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Abstract: Programmed cell death protein 1 (PD-1) negatively regulates T cell effector mechanisms and contributes 
to tumor cell escape from immune surveillance. To evaluate potential clinical significance of PD-1 in multiple my-
eloma (MM), we quantified PD-1 expressing T cells in bone marrow (BM) of MM patients using flow cytometry. Our 
results showed that PD-1 positive T cells in BM from relapsed/refractory patients were significantly higher than 
those in the newly diagnosed, partial/complete remission MM, and controls, respectively. Additionally, high-risk MM 
patients had more PD-1 positive T cells in BM than low-risk patients. Moreover, PD-1 positive T cells in relapsed/
refractory MM patients were positively associated with myeloma cell counts in BM and clinical stages. PD-1 posi-
tive T cells in BM of all MM and relapsed/refractory MM patients were positively correlated with their serum β2-
microglobulin concentrations. Our results strongly suggest that PD-1 expressing T cells in BM may be applied as a 
biomarker to reflect tumor mass and prognosis.
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Introduction

Multiple myeloma (MM) is a plasma cell malig-
nancy characterized by accumulation of mono-
clonal plasma cells in the bone marrow (BM) 
manifested by bone destruction. It is more 
common among individuals older than 60 years 
of age [1]. Novel proteasome inhibitors such as 
bortezomib [2] and immunomodulatory thalido-
mide and its derivative, lenalidomide [3] have 
improved MM outcomes. However, MM remains 
incurable and nearly all patients eventually 
relapse.

Programmed cell death protein 1 (PD-1, 
CD279), a member of the CD28 receptor family 
of co-signaling molecules [4] is expressed on 
the surface of antigen-activated T and B cells 
[5]. Engagement of PD-1 with its ligands PD-L1 
or PD-L2 inhibit activated T-cells resulting in T 
cell anergy and functional exhaustion [6]. 

Several studies indicate that higher PD-1 
expression in tumor-infiltrating T cells correlat-
ed with poorer patient outcomes for melano-
mas, renal cell carcinoma, and breast cancer 
[7-9]. Moreover, increased PD-1-positive lym-
phocytes in the tumor microenvironment have 
been considered to be an independent prog-
nostic indicator for poor prognosis in follicular 
lymphoma [10]. Recent clinical trials demon-
strated that blocking the PD-1/PD-L pathway 
using monoclonal antibodies against PD-1 or 
PD-L1 markedly induced tumor regression and 
prolonged disease stabilization in patients with 
solid tumors [11, 12] and several hematologic 
malignancies [13, 14]. PD-1 expression is 
upregulated in T cells isolated from peripheral 
blood of MM patients, suggesting a role of the 
PD-1/PD-L pathway in counteracting T cell-
mediated immune response against MM [15]. 
Ongoing clinical trials of immunomodulatory 
drugs combined with PD-1 pathway blockade 
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had shown promising preliminary results in 
relapsed/refractory MM patients [16, 17].

To evaluate the potential clinical significance of 
PD-1 positive T cells in BM or the tumor micro-
environment of MM patients, we measured 
PD-1 expression and associated these data 
with tumor mass variables. We noted that PD-1 
positive T cells were correlated with myeloma 
cell counts, serum β2-microglobulin (β2-MG) 
concentrations and clinical stage, indicating 
that PD-1 expression may have promised as a 
biomarker to reflect immune status of the 
myeloma microenvironment, tumor mass and 
MM prognosis as well as MM subgroup type.

Materials and methods

Patient information

From July 2011 to June 2015, 56 MM patients 
(22 with newly diagnosed, 14 with relapsed/
refractory and 20 with partial/complete remis-
sion) were recruited from the Department of 
Hematology of Jinan Central Hospital, affiliated 
with Shandong University. Patient information 
appears in Table 1. Diagnoses of newly diag-
nosed, relapsed/refractory and partial/com-
plete remission MM were established accord-
ing to the criteria recommended by the 

sent was obtained from all individual partici-
pants included in the study.

Treatment strategies

By following the International Staging System 
(ISS) [21], 15 and 7 out of 22 newly diagnosed 
MM patients were classified as stages III and 
II/I respectively. Based on their general condi-
tion, medical insurance status and disease 
activity [22], 5/22 patients were treated with 
BCD (bortezomib, cyclophosphamide, and 
dexamethasone), 7/22 with BTD (bortezomib, 
thalidomide and dexamethasone) [23, 24], 
2/22 with VAD (vindesine, adriamycin and 
dexamethasone) and 1/22 with MP (melpha-
lan, prednisone) regimen, respectively. The 
remaining 7 out of 22 patients received sup-
portive therapy only. Data of comparing PD-1 
expression on T cells in BM before and after 
3-4 cycle treatment were available from 6 out 
of the 22 newly diagnosed MM patients (5/6 
with bortezomib based regimens and 1/6 with 
VAD).

Flow cytometry

BM aspirate samples collected in heparin-anti-
coagulant were washed 3 times with the phos-
phate-buffered saline (PBS) and White Blood 
cells (WBC) concentration of the samples was 

Table 1. Clinical and laboratory feature in MM patients
Parameters Newly  

diagnosed 
(n=22)

Relapsed/ 
refractory  

(n=14)

Partial/ 
complete  

remission (n=20)
Age, years (range) 67 (50-83) 60 (45-74) 59 (43-81)
Age >65 years 12 (55) 7 (50) 9 (45)
Intact immunoglobin MM 21 (96) 14 (100) 14 (70)
    IgG 14 (64) 11 (79) 10 (50)
    IgA 5 (23) 3 (21) 3 (15)
    IgD 2 (9) 0 (0) 1 (5)
Light Chain MM 1 (4) 0 (0) 6 (30)
β2-MG >3.5 mg/L 18 (82) 10 (71) 5 (25)
Albumin <35 g/L 16 (73) 7 (50) 5 (25)
Hemoglobin <10 g/dl 18 (82) 7 (50) 6 (30)
Bone lesions 17 (77) 11 (79) 15 (75)
BMPC, median (range) 32 (5-76) 32 (7-85) 1 (0-3)
Abnormal cytogenetics 6 (27)
Qualitative data expressed as n (%). Quantitative data expressed as median 
(interquartile range). MM, multiple myeloma; IgG, immunoglobulin G; IgA, im-
munoglobulin A; IgD, immunoglobulin D; β2-MG, beta-2-microglobulin; BMPC, 
bone marrow plasma cells.

International Myeloma Working Gr- 
oup [18, 19]. Of the MM patients, 
56 had a diagnostic BM smear, 
biopsies and flow cytometric ana- 
lyses, as well as karyotyping and 
fluorescent in situ hybridization (FI- 
SH) for 6 patients with newly diag-
nosed MM. 12 patients with iron 
deficiency anemia (IDA), a non-
immunological and malignant dis-
ease, were used as controls, and 
IDA were diagnosed according to 
the British Society of G. Guidelines 
for the Management of Iron De- 
ficiency Anemia were used as con-
trols [20]. All cases were analyz- 
ed using 5-color flow cytometry. 
Clinical and laboratory data were 
obtained from a review of medi- 
cal records and the study was  
approved by the Ethics Committee 
of Jinan Central Hospital affiliated 
to Shandong University. Oral con-
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adjusted to 1×106/ml. Then, 100 μl of washed 
cells were added to each stain tube. Added 
titrated amount of antibodies/cocktails to each 
stain tube (stained panels as below) and incu-
bated for 15 min in the dark at room tempera-
ture: Tube 1: CD16-fluorescein isothiocyanate 
(FITC) (BD Pharmingen, San Jose, CA), CD279-
phycoerythrin (PE) (BD Pharmingen), CD3-
energy coupled dye (ECD) (Beckman coulter, 
Miami FL), CD56-peridinin chlorophyll protein 
(PC5) (Beckman Dickinson, San Jose, CA), 
CD45-peridinin chlorophyll protein (PC7) 
(Beckman coulter). Tube 2: CD200-PE (Bio- 
legend, San Diego, CA), CD14-ECD (Beckman 
coulter), CD38-PC5 (Beckman coulter), CD45-
PC7. Tube 3: Cyto-kappa-FITC (Dako, Glostrup 
Denmark), CD117-PE (Beckman coulter), CD38-
PC5, CD45-PC7. Tube 4: Cyto-lambda-FITC, 
HLA-G-PE (BD Pharmingen), CD38-PC5, CD45-
PC7. Tube 5: Cyto-IgG1-FITC, CD138-PE (Be- 
ckman coulter), CD19-ECD (Beckman coulter), 
CD38-PC5, CD45-PC7.

At the end of incubation, 500 μl of BC Optilyse 
C lysing solution was added into all tubes and 
incubated for 10-12 min at room temperature 
in the dark. After centrifuging for 5 min at 1,700 
rpm, antibody tubes were washed once with 2 
ml PBS containing 0.5% bovine serum albumin 
(BSA). For tube 1,2, resuspended cells with 0.6 
ml of 1% paraformaldehyde in PBS. For tube 
3-5, cytoplasmic Lambda and Kappa light chain 
staining, 0.5 ml of 1× BD FACS permeabilizing 
solution was added, and incubated for 5 min at 
room temperature. After washing with PBS con-
taining 0.5% BSA and centrifugation for 5 min, 
an appropriate volume of fluorescent-conjugat-
ed intracellular antibody (Cyto-Kappa/Lambda/
IgG1) was added and incubated for 30 min at 
room temperature in the dark. After washing, 
cells were resuspended in 1% paraformalde-
hyde in PBS. 

At least 100,000 events were acquired using a 
FC500 MCL flow cytometer with CXP software 
(Beckman Coulter, Miami FL). All analyses 
included an isotype-matched control tube to 
establish a positive staining threshold for plas-
ma cells and lymphocytes [25].

Data analysis

All data were analyzed using FCS Express soft-
ware. Distinct cell populations (clusters) were 
characterized using antibodies and gating with 
CD45 fluorescence versus forward and side 

scatter. Neoplastic plasma and T cells were 
identified based on patterns of aberrant anti-
gen expression and/or light chain restriction. A 
population was considered antigen positive 
when at least 20% of the cluster of interest 
exceeded a 2% isotype control cutoff [26]. Due 
to potential shifts in relative fluorescence over 
time that were related to instrument or reagent 
changes, when possible, antigen expression 
was compared with additional internal normal 
cell populations.

Cytogenetic analysis

Interphase FISH analysis was performed to 
measure cytogenetic aberrations in purified 
plasma myeloma cells according to the manu-
facturer’s specifications. Del (13q) abnormality 
was analyzed with a probe specific for the 
13q14 locus (Cytocell RB-1 kit); Del (17p13) 
was assessed using a specific probe for the 
17p13.1 locus (VYSIS TP53 kit); 1q21 dual-col-
or probe (Cytocell CKS1B/CDKN2C kit) was 
used to measure amplification of 1q21. An IGH 
probe (VYSIS IGH kit) was used to assess trans-
location and deletion of 14q32. A VYSIS IGH/
FGFR3, VYSIS IGH/CCND, and VYSIS IGH/MAF 
dual-color dual fusion probe were used to assay 
t(4;14), t(11;14), and t(14;16), respectively.

A total of 200 interphase nuclei per DNA probe 
were analyzed. Cut-off values recommended by 
the European Myeloma Network (EMN) were 
used. For deletion and numerical aberrations, 
cut-off level was set at 20%; for translocation at 
the IgH locus and other translocations, the cut-
off level was set at 10% [27].

Statistical analysis

Statistical analyses were carried out in Gr- 
aphpad Prism, version 6.0b (Graphpad So- 
ftware, Inc. CA 92037 USA). The data of PD-1 
positive cells in newly diagnosed, relapsed/
refractory, partial/complete remission MM 
patients, and controls was evaluated using 
ordinary one-way ANOVA and an unpaired t-test 
was applied to compare differences respective-
ly, PD-1 positive T cells between the high-risk 
and low-risk MM patients was analyzed using 
an unpaired t-test. The correlation between 
PD-1 positive T cells in all and relapsed/refrac-
tory MM patients and serum β2-microglobulin 
concentration was assessed using the Pe- 
arson’s correlation coefficient test. Pearson’s 
correlation coefficient was used to assess sig-
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nificant linear relationships between PD-1 posi-
tive T cells in relapsed/refractory MM and 
myeloma cell counts and with clinical stages. 
Results were expressed as means ± standard 
error of the mean (SEM). A p-value less than 
0.05 was considered statistically significant.

Results

PD-1 expression in BM T cells from MM pa-
tients

PD-1 expression in BM of MM patients (Figure 
1A) and controls (Figure 1B) was quantified by 
flow cytometry and PD-1 positive T cells in of all 
MM patients exceed those of controls, but this 
difference was not statistically significant 
(P=0.3384). PD-1 positive cells in relapsed/
refractory MM patients were greater than those 
of the newly diagnosed and partial/complete 
remission patients, and controls (P=0.0058, 
P=0.0049, P=0.0136, Figure 1C). According to 
the ISS criteria, stage III was defined as high-
risk and stage I-II was low-risk. Data show that 

tients were positively correlated with myeloma 
cell counts in BM (Figure 2C). Moreover, 
Myeloma cell counts in BM of patients with 
relapsed/refractory MM were positively corre-
lated with serum β2-MG in peripheral blood 
(P=0.0174, r=0.6228). No correlations between 
PD-1 positive T cells in BM and myeloma cell 
counts in newly diagnosed MM patients were 
found (P=0.7475, r=0.07278).

In high-risk MM patient PD-1 positive T cells in 
BM were positively correlated with myeloma 
cell counts (P=0.0445, r=0.3898) and serum 
β2-MG in peripheral blood (P=0.0459, 
r=0.6408). However, no such correlation was 
found in low-risk and newly diagnosed MM 
patients.

PD-1 positive T cells correlated with tumor 
mass and prognostic indicators in IgG MM 
patients

All MM patients were divided into IgG and non-
IgG types, including IgA, IgD and light chain 

Figure 1. PD-1 expression in T cells in BM of MM patients. PD-1 expression 
was quantified with flow cytometry as described in Materials and methods. 
Representative dot plots illustrating PD-1 (CD279+) expression on T cells 
(CD3+) in BM of relapsed/refractory MM patient (A) and control (B). (C) Per-
centage of PD-1 positive T cells (CD3+CD279+) in BM of relapsed/refrac-
tory (n=14) patients were significantly higher than that in newly diagnosed 
(n=22), remission (partial + complete remission; n=20) patients and Con-
trols (n=12), respectively (P<0.05 for three comparisons). (D) PD-1 positive 
T cells in BM were significantly higher in high-risk (n=42) than low-risk MM 
patients (n=14). *P<0.05, **P<0.01.

PD-1 positive T cells in BM of 
high-risk MM patients were 
significantly greater than th- 
ose of low-risk MM patients 
(P=0.0325, Figure 1D).

PD-1 positive T cells were 
associated with prognostic 
markers and tumor mass 

Serum β2-MG concentrations 
in peripheral blood is prognos-
tic marker for MM [28]. Our 
data show that PD-1 positive T 
cells in BM of all MM and 
relapsed/refractory MM pa- 
tients were positively correlat-
ed with serum β2-MG (Fig- 
ure 2A, 2B). No correlations 
between PD-1 positive T ce- 
lls and serum β2-MG in ne- 
wly diagnosed MM patie- 
nts were found (P=0.9544, 
r=-0.01294).

The percentage of myeloma 
cells were calculated from 
200 nucleated cell counts in a 
bone marrow smear, which 
was defined as tumor mass. 
PD-1 positive T cells in BM of 
relapsed/refractory MM pa- 
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types. Our results show that PD-1 positive  
T cells in BM of newly diagnosed and rela- 

sion. Clearly, the underlying mechanisms of 
such effects need to be clarified.

Figure 2. PD-1 positive T cells in BM of MM patients were associated with 
tumor burden and prognostic indicators. A. PD-1 positive T cells in BM of 
all MM patients positively correlated with serum β2-MG concentrations in 
peripheral blood (n=56). B. PD-1 positive T cells in BM of relapsed/refrac-
tory MM patients positively correlated with serum β2-MG concentrations in 
peripheral blood (n=14). C. PD-1 positive T cells in relapsed/refractory MM 
patients positively correlated with myeloma cell numbers in BM (n=14).

Figure 3. PD-1 expressing T cells in IgG type MM patients correlated with 
tumor burden and prognostic indictors. PD-1 expressing T cells in newly diag-
nosed, relapsed/refractory IgG type MM patients positively correlated with 
myeloma cells in BM (n=25) (A) and serum β2-MG concentrations in periph-
eral blood (n=25) (B). (C) PD-1 expressing T cells in relapsed/refractory IgG 
type MM patients positively correlated with myeloma cells in BM (n=12). (D) 
PD-1 expressing T cells in relapsed/refractory IgG type MM patients positive-
ly correlated with serum β2-MG concentrations in peripheral blood (n=12).

psed/refractory IgG type MM 
patients were positively co- 
rrelated with myeloma cell  
counts in BM (Figure 3A) and 
serum β2-MG in peripheral 
blood (Figure 3B). Moreover, 
PD-1 positive T cells of re- 
lapsed/refractory IgG type 
MM patients were positively 
correlated with myeloma cell 
counts (Figure 3C) and serum 
β2-MG (Figure 3D). However, 
PD-1 positive T cells of newly 
diagnosed and relapsed/re- 
fractory non-IgG type MM pa- 
tients did not corelate with 
myeloma cell counts (P= 
0.7112, r=-0.1264) or β2-MG 
(P=0.4823, r=-0.2373).

Chemotherapy reduced PD-1 
expression in BM T cells from 
MM patients

In this study, 6 newly diag-
nosed MM patients were stud-
ied to compare PD-1 positive T 
cells in BM before and after 
chemotherapy or immunoc- 
hemotherapy. Five patients 
were treated with the BCD 
(bortezomib, cyclophosphami- 
de, and dexamethasone), and 
BTD (bortezomib, thalidomi- 
de and dexamethasone) regi-
mens and one was treated 
with a conventional regimen 
without bortezomib including 
VAD (vindesine, adriamycin 
and dexamethasone). After 
3-4 cycles of treatments, 3/6 
achieved a very good com-
plete remission and 3/6 com-
plete remission. As expected, 
percentages of PD-1 positive T 
cells in BM of MM patients 
after treatment were signifi-
cantly lower than that of 
before treatment (P=0.0434 
Figure 4), indicating that che-
motherapy may break tum- 
or tolerant BM microenviron-
ment through reducing PD-1 
positive T cells or PD-1 expres-
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Discussion

MM development/growth strongly depended 
on the MM microenvironment due to suppres-
sion of anti-MM immune effector responses 
[29]. Recent studies suggest that immune 
checkpoint PD-1/PD-L1 signaling is a key path-
way regulating the critical balance between 
immune activation and tolerance that allows for 
immune surveillance escape [6]. Blockade of 
PD-1/PD-L1 signaling with anti-PD1 monoclo-
nal antibodies reduced solid tumors and offers 
a novel immunotherapeutic strategy [11, 12]. 
Several recent studies of hematologic malig-
nancies confirmed increased expression of 
PD-1 and PD-L1 in lymphomas, chronic lympho-
cytic leukemia, and MM [13, 30, 31]. However, 
PD-1 expression in T cells in BM of MM and MM 
subgroups and their relationship with tumor 
mass, prognostic factors, clinical stage, type 
and treatment response is unclear.

Reports suggest that PD-1 is found on a propor-
tion of T cells of MM patients [32] and PD-L1 
expression is greater in a myeloma cell line and 
in primary myeloma tumor cells from MM 
patients [33, 34]. PD-1 expression is induced in 
activated T cells in the BM microenvironment 
and activates phosphatases [35]. PD-1 engage-

ment upregulates expression of basic leucine 
ATF-like transcription factor (BATF), which 
impairs T-cell proliferation and cytokine secre-
tion [36]. Therefore, upregulation of PD-1 and 
engagement with its ligands can severely inhib-
it T cell function. Direct interaction between 
PD-1 in T cells and PD-L1 in myeloma cells 
delivers an inhibitory signal and induces resis-
tance to anti-myeloma chemotherapy and dis-
ease progression [15, 37].

We investigated PD-1 expression in T cells in 
BM of patients with newly diagnosed, relapsed/
refractory, and partial/complete remission MM 
and as well as controls and identified correla-
tions with variables of tumor mass. PD-1 posi-
tive T cells of relapsed/refractory MM patients 
were significantly higher than those of newly 
diagnosed, partial/complete remission, and 
control patients. PD-1 positive T cells of high-
risk patients with all types of MM were signifi-
cantly higher compared to that of low-risk MM 
patients. PD-1 positive T cells in advanced MM 
and MM subgroups were positively correlated 
with myeloma cell counts, serum β2-MG and 
clinical MM stage. This study indicates that the 
PD-1 positive T cells in advanced MM patients 
are positively associated with tumor mass and 
PD-1 plays an important role in the regulation 
of tumor escape from immune surveillance due 
to suppression of anti-MM immune effector 
responses. Enhancing anti-MM immune res- 
ponse by targeting checkpoint molecules may 
therefore improve outcome in advanced and 
subgroup MM patients. Application of anti-PD-1 
antibody together with pomalidomide has sh- 
own treatment effects for refractory/relapsed 
MM [16, 17].

We observed that the percentages of PD-1 pos-
itive T cells in BM of newly diagnosed, relapsed/
refractory IgG and relapsed/refractory IgG MM 
patients were positively correlated with myelo-
ma cell counts and serum β2-MG, but PD-1 
positive T cells of those with newly diagnosed, 
relapsed/refractory non-IgG type MM, and 
relapsed/refractory non-IgG MM did not corre-
late with myeloma cell counts or serum β2-MG. 
Thus, advanced and subgroup IgG type MM 
had more PD-1 positive T cells correlated with 
tumor mass, and the PD-1/PD-L1 pathway pro-
moted tumor progression indirectly in IgG type 
but not non-IgG MM patients, so other mecha-
nisms may explain MM development/growth. In 
addition to PD-1, other T-cell co-stimulatory or 

Figure 4. Treatment reduced PD-1 positive T cells in 
BM of MM patients. 6 of 22 newly diagnosed MM 
patients were studied to compare PD-1 expression 
on T cell in BM before and after chemotherapy or 
immuno-chemotherapy. Five patients were treated 
with BCD (bortezomib, cyclophosphamide and dexa-
methasone), BTD (bortezomib, thalidomide and 
dexamethasone) regimens and one was treated with 
VAD (vindesine, adriamycin and dexamethasone) 
without bortezomib for 3-4 cycles. As expected, the 
percentages of PD-1 positive T cells in BM of MM pa-
tients after treatment were significantly lower than 
that of before treatment. Data are means ± SEm 
(*P<0.05).
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co-inhibitory molecules, such as CD40, OX40 
(CD134), T cell immunoglobulin mucin-3 (TIM-
3), and cytotoxic T lymphocyte associated anti-
gen-4 (CTLA-4) are being explored as potential 
targets for an antibody-mediated tumor immu-
notherapy and blockade of PD-1. Also, CTLA-4 
is associated with increased proliferation of 
antigen-specific effector CD8+, CD4+ T cells, 
antigen-specific cytokine release, and upregu-
lation of key signaling molecules for T cell func-
tion [36, 37]. Furthermore, anti-PD-1 antibody, 
Nivolumab did not produce a response in MM 
[40]; PD-1 expression is downregulated in clon-
al BM cytotoxic T cells compared with non-clon-
al T cells in MM patients which may explain T 
cells activity as PD-1/PD-L1 do not interact in 
MM cells [41].

PD-1 positive T cells in relapsed/refractory and 
high-risk MM patients were significantly higher 
than that of other subgroups and low-risk MM 
patients and PD-1 positive T cells in BM of MM 
patients were associated with tumor mass, 
prognostic indicators, and clinical stage. Likely, 
PD-1 weakened T-cell mediated antitumor 
responses, upregulated Janus kinase (JAK)/sig-
nal transducer and activated transcription-3 
(STAT3) and phosphatidylinositol 3-kinase 
(PI3K/AKT) pathways during refractory and 
relapsed MM [42] and overexpressed PD-L1 on 
MM cells [15]. PD-1/PD-L1 interactions have 
been shown to mediate tumor escape from 
immune control in several animal models [32, 
43]. CT-011, an anti PD-1 antibody, enhances 
NK-cell activity against autologous primary MM 
cells, and lenalidomide downregulates PD-L1 in 
MM cells and augments CT-011-mediated 
enhancement of NK cell activity against MM 
[31]. PD-1 in T cells and PD-L1 in MM cells sur-
rounding tumors contribute to relapsed/refrac-
tory and drug resistance mechanisms so 
immune-based therapeutic strategies that tar-
get checkpoint signaling with PD-1 or PD-L1 
blocking antibodies may inhibit tumor cell 
growth and restore host immune function in 
MM [44].

PD-1 expression is reported to be upregulated 
in T cells isolated from patients with MM, and 
after autologous transplantation, expression of 
PD-1 on T cells returned to normal controls 
[17]. We found that 6/22 newly diagnosed MM 
patients accepted conventional therapy and 

bortezomib based regimens, and after 3-4 
cycles of treatment, myeloma cell counts and 
serum β2-MG were significantly decreased. 
Meanwhile, PD-1 positive T cells were reduced. 
Thus, proteasome inhibitors and conventional 
treatment not only reduced tumor mass of MM 
patients but also reduced PD-1 positive T cells, 
indicating an important role of the PD-1 path-
way in mediating the immunosuppressive state 
of MM patients and treatment response. MM 
strategies aimed to increase immune functions 
may have important therapeutic implications 
for MM. Several clinical trials with anti-PD-1 
antibodies as a single therapy or combined wi- 
th novel agents in patients with refractory/ 
relapsed plasma cell myeloma showed res- 
ponses [16, 17].

Although our findings show that PD-1 positive T 
cells in BM of advanced MM patients are posi-
tively associated with tumor mass and prog-
nostic indicators, additional studies could pro-
vide stronger evidence. Our conclusions are 
limited due to the insufficient numbers of newly 
diagnosed patients before and after treatment 
in this study and the lack of cytogenetic and 
molecular abnormality analyses for most 
patients. Future studies should be conducted 
in a larger sample of MM patients to verify 
expression of PD-1 on T cells or T cell subsets 
and expression of PD-L1 in myeloma cells [45].

In conclusion, our novel findings show that PD-1 
positive T cells in BM from relapsed/refractory 
patients were significantly higher than those in 
the newly diagnosed MM, and controls, and 
were positively associated with parameters of 
tumor mass and prognosis which highlight that 
PD-1 expressing T cells in BM may be applied 
as an independent biomarker to reflect progno-
sis. This notion needs to be further confirmed 
in a large-scale cohort study before a solid con-
clusion can be made.
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