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Objective: Few studies have focused on investigating resistance mechanisms in myeloma
immunotherapy. This study aimed to explore the relevant factor involved in the resistance of
Elotuzumab and lenalidomide.

Methods: Cell models which are resistant to Elotuzumab and lenalidomide were con-
structed; different expression genes in U266/WT (UW) and resistant UR, UE, and URE
cells were detected by using gene expression microarray. RT-qPCR validated CCL20 mRNA
expression of four cell lines and patient samples; bioinformatics analysis of CCL20 expres-
sions in NDMM and RRMM; ELISA detected the presence of CCL20 in the plasma of MM
patients; constructed UR mouse xenograft model to explore whether or not CCL20 reverse
lenalidomide treatment in vivo.

Results: Cell models which are resistant to Elotuzumab and lenalidomide (UR, UE, URE)
were successfully constructed. CCL20 gene expression decreased in resistant myeloma cell
lines and RRMM patients. Furthermore, RRMM patients were found to have lower levels of
CCL20 protein in their plasma compared to NDMM. CCL20 increase the sensitivity of drug-
resistant myeloma cells to immunomodulatory drugs both in vivo and in vitro.
Conclusion: The expression of CCL20 was decreased in lenalidomide and Elotuzumab
resistant U266 cells and in RRMM patients. CCL20 could therefore possibly increase the
sensitivity of lenalidomide and Elotuzumab.
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Introduction

Multiple myeloma (MM) is a second hematologic malignancy commonly associated
with the elderly population. Although the development of new drugs and treatment
procedures have resulted in significant improvements in the response and survival
rates of MM patients, it is still incurable,’ with many patients still progressing to
relapse/refractory MM (RRMM). Immunotherapy has attracted increasing attention in
the treatment of multiple myeloma due to its advantages of targeting ability and low
toxicity level.” While there are few studies on the mechanism of immunotherapy
resistance, the ability of lenalidomide to regulate the immune function as a second
generation of immunomodulators has widely been adopted in the treatment of MM.
Elotuzumab (Elo) is the second monoclonal antibody drug approved for the treatment
of RRMM in combination with lenalidomide and dexamethasone (E-Rd regimen).3’4
The therapeutic target of Elotuzumab is a member of the signal lymphocyte activating
molecule family 7 (slamf7, also known as CD319, CS1). CSI1 is a cell surface
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glycoprotein molecule, with a very high expression on the
surface of myeloma cells and differentiation stages of nor-
mal B cells.” Elotuzumab can directly activate NK cells and
induce CD16 mediated cytotoxicity to kill myeloma cells
with high expressions of CS1. While the E-Rd regimen
achieved satisfactory results, there was an emergence of
resistance to the drug in some patients. The resistance
mechanism of immunotherapy is quite different from that
of small molecule chemical drugs. The effectiveness of
immunotherapy depends on the normal function of immune
cells, especially T cell function, including recognition, che-
motaxis, and the regulation of killing by cytokines. In this
study, we developed resistant cell lines with resistance to
Elotuzumab and lenalidomide, and we explored the mechan-
ism involved in the resistance to monoclonal antibody and
immunotherapy with the primary aim of providing new
targets for immunotherapy and uncovering new procedures

to reverse drug resistance.

Methods
Myeloma Cell Culture

Bone marrow samples of MM patients were sorted
using CD138 magnetic beads obtained from Shengjing
Hospital of China Medical University. The Medical
Ethics Committee at the Shengjing Hospital of China
Medical University approved the present study based
on the principles of the Declaration of Helsinki.
Informed consent was granted by all participating
patients in the study, as shown by their endorsement
of the consent form.

Myeloma drug-naive U266 cell line (U266/WT,
UW) and lenalidomide-resistant cell line (U266/R10R,
UR) were provided by Professor Orlowski Robert from
the MD Anderson Cancer Centre. UW and UR cell
lines were initially exposed to Elotuzumab at 10%
minimum inhibitory concentration (IC10), and co-
cultured with human peripheral blood mononuclear
cells (PBMC) provided by health donor for 48 hours.
Subsequently, the surviving cells were collected and
sorted with CD138 antibody using flow cytometry.
The drug simulation process was replicated until the
cell lines were stable with Elo single resistance (U266/
EloR, UE) and double resistance (U266/R10R/EloR,
URE). The use of the cell lines was approved by the
Medical Ethics Committee at the Shengjing Hospital of
China Medical University.

Cell Viability Assay

Different concentrations of Elotuzumab (0,1,10,50,100,
500,1000ug/mL) and PBMC were added to four cell types
(UW, UR, UE, URE). The cells were processed with CCK-8
kits to detect cell proliferation after cells were collected and
sorted with CD138 antibody based on the manufacturer’s
instruction.

Profiling the Gene Expression
[lfumina gene expression microarray data was obtained as
described previously.

Real-Time RT-PCR to Detect the CCL20

Gene Expression
To detect the expression of CCL20 mRNA in cell lines and
the samples obtained from MM patient, gPCR was per-
formed using Step One Plus Real Time PCR system.
CCL20 Forward: ATGTGCTGTACCAAGAGTTTGC;
CCL20

Reverse: CCAATTCCATTCCAGAAAAGCC.

Enzyme-Linked Immunosorbent Assay to

Detect CCL20 Protein Expression

CCL20 (MIP 3alpha) (peprotech, USA) KIT was used for
the detection of CCL20 protein expression in the plasma
of MM patients based on the manufacturer’s instruction.

Bioinformatics Analysis

R language was used to download the chip expression
spectrum data of GSE16791, GSE31504, and GSE51317
for probe conversion, data standardization, and batch cor-
rection. The Ggpurb package was used to analyze the
expression of CCL20.

Xenograft Model

Female NOD-SCID mice aged 4-5 weeks were purchased
from Beijing Hua Fukang Bioscience Company (Beijing,
China) and were housed and monitored in a pathogen-free
environment. All animal studies were approved by the
Research Ethics Committee of China Medical University
with China Medical University Application for Laboratory
Animal Welfare and Ethical review (201702 Edition). 1x10’
U266/R10R cells were injected subcutaneously into NOD-
SCID mice. The animal treatment was initiated after the
detection of palpable tumors, approximately 12 days follow-
ing the injection. Mice were randomly placed in two groups
of three mice each using a computer-based randomization,
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with the control group (lenalidomide+NS) and the experi-
mental group (lenalidomide+CCL20) to observe the effect of
CCL20 reverse the resistance of lenalidomide. The drug was
injected intraperitoneally. Control group: lenalidomide 25mg/
kg/d+NS; experimental group: lenalidomide 25mg/kg/d +
CCL20 300ng/kg/d. The drug was administered continuously
for 7 days. Tumor growth was monitored every 3 days for
about 3 weeks. Serial measurements of xenograft growth
were performed, and tumor volume (V) was calculated
using the formula: V=0.5xaxb” where a and b are the longest
and shortest tumor diameters, respectively. At the end of the
study, the animals were killed and the tumors were collected.

Statistical Analysis

An independent sample #-test was employed to analyze
any significant difference in the two samples using SPSS
23.0 software. The differences among multiple groups
were analyzed using a One-way Analysis of Variance
(ANOVA). Statistical significance in this study is estab-
lished at the priori value of p <0.05 level of significance.

Results
Generation of Elotuzumab and

Lenalidomide Resistant Myeloma Cells

Both the single drug resistance (U266/EloR, UE), and the
dual drug resistance (U266/R10R/EloR, URE) were con-
structed using the continuous stimulation culture of
Elotuzumab. Increasing the concentration of Elotuzumab
resulted in the gradual decline in the viability of the
sensitive cell lines (UW). However, there was no signifi-
cant change in the cell viability of Elotuzumab resistant
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cell line (UE) (Figure 1A); the cell viability of the dual
drug-resistant cell line (URE) has a lower cell viability
compared with the lenalidomide-resistant cell line (UR)
treated with different concentrations of Elotuzumab
(Figure 1B). The results showed that the UE and URE
cells have stable resistance to Elotuzumab.

CCL20 Expression Decreased in
Resistant Myeloma Cell

The gene expression microarray was used in detecting the
gene expression differences within the four myeloma cells
(UW, UR, UE, and URE), to further explore the possible
mechanism of resistance. The results showed that the
expression of CCL20 was significantly down-regulated in
drug-resistant cell lines (Figure 2A). RT-qPCR data further
confirmed this result (Figure 2B). Also, there was
a detection of the expression of CCL20 in the cells of
MM patients. We collected 27 samples from patients with
newly diagnosed MM (NDMM), and 5 samples from
relapsed refractory MM (RRMM) patients with exposure
to lenalidomide. The results showed that compared with
NDMM, the expression of CCL20 mRNA in RRMM was
lower (p < 0.01; Figure 2C). Furthermore, the data from
the GEO database showed that the expression of CCL20 in
the bone marrow plasma cells of RRMM patients was
lower than that of NDMM patients, especially the MM
patients with exposure to lenalidomide, which was consis-
tent with PCR results (Figure 2D). Finally, fresh plasma
was collected from 5 NDMM patients and 5 RRMM
patients exposed to lenalidomide. The average content of
CCL20 was 24.44 +0.88pg/mL in the plasma of patients
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Figure | Cell viability of myeloma cells to Elotuzumab. (A) The cell viability of sensitive (U266/WT, UW) and Elotuzumab resistant (U266/EloR, UE) cell lines to Elotuzumab
(ELO) coculture with peripheral blood mononuclear cells (PBMC). (B) The cell viability of lenalidomide resistance (U266/RI0R, UR) and double resistance to lenalidomide

plus Elotuzumab (U266/RI0R/EloR, URE).
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Figure 2 CCL20 expression decreased in resistant myeloma cell. (A) Heatmap for gene expression of four myeloma cells: UW, UR, UE, URE. (B) RT-qPCR to verify the
relative expression of CCL20 gene in myeloma cell lines. (C) CCL20 gene expression in MM patient samples, 27 samples of bone marrow fluid from patients with newly
diagnosed MM (NDMM) and 5 samples from relapsed refractory MM (RRMM) exposed to lenalidomide. (D) Bioinformatics analysis of CCL20 relative gene expression in
NDMM and RRMM patient samples. MM_R iis the patient who is resistant to lenalidomide. (E) CCL20 protein expression in plasma of NDMM and RRMM patients by ELISA.
“*Indicates a p value <0.05, “**”Indicates a p value <0.01, “***’Indicates a p value <0.001, “**** Indicates a p value <0.0001.
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Figure 3 CCL20 increases drug sensitivity in vitro and in vivo. (A) Cell viability of UR, UE, URE cells treated with lenalidomide or Elotuzumab with or without CCL20. (B)
Tumor volume growth rate of UR xenograft mice in the experimental group (lenalidomide+CCL20) and control group (lenalidomide+NS). (C) Tumor volume (blank control
group on the left, experimental group on the right). “*”Indicates a p value <0.05, “**”Indicates a p value <0.01.
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with NDMM and 8.97+1.88pg/mL in RRMM (p < 0.01)
(Figure 2E). These data indicated a decline in the expres-
sion of CCL20 in resistant myeloma cells.

CCL20 Increases the Sensitivity of
Drug-Resistant Myeloma Cells to

Immunomodulatory Drugs

The experimental units were divided into three groups:
lenalidomide, Elotuzumab, and lenalidomide
+Elotuzumab, with the addition of PBMC to all treatment
groups. The results showed that in each resistant cell group
(UR, UE, URE), the cell viability with the addition of
CCL20 were significantly lower compared with that with-
out CCL20 (Figure 3A), this could be an indication of the
ability of CCL20 in partially restoring the drug sensitivity
of drug-resistant myeloma cells. While adding chemokine
CCL20 without lenalidomide or Elotuzumab did not sig-
nificantly change the proliferation of drug-resistant cells
(Supplement Figure 1).

CCL20 Increases the Sensitivity of
Resistant Myeloma Mice to Lenalidomide
in vivo

Drug resistance U266/R10R cells xenograft NOD-SCID
mice was constructed by subcutaneous injection to verify
the effect of CCL20 on lenalidomide resistance in vivo.
With the prolongation of the lenalidomide treatment, the
growth rate of the tumor volume in the experimental group
(lenalidomide + CCL20) was significantly slower com-
pared with the control group (lenalidomide + NS)
(Figure 3B). The tumor volume in the experimental
group was significantly smaller than that of the control
group (Figure 3C).

Discussion

Despite the rapid advancements in myeloma immunotherapy
in recent years, the mechanism of immunotherapy resistance
has been a major cause of concern to researchers. These
outcomes likely reflect the complex and highly regulated
nature of the immune system. The continuous ability of
immunotherapy to play its fundamental role and the preven-
tion of resistance to immunotherapy are important topics in
the treatment of myeloma. The vital immunotherapeutic
agents in myeloma are immunomodulators and monoclonal
antibodies. Lenalidomide is a widely used immunomodula-
tor, which inhibits the secretion of inflammatory agents, by
directly inducing the phosphorylation of CD28 on T cells,

leading to the activation of the downstream target factors,
then activating T cells and the enhancement of various
mechanisms mediated by the NK cells to achieve anti-
tumor effects.®’ Elotuzumab targets and labels the CSI
protein on the surface of multiple myeloma cells, and inhibits
the adhesion between the myeloma cells and the stromal cells
of the bone marrow, regulates the microenvironment of the
MM bone marrow, and reduces the growth-stimulating fac-
tors on myeloma cells.*'" The combination of immune
agents Elotuzumab and Rd (lenalidomide plus dexametha-
sone) has obvious advantages compared with Rd.'?
However, some patients are still not sensitive to the E-Rd
regimen. The mechanism of resistance to Elotuzumab and
lenalidomide is not clear yet.

To further improve the efficacy of immunotherapy and
clarify the mechanism of immunotherapeutic resistance,
the myeloma cell model of resistance to Elotuzumab, and
dural resistance to both Elotuzumab and lenalidomide
were initially constructed. From the gene expression pro-
file, we focused on the different expression of genes
affecting the functions of the immune cells. We subse-
quently discovered a decrease in the expression of
CCL20 (chemokine (C-C motif) ligand 20 and macro-
phage infectious protein-3 o, mip-30) in the drug-
resistant cells. We also verified the down-regulation of
CCL20 involved in the development of drug resistance in
the immunotherapy of myeloma cells both in vivo and
in vitro.

CCL20 is a member of the chemokines family which
are small chemoattractant proteins involved in the regula-
tion of leukocyte migration, adhesion, and proliferation.
Chemokines are classified into four families (C, CC, CXC,
and CX3C) based on the number and spacing of cysteine
residues and exert their biological effects by interacting
with specific cell surface receptors that belong to trans-
membrane G protein—coupled receptor family. CCL20 and
CC-chemokine
(CCR6),">!'* known to be responsible for the chemoattrac-

its  selective receptor receptor 6
tion of dendritic, T, and B cells, have been recently
involved in rheumatoid arthritis synovitis'> and OC
activation.’® The expression of CCL20 is regulated by
numerous cytokines such as TNF-a, IL-17, and IFN-y,
causing the chemotaxis of inflammatory cells, and affect-
ing the proliferation and metastasis of tumor cells.'>'®
Numerous studies have shown that CCL20 has an abnor-
mal expression in a variety of cancers such as esophageal
cancer, lung cancer, and colorectal cancer. The increased

expression of CCL20 after paclitaxel chemotherapy in
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triple-negative breast cancer activated the NF-xB pathway,
promoted the self-renewal of breast cancer stem cells/stem
like cells, and participated in the occurrence of drug
resistance.'”'? These data suggested the resistance parti-
cipation of CCL20 in some forms of cancer.

Perusing through existing literature indicated that only
a few studies have investigated CCL20 in the treatment of
myeloma. Giuliani et al found that myeloma cell lines U266,
JIN3, and the EBV-positive cell line ARH-77 express CCL20
mRNA by PCR. The presence of CCR6 at mRNA level was
found in U266, OPM2, and ARH-77. CCL20 mRNA expres-
sion was also investigated in 4/22 purified CD138+ MM
cells.? In the present study, we used U266 cells with higher
expressions of CCL20 to construct the resistance model. From
the patient sample and bioanalysis, there were evidences to
infer that CCL20 has different expressions in sensitive and
resistant cells, and this partly suggested that CCL20 could be
one of the mechanisms of immunotherapy resistance. Also, it
has been recently established that CCL20 is related to the
regulation of bone marrow microenvironment in myeloma
cells and participates in the occurrence of myeloma
osteopathy.”'** Besides, increment in CCL20 can promote
T-cell-mediated antitumor immunity through CCL20-CCR6-
dependent dendritic cell regulation, thus providing a new target
for immunotherapy.”> We discovered that increasing CCL20
can enhance the anti-myeloma effects of lenalidomide. We
speculated that the mechanism may be attributed to increasing
lymphocyte chemotaxis to the tumor areas and assisting in cell-
mediated immunity. In RRMM, the down-regulation of
CCL20 resulted in a decreasing immunotherapeutic effect.

Progressive attention has been given to the role of
CCL20-CCR6 axis in immune regulation and mechanism
in autoimmune diseases. Our study preliminarily explored
the role of CCL20-CCR6 axis in the resistance of mye-
loma immunotherapy with the aim of providing a new
target for immunotherapy, reverse the resistance of mye-
loma cells to immunotherapy. To improve the efficacy and
safety of MM treatments, there is need for further studies
on the downstream effector cells and mechanism.

Conclusions

We found that the expression of CCL20 was decreased in
lenalidomide and Elotuzumab resistant U266 cells and
RRMM patients. CCL20 could possibly increase the sensitiv-
ity of lenalidomide in vitro and in vivo. Our study prelimina-
rily found the role of CCL20-CCR6 axis in the resistance of
myeloma immunotherapy and may provide a new target for
immunotherapy, and reverse the resistance of myeloma cells.
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