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ABSTRACT

Background: Multiple myeloma (MM) is a malignant plasma cell proliferative disorder
with limited immunotherapy treatment because of T cell dysfunction. Objective: To
investigate the immunomodulatory function of bone marrow mesenchymal stromal cells
(MM-BMSCs) on CDS" T cells. Methods: Proliferation and cytotoxicity were detected
by cell counting kit-8 assay. Cell cycle was detected by flow cytometry, and pl6
expression was detected by PCR. The expression of fibroblast activation protein o
(FAPa) was evaluated by immunohistochemistry. Results: Co-culture of CD8" T cells
with MM-BMSCs decreased the cell survival rate and increased the killing rate (p=0.03,
p=0.001, respectively), the percentage of cells in GO/G1 phase and pl6 expression
(p<0.001). FAPa was mainly in the mesenchymal matrix of the MM microenvironment
and elevated in MM derived bone marrow compared to healthy donors (p<0.001). The
FAPa inhibitor PT-100, increased survival and the killing rate (p<0.001, p=0.043,
respectively), and decreased the percentage of cells in GO/G1 phase and p16 expression
(p=0.024, p=0.004, respectively). Conclusion: Therefore, MM-BMSCs inhibit the
proliferation and cytotoxicity of CD8" T cells, significantly block the cell cycle and
increase pl6 expression in co-cultured CD8" T cells in a cell-cell contact-dependent
manner.

Received: 2019-07-29, Revised: 2019-11-27, Accepted: 2019-11-28.
Citation: Wang Y, Wu X, Hu Y. Multiple Myeloma Bone Marrow Mesenchymal Stromal Cells Inhibit CD8" T Cell Function in a Process
that May Involve Fibroblast Activation Protein a. Iran J Immunol. 2019; 16(4):278-290. doi: 10.22034/iji.2019.80279.

Keywords: Bone Marrow Mesenchymal Stromal Cells, CD8"* T Cell Anergy, Fibroblast
Activation Protein a, Multiple Myeloma

*Corresponding author: Dr. Hu Yu, Department of Hematology, Institute of Hematology, Union Hospital, Tongji Medical
College, Huazhong University of Science and Technology, Wuhan, Hubei, China, e-mail: dr_huyu@126.com
"These authors contributed equally to this work.

Iran.J.Immunol. VOL.16 NO.4 December 2019 278



MM-BMSCs inhibit CD8+ T cells

INTRODUCTION

Multiple myeloma (MM) is a clonal B-cell malignancy that accounts for around 10% of
hematologic malignancies (1). Until recently MM was characterized by increased blood
calcium level, renal failure, anemia, and bone lesions (CRAB). MM diagnosis is
assisted by three biomarkers: abnormal serum-free light chains; 60% or higher plasma
cell infiltration of the bone marrow; and two or more focal lesions in the bone or bone
marrow (2). With novel drugs and immunotherapy, the 5-y survival rate of MM
increased to more than 40% (3). However, the long-term therapeutic benefit of
immunotherapy is threatened by impaired T cell function in MM (4). The tumor
microenvironment plays an important role in growth and progression of malignancies.
Thus, interaction of MM cells, immune cells, endothelial cells, fibroblasts and other
cells contributes to carcinogenesis (5). As a component of the tumor microenvironment,
cancer-associated fibroblasts (CAFs) recruit more tumor suppressive cells into the
tumor rather than cytotoxic T cells and show an immunosuppressive effect by
increasing Th2, Th17 and Tregs (6-8). According to current knowledge, bone marrow
mesenchymal stromal cells (BMSCs) are one origin of CAFs (9). MM-BMSCs show an
impaired immunomodulatory function with attenuated proliferation-inhibiting and
apoptosis-promoting effects when co-cultured with CD4" T cells (10). Cell-contact
dependent and independent mechanisms are involved in T-cell proliferation inhibition
of BMSCs by programmed death-ligand 1 (PD-L1), interleukin-10 (IL-10),
transforming growth factor-beta (TGF-f) and prostaglandin E2 (PGE2) (10-12).
BMSCs can inhibit the proliferation of both CD4" and CD8" activated T cells (13). Our
team have already confirmed that MM-BMSCs mainly induce CD4" T-cell senescence
and Th17 differentiation through the PI3K/AKT signaling pathway (14), resulting in
MM escaping the immune response. However, few studies have investigated the other
immunomodulatory functions of MM-BMSCs on CD8" T cells. The accumulation of
senescent T-cells mediated by p16 in certain types of cancers might be utilized by the
tumor cells to escape immune surveillance (15-17). A large fraction of naive CD8" T
cells express high levels of pl6 which is responsible for the exit of a significant
proportion of CD8" T cells from the proliferative population, thus limiting their
numerical expansion in vitro (18). Several studies found p16 levels could be used to
identify HIV+ patients with premature immune aging (17,19). We have investigated
differences in senescence marker hTERT and B-gal between healthy donor (HD)- and
MM-BMSCs co-cultured CD4" T cells, MM-BMSCs showed significant senescence
induction (14). However, the characteristic of CD8" T cell senescence in MM has not
yet been elucidated. Fibroblast activation protein a (FAPa) is a serine protease with
gelatinase activity and type 1 collagenase activity, which is a vital type II
transmembrane protein expressed in more than 90% epithelial tumor stromal cells (20).
Elevated FAPa is associated with tumor re-growth, recurrence, and poor clinical
outcome in endothelial malignancies (21,22). In multiple myeloma, FAPa facilitates
MM cell proliferation and drug resistance through the B-catenin pathway and is
involved in tumor immunosuppression (23,24). We have demonstrated that MM-
BMSCs in a tumor microenvironment express high levels of FAPa and have confirmed
immunosuppression on CD4" T cells (14). But it is still not known whether FAPa can
exert the same immunosuppression effect on CD8" T cells. We hypothesized that FAPa
can cause immunosuppression of CD8" T cells. Therefore, in this study, we investigated
the immunomodulatory functions of MM-BMSCs on CDS8" T cells, including
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proliferation, cell cycle, cytotoxicity ability, and identify the expression of FAPa in MM
biopsy specimen.

MATERIALS AND METHODS

Bone Marrow (BM) Samples. BM samples were obtained from 5 untreated MM
patients and 5 age-matched healthy donors in the Wuhan Union Hospital, China. The
clinical information of the MM patients is summarized in Table 1. Informed consent
was obtained according to procedures approved by the Ethics Committee of Wuhan
Union Hospital.

Table 1. Characteristics of the myeloma patients.

Patient Sex Age Clinical stage Para protein Karyotype Bone lesion
1 M 71 11IB IgG-LAM N YES
2 M 54 1A IgG-KAP N YES
3 F 62 IITA IgA-LAM 46, XX, 1g+, del(13)(q14)[6] NO
4 M 53 1A IgD-LAM N NO
5 F 45 1A IgA-KAP N YES

M, male; F, female; N, normal. The clinical stage of the patients was evaluated according to Durie/Salmon scale.

Isolation and Culture of MSCs. Mononuclear cells were separated from bone marrow
samples obtained from 5 MM patients and 5 healthy donors, respectively, by Ficoll-
Paque (TBD, Tianjin, China) gradient centrifugation. BMSCs were cultured in human
MSC serum-free medium containing 5% MSC-stimulatory supplements (Premedics,
Beijing, China) at 37°C under 5% CO;. The culture medium was replaced every 3—4
days, MSCs were detached using 0.125% trypsin-0.01% EDTA and passaged at 1:3.
Passage 3 MSCs were harvested and utilized for the experiments (supplementary Figure
1).

Isolation, Activation, and Co-culture of CD8" T-cells. Human peripheral blood cells
from healthy donors were obtained from the Wuhan blood donation center, and their use
was approved by the Ethics Committee of Wuhan Union Hospital. Mononuclear cells
were separated by Ficoll-Paque gradient centrifugation. A CD8" microbeads kit (Stem
Cell, Vancouver, Canada) was used to separate naive CD8" T cells. The 90.6% purity
was detected by flow cytometry (supplementary figure 2). For cell-cell culture group
experiments 12-well plates were coated with 1 ul/mL anti-CD3 functional antibody
(BD) at 4°C overnight for CD8" T cells stimulation. Passage 3—5 BMSCs were detached
and suspended in 2 x 10°/mL in 12-well plates. 1 x 10° CD8" T-cells, with or without
stimulation, were co-cultured with BMSCs in the 12-well plates. For the transwell
group experiments the same procedure was carried out in 0.4 pm 12-well transwell
plates (Corning, USA), CD8" T cells were cultured at the bottom of the transwell plates.
The co-culture medium consisted of RPMI 1640 supplemented with 10% FBS and 50
ug/mL IL-2 (Peprotech, Rocky Hill, USA).

Proliferation Assay. CD8" T cells co-cultured with or without BMSCs were harvested
at day 6 by centrifugation at 1000rpm and resuspended in 1 mL 1640 medium. Inactive
CDS8" T cells were used as a control. A 100 uL. CD8" T cell suspension was added into
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every well in 96-well plates. The activity was evaluated by a CCK-8 Cell Counting Kit
(Dojindo, Japan), according to the manufacturer’s instruction.

SA-B-gal Staining. 1 x 10° CD8" T cells co-cultured with or without BMSCs were
harvested into tubes on day 3 and fixed with formaldehyde solution. Staining solution
was prepared according to the manufacturer’s instruction (Lifetech, USA) and added at
0.5 mL for 1 x 10° CD8" T cells. After incubation at 37°C overnight, the T cells were
observed under an Olympus BX51 microscope, the blue dyed cells were considered
senescent.

T-cell Cycle Analysis. CD8" T cells co-cultured with or without BMSCs were
harvested at day 6 by centrifugation at 1000 rpm and resuspended in 70% cold ethanol
at 4°C for 30 minutes, washed with PBS for twice, followed by treatment with 400
pg/mL RNAse A for 20 minutes at 37°C, and stained with 3 pg/mL PI at room
temperature for 20 minutes. All stained cells were assessed by a fluorescence-activated
cell sorting (FACS) Calibur flow cytometer (BD) and the data was analyzed by FlowJo
Version 7.6.1 (TreeStar).

Quantitative Real-time PCR Analysis. CDS" T cells were harvested and resuspended
at a density of 1 x 10° cells/mL in 6-well plates. Total RNA extracted from the cells in
TRIzol was used to synthesize c¢cDNA by M-MLV Reverse Transcriptase
(GeneCopoeia). The cDNA was amplified with the primers listed in Table 2, using 3-
actin as an endogenous control. The qRT-PCR program for pl6 and B-actin was as
follows: initial denaturation at 50°C for 2 min and 95°C for 4 min, followed by 40
cycles of 90°C for 30s and 60°C for 30s. The specificity of the primers was verified by
the melting curve. The 27**“" method was used to estimate the relative quantification of
pl6in CD8" T cells.

Table 2. Primers used in the reverse transcriptase-PCR.

Gene Sequence
1 sense 5°- GCT TCC TGG ACA CGC TGGTGG T -3’
P antisense 5’- GGC ATC TAT GCG GGC ATG GTT A -3’
sense 5’- AGC GAG CAT CCC CCA AAGTT -3’
anti-sense 5’- GGG CAC GAA GGC TCA TCA TT -3’

B-actin

Western Blot. CD8" T cells were lysed with RIPA buffer on ice, and the protein was
quantified with a BCA protein assay kit (Tiangen Biotech Co, China), according to the
manufacturer’s instructions. The total protein extract was separated by 8% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to
polyvinylidene fluoride (PVDF) membranes. The membranes were blocked with 5%
skim milk, incubated with 1:300 rabbit anti-human p16 polyclonal antibody (Santa cruz)
overnight at 4°C, washed in Tris-buffered saline Tween-20 buffer (TBST), followed by
incubation with HRP-conjugated goat anti-rabbit IgG (MR Biotech, China) for 1 h at
room temperature. The immunoreactive protein bands were visualized by
chemiluminescence (Tiangen Biotech).

Immunohistochemical Analysis. We used sections of two-micrometer thickness from
formalin-fixed paraffin-embedded bone marrow biopsies obtained from MM patients
and healthy donors. Antigen recovery was performed by immersing the sections in citric
acid buffer (pH=6.0) and heating in a microwave at moderate power for 10-15 minutes.
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After cooling in cold water, the slides were washed three times by PBS (pH=7.4).
Immersing the slides in 3% hydrogen peroxide solution for 15 minutes at room
temperature, then the slides were washed by PBS twice. Then the slides were incubated
at 4°C overnight with anti-FAPa polyclonal antibody (Abcam, Hong Kong, China 1:50
dilution). After returning to room temperature, the slides were washed twice and treated
with two drops of polymer helper for 30 minutes at 37°C. Then the slides were washed
with PBS and incubated with biotinylated anti-goat immunoglobin (Santa Cruz, 1:200
dilution). The slides were washed with PBS and reacted with 3,3
diaminobenzidinetetrahydrochloride hydrogen peroxide (DAB). Then the slides were
counterstained with Harris hematoxylin for 30 seconds. After being washed with PBS,
the slides were treated with 1% hydrochloric acid. The slides were washed again in
running water, dehydrated and covered with coverslips. The images were captured
under Olympus BX51 microscope and analyzed by image pro-plus 6.0.

CTL Assay. The U266 cells were kindly provided by Dr Hu (Department of
Hematology, Union Hospital Tongji Medical College Huazhong University of Science
and Technology, China). 5 x 10°/mL U266 cells were frozen at -80°C and recovered at
room temperature for 3-5 cycles to obtain U266 antigen suspension. CD34" cells were
separated from mononuclear cells described above using CD34 microbeads kit (Stem
Cell, Vancouver, Canada) for dendritic cell induction, as dendritic cells were served as
antigen presenting cells. CD34" cells were resuspended at 2 x 10°/mL in 6-well plates,
the medium was RPMI 1640 supplemented with 10% FBS, 1000 U/mL GM-CSF
(Peprotech, Rocky Hill, USA) and 1000 U/mL IL-4 (Peprotech, Rocky Hill, USA). Half
the medium was replaced every 3 days and on day 7, 100 uL. U266 antigen suspension
was added into the medium. After stimulation with U266 antigen for 24 hours, the
adherent cells were harvested and resuspended at 2 x 10°/mL in 6-well plates with 2 x
10%/mL activated CD8" T cells for 2 days. 1 x 10° CD8" T cells were co-cultured with 2
x 10° BMSCs from MM patients or healthy donors respectively for 3 days, another 1 x
10° CD8" T cells were considered as control. The U266 cells and CD8" T cells were
suspended in RPMI1640 medium at 1 x 10°/mL and 1 x 10%/mL respectively. 100 uL
U266 cell suspension and 100 uL. CD8" T cell suspension were added to 96-well plates,
those were incubated at 37°C for 4 hours. The activity was detected with a CCK-8 kit
according to the manufacturer’s instruction. The CTL killing rate= [1-(ET-E)/T]
x100%. E represented the OD value of effector cells, T represented the OD value of
target cells.

FAPao Inhibitor. We used PT-100 (Huigiao, Shanghai, China) to interfere with the
function of FAPa. PT-100 competitively inhibits the dipeptidyl peptidase (DPP) activity
of FAP and CD26/DPP-1V, and a high-affinity interaction is observed with the catalytic
site due to the formation of a complex between Ser630/624 and the boron of PT-100.
Molecular weight of PT-100 is 310.18 g/mol. We dissolved 31 ug PT-100 in 1 ml PBS,
making 1 pmol/mL solution. According to cytotoxicity test of PT-100 in CD8" T cells
and BMSCs before (14), I pmol/ml and 0.1 pmol/ml PT-100 were acceptable. One
microliter from 1 pmol/ml and 0.1 pmol/ml PT-100 solution were added in co-cultured
medium, making the final concentration | pmol/ml and 0.1 pmol/ml.

Statistical Analysis. The Immunohistochemical images were analyzed by image-pro
plus 6.0. Statistical analysis was performed with the statistical SPSS v.13.0 software
(SPSS Inc., USA). The paired-sample t-test was used to test the probability of
significant differences between samples. The results were expressed as the mean + SD
(standard deviation). Statistical significance was defined as p<0.05.
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RESULTS

BMSCs affected CD8" T cell proliferation in a cell-cell dependent manner.

The influence of BMSCs on the growth of CD8" T-cells was investigated by co-culture
of the two cell types in direct contact culture and through transwell culture. The results
showed that both HD- and MM-BMSCs inhibited CD8" T-cell proliferation
significantly (Figure 1A, p=0.024, p=0.03, respectively) in direct co-culture. However,
there was no obvious differences between BMSCs co-cultured CD8" T cells and
activated T cells in the transwell group (Figure 1B, p>0.05), suggesting that BMSCs
affect CD8" T cell proliferation in a cell-cell dependent manner. In addition, MM-
BMSCs did not show an impaired inhibitory effect on CD8" T cell proliferation (Figure
1A).

MM-BMSCs promoted CD8" T cell senescence.

As senescent cells are characterized by senescence-associated beta-galactosidase (SA-B-
gal) expression, we used SA-f3-gal kit to label senescent T cells. We observed increased
blue dyed cells in MM-BMSCs groups (Figure 1C, p=0.007, p=0.004, respectively).
Senescent T cells were increased by more than 10% in the MM-BMSCs co-culture
group, compared with the HD-BMSCs group (Figure 1C, 49.3 + 12.3, 34.9 + 5.5%,
p=0.04), suggesting MM-BMSCs induced CD8" T cells senescence.

MM-BMSCs induced CD8" T cell cycle arrest and p16 expression.

The cell cycle was investigated by flow cytometry. The results showed that both HD-
and MM-BMSCs induced CD8" T cell cycle arrest, because the percentage of T cells in
GO0/G1 phase was increased with HD- and MM-BMSCs (Figure 1D, p<0.001). The
MM-BMSCs increased the GO/G1 phase T cells more than HD-BMSCs (Figure 1D,
p=0.005). PCR was used to investigate the level of mRNA of the tumor suppressor gene
pl6. A noticeable increase of pl6 mRNA expression was observed in HD- and MM-
BMSCs co-cultured CD8" T cells (Figure 1E, p<0.001). Consecutively, the expression
of pl6 was apparently higher in MM-BMSC co-cultured T cells (Figure 1E, p=0.002).
Investigation at protein level by western blot showed that HD- and MM-BMSCs both
increased p16 expression in CD8" T cells (Figure 1F, p<0.001), similarly MM-BMSCs
promoted higher levels of p16 in CD8" T cells compared to HD-BMSCs (Figure IF,
p=0.003).

MM-BMSCs impaired tumor specific cytotoxicity of CD8" T cells.

Cytotoxicity of CD8" T cells towards U266 antigen activated CD34" cells was analyzed
by CTL assay. We found the tumor specific cytotoxicity was reduced by HD- and MM-
BMSCs (Figure 1G, p<0.001, p=0.001, respectively). In addition, HD-BMSCs
decreased the killing rate of CD8" T cells dramatically compared to MM-BMSCs
(Figure 1G, p=0.032). Apparently, the inhibitory effect on CTL was impaired in MM-
BMSCs.

FAPa was expressed in bone marrow mesenchymal matrix.

We have previously documented that MM-BMSCs stimulated by MM
microenvironment expressed high levels of FAPa (14), however, the specific origin of
FAPa in bone marrow remains to be elucidated. So, we explored the location of FAPa
expression in biopsy specimens. As shown in Figure 2A, we identified FAPa expression
in the bone marrow mesenchymal matrix from the positively stained yellow area. We
used Image-pro plus 6.0 software to estimate the percentage of stained area, represented
as OD/area. The OD/area value was higher in MM bone marrow in contrast with bone
marrow from healthy donors (Figure 2B, p<0.001).
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Figure 1. The role of BMSCs on CD8" T cells. (A) Percentage of proliferative CD8+ T cell in
the co-cultured cell-cell groups with HD- or MM-BMSCs (5:1) tested by CCK-8 kit compared to a
100% T-cell proliferation without BMSCs (n=5). (B) Percentage of proliferative CD8+ T cell in
the in transwell groups. (C) Percentage of senescent CD8" T cells co-cultured with or without
HD-/MM-BMSCs stained with SA-Bgal kit (n=5). (D) Percentage of CD8" T cells in GO/G1 phase
co-cultured with or without HD-/MM-BMSCs analyzed by FCM (n=5). (E) Relative expression of
p16 mRNA in CD8" T cells co-cultured with or without HD-/MM-BMSCs. All cells were analyzed
by PCR (n=5). (F). Relative expression of p16 protein in CD8" T cells co-cultured with or without
HD-/MM-BMSCs analyzed by western blot. (G). Tumor specific cytotoxicity of CTL co-cultured
with or without HD-/MM-BMSCs (n=5). The killing activity was detected by cck-8 kit. *p<0.05,
**p< 0.01, ***p<0.001.
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Inhibiting FAPa rescued the proliferation of CD8" T cells.

As FAPa is involved in immunosuppression of CD4" T cells (14), we further
investigated the role of FAPo in CD8" T cell immune modulation. 1 pmol/mL and 0.1
pmol/mL PT-100 stimulated the proliferation of CD8" T cells co-cultured with MM-
BMSCs (Figure 3A, p<0.001, p=0.005, respectively). PT-100 showed a similar effect in
the HD-BMSCs group (Figure 3A, p=0.003, p=0.001, respectively).
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Figure 2. The expression of FAPa in bone marrow. (A) The expression of FAPa in bone
marrow mesenchymal matrix was detected by immunohistochemical staining. (B) Quantitative
expression of FAPa analyzed by Image-pro plus 6.0, represented in OD/area (n=4). ***p<0.001.

Inhibiting FAPa rescued senescent CD8™ T cells.

To investigate whether the action of BMSCs on CD8" T cells was related to FAPa
expression we investigated the effect of the FAPa inhibitor PT-100. PT-100 weakened
MM-BMSCs ability to induce senescence in CD8" T cells. A significant effect was seen
on senescent T cells was observed when MM-BMSCs were treated with 1 pmol/mL and
0.1 pmol/mL PT-100 (Figure 3B, 26.5 + 6.3%, 36.0 = 8.9%, p<0.001, p=0.02,
respectively). However, PT-100 did not affect the senescent rate in the HD-BMSCs co-
culture group (Figure 3B, p>0.05).

Inhibiting FAPa reversed the abnormal G0/G1 phase CD8" T cell and pl6
expression.

We then investigated the role of FAPa in cell cycle arrest using PT-100. The number of
CDS8" T cells arrested in GO/G1 phase were decreased to 29.4 + 17.95% when MM-
BMSCs were treated with 1 pmol/mL and 0.1 pmol/mL PT-100 (Figure 3C, p=0.002,
p=0.004, respectively). In addition, 1 pmol/mL and 0.1 pmol/mL PT-100 also reduced
pl6 mRNA expression dramatically (Figure 3D, p<0.001). At protein level, 1 pmol/mL
PT-100 down-regulated the pl6 expression in MM-BMSCs co-cultured CD8" T cells
from 0.66 + 0.03 to 0.43 £+ 0.04 (Figure 3E, p=0.009), we observed a similar change in
HD-BMSCs co-cultured CD8" T cells (Figure 3E, p<0.01).
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Figure 3. BMSCs exert immunosuppression through FAPa. (A) Percentage of proliferative
CD8" T cell co-cultured with HD- or MM-BMSCs (5:1), which were treated with the FAPa
inhibitor PT-100 or not. All cells were tested with aCCK-8 kit (n=5). (B) Percentage of senescent
CD8" T cells (n=5). (C) Percentage of CD8" T cells in GO/G1 phase analyzed by FCM (n=5). (D)
Relative expression of p16 mRNA in CD8" T cells analyzed by PCR (n=5). (E) Relative
expression of p16 protein in CD8+ T cells analyzed by western blot. (F) Tumor specific
cytotoxicity of CTL detected with aCCK-8 kit (n=5). *p<0.05, **p<0.01, ***p<0.001.

As senescent T cells are characterized by cell cycle arrest and p16 increase, we inferred
that FAPa expressed by MM-BMSCs was associated with CD8" T cell senescence.
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Inhibiting FAPa activated tumor specific cytotoxicity.

We then investigated the role of FAPa on tumor specific cytotoxicity. 1 pmol/mL PT-
100 significantly promoted MM-BMSC impaired cytotoxicity (Figure 3F, p=0.043)
from 33.32 + 2.58% to 79.01 + 18.14%, and we observed similar differences in HD-
BMSC co-cultured CD8" T cells (Figure 3F, p<0.001). The immunosuppression effect
of MM-BMSCS is different from HD-BMSCs, MM-BMSCs showed significant CD8"
T cell senescence induction, and this negative effect was mediated by FAPa.

DISCUSSION

Our study focused on the immunomodulatory functions of MM-BMSCs on CD8" T cell
proliferation, senescence, and cytotoxicity. We also identified FAPa was mainly
expressed in the mesenchymal matrix in MM biopsy specimens. In addition, we
demonstrated that immunosuppression might involve FAPa in a cell-cell dependent
manner, indicating that inhibiting FAPa is a potential candidate for future therapeutic
applications. Mesenchymal stem cells (MSCs) have been suggested to affect T-cell
proliferation through both cell contact-dependent and independent mechanisms (25).
Our results suggest that in this case MM-BMSCs exert immunosuppression in a cell-cell
dependent manner, as no notable differences of proliferative rate was observed during
transwell co-culture. This study did not investigate the details of the cell-cell dependent
mechanism, but previous studies suggest complex cytoskeletal structures may be
involved. Tunneling nanotubes (TNTs), a novel mode of cell communication, are trans-
membrane constructions that facilitate the transport of several types of cargo, including
organelles, pathogens, calcium fluxes, death signals, and membrane-bound proteins (26-
29). TNTs have been found between adjacent BMSCs and H9c2 cells and rescued
apoptotic H9¢2 cells (30). We suggest that formation of these cytoskeletal structures
between MM-BMSCs and CD8" T cells, is a possible mediator of MM-BMSCs
immunosuppression. Previous study has documented that HD-BMSCs are capable of
inhibiting proliferation, promoting apoptosis, arresting the cell cycle and preventing
activation of T cells; however, these immunosuppression functions are dysfunctional in
MM-BMSCs (10). While the CCK-8 assay suggested that the inhibitory function of
BMSCs was independent of their source, we also found notably that CD8" T cell
senescence, cycle arrest and increased pl16 expression occurred with MM-BMSC co-
culture, suggesting that MM-BMSCs exert an immunosuppression effect by promoting
T cell senescence. Accumulation of senescent T-cells has been found in patients with
chronic viral infections and with particular types of cancers, suggesting that different
types of human cancer cells and Treg cells can induce T-cell senescence (15,16,31).
Cell cycle controlling proteins such as p16 normally inhibit cell cycle progression and
have been shown to accumulate in senescent cells with defective cytotoxicity and
negative regulatory functions (32,33). MM-BMSCs mainly up-regulated p16 expression
and induced CD8" T cell cycle arrest, resulting in T cell exhaustion, on the other hand,
HD-BMSCs mainly increased apoptosis (10), thus we observed that HD-BMSCs
inhibited cytotoxicity dramatically compared to MM-BMSCs. FAPa expressing cells,
mostly cancer associated fibroblasts, in tumor microenvironments have been shown to
produce TGF-f, IL-10, IL-4 and platelet derived growth factor (PDGF) which are
associated with immunosuppressive T cell production (34). Tumor growth can be
controlled by depleting FAP" cells in an adaptive immunity-dependent manner, so this
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suggests that FAPa is responsible for CD8" T-cell anergy, where the lymphocyte is
functionally inactivated following an antigen encounter. When treated with the FAPa
inhibitor, PT-100, CD8" T cells showed restored proliferation and tumor specific
cytotoxicity, and only rescued the senescent CD8" T cells stimulated by MM-BMSCs.
FAPa expressed by MM-BMSCs mediated protection of bortezomib-induced MM cell
lines apoptosis and this protection effect may likely through B-catenin pathway (23). T-
cell factor (TCF-1) is the effector transcription factor of the WNT signaling pathway. It
has been confirmed that Wnt/B-catenin signaling and TCF-1 are highly activated and
expressed in undifferentiated CD8" T and memory CD8" T cells and that TCF-1 is
down-regulated when naive CD8" T cells differentiate into effector CD8" T cells (35).
In addition, Wnt/B-catenin signaling diminishes priming and infiltrating of CTL (36).
Tumor microenvironment of metastatic melanoma and other cancer types prefer to
activate Wnt/B-catenin signaling, which is associated with exhaustion of T cells (37).
FAPa in MM microenvironment might markedly activate Wnt/B-catenin signaling,
leading to the loss of effector CDS8" T cells and accumulation of senescent CD8" T cells.
This theory would be the possible way to explain how PT-100 only down-regulated
senescent CD8" T cells co-cultured with MM-BMSCs. The mechanisms are needed to
be further illuminated. Taken together, the results of this study suggest that MM-
BMSCs exert their immunosuppressive effect, through the induction of senescence, on
CD8" T cells. This effect may be associated with FAPa expressed by BMSCs, providing
a potential target for more successful MM immunotherapy.
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