 5 (16.67) 2 (5.26)
Not available 5(5.1)
Monoclonal protein concentration, n (%)*
<3 g/dl 43 (43.88) 13 (43.33) 19 (50.0)
2 3 g/dl 36 (36.73) 10 (33.34) 17 (44.74)
Not available 19 (19.39) 7 (23.33) 2 (5.26)
Plasma cell (%)
Median 25 37 18
Range 10-84 10-84 10-80
Hemoglobin, n (%)
< 10 g/dl 32 (32.65) 14 (46.67) 10 (26.32)
2 [0 g/dl 62 (63.27) 16 (53.33) 28 (73.68)
Not available 4 (4.08)
Serum creatinine, n (%)
<2 mg/d| 81 (82.65) 25 (83.33) 30 (78.95)
22 mg/dl 14 (14.29) 5 (16.67) 8 (21.05)
Not available 3 (3.06)
Serum calcium, n (%)
< 2.55 mmol/l 73 (74.49) 23 (76.67) 27 (71.05)
2 2.55 mmol/l 17 (17.35) 6 (20.0) 6 (15.79)
Not available 8 (8.16) I (3.33) 5 (13.16)
Lactate dehydrogenase, n (%)
Normal 63 (64.29) 20 (66.67) 24 (63.16)
High 4 (4.08) 3 (10.00) 2 (5.26)
Not available 31 (31.63) 7 (23.33) 12 (31.58)
High risk cytogenetics, n (%)**
Yes 17 (17.35) 3 (10.0) 8 (21.05)
No 39 (39.80) 7 (23.33) 16 (42.11)
Not available 42 (42.85) 20 (66.67) 14 (36.84)

Notes: *Intact immunoglobulin MM; **del | 7p, t(4;14) or t(14;16).
Abbreviations: BMMCs, bone marrow mononuclear cells; PCs, plasma cells; qRT-PCR, quantitative reverse transcriptase-polymerase chain reaction.
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Table 2 Clinical Characteristics of the Groups Analyzed for PD-1

and PD-IL Expression on CD4+ and CD8+ Cells

Characteristics BMMCs PBMCs
Numbers of patients 45 21
Age, years
Median 67.5 63
Range 42-82 43-85
Gender, n (%)
Female 24 (53.33) 12 (57.14)
Male 21 (46.67) 9 (42.86)
International staging system
(ISS), n (%)
| 14 (31.11) 6 (28.57)
I 14 (31.11) 4 (19.05)
1] 16 (35.56) 10 (47.62)
Not available 1 (222) 1 (4.76)
Monoclonal protein type, n (%)
1gG 26 (57.78) 11 (52.38)
IgA 12 (26.67) 9 (42.86)
Light chain 7 (15.55) 1 (4.76)
Monoclonal protein
concentration, n (%)*
<3 g/ 26 (57.78) 13 (61.90)
= 3 g/dl 12 (26.67) 8 (38.10)
Not available 7 (15.55)
Plasma cell (%)
Median 20 35
Range 10-89 10-80
Hemoglobin, n (%)
<10 g/dl 12 (26.67) 10 (47.62)
2 10 g/dl 33 (73.33) 11 (52.38)
Serum creatinine, n (%)
<2 mg/d 40 (88.89) 10 (47.62)
22 mg/d| S5(ILIT) 11 (52.38)
Serum calcium, n (%)
< 2.55 mmol/l 25 (55.56) 13 (61.91)
= 2.55 mmol/l 4 (8.89) 6 (28.57)
Not available 16 (35.55) 2 (9.52)
Lactate dehydrogenase, n (%)
Normal 26 (57.78) 9 (42.86)
High 2 (4.44) 4 (19.05)
Not available 17 (37.78) 8 (38.09)
High risk cytogenetics, n (%)**
Yes 3 (6.67) 8 (38.09)
No 11 (24.44) 4 (19.05)
Not available 31 (68.89) 9 (42.86)

Notes: *Intact immunoglobulin MM; **del17p, t(4;14) or t(14;16).
Abbreviations: BMMCs, bone marrow mononuclear cells; PBMCs, peripheral

blood mononuclear cells.
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Quantitative Reverse Transcriptase-Polymerase Chain Reaction (QRT-PCR) for PDCD |,

PDCDILGI, PDCDILG2, and Their Splicing Variants

For quantitative measurements of the mRNA expression of PDCDI, CD724 (PDCDILGI), PDCDILG2, and their
splicing variants, qRT-PCR was performed using the Light Cycler SYBR Green I technology according to the
manufacturer’s protocol (Roche Diagnostics, Mannheim, Germany). For qRT-PCR, 1 pL of the cDNA of each sample
was used. The sequence of primers for PDCDI (NM_005018), PDCDILGI (NM _014143), and PDCDILG2
(NM_025239) and their respective splicing variants used in qRT-PCR are described in Table 3. As a negative control,
the distilled water was used. The glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as a reference gene.
The thermocycling program was run for 40 cycles of 15 sec at 95°C, 1 min at 60°C with an initial denaturation step at
95°C for 10 min on the 7500 Fast Dx Real-Time PCR instrument (Thermo Fisher Scientific). Expression levels were
calculated as an inverse ratio of the difference in cycle threshold (ACt) method. ACt is the difference between the Ct
value of the target gene and the Ct value of reference gene (GAPDH).

Flow Cytometric Analysis

The analysis of PD-1, PD-L1, and PD-L2 surface expression on plasma cells as well as B cells was performed on BMMCs of
98 patients. The combination of fluorescent-labeled monoclonal antibodies (Mabs) was used as follows: anti-PD-1-allophy-
cocyanin (APC) (BD Biosciences, San Jose, CA, USA), anti-PD-L1-APC (BD Biosciences, San Jose, CA, USA), anti-PD-L2-
APC (BD Biosciences, San Jose, CA, USA), anti-CD45-brilliant violet 421 (BV421) (BD Biosciences, San Jose, CA, USA),
anti-CD56-BV510 (BD Biosciences, San Jose, CA, USA), anti-CD19-peridinin-chlorophyll proteins (PerCP)-Cy5.5 (BD

Table 3 Primers Sequences

Transcript Name Sequences of Primers

PD-1_fl F: 5-CTCAGGGTGACAGAGAGAAG-3’
R: 5-GACACCAACCACCAGGGTTT-3

PD-1_ Aex2 F: 5’-GGTTCTTAGAGAGAAGGGCA-3
R: 5-GACACCAACCACCAGGGTTT-3

PD-1_ Aex3 F: 5-AGGGTGACAGGGACAATAGG-3’
R: 5’-CCATAGTCCACAGAGAACAC-3’

PD-1_ Aex2,3 F: 5-TGGTTCTTAGGGACAATAGG-3'
R: 5’-TCTTCTCTCGCCACTGGAAA-3’

Aex2,3,4_PD-1 F: 5-TGGTTCTTAGAAGGAGGACC-3
R: 5’-TCTTCTCTCGCCACTGGAAA-3’

PD-LI_fl F: 5-TATGGTGGTGCCGACTACAA-3’
R: 5- TGCTTGTCCAGATGACTTCG-3’

PD-LI_ Aex2 F: 5-ACGCCCCATACAACAAAATC-3’
R: 5’-CTCTTGGAATTGGTGGTGGT-3’

PD-L2_ fl F: 5-GACTCTGAAAGTCAAAGCTTCC-3’
R: 5TCAATGCTGGCCAAAGTAAG-3’

PD-L2_ Aex3 F: 5-CTGAAAGTCAAAGGTCAGATGG-3’
R: 5-TGTCACCACAACAAAGAGGG-3¥

PD-L2_ Aex3,fs F: 5-GAAAGAGCCACTTTGCTGGA-3’
R: 5-TCCTGGGTTCCATCTTTGAC-3’

Abbreviations: F, forward; R, reverse; PD-1_fl, full length PD-1; PD-1_ Aex2, PD-1 lacking
exon 2; PD-1_Aex3, PD-I lacking exon 3; PD-1_ Aex2,3, PD-1 lacking exons 2 and 3; PD-1_
Aex2,3,4, PD-1 lacking exons 2, 3 and 4; PD-LI_fl, full length PD-LI; PD-LI_ Aex2, PD-LI
lacking exon 2; PD-L2_fl, full length PD-L2; PD-L2_ Aex3, PD-L2 lacking exon 3, without
a frame shift; PD-L2_ Aex3,fs, PD-L2 lacking exon 3, with a frame shift.
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Biosciences, San Jose, CA, USA), anti-CD138-fluorescein isothiocyanate (FITC) (BD Biosciences, San Jose, CA, USA), and
anti-CD38-phycoerythrin (PE) (BD Biosciences, San Jose, CA, USA).

The expression of PD-1 and PD-L1 on CD4+ and CD8+ T cells was examined on BMMCs of 45 MM patients and
PBMCs of 21 patients with MM and 30 HVs. Cells were labeled with Mabs: anti-CD3-PerCP (BD Biosciences, San Jose,
CA, USA), anti-CD4-FITC (BD Biosciences, San Jose, CA, USA), anti-CD8-PE (BD Biosciences, San Jose, CA, USA),
anti-PD-1-APC (BD Biosciences, San Jose, CA, USA) and anti-PD-L1-APC (BD Biosciences, San Jose, CA, USA).

After 20 min of incubation in the dark at room temperature (RT), unbound antibodies were washed off with phosphate-
buffered saline (PBS) solution (Biochrom AG, Berlin, Germany), spinning cells for 5 min at 700xg. As a negative control, the
unstained cells were used (for each patient). Samples were measured using FACSCanto II (BD Biosciences) flow cytometer.
A minimum of 100,000 cells was acquired and analyzed. Data were analyzed using the FACSDiva 8.0 software (BD Biosciences).

Statistical Analysis

Statistical analysis was calculated with Statistica 13 PL software (StatSoft, Cracow, Poland).The data are presented as the
median values with range. To evaluate the differences between subgroups of patients, the Mann-Whitney U-test was
used. Correlations analyses were performed the Spearman’s rank correlation coefficient. To evaluate the differences in
values before and after drug treatment, Wilcoxon matched-pairs signed-rank test was implemented. Differences were
considered statistically significant if the p-value was 0.05 or less.

Results

mRNA Expression of PDCD| and Its Splicing Variants in Patients with MM

We analyzed the mRNA levels of PDCD]I and its splicing variants by qRT-PCR using mRNA extracted from BMMCs (n=38)
and plasma cells isolated from the BM (n=30) of patients with MM using 1/ACt analysis of the studied gene. We found that
plasma cells displayed significantly lower expression of PDCDI mRNA (PD-1_fl) compared to BMMCs (p=0.0006).
Similarly, the levels of mRNAs splicing variants lacking exon 2 (PD-1_ Aex2) and exon 3 (PD-1_Aex3) were significantly
lower in plasma cells than in BMMCs (p=0.0001, p=0.0002, respectively). Also, the expression of both mRNAs splicing
variants lacking exons 2, 3 (PD-1_Aex2,3) and exons 2, 3, and 4 (PD-1_ Aex2,3,4) was significantly lower in plasma cells
compared to BMMCs (p=0.0013, p=0.0185, respectively). The median expression of PDCD]/ and its splicing variants is
presented in Table 4.

Table 4 Median Expression of PDCDI, PDCDILGI, PDCDILG2 and Their Splicing Variants

Splicing Variant PCs BMMCs Statistical Significance (p)
fl_PD-I 0.0803 0.0989 0.0006
Aex2_PD-I 0.0151 0.0703 0.0001
Aex3_PD-I 0.0648 0.0787 0.0002
Aex2,3_PD-1 0.000 0.0610 0.0013
Aex2,3,4_PD-1 0.0629 0.0691 0.0185
fl_PD-LI 0.2495 0.1507 < 0.0001
Aex2_PD-LI 0.2603 0.1437 < 0.0001
fl_PD-L2 0.1471 0.1011 < 0.0001
Aex3_PD-L2 0.1404 0.0817 < 0.0001
Aex3,fs_PD-L2 0.0669 0.0567 0.0126

Notes: The PDCDI, PDCDILGI, PDCDILG2 and their splicing variants mRNA expression was calculated as inverse ratio of the difference in
cycle threshold (I/ACt) method. ACt is the difference between the Ct value of the target gene and the Ct value of GAPDH gene.
Abbreviations: PCs, plasma cells; BMMCs, bone marrow mononuclear cells.
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No differences in mRNA expression of PDCD] and its splicing variants depending on stage of disease according to
the International Staging System (ISS), sex, age, serum lactate dehydrogenase level, serum B2- microglobulin level,
serum monoclonal protein level, monoclonal protein type, serum creatinine level as well as plasma cell counts in BM
were detected. We also did not observe differences between subgroups of patients characterized by different chromoso-
mal aberrations.

Increased mRNA Expression of PDCD/LGI, PDCDILG2 and Their Splicing Variants in

Plasma Cells from MM Patients

The expression of the PDCDILGI, PDCDILG?2 and their splicing variants was also analyzed in isolated plasma cells
(n=30) and BMMCs (n=38). The expression of PDCDILGI mRNA (PD-L1 _fl) in plasma cells was found to be higher as
compared to BMMCs (p<0.0001). Also, the PD-L1 transcript lacking exon 2 (PD-L1_Aex2) was highly expressed in
plasma cells in comparison to BMMCs (p<0.0001). The expression of PDCDI/LG2 mRNA (PD-L2 fl) was significantly
higher in plasma cells than in BMMCs in MM patients (p<0.0001). Similarly, the levels of mRNAs splicing variants
lacking exon 3 (PD-L2 Aex3) and exon 3 leading to a frameshift (PD-L2  Aex3,fs) were significantly higher in plasma
cells compared to BMMCs (p<0.0001, p=0.0126, respectively).

The median expression of PDCDILGI, PDCDILG?2, and their splicing variants is presented in Table 4.

Statistical analysis did not show any associations between mRNA expression of PDCDILG, PDCDILG?2 and their
splicing in plasma cells and clinical parameters, including ISS stage, serum lactate dehydrogenase level, serum mono-
clonal protein level, monoclonal protein type, serum creatinine level, plasma cell counts in BM as well as cytogenetic
aberrations and sex. We showed a positive correlation between PD-L2 Aex3 expression in plasma cells and serum
B2-microglobulin level (r=0.4389, p=0.0465) and age of MM patients (r=0.3770, p=0.0399).

The Surface Expression of PD-1 on Plasma Cells in Patients with MM

To determine the expression of PD-1 on cells surface the flow cytometry was used. BM plasma cells as well as B-cells
from 98 MM patients and PB B-cells from 10 HVs were assessed. There was no significant difference between the
percentage of plasma cells expressing PD-1 (=11.19%; range=0.10-58.00%) and B cells expressing PD-1 (med-
1an=8.91%; range=0.77%-74.61%, p=0.4015) in BM of MM patients (Figure 1). The percentage of PD-1-expressing
B-cells derived from PB of HVs (median=2.82%; range=0.26—4.52%) was significantly lower when compared to B-cells
(»=0.0003, Figure 1) and plasma cells (p=0.0003, Figure 1) of MM patients. We did not observe differences in PD-
l-expressing plasma cells depending on the stage of disease according to the International Staging System (ISS)
(p=0.2848), serum P2-microglobulin level (p=0.0664), serum creatinine level (p=0.6949), serum monoclonal protein
(»p=0.7887) nor monoclonal protein type (p=0.2877).

Differential Protein Expression of PD-LI and PD-L2 on Plasma Cells and B-Cells in

Patients with MM

We assessed the surface expression of PD-L1 and PD-L2 on plasma cells as well as B cells from the isolated BMMCs of
98 patients with MM. The median percentage of plasma cells that expressed PD-L1 (median=18.13%; range=0.13%—
97.10) was significantly higher than B cells in BM of MM patients (median=6.34%, range=0.33%—69.77%, p<0.0001,
Figure 2). Statistical analyses demonstrated a positive correlation of the percentage of PD-L1-expressing plasma cells
with hemoglobin (r=0.2087, p=0.0445) and age of patients (r=0.2413, p=0.0185). We also observed a positive correlation
between the proportion of plasma cells expressing PD-1 and PD-L1 (1=0.475410, p=0.0001).

The proportion of plasma cells expressing PD-L2 was significantly lower: the median=3.19% (range=0.00-39.23%)
as compared to B-cells: median=4.53% (range=0.00%-59.45%, p=0.0325, Figure 2). Statistical analysis showed an
inverse correlation of the percentage of PD-L2-expressing plasma cells with plasma cell counts in BM (r=—0.2875,
p=0.0088). We also observed a positive correlation of the proportion of plasma cells expressing PD-L2 with the age of
MM patients (r=0.2029, p=0.0485).
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Figure | The surface expression of PD-| on plasma cells and B cells in BM (N=98) of MM patients and B cells derived from PB of HVs (N=10). The central line shows the
median.
Abbreviations: PD-|, programmed death-|; PB, peripheral blood; BM, bone marrow; MM, multiple myeloma; HVs, healthy volunteers.

p <0.0001 p=0.0325

" 1

1001
p <0.0001

PD-L1/PD-L2 (%)

Plasma cells B cells

Figure 2 The proportion of PD-LI- and PD-L2-expressing plasma cells and B cells in the bone marrow of patients with multiple myeloma. The central line shows the
median.
Abbreviations: PD-LI, programmed death-1 ligand-I; PD-L2, programmed death-1 ligand-2.
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Interestingly, the percentage of plasma cells expressing PD-L1 was significantly higher than plasma cells expressing
PD-L2 in BM (p<0.0001), these differences were not observed on B-cells of MM patients (p=0.1529).

Increased Expression of PD-1 on BM CD8+ T Cells from MM Patients

We assessed the surface expression of PD-1 and PD-L1 on CD4+ and CD8+ T cells from BM of 45 patients with MM
and from PB of 21 MM patients and 30 HVs using flow cytometry analysis. The results showed that the percentage of
CD8+ cells expressing PD-1 was significantly higher than CD4+PD-1+ T cells in BM of MM patients (p<0.0001,
Figure 3A). These differences were not observed in PB of MM patients (p=0.0760, Figure 3B).

We found significantly higher percentage of CD8+ T cells expressing PD-1 in BM (median=6.60%, range=0.50—
27.40%) in comparison with PB (median=3.50%, range=1.10%—-18.50%, p=0.0334) of MM patients and HVs (med-
ian=4.48%, range=1.30%-13.38%, p=0.0152, Figure 4A). Statistical analysis showed a positive correlation of the
percentage of PD-1-expressing CD8+ T cells in BM with plasma cell counts (1=0.3, p=0.0471). The proportion of
CD4+ T cells with PD-1 expression in BM (median=2.70%, range=0.30-12.20%) was not significantly different in
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comparison with PB (median=2.60%, range=0.40%—18.10%, p=0.3634) of patients with MM as well as HVs (med-
ian=2.22%, range=0.32%-8.74%, p=0.125) (Figure 4B). In addition, our results have shown the negligible expression of
PD-L1 on CD4+ and CD8+ T in BM and PB of MM patients (data not shown).

The Surface Expression of PD-1 on CD4+ and CD8+ T Cells in Patients with RRMM

After Daratumumab Treatment

The surface expression of PD-1 on CD4+ and CD8+ T cells in 15 patients with RRMM was assessed by flow cytometry
before and after 5 cycles of daratumumab treatment. In the experiment, PD-1 expression on CD4+ and CD8+ T cells was
displayed as the mean fluorescence intensity (MFI). In our analyses, the MFI of PD-1 on CD4+ cells in RRMM samples
after the daratumumab treatment (median=197.00, range=87.00—492.00) was not significantly different in comparison
with samples before the treatment (median=229.50, range=95.00-621.00, Figure 5). This difference was not statistically
significant (p=0.5135). The MFI assessment of PD-1-expressing CD8 T cells in RRMM patients showed no significant
difference between samples obtained before the daratumumab treatment: median=182.00 (range=101.00-392.00) and
after 5 cycles of therapy: median=200.00 (range=83.00-388.00, p=0.8452, Figure 5).

Discussion

Programmed death-1 (PD-1) and its ligands are the major regulators of the immune response in normal and pathologic
conditions and have emerged as important immune-targeting strategies for the treatment of cancer. The role of PD-L1/PD-1
pathway in MM is still debated by research groups concerning especially the expression of PD-1 and PD-L1 molecules on
malignant plasma cells or the immune effector cells.

Yamamoto et al'® detected increased PD-1 expression on tumor-infiltrating T cells of Hodgkin lymphoma (HL) patients
and PD-1 expression on T cells in PB of HL patients were higher in comparison with those of B cell non-Hodgkin
lymphoma (B-NHL) patients and HVs. Some authors observed that the circulating T cells from chronic lymphocytic
leukemia (CLL) patients have elevated PD-1 expression levels compared with those from HVs.'*?° Ramsay et al*! reported
that PD-1 expression on circulating T cells was significantly higher in CLL/SLL samples compared with reactive lymph
node samples and linked to poor prognosis. Furthermore, in addition to the expression of PD-1 on reactive T cells, PD-1
expression was also reported on the neoplastic cells in a limited number of diffuse large B-cell (DLBCLs) lymphomas and

800+
p=05135
—
600- .
° ° p =0.8452
(o]
= —
E 4004 A
7 © AA
E L . ol A
2004 —M—. o AA
0® A
[°¥2) ° Agd
© ° A
b Go0
0

before treatment after treatment before treatment after treatment

CD4+ Tcells CD8+ Tcells

Figure 5 The comparison of PD-|-expression T cells determined by mean fluorescence intensity (MFl) in peripheral blood of RRMM patients before and after 5 cycles of
daratumumab treatment. The central line shows the median.
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in a more significant number of CLL/SLL.?>%* In previous studies, we found higher PD-1 expression on both the transcript
and the protein level in CLL in comparison to control cells.** Here we did not find differences between the percentage of
plasma cells expressing PD-1 and B cells expressing PD-1 in BM of MM patients (11.19% vs 8.91%). Also, we observed
that the expression of PDCDI mRNA was lower in plasma cells than in BMMCs in MM patients. Nielsen et al*> described
four alternatively spliced PDCD-1 mRNA transcripts: PD-1_Aex2, PD-1_Aex3, PD-1_Aex2,3 and PD-1_Aex2,3,4. PD-
1 _Aex2, PD-1_Aex2,3 and PD-1_Aex2,3,4 lost the ability to bind ligands due to the lack of exon 2. We found that plasma
cells displayed a lower level of each PD-1 transcript compared to BMMCs. In contrast to transcripts, which do not play
a crucial biological functions, PD-1_Aexon3 splice variant encodes the soluble isoform of PD-1 (sPD-1).>> sPD-1 could
block the interaction between PD-1 and PD-L1 or PD-L2, and enhance the cytotoxicity of tumor-specific cytotoxic T cells
(CTLs).?® sPD-1 has been detected in patients with chronic infections, autoimmune diseases and cancers and elevated levels
might be associated with disease progression. The higher sPD-1 levels have been shown in HBV-related hepatocellular
carcinoma (HCC) patients and was associated with worse prognosis.?” In the study of Bian et al,?® the high sPD-1 levels in
patients with pancreatic adenocarcinoma were associated with the shorter survival.

Several groups have described that PD-L1 expression is present in PCs from patients with MM, but is absent on those
from HVs.'?'*2%3% Liy et al*' observed the PD-L1 expression on CD138+ cells isolated from MM patients (median=23%,
range=0-92%) but not in MGUS patients (median=2.05%, range=0-48%) and not on CD138+ cells from HVs (med-
ian=1%, range=0.1-2.7%). In the study of Lee et al** found that the expression of PD-L1 in PCs evaluated by the
quantitative immunofluorescence (QIF) method in combination with the clinical parameters such as age, cytogenetics,
and lactate dehydrogenase effectively predicted poor prognosis in newly diagnosed MM (NDMM). A correlation between
PD-L1 expression on MM cells and plasma cell counts in the bone marrow and high serum LDH levels have been reported
by Tamura et al.'' However, the same authors also noticed that PD-L1 level was higher in RRMM patients and its

133

expression correlated with drug resistance. In clinical studies, Dhodapkar et al’~ reported that high PD-L1 expression on

PCs of patients with MGUS or SMM has been associated with an increased risk of progression to symptomatic MM.

Furthermore, Paiva et al'?

found that the clonal PCs expressed higher levels of PD-L1 in patients with minimal residual
disease (MRD) compared with those at diagnosis, suggesting that residual PD-L1-expressing PCs could have an increased
ability to escape from immune surveillance. In our study, we found that the percentage of plasma cells expressing PD-L1
was significantly higher compared to that of B cells in BM in MM patients. In the present study, PD-L1_fl transcript was
detected to be significantly elevated in plasma cells than in BMMCs of patients with MM. PD-L1_Aexon2 mRNA variant,
which encodes an isoform lacking IgV domain is likely neither secreted nor functional.**

PD-L2 plays an important role in the modulation of T cell activity and might play a role in escape the surveillance of
the immune system by tumor cells. In the analysis of over 400 archival tumor samples, the expression of PD-L2 protein
was observed in seven tumor types and was associated with longer median survival times for both progression-free
survival (PFS) and overall survival (OS).>> The results were consistent with a paper published by Wang et al*® which
found a significant association between PD-L2 overexpression in tumor cells and short survival of patients with
colorectal cancer. In myeloma cell line RPMI 8226, a high level of PD-L2 expression was detected, and its blocking
on plasma cells significantly improved the natural killer (NK) cells cytotoxicity against myeloma cells.>” Conversely,
Sponaas et al*® showed that none of the MM patients expressed PD-L2, but PD-L1 was found on plasma cells in BM of
MM patients. In our study, we found a lower percentage of plasma cells that expressed PD-L2 compared to B cells in BM
of MM patients. In another study, Hoffmann et al*° observed an association between PD-L2 methylation and mRNA
expression levels in melanoma tissues. The high PD-L2 mRNA expression and low PD-L2 DNA methylation predicted
longer progression-free survival. In our study, we found that the expression of PDCD/LG2 mRNA and its splice variants
were significantly higher in plasma cells compared to BMMCs. PD-L2  Aexon3 transcript loses Ig constant (IgC)-like
domain encoded by an exon 3 and is shorter in the extracellular region. Meanwhile, PD-L2  Aexon3,fs variant is
generated through splicing out exon 3 and has a frame shift. This protein product lacks the transmembrane domain,
suggesting that it might be secreted in a soluble form. Both splice variants should be able to bind PD-1 due to the
presence of IgV-like domain.*° Little is known about the role and function of sPD-L2 in oncologic diseases. Interestingly,
in several tumor cases, SPD-L2 levels were significantly lower than HVs.*'*** It is well established that in MM immune
abnormalities not only in the B cells but also in other immune cells are observed, including the natural killer, T cells, and
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DCs.* Rosenblatt et al** reported that PD-1 expression on CD4+ and CD8+ T cells was higher in patients with advanced
MM in comparison with HVs. Gorgun et al'® in their group of NDMM and RRMM patients, detected a significantly
higher proportion of CD8+ T cells expressing PD-1 compared with HVs and no difference in PD-1 expression on CD4+
T cell. Our study has shown a significantly higher percentage of CD8+PD-1+ T cells in BM in comparison with PB in
MM patients and HVs, while there were no significant differences in CD4+PD-1+ T cells. Conversely, Paiva et al'?
showed a similar proportion of T cells that expressed PD-1 between NDMM, MGUS and HVs. However, the authors
observed a significantly elevated PD-1 expression among CD4+ and CD8+ T cells in BM samples from MRD-positive
and relapsing MM patients. In another study, by Chang et al*> showed that PD-1 positive T cells in BM of RRMM
patients were significantly higher than those in the NDMM and partial/complete remission patients and controls.
Moreover, they observed a positive correlation between PD-1+ T cells in RRMM patients and myeloma cell counts in
BM and clinical stages.

The introduction of novel therapeutic agents, such as immunomodulatory drugs (IMiDs) and proteasome inhibitors
have contributed to the improvement in survival in patients with MM, but most patients relapse after remission or
become refractory to therapy.*®*” MM remains an incurable disease and immune checkpoint inhibitors such as anti-PD-1
or anti-PD-L1/L2 blocking antibodies could be an attractive therapeutic approach for MM patients. In vitro studies on
primary cells from RRMM, described by Gorgun et al'* and Fujiwara et al*® revealed described a significant reduction of
PD-1 surface expression on CD4+ and CD8+ T cells, and NK cells after treatment with both lenalidomide and
pomalidomide. Interestingly, it has been described that the treatment with the daratumumab, inhibits the increase of PD-
L1 expression on APCs in MM patients.*’ In our study, daratumumab does not affect PD-1 expression on effect T cells,
what might indicate that addition of anti-PD-1 drug to daratumumab would be beneficial. Currently, there are no clinical
data on such combination but in the phase Ib trial, Skarbnik et al’® observed that combined therapy with anti-CTL-4
(ipilimumab) and nivolumab as a consolidation strategy after ASCT may increase the depth of response in patients with
high-risk MM. PFS and OS at 18 months after ASCT were 85.7% and 100% for refractory DLBCL, 28.6% and 57.1% for
relapsed DLBCL, 25% and 75% for relapsed TCL, 57.1% and 87% for high-risk MM, and 40% and 100% for MM
relapsed after first ASCT. The combination of immunotoxin anti-CD30 (brentuximab vedotin) with anti-PD-1 (nivolu-
mab) demonstrated the objective response rate (ORR) of 89% and complete responses (CR) rate of 50% in relapsed or
refractory HL in the ECOG-ACRIN E4412 trial.”' In in vitro experiments, Verkleij et al’*> noticed the nivolumab
combined with immunomodulatory effects of daratumumab may lead to increased CD8+ T-cell numbers, and thereby
augmented anti-tumor cytotoxicity. In another study, Chen et al>® observed that co-blockade of CD38 and PD-1 improves
the antitumor immune response in lung cancer mouse models. Interestingly, this effect might be also observed in MM
patients as in a previous study, we demonstrated that the percentage of CD19+CD24™"CD38"¢" Breg cells in PBMCs
was significantly lower after daratumumab treatment (p<0.0003).>* Another way to improve efficacy of therapy with
anti-PD-1/PD-1L might be to modulate expression of targetable molecules. It has been shown that oncolytic virus therapy
can increase PD-L1 and CTLA-4 expression on tumour cells and in turn result in escape from immune surveillance.
Zhang et al>® showed that the combination of anti-PD-L1 and anti-CTLA-4 with oncolytic adenoviruses can significantly
inhibit tumour growth and prolong survival in a mammary tumour cell lines. This is in agreement with the studies of
Wang et al*® who observed that engineered oncolytic virus is able to secrete the PD-L1 inhibitor that binds and inhibits
PD-L1 on tumor cells and immune cells.

Conclusion

In conclusion, we characterized the expression of PD-1 and its ligands both on RNA and protein levels in MM patients.
Our results show that the percentage of plasma cells expressing PD-1 was lower compared to B cells in the bone marrow.
Furthermore, we found a high proportion of PD-L1-expressing plasma cells but a lower expression of PD-L2 on the
surface of plasma cells. The expression of PD-L1 on plasma cells and a higher proportion of CD8+PD-1+ might
modulate the BM immunosuppressive microenvironment in MM patients. In accordance, the PD-1 and its ligands might
represent an interesting target for MM immunotherapy, as one would target both malignant plasma cells as well as the
immune cells that play a key role in tumor escape mechanisms.
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