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Mesenchymal stem cells from bone marrow regulate
invasion and drug resistance of multiple myeloma cells by
secreting chemokine CXCL13

Guihua Zhang'¥, Faan Miao*, Jinge Xu', Rui Wang>*

ABSTRACT

Multiple myeloma (MM) is a hematologic cancer arising from plasma cells. Mesenchymal stem cells (MSCs) are a heterogeneous cell population
in the bone marrow microenvironment. In this study, we evaluated the regulatory effects of MSCs on the invasion and drug resistance of MM
cells U266 and LP-1. Bone marrow samples from MM patients and healthy subjects were collected. MSCs were extracted from bone marrow
and cultured, and their phenotypes were identified by flow cytometry. The level of CXCL13 in the supernatant of cultured MSCs was detected
by ELISA. The protein expression of CXCRs (a specific receptor of CXCL13) in U266 and LP-1 cells was detected by Western blot. The eftects
of MSCs on the invasion of U266 and LP-1 cells and the resistance to bortezomib were assessed by Transwell and CCK-8 assay, respectively.
The mRNA and protein expressions of BTK, NF-kB, BCL-2, and MDR-1 were detected by RT-PCR and Western blot, respectively. CXCLi3
was secreted by MSCs in the bone marrow microenvironment, and the level in MSCs from MM patients was significantly higher than that of
healthy subjects. CXCRg was expressed in both U266 and LP-1 cells. The resistance of MM cells to bortezomib was enhanced by MSCs through
CXCL13 secretion. The invasion and proliferation of U266 and LP-1 cells were promoted, and the mRNA and protein expressions of BTK,
NF-kB, BCL-2, and MDR-1 were upregulated by MSCs. The basic biological functions of MM cells U266 and LP-1 were affected by MSCs via
the CXCLi3-mediated signaling pathway. This study provides valuable experimental evidence for clinical MM therapy.

KEYWORDS: Mesenchymal stem cell; multiple myeloma; invasion; proliferation; CXCL13; CXCRs; MSC; U266; LP-1; chemokine; bortezomib

INTRODUCTION

Multiple myeloma (MM) is a hematologic cancer arising
from plasma cells. With a global incidence rate ranking second
amongall malignant hematological diseases, MM often endan-

gers middle-aged and elderly people [1,2]. The occurrence of

MM is closely related to the interaction between tumor cells
and bone marrow microenvironment. The complex micro-
environment in the bone marrow plays important roles in
the growth, proliferation, differentiation, drug resistance,
and apoptosis resistance of MM cells [3,4]. Mesenchymal
stem cells (MSCs) are a heterogeneous cell population in the
bone marrow microenvironment. Besides high self-renewal
and multi-directional differentiation capacities, they have an
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important biological function in immunosuppression and
chemotaxis during tissue repair [5,6].

Normal MSCs in the bone marrow can inhibit the
growth of tumor cells and prevent the occurrence of tumors,
whereas abnormal MSCs in the tumor microenvironment
participate in the process of tumorigenesis. MSCs in the
bone marrow microenvironment of MM patients undergo
an obviously abnormal immunoregulation, cytokine secre-
tion, and osteogenic differentiation [7-9]. Chemokines are a
class of small-molecule peptides in the cytokine superfamily,
usually consisting of 70—100 amino acids. They can induce
chemotactic movement of cells, and are closely associated
with the recruitment, proliferation, homing, and survival of
hematopoietic stem/progenitor cells. In addition, they can
specifically activate and recruit cells related to inflammation
and infection. According to the motifs of the first two cysteine
residues near the N-terminus, chemokines are classified into
C, CC, CXC, and CX3C. As an important member of CXC-
like chemokines, CXCL13 is mainly expressed and secreted
by T-follicular helper cells, dendritic cells, and some stromal
cells in secondary lymphoid tissues. In addition, CXCL13
allows the chemotaxis of mature B cells expressing its recep-
tor CXCRs. When chemotactic B cells are activated, related
antibodies are produced and participate in further biological
processes [10]. In this study, we detected the expression level
of CXCL13 in MSCs from the human bone marrow of MM
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patients and healthy controls, evaluated the effects of MSCs
on the invasion, drug resistance, and proliferation of MM cell
lines U266 and LP-1 via the CXCL13-mediated signaling path-
way, and explored the underlying mechanism. Our findings
provide new ideas and directions for treating MM.

MATERIALS AND METHODS

Clinical samples and cell lines

This study included 40 MM patients diagnosed by bone
marrow morphological and histopathological examinations
and 40 volunteers without bone marrow abnormalities. From
each participant 5 ml of bone marrow blood was collected by
puncture. The ratio of males to females was 1:1. The participants
were aged from 39 to 71 years, with a median age of 54. The study
was approved by the ethics committee of our hospital (approval
number: LCPH-2016009). Written informed consents were
obtained from all participants. No patient had received chemo-
therapy, radiotherapy, hematopoietic stem cell transplantation,
or other related treatments before sample collection.

MM cell lines U266 and LP-1 were purchased from Cell
Bank, Shanghai Institutes for Biological Sciences, Chinese
Academy of Sciences (China).

Extraction of MSCs

The donor was placed in the lateral or prone position, and
the posterior superior iliac spine was selected as the puncture
site (located at bony prominence on both sides of sacral verte-
brae and the haunch apex). Then, 5 ml of bone marrow was col-
lected and temporarily stored in an ethylenediaminetetraacetic
acid (EDTA) anticoagulant tube. An equal volume of phos-
phate-buffered saline (PBS) was thoroughly mixed in a 15 ml
centrifuge tube and centrifuged at 1000 rpm for 5 min to dis-
card the fat layer and supernatant. Then, 5 ml of human lym-
phocyte separation solution was added into another 15 ml cen-
trifuge tube which was tilted by 45°. Afterwards, the collected
bone marrow was slowly added to the liquid surface of the lym-
phocyte separation solution along the tube wall with a sterile
dropper. After centrifugation at 2000 rpm for 30 min at 25°C,
layers of different density gradients formed in the tube, show-
ing clear boundaries. A white cloud-like narrow band existing
between the upper and middle layers was carefully removed
with a sterile dropper, placed in a new sterile centrifuge tube
and centrifuged at 900 rpm for 4 min to discard the superna-
tant. The precipitate was washed twice to three times with PBS
for subsequent inoculation and culture experiments.

Culture of MSCs

After addition of 3 ml of 15% Dulbeccos Modified Eagles
Medium (DMEM)/F12 medium, freshly extracted human
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MSCs were inoculated into a 25 cm? sterile culture flask. The
cap was slightly loosened, and the flask was placed in a 37°C
incubator containing 5% CO, with saturated humidity. After
72 h of incubation, half of the medium was refreshed, and the
medium was completely replaced 48 h later. The cell growth
was observed at intervals of 12 h. Subsequently, the medium
was changed once every 2—3 days. When the confluence
reached about 90%, the cells were digested with 0.25% trypsin
(containing 0.02% EDTA) for passage.

Phenotyping of MSCs

Direct immunofluorescence labeling was performed. The
third-generation MSCs were trypsinized and washed with
PBS once to twice, with the density adjusted to 5 x 10°/ml.
Then, 100 pl of suspension was taken, incubated with mono-
clonal antibodies against CD34-fluorescein isothiocyanate
(FITC), CD45-FITC, CD14-FITC, CD10s-phycoerythrin (PE),
and CD29-PE for 30 min at room temperature in the dark,
washed once to twice with PBS, and assessed by flow cytom-
etry. PE-labeled isotype immunoglobulin G (IgG) was used as
negative control.

Culture of MM cell lines U266 and L.P-1

Frozen U266 and LP-1 cells were immediately placed in
a 37°C water bath for 3 min and centrifuged at 9oo rpm for
4 min to discard the supernatant. The precipitate was there-
after gently pipetted and mixed with pre-warmed culture
medium. The cells were inoculated into a sterile culture flask,
and culture medium was added until a volume of 3 ml. The
cell morphology and growth were carefully observed under
a light microscope. The inoculated cells were cultured over-
night in a 37°C incubator with saturated humidity and 5%
CO,, and the culture medium was then changed completely.
The cells were observed once to twice daily and passaged
when they grew densely or the culture medium became tur-
bid. The cells in the culture flask were collected into a sterile
centrifuge tube and centrifuged at 9oo rpm for 4 min to dis-
card the supernatant. Afterward, the precipitate was mixed
with 10% fresh Roswell Park Memorial Institute (RPMI) 1640
medium by repeated pipetting. The cells were passaged in a
ratio of 1:2 or 1:3.

Detection of CXCL13 level in the supernatant of
cultured MSCs by enzyme-linked immunosorbent
assay (ELISA)

The third-generation well growing MSCs of MM patients
and healthy subjects were selected. Then, 2 ml of cells at a
density of 5 x 10°/ml were inoculated in a new sterile culture
dish, with 3 replicate wells for each group. The experiment
was repeated at least 3 times. After 48 h, the cell supernatant

www.bjbms.org



Guihua Zhang, et al.: Mesenchymal stem cells and multiple myeloma

in each culture dish was collected into a 5 ml centrifuge tube
and centrifuged at 2000 rpm for 20 min. The supernatant was
collected, subpackaged into 1.5 ml EP tubes (500 pl per tube)
and stored at —20°C. Subsequently, 15.6 pg/ml, 31.3 pg/ml,
62.5 pg/ml, 125 pg/ml, 250 pg/ml, 500 pg/ml, and 1000 pg/ml
standards were added into 7 wells sequentially (0.1 ml each).
Meanwhile, a blank well was set. The culture supernatant was
diluted and then added into a microtiter plate at 0.1 ml per
well. The microtiter plate was thereafter sealed and reacted
for 9o min in a 37°C incubator. Afterward, the liquid was gen-
tly removed from the plate. The working solution of biotin
anti-human CXCL13 antibody was added at 0.1 ml per well
(except for the zeroing well). The plate was then sealed, reacted
at 37°C for 60 min, washed 3 times with 1x washing buffer and
soaked for about 1 min each time. The working solution of
ABC was added at 0.1 ml per well (except for the zeroing well).
The microtiter plate was thereafter sealed, reacted for 30 min
in the 37°C incubator, washed 5 times with 1x washing bufter,
and soaked for about 1—2 min each time. Subsequently, 9o pl
of TMB color development solution was added to each well
and reacted in the dark for 25—30 min in the 37°C incubator.
Then, 0.1 ml of TMB stop buffer was added to each well, which
turned the blue color into yellow. The optical density (OD) of
each well was measured at 450 nm by a microplate reader.
Finally, a standard curve was plotted and fitted.

Western blot

Cells were digested, collected by centrifugation, resus-
pended by adding radioimmunoprecipitation assay [RIPA]
buffer (s0 mM pH 7.5 Tris-HCI, 150 mM NaCl, 1% NP-4o0,
0.5% sodium deoxycholate, and 0.1% sodium dodecyl sulfate
[SDS]), ultrasonicated and centrifuged at 12,000 rpm and
4°C for 10 min. The resulting sample (50 pg) was subjected
to SDS—polyacrylamide gel electrophoresis (PAGE) and
electronically transferred onto a nitrocellulose membrane
which was then blocked by 5% skimmed milk at room tem-
perature for 1 h, incubated overnight with primary antibod-
ies at 4°C, washed and incubated with secondary antibodies
at 37°C for 1 h. The membrane was thereafter developed with
enhanced chemiluminescence (ECL) reagent and scanned.
Relative protein expressions were detected by Quantity
One software (Bio-Rad Laboratories, CA, USA) and cor-
rected using p-actin as the internal reference.

Evaluation of inhibitory effects of bortezomib on
U266 and LP-1 cells by cell counting kit-8 (CCK-8)
assay

U266 and LP-1 cells in the logarithmic growth phase were
collected by centrifugation, counted, inoculated into 96-well
plates at the density of 1 x 10°/ml (100 pl per well), and treated
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with bortezomib at the concentrations of 1.0, 5.0, 10.0, 20.0,
and 50.0 nmol/L, respectively. Blank control and untreated
cell wells were set. Three replicate wells were set for each
concentration and control well. Then, the cells were cultured
in a 37°C incubator with 5% CO, and saturated humidity for
48 h and centrifuged at 1000 rpm for 5 min to discard the
supernatant. Subsequently, CCK-8 diluted 1:9 by serum-free
culture medium was added (100 pl per well) in the dark, and
the cells were left still in the incubator for 1 h. OD of each
well was measured at 450 nm by the microplate reader, and
the values of 3 replicate wells were averaged. Cell inhibition
rate = (17[0Dn-eatedcens*on1 |/1OD 7ODblank])
Inhibition rate curve was plotted to determine the drug con-

X 100%.

ank untreated cells

centration for subsequent experiments.

Co-culture of MSCs with U266 and LP-1 cells

The third- to the fifth-generation MSCs were digested
with 0.25% trypsin and centrifuged at 1000 rpm for 5 min to
discard the supernatant. Then, the cells were resuspended in
DMEM-F12 medium containing 15% fetal bovine serum (FBS),
with the densityadjusted to1x 10°/ml. Afterward, 1 mlofthe cell
suspension was added to each well of a 6-well plate, which was
then placed in an incubator overnight at 37°C with saturated
humidity and 5% CO,. Subsequent experiments were started
after complete cell adherence. On the next day, the growth
of MSCs in the 6-well plate was observed under an inverted
microscope. Then, 15% DMEM-F12 medium was replaced by
an equal amount of 10% RPMI 1640 medium. Transwell cham-
bers with the pore diameter of 4 pm were placed on the six-
well plate into which 1 ml of U266 or LP-1 cells at a density of
1 x 10°/ml were added. MM + MSCs and MM + MSCs + anti-
CXCLi3 (a CXCL13 antagonist) groups were set for each cell
line, and thereafter co-cultured for 48 h in the 37°C incubator
with 5% CO, and saturated humidity.

Evaluation of effects of MSCs on resistance of
U266 and LP-1 cells to bortezomib by CCK-8 assay

As mentioned above, U266 and LP-1 cells were co-cul-
tured with MSCs to obtain MM + MSCs and MM + MSCs +
anti-CXCLa3, groups. The cells were centrifuged at 9oo rpm
for 4 min, and 10% RPMI 1640 medium was refreshed. Three
experimental groups were set for each cell line, i.e., individual
MM group, MM + MSCs co-culture group, and MM + MSCs
+ anti-CXCL13 co-culture group. MM cells of each experi-
mental group were resuspended by centrifugation, and bor-
tezomib was added until a final concentration of 20 nmol/L.
An appropriate area in a 96-well plate was selected, and 200 pl
of medium containing 10,000 cells was added to each well.
Three replicate wells were set for each experimental group.
The cells were cultured in the 37°C incubator with 5% CO_and
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saturated humidity for 48 h, and centrifuged at 1000 rpm for
5 min to discard the supernatant. Subsequently, CCK-8 diluted
1:9 by serum-free culture medium was added (100 pl per well)
in the dark, and the cells were left still in the incubator for 1 h.
OD of each well was measured at 450 nm by the microplate
reader, and the values of 3 replicate wells were averaged.

Evaluation of effects of MSCs on the invasion of
U266 and LP-1 cells by Transwell assay

Serum-free RPMI 1640 medium was used to starve MM
cells of the three experimental groups for 12 h. Afterward,
RPMI 1640 medium containing 20% FBS was added to the
lower layer of the Transwell chamber in a 24-well plate (600 pl
per well). Meanwhile, 200 pl of RPMI 1640 medium contain-
ing 1 x 10° cells was added to each Transwell chamber, with at
least 3 replicate wells for each group. The plates were left still
in the incubator for 12 h. OD of each well was detected at each
time point by the microplate reader.

Evaluation of effects of MSCs on proliferation of
U266 and LP-1 cells by CCK-8 assay

MSCs were co-cultured with U266 and LP-1 cells for
48 h using the same procedure as mentioned above. The
two cell lines were grouped as mentioned above. The cells in
each experimental group were collected by centrifugation at
900 rpm for 4 min, and RPMI 1640 medium containing 10%
FBS was refreshed. CKK-8 assay was conducted at o, 24, 48,
72, and 96 h respectively.

Evaluation of effects of MSCs on mRNA
expressions of BTK, p65, BCL-2, and MDR-1 in
U266 and LP-1 cells by RT-PCR

Briefly, 200 pl of chloroform was added into cells dissolved
in 1000 pl of Trizol reagent, vigorously vortexed for 15 s, left still
at room temperature for 3 min and centrifuged at 12,000 rpm
and 4°C for 15 min. The upper aqueous layer was collected
into an RNase-free EP tube, mixed with an equal volume of
4°Cisopropanol by vortexing, incubated at room temperature
for 10 min, and centrifuged at 4°C and 12,000 rpm for 10 min.
After the supernatant was discarded, the precipitate was gen-
tly pipetted and mixed with 1 ml of pre-cooled 75% ethanol
solution and centrifuged at 4°C and 7500 rpm for 5 min. Then,
the supernatant was discarded, and the precipitate was redis-
solved with 20 pl of diethyl pyrocarbonate (DEPC)-treated
water, gently pipetted and placed in an icebox for 10 min. The
extracted RNA was reverse-transcribed into complementary
DNA (cDNA) for agarose gel electrophoresis according to
the instructions of reverse transcription polymerase chain
reaction (RT-PCR) kit. The results were analyzed by the

ANCT

2 method. The experiment was repeated at least 3 times.

Bosn ] Basic Med Sci. 2020;20(2):209-217

212

The primer sequences were as follows: Brutons tyrosine
kinase (BTK), F: s-GAGAAGCTGGTGCAGTTGTAT-3,
R:5-GGCCGAAATCAGATACTTTAAC-3;p6s5,F:5-ACCG
CTGCATCCACAGTT-3 R: 5-GGATGCGCTGACTGATA
GC-3 B-cell lymphoma 2 (BCL-2), F: 5-GTTGGCCGGAT
CACCATCT-3, R 5-ATATCACAGCCCCCAGGGCA-3;
multidrug resistance protein 1 (MDR-1), F: 5-GGGTTCTT
CATGAATCTGG-3, R 5-CTGAATGTAAGCAGCAA
CC-3'; glyceraldehyde 3-phosphate dehydrogenase (GAPDH),
F:5-CCATGTTCGTCATGGGTGT-3 R: 5-TGAGTCCTTC
CACGATACC-3!

Statistical analysis

All data were analyzed by SPSS Statistics for Windows,
Version 17.0. software (SPSS Inc., Chicago, IL, USA). The cat-
egorical data were expressed as mean + standard deviation.
These data were validated with the two-sided test. A value of

p < 0.05 was considered statistically significant.

RESULTS

Growth and phenotyping of MSCs in bone
marrow microenvironment

MSCs extracted from the human bone marrow microen-
vironment grew well from the second to the fifth generation,
and the cell morphology was shuttle-shaped and uniform in
size. There was no significant difference in cell morphology,
size, and growth cycle between MSCs in healthy subjects and
MM patients (Figure 1A and B). The MSC phenotyping results
by flow cytometry showed that the positive expression rate of
CD10s, CD73 or CDgo was =95%, and that of CD45, CD34,
CD11b or human leukocyte antigen (HLA)-DR was <3%.

CXCL13 expression in the bone marrow MSCs
from MM patients was significantly higher than
that of healthy subjects

MSCs were extracted from the bone marrow of MM
patients and healthy subjects by density gradient centrifuga-
tion. The third-generation MSCs with a confluence of 80—90%
in the logarithmic growth phase were selected and cultured
for 48 h. The level of CXCL13 in the culture supernatant was
detected by ELISA. CXCLa3 level in MSCs from MM patients
was significantly higher than that from healthy subjects
[p < 0.05] (Figure 1C).

CXCR5, a specific CXCL13 receptor, was
expressed in both U266 and LP-1 cells

The total proteins of U266 and LP-1 cells were extracted,

and the expression level of CXCRs protein, a specific receptor

www.bjbms.org



Guihua Zhang, et al.: Mesenchymal stem cells and multiple myeloma

100

CXCL13 expression (pg/mL)
n
S
S

=

B
FIGURE 1. The morphology of bone marrow mesenchymal stem cells (MSCs) from (A) healthy subjects and (B) multiple myeloma
(MM) patients. There was no significant difference in cell morphology, size, and growth cycle between MSCs from healthy subjects
and MM patients; (C) CXCL13 expression in the bone marrow MSCs from MM patients and healthy subjects. The level of CXCL13
in the culture supernatant was detected by enzyme-linked immunosorbent assay (ELISA). CXCL13 level in MSCs from MM patients

was significantly higher compared with healthy subjects.

of CXCLi3 chemokine, was detected by Western blot. Both
U266 and LP-1 expressed CXCRs (Figure 2).

Growth inhibitory effects of bortezomib on U266
and LP-1 cells

Different concentrations (1.0, 5.0, 10.0, 20.0, and
50.0 nmol/L) of proteasome inhibitor, bortezomib, were
added to U266 and LP-1 cells. After 48 h, the growth inhibition
effect of different concentrations of bortezomib on myeloma
cell lines U266 and LP-1 was detected by CCK-8 assay. The 50%
growth inhibitory concentrations (IC_ ) of U266 and LP-1 cells
after 48 h of treatment with bortezomib were approximately

20 nmol/L (Figure 3A).

Inhibitory effects of anti-CXCL13 on bortezomib
resistance of U266 and LP-1 cells co-cultured with
MSCs

Different concentrations (0, 200, 500, 1000, and
1500 ng/ml) of anti-CXCL13 (a CXCL13 antagonist) were
added to the co-cultures of U266 and LP-1 cells with MSCs.
After co-culture for 48 h, U266 and LP-1 cells of each treat-
ment group were collected, and bortezomib at a concentra-
tion of 20 nmol/L was added to each group. The cell growth
inhibition rate was detected by CCK-8 assay 48 h later. The
results showed that with a rising anti-CXCL13 concentra-
tion, the growth inhibition rates of U266 and LP-1 cells also

increased [p < 0.05] (Figure 3B).

MSCs enhanced bortezomib resistance of U266
and LP-1 cells via the CXCL13-mediated signaling

pathway

After co-culture of U266 and LP-1 cells with MSCs for
48 h, three different experimental groups were set up for each
cell line: individual MM group, MM + MSCs group, and MM
+ MSCs + anti-CXCL13 group. Bortezomib was added into
each group until a final concentration of 20 nmol/L. After
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U266 LP-1

FIGURE 2. CXCR5 protein expression in U266 and LP-1 cells
detected by Western blot. Both U266 and LP-1 cells expressed
CXCR5.

48 h, the OD of each well in the 96-well plate was detected by
CCK-8 assay, and the growth inhibition rate was calculated.
The results showed that MSCs enhanced the resistance of
U266 (p < 0.05) and LP-1 cells (p < 0.05) to bortezomib, which
was blocked by anti-CXCL13. The OD of the experimental
well containing only myeloma cells without bortezomib was
setas 1 (Figure 3C).

MSCs promoted the invasion of U266 and
LP-1 cells via the CXCL13-mediated signaling
pathway

U266 and LP-1 cells were co-cultured with human
MSCs for 48 h under appropriate conditions. Three differ-
ent experimental groups were set up for each cell line: indi-
vidual MM group, MM + MSCs group, and MM + MSCs
+ anti-CXCL13 group. The invasion ability of the myeloma
cell lines U266 and LP-1 was detected by Transwell culture
system. MSC:s facilitated the invasion of U266 and LP-1 cells
(p < 0.05), and this effect was blocked by anti-CXCL13
(Figure 4A).

MSC:s facilitated the proliferation of U266 and
LP-1 cells via the CXCL13-mediated signaling
pathway

U266 and LP-1 cells were co-cultured with MSCs for 48 h
under appropriate conditions. Three different experimental
groups were set up for each cell line: individual MM group,
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FIGURE 3. (A) Growth inhibitory effects of bortezomib on U266 and LP-1 cells detected by cell counting kit-8 (CCK-8) assay. The 50%
growth inhibitory concentrations (IC50) of U266 and LP-1 cells after 48 h of treatment with bortezomib was approximately 20 nmo-
I/L; (B) inhibitory effects of anti-CXCL13 at different concentrations on bortezomib resistance of U266 and LP-1 cells co-cultured
with mesenchymal stem cells (MSCs). With a rising anti-CXCL13 concentration, the growth inhibition rates of U266 and LP-1 cells
also increased; (C) MSCs enhanced bortezomib resistance of U266 and LP-1 cells via the CXCL13-mediated signaling pathway,
which was blocked by anti-CXCL13. After co-culture of U266 and LP-1 cells with MSCs for 48 h, three different experimental groups
were set up for each cell line: individual multiple myeloma (MM) group, MM + MSCs group, and MM + MSCs + anti-CXCL13 group.
Each experimental group was added bortezomib at a final concentration of 20 nmol/L. After 48 h, the growth inhibition rate was
calculated. MSCs enhanced the resistance of U266 and LP-1 cells to bortezomib, which was blocked by anti-CXCL13. *p < 0.05.
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FIGURE 4. (A) Mesenchymal stem cells (MSCs) promoted invasion of U266 and LP-1 cells via the CXCL13-mediated signal-
ing pathway, which was blocked by anti-CXCL13; MSCs facilitated proliferation of (B) U266 and (C) LP-1 cells via the CXCL13-
mediated signaling pathway, which was blocked by anti-CXCL13. *p < 0.05.

MM + MSCs group, and MM + MSCs + anti-CXCL13 group.  Effects of MSCs on mRNA expressions of BTK,
The proliferation of the myeloma cell lines U266 and LP-1  p65, BCL-2, and MDR-1 in U266 and LP-1 cells
was detected by CCK-8 assay at different time points (o, 24, evaluated by RT-PCR

48, 72, and 96 h). MSCs promoted the proliferation of U266 RT-PCR showed that after co-culture with MSCs from
and LP-1 cells (p < 0.05), and this effect was blocked by anti- MM patients for 48 h, the mRNA expression levels of BTK,
CXCLa3 (Figure 4B and C). p6s, as well as of apoptosis- and drug resistance-related BCL-2
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and MDR-11in U266 and LP-1 cells were all significantly upreg-
ulated (p < 0.05). The upregulation was blocked by adding
anti-CXCLa3 (Figure 5A).

Effects of MSCs on protein expressions of BTK,
p65, BCL-2, and MDR-1 in U266 and LP-1 cells
assessed by Western blot

Western blot showed that the protein expression levels of
BTK, p6s, BCL-2, and MDR-1in U266 and LP-1 cells were sig-
nificantly upregulated after co-culture with MSCs from MM
patients for 48 h. The upregulation was blocked by adding
anti-CXCL13 [p < 0.05] (Figure 5B).

DISCUSSION

The onset and progression of tumors have been closely
related to the complex environment formed by the interac-
tions between various atypical cells, i.e, the tumor micro-
environment [11]. The tumor microenvironment is a special
environment in which tumor cells interact with immune cells,
endothelial cells and fibroblasts, and where various cytokines
are secreted during tumor progression [12]. Most previous
studies have focused on the characteristics of tumor cells such
as gene mutations, chromosomal abnormalities, and changes
in signaling pathways. In recent years, the microenvironment
closely related to tumor progression has attracted widespread
attention. A normal microenvironment can inhibit the growth
of tumor cells, whereas an abnormal microenvironment can
induce tumors [13]. The abnormal microenvironment can be
caused by factors such as tissue hypoxia, interstitial hyper-
tension, immune-related inflammatory reaction as well as
production of large amounts of proteolytic enzymes and cyto-
kines [14-17].

The bone marrow microenvironment significantly partic-
ipates in the progression of hematologic diseases, maintains
the hematopoiesis of bone marrow cells, promotes stem cell
differentiation, and regulates the balance between osteogene-
sis and osteolysis [18,19]. MSCs are a group of heterogeneous
cell populations with self-renewal and multi-directional differ-
entiation potentials in the bone marrow microenvironment,
which play a key role in promoting tumor onset and pro-
gression in the microenvironment [20]. On the other hand,
chemokines are predominantly involved in the development,
proliferation, metabolism, and drug resistance of tumor cells.
Therefore, an in-depth study of chemokines is expected to
provide new directions for the diagnosis and treatment of
MM. 1t is well-documented that CXCL13/CXCRs play key
roles in the occurrence, metastasis, and invasion of various
malignant tumors [21,22]. RT-PCR and immunohistochemis-
try were used to analyze the mRNA and protein expressions
of CXCL13/CXCRg in cancerous tissues [23], confirming that
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FIGURE 5. Effects of mesenchymal stem cells (MSCs) and
anti-CXCL13 on (A) mRNA expressions of Bruton’s tyrosine
kinase (BTK), p65, B-cell lymphoma (BCL-2) and multidrug
resistance protein 1 (MDR-1) in U266 and LP-1 cells evaluated
by reverse transcription polymerase chain reaction (RT-PCR)
and (B) protein expressions assessed by Western blot. RT-PCR
showed that after co-culture with MSCs from MM patients for
48 h, the mRNA expression levels of BTK, p65, as well as of
apoptosis- and drug resistance-related BCL-2 and MDR-1 in
U266 and LP-1 cells were all significantly upregulated. The
upregulation was blocked by adding anti-CXCL13. Western blot
showed that the protein expression levels of BTK, p65, BCL-2,
and MDR-1 in U266 and LP-1 cells were significantly upregu-
lated after co-culture with MSCs from MM patients for 48 h. The
upregulation was blocked by adding anti-CXCL13. *p < 0.05.
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the expression level of CXCLI3/CXCR5 was closely related to
tumor metastasis, stage, and recurrence. Our study demon-
strated that MSCs extracted from the bone marrow of MM
patients secreted higher levels of CXCL13, and they promoted
the proliferation and invasion of MM cell lines U266 and LP-1
via the CXCL13-mediated signaling pathway. When this sig-
naling pathway was blocked by anti-CXCL13, the promoting
effects were significantly attenuated.

Gene mutation is a crucial mechanism by which malig-
nant tumors progress, with the mutations of protein tyrosine
kinase genes being the most common. BTK is a key member
of the Tec family and capable of phosphorylating the tyrosine
residues of various proteins. Mutation of BTK can block the
differentiation and maturation of B lymphocytes and may
also promote the transformation of normal cells into tumor
cells. It affects tumor cells by regulating downstream factors
such as phosphoinositide phospholipase C (PLC)y, phospho-
inositide 3-kinase (PI3K), protein kinase C (PKC), STAT5q,
extracellular signal-regulated kinase (ERK), and nuclear fac-
tor-kB (NF-kB) [24,25]. NF-kB is an essential member of
nuclear transcription factors. It is involved in the regulation
of the transcription of various growth factors, kinases, cell
adhesion molecules, and chemokines in cells, being closely
associated with the onset and progression of tumors [26]. The
anti-apoptotic action of malignant tumor cells is one of the
important mechanisms of tumor resistance. A gross amount
of research reported that the BCL-2 family acts as a main
regulator of mitochondria metabolism during apoptosis [27].
Besides, Cort et al. found that tumor cells showed both the
resistance to the same type of antitumor drug and cross-re-
sistance to other antitumor agents with different structures
and mechanisms of action [28]. In this study, the mRNA and
protein expression levels of BTK and p65 were upregulated in
U266 and LP-1 co-cultured with MSCs from MM patients.
The expression levels of BCL-2 and MDR-1 were also elevated.
When anti-CXCL13 was added, however, the mRNA and pro-
tein expression levels of BTK, NF-kB, BCL-2, and MDR-1 were
downregulated.

CONCLUSION

In summary, the onset and progression of MM involve
a variety of cytokines and signaling pathways. MSCs in the
bone marrow microenvironment of MM patients expressed
chemokine CXCL13 at a high level and affected the invasion,
drug resistance, and proliferation of MM cell lines U266 and
LP-1 via the CXCL13-mediated signaling pathway. Moreover,
this pathway upregulated the mRNA and protein expres-
sion levels of BTK, NF-kB, BCL-2, and MDR-1 in U266 and
LP-1 cells. After anti-CXCL13 was added to the co-culture
system, the basic biological functions of these cells were
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significantly attenuated. This study provides new ideas and
directions for future MM therapy.
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