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Abstract: (1) Background: Chemokines and chemokine receptors play an important role in tumor
development. The aim of this study was to check the significance of CCL5 and CCR1 variants with
response rate, survival, and the level of regulated on activation, normal T cells expressed and secreted
(RANTES/CCL5) in multiple myeloma (MM) patients; (2) Methods: Genomic DNA from 101 newly
diagnosed MM patients and 100 healthy blood donors were analyzed by Real-time PCR method (for
CCL5 and CCR1 genotyping). In a subgroup of 70 MM patients, serum samples were collected to
determine the level of RANTES; (3) Results: multivariate Cox regression showed increased risk of
disease relapse or progression (HR = 4.77; p = 0.01) in MM patients with CG + CC genotypes of CCL5
rs2280788. In contrast, CT + TT genotypes of CCL5 rs2107538 were associated withdecreased risk of
death (HR = 0.18; p = 0.028) and disease relapse or progression (HR = 0.26; p = 0.01). In MM patients
with major genotypes of rs2280789, rs2280788, and rs2107538, higher survival rates were observed
in response to treatment with thalidomide and bortezomib. Statistically significant lower RANTES
levels were seen in minor genotypes and heterozygotes of CCL5 and CCR1 variants; (4) Conclusions:
Major genotypes of CCL5 variants may be independent positive prognostic factors in MM.

Keywords: CCL5 gene; CCR1 gene; chemokine receptors; chemokines; genetic variants; multiple
myeloma; polymorphisms

1. Introduction

Multiple myeloma (MM) is a hematologic malignancy, characterized by clonal expan-
sion of plasma cells in the bone marrow (BM) [1]. MM cells proliferate and grow mainly
within BM, where they create a specific environment [2]. The MM microenvironment in
BM is composed of different cells, such as mesenchymal stromal cells (MSCs), dendritic
cells (DCs), and T lymphocytes [3]. The immune components in the BM myeloma niche are
related to MM progression and aggressiveness [4–7]. Cytokines and chemokines play an
important role in regulating immune responses for cancer cells. The cytokine network is
involved in the growth and progression of MM cells and also participates in the destruc-
tion of the bone marrow. The MM cells and BM microenvironment stimulate paracrine
or autocrine secretion of several cytokines which may promote the growth, development,
and progression of MM [8–10]. Chemokines are involved in the colonization and growth
of myeloma cells in the bone marrow and the formation and activation of osteoclasts. The
activity of osteoclasts is increased in areas close to myeloma cells, resulting in increased
bone resorption and reduced bone formation [11]. Multiple myeloma cells secrete several
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chemokines and express a variety of chemokine receptors which participate in cell homing,
tumor growth, and progression [12]. Several known chemokines show higher concentrations
in MM patients’ plasma, namely: IL-1β, IL-4, IL-6, IL-8, CCL3, CCL4, and CCL5 [8,13].

The C-C chemokine ligand 5 (CCL5), also known as RANTES (regulated on activa-
tion, normal T cells expressed and secreted), belongs to the C-C chemokine family whose
members also include CCL3 (MIP-1α) and CCL4 (MIP-1β) [14]. CCL5 is expressed by T
lymphocytes, macrophages, platelets, synovial fibroblasts, tubular epithelium, and certain
types of tumor cells [14]. Studies carried out so far have shown that increased levels
of CCL5 in tissues or plasma are markers of an unfavorable prognosis in patients with
colorectal, gastric, breast, and ovarian cancer [15–19]. Abnormal expression and activity
of CCL5 and its receptor CCR5 have been found in hematological malignancies and solid
tumors [20]. Elevated CCL5 levels have also been described in multiple myeloma [8]. CCL5
activity is mediated by binding to CCR5 and also to CCR1 and CCR3 receptors [14]. In
multiple myeloma, blockage of the CCL5/receptor axis leads to inhibition of osteoclast
formation and myeloma cell adhesion to stromal cells [21,22]. Cytokines and growth factors
are produced and secreted by myeloma cells in the BM microenvironment and are regu-
lated by autocrine and paracrine loops. Hence, the expressions of CCL5 can be regulated
by the NF-κB factor after activation by other cells [23,24]. However, it has been proven
that selected polymorphisms in the CCL5 gene affect the level of its transcription. The
human CCL5 gene is located on chromosome 17 (locus 17q12) and consists of a promoter
region, three exons, and two introns. The CCL5 gene is short but filled with many polymor-
phisms, three of which, may affect CCL5 expression: rs2107538 (g.−403G > A), rs2280788
(g.-28C > G), and rs2280789 (g.In1. + 1T > C) [25–27].

The CCL5 variants have been associated with an increased risk of several cancers
including: gastric cancer [28], prostate cancer [29], and breast cancer [30]. Moreover,
correlations were found between the progression of pancreatic adenocarcinoma and colon
cancer diseases and particular genotypes of the CCL5 gene [19,31]. However, to date, there
are no publications regarding the possible effect of the CCL5 polymorphisms on MM risk
and outcome.

Taking into account the above literature data, we hypothesize that CCL5 and CCR1
variants may be associated with the risk of MM development, and these variants may also
affect patient response to treatment. The present study investigates the selected CCL5 and
CCR1 variants, their association with selected clinical and laboratory disease parameters,
and the response to bortezomib/thalidomide-based therapies. To our knowledge the
presented results were not previously published by other authors.

2. Materials and Methods
2.1. Patients and Samples

A total of 201 unrelated subjects with high quality of DNA, comprising 101 newly
diagnosed patients with MM and 100 health controls, were included in this study. Controls
and samples were selected from the same ethnic group living in south-western Poland
(Caucasian population). All MM patients were hospitalized between 2013 and 2019 at the
Chair and Department of Hematooncology and Bone Marrow Transplantation, Medical
University of Lublin. The study obtained positive opinions (no. KE-0254/165/2013 and
no. KE-0254/337/2016) from the Bioethics Committee at the Medical University of Lublin,
according with the ethical standards established by the Helsinki Declaration. All methods
were performed in accordance with the relevant guidelines and regulations. Detailed
patient characteristics are shown in Table 1.

The healthy blood donors (50 males and 50 females, with mean age 37.6 years) visited
the Regional Blood Donation and Blood Treatment Center in Kielce, Poland. All participants
of the study provided written informed consent. The inclusion and exclusion criteria for all
individuals included in the study are described in Table 2.
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Table 1. The characteristics of MM patients included in the study.

Variables MM Patients, n = 101

Age (years) 65.46
Sex

Male 53
Female 48

Type of MM *
IgG 56
IgA 26

Light chain 19
Stage according to the International Staging System *

I 28
II 30
III 43

Smoking
Yes 20

No: Non-smokers 69
No: Ex-smokers 12

Exposure to carcinogenic factors
Yes 28
No 73

Renal failure *
No 82
Yes 19
The stage of chronic kidney disease (grade)
G1 30
G2 28

G3A 16
G3B 12
G4 7
G5 8

Anemia grade before treatment (WHO)
Absent 28
I—mild 33

II—moderate 30
III—severe 10

Cytogenetic changes *
del(17p13.1) 14

t(4;14) 15
Other types 2

Chemotherapy
Cyclophosphamide, Thalidomide,

and Dexamethasone (CTD) 50

Velcade, Cyclophosphamide, Dexamethasone (VCD) 29
Velcade, Thalidomide,

and Dexamethasone (VTD) 20

Died before chemotherapy 2
* at diagnosis.

Therapeutic induction regimens consisted of thalidomide and/or bortezomib com-
bined with steroids and/or cyclophosphamide. The group of 37 MM patients underwent
autologous hematopoietic stem cell transplantation (auto-HSCT). Response to treatment
was evaluated according to the International Myeloma Working Group guidelines, as
described elsewhere [32,33]. Overall survival (OS) encompassed time from diagnosis until
relapse, progression, death due to tumor effect or last follow-up, and time from diagnosis
until death by any cause or last follow-up, respectively. The median follow-up time of
MM patients enrolled in the study was 18.16 months. Progression-free survival (PFS) was
estimated as the time elapsed between treatment initiation and tumor progression or death
from any cause [34].
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Table 2. Inclusion and exclusion criteria for MM patients and blood donors.

Inclusion Criteria for MM Patients

-Newly diagnosed MM patients.
-Signed informed consent
-18 years of age or older
-Measurable disease, defined as follows:

• For secretory MM—the presence of quantifiable monoclonal component, ≥0.5 g/dL
• For poor secretory or non-secretory MM—the level of the affected serum free light chain

must be ≥ 10 mg/dL (≥100 mg/L, with an abnormal free light-chain ratio)

-Eastern Cooperative Oncology Group (ECOG) Performance status ≤3
-Life expectancy more than 3 months
-Successful genotyping

Inclusion criteria for control group
-18 years of age or older
-Signed informed consent
-Successful genotyping

Exclusion criteria for MM patients
-Active smoldering MM
-Active plasma cell leukemia
-Documented systemic amyloid light chain amyloidosis
-Active central nervous system involvement with MM
-Other active hematologic malignancy or solid tumor

Exclusion criteria for Control group
-Known to be infected with HIV, syphilis, tuberculosis, hepatitis B, or hepatitis C
-A condition in which repeated blood draws or injections pose more than minimal risk for the subject
such as hemophilia, other severe coagulation disorders, or significantly impaired venous access
-A condition that requires active medical intervention or monitoring to avert serious danger to the
participant’s health or well-being

Peripheral blood from healthy blood donors and bone marrow aspirates from MM
patients were used for DNA isolation and determination of CCL5 and CCR1 variants. The
samples of serum (n = 70) were used to determine the level of regulated on activation,
normal T-cell expressed and secreted (RANTES)/chemokine (C-C motif) ligand (CCL5) in
MM patients.

Cell cultures were established from bone marrow aspirates to carry out the research
associated with bortezomib treatment (n = 50), as described by Zmorzynski et al. [35].

2.2. DNA Isolation

DNA isolation was performed using a commercial kit (Qiagen, Germany) according to
the manufacturer’s procedure. The concentration and quality of DNA was checked using a
NanoDrop device (Thermo Fisher Scientific, USA, Waltham, MA, USA).

2.3. Genotyping

We selected the most analyzed genetic variants of CLL5 (rs2280789, rs2280788, and
rs2107538) and CCR1 (rs3181077) genes. Genotyping was performed using TaqMan SNP
genotyping assays on Applied Biosystems (USA, Waltham, MA, USA). For genotyping
analysis, 7500 Fast Real-time PCR (Applied Biosystems, USA, Waltham, MA, USA) was used.

2.4. Enzyme-Linked Immunosorbent Assay (ELISA)

A specific ELISA kit (MyBioSource, San Diego, CA, USA) was used (according to man-
ufacturer’s protocol) to determine the level of RANTES/CCL5 in serum samples collected
from 70 MM patients. The plate reader (TK Biotech, Poland, Warsaw) at wavelength of
450 nm for measurement of RANTES/CCL5 was used. The serum samples were diluted
20 times. The concentration read from the standard curve was multiplied by the dilution
factor (2×).
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2.5. Bortezomib In Vitro Treatment

Bone marrow aspirates (n = 50) (mean number of plasma cells—31.31% ± 20.69) were
used to establish cell cultures as described previously [35]. The number of apoptotic,
necrotic, and viable cells was evaluated by means of the Annexin V-Cy3 Apoptosis Detec-
tion Kit according to manufacturer’s protocol (Sigma-Aldrich, USA, Saint Louis, MO, USA)
(Figure 1).
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Chi-square test or Fisher’s exact test (when one expected value was <5). The quantitative 
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trols (healthy blood donors) and cases (MM patients) from Hardy–Weinberg equilibrium 
(HWE) was assessed by a Chi-square test with Yates’s correction for the groups with less 
than five patients [36]. For the 95% confidence interval (CI), we assumed p = 0.05 and χ2 = 
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measured using D’ and Dmax values, as well as the squared correlation coefficient r2. 
Pearson’s correlation analysis was used to evaluate the correlation between 
RANTES/CCL5 concentration and laboratory/clinical data (free light chain ratio, age, % 
of plasma cells in bone marrow, number of platelets, estimated glomerular filtration rate 
concentration of: hemoglobin, albumins, β2-microglobulin, calcium ions, creatinine, and 
C-reactive protein). We assumed a 5% error of inference and the related level of signifi-
cance p < 0.05, pointing to the existence of statistically significant differences. Statistical 
analyses were performed using the Statistica ver. 12.5 (StatSoft) software. 

Figure 1. Example of in vitro bortezomib treatment. The viable cells were stained with 6-CF
(6-carboxyfluorescein)—green dye. The necrotic cells were stained only with AnnCy3 (Annexin
V Cy3.18)—red dye (cell in the lower right corner). The cells undergoing apoptosis were stained both
with AnnCy3 (red) and 6-CF (green). In the figure, two cells on the left show late apoptosis. The cell
in the upper right corner shows early apoptosis.

2.6. Statistical Analysis

Laboratory values of MM patients with studied variants were compared using an
independent t-test for continuous variables and a Chi-square test for categorical vari-
ables. The association of studied variants with clinical data was evaluated using a Chi-
square test or Fisher’s exact test (when one expected value was <5). The quantitative data
was shown as frequency or percentage. Deviation of genotype frequencies in controls
(healthy blood donors) and cases (MM patients) from Hardy–Weinberg equilibrium (HWE)
was assessed by a Chi-square test with Yates’s correction for the groups with less than
five patients [36]. For the 95% confidence interval (CI), we assumed p = 0.05 and
χ2 = 3.84; therefore, if the χ2 ≤ 3.84 and the corresponding p ≥ 0.05, then the popula-
tion is in HWE, as described previously [37]. The Cox proportional hazard model was used
for univariate and multivariate analysis of OS and PFS. The Kaplan–Meier method and
the log-rank test were used for survival analysis. Pairwise linkage disequilibrium (LD)
was measured using D’ and Dmax values, as well as the squared correlation coefficient r2.
Pearson’s correlation analysis was used to evaluate the correlation between RANTES/CCL5
concentration and laboratory/clinical data (free light chain ratio, age, % of plasma cells in
bone marrow, number of platelets, estimated glomerular filtration rate concentration of:
hemoglobin, albumins, β2-microglobulin, calcium ions, creatinine, and C-reactive protein).
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We assumed a 5% error of inference and the related level of significance p < 0.05, pointing
to the existence of statistically significant differences. Statistical analyses were performed
using the Statistica ver. 12.5 (StatSoft) software.

3. Results

The presented study included 101 MM patients (53 males and 48 females). The variants
of CCL5 and CCR1 genes, as well as the level of RANTES/CCL5 in serum of MM patients
were analyzed. Moreover, we performed cell cultures in a subgroup of MM patients (from
bone marrow samples) with bortezomib to check whether the genotypes of CCL5 and CCR1
genes may be related to the effects of this drug.

3.1. Frequencies of Alleles and Genotypes and Their Association with MM Risk

Genotyping was successful in all the individuals investigated within the study. This
was one of the inclusion criteria for MM patients and healthy blood donors. The CCL5 and
CCR1 variants were in Hardy–Weinberg equilibrium (Table 3).

Table 3. Hardy–Weinberg equilibrium (HWE) for CCL5 and CCR1 variants in the case and control
groups according to expected (E) and observed (O) values.

GROUPS GENOTYPES Total HWE
p Value and χ2 *

CCL5 gene rs2280789
- AA AG GG - -

CONTROL
E 85.56 13.87 0.56 100

p = 0.51, χ2 = 0.42O 86 13 1 100
CASE

E 80.19 19.6 1.19 101
p = 0.09 χ2 = 2.84O 82 16 3 101

CCL5 gene rs2280788
- GG CG CC - -

CONTROL
E 89.3 10.39 0.3 100

p = 0.18, χ2 = 1.73O 90 9 1 100
CASE

E 91.24 9.5 0.24 101
p = 0.55, χ2 = 0.34O 91 10 0 101

CCL5 gene rs2107538
- CC CT TT - -

CONTROL
E 66.42 30.15 3.42 100

p = 0.71, χ2 = 0.13O 67 29 4 100
CASE

E 78.42 21.14 1.42 101
p = 0.17, χ2 = 1.83O 80 18 3 101

CCR1 gene rs318077
- TT CT CC - -

CONTROL
E 44.89 44.22 10.89 100

p = 0.68, χ2 = 0.16O 46 42 12 100
CASE

E 43.12 45.74 12.12 101
p = 0.3, χ2 = 1.05O 40 52 9 101

* if the χ2 ≤ 3.84 and the corresponding p ≥ 0.05 then the population is in HWE.

Two variants—rs2280788 and rs2107538—were in the same haplotype block in MM
patients and the control group—D’ = 0.90 and D’ = 0.91, respectively (Table 4). The
correlation factor in all studied variants was low in MM patients and healthy blood donors—
r2 range 0.18–0.31 and 0.09–0.25, respectively (Table 4).
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Table 4. Pairwise linkage disequilibrium and squared correlation coefficient r2 taking into account
CCL5 variants in MM patients and healthy blood donors.

CCL5 Variants Individuals D Value Dmax Value D’Value r2 Value

rs2280789 and
rs2280788

MM patients 0.026 0.045 0.57 0.18
Control group 0.023 0.036 0.64 0.25

rs2280789 and
rs2107538

MM patients 0.050 0.090 0.55 0.31
Control group 0.035 0.065 0.54 0.09

rs2280788 and
rs2107538

MM patients 0.040 0.044 0.90 0.20
Control group 0.029 0.032 0.91 0.13

The CCL5 and CCR1 variants were balanced (Table 5). We did not observe statistically
significant differences between allele and genotype frequencies among MM patients and
healthy blood donors. In the case of CT and CT + TT genotypes of rs2107538, as well as
T-allele of rs2107538, statistical tendency was observed with the risk of MM development
(Table 5).

Table 5. The comparison of allele frequency and distribution of CCL5 and CCR1 variants among MM
patients and controls.

Gene Variants
and Alleles

MM
n (%)

Controls
n (%) Odds Ratio 95% CI p Values

CCL5 rs2280789
AA 82 (81.18%) 86 (86%) 1 - -
AG 16 (15.84%) 13 (13%) 0.77 0.35–1.71 0.52
GG 3 (2.97%) 1 (1%) 3.14 0.32–30.86 0.59

AG + GG 19 (18.81%) 14 (14%) 0.70 0.33–1.49 0.35
Total: 101 (100%) 100 (100%)

A 180 (89.1%) 185 (92.5%) 1 - -
G 22 (10.9%) 15 (7.5%) 0.66 0.33–1.31 0.24

Total: 202 (100%) 200 (100%)
CCL5 rs2280788

GG 91 (90.1%) 90 (90%) 1 - -
CG 10 (9.9%) 9 (9%) 0.91 0.35–2.34 0.84

CC * 0 (0%) 1 (1%)
CG + CC 10 (9.9%) 10 (10%) 1.01 0.40–2.54 1.0

Total: 101 (100%) 100 (100%)
G 192 (95%) 193 (96,5%) 1 - -
C 10 (5%) 7 (3.5%) 0.69 0.25–1.86 0.47

Total: 202 (100%) 200 (100%)
CCL5 rs2107538

CC 80 (79.2%) 67 (67%) 1 - -
CT 18 (17.8%) 29 (29%) 1.92 0.98–3.76 0.05
TT 3 (2.97%) 4 (4%) 1.59 0.34–7.36 0.83

CT + TT 21 (20.77%) 33 (33%) 1.87 0.99–3.64 0.05
Total: 101 (100%) 100 (100%)

C 178 (88.1%) 163 (81.5%) 1 - -
T 24 (11.8%) 37 (18.5%) 1.68 0.96–2.93 0.06

Total: 202 (100%) 200 (100%)
CCR1 rs318077

TT 40 (39.6%) 46 (46%) 1 - -
CT 52 (51.5%) 42 (42%) 0.70 0.39–1.26 0.23
CC 9 (8.9%) 12 (12%) 1.16 0.44–3.03 0.76

CT + CC 61 (60.4%) 54 (54%) 0.76 0.43–1.34 0.35
Total: 101 (100%) 100 (100%)

T 131 (65%) 134 (67%) 1 - -
C 71 (35%) 66 (33%) 0.90 0.60–1.37 0.64

Total: 202 (100%) 200 (100%)
* too small group for analysis.
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3.2. CCL5 and CCR1 Variants as a Risk Factors of Death and MM Progression

Minor genotypes were analyzed together with heterozygotes due to their small sample
size. The only exception is for CC genotype of rs318077 variant due to there being a suffi-
cient number of this rare/minor genotype—n = 9 (of MM patients) and n = 12 (of healthy
blood donors). A univariate Cox analysis revealed that patients at stage III according to ISS
had a 2.80-fold (p = 0.004) increased risk of death (Table 6). In the case of MM patients with
auto-HSCT, lower risk of death was observed. Similar findings were observed in the case
of disease relapse or progression in MM patients at stage III according to ISS (HR = 2.79,
p < 0.001) and with auto-HSCT (HR = 0.39, p = 0.03) (Table 6). The univariate Cox analysis
did not show the impact of analyzed variants on the risk of death or disease relapse or
progression in MM patients.

Table 6. Univariate Cox analysis in survival of MM patients.

Variable
Univariate Cox Analysis

for OS
Univariate Cox Analysis

for PFS
p Value HR 95% CI p Value HR 95% CI

ISS
I + II - R - R -

III 0.004 2.78 1.40–5.38 <0.001 2.79 1.61–4.84
Auto-HSCT

yes <0.001 0.18 0.07–0.46 0.03 0.39 0.21–0.72
no - R - - R -

CCL5 rs2280789
AA - R - - R -

AG + GG 0.21 0.51 0.17–1.43 0.73 0.88 0.43–1.81
CCL5 rs2280788

GG - R - - R -
CG + CC 0.64 0.75 0.22–2.50 0.31 1.61 0.63–4.12

CCL5 rs2107538
CC - R - - R -

CT + TT 0.12 0.46 0.14–1.20 0.17 0.59 0.27–1.26
CCR1 rs318077

CC - R - - R -
CT + TT 0.90 0.98 0.70–1.38 0.58 0.92 0.70–1.22

R-reference.

The multivariate Cox regression analysis confirmed that patients with auto-HSCT
had a decreased risk of death and disease relapse or progression (Table 7). In contrast,
patients at stage III according to ISS had an increased risk of death and disease relapse
or progression. Moreover, multivariate Cox regression showed increased risk of disease
relapse or progression (HR = 4.77; p = 0.01) in MM patients with CG + CC genotypes
of CCL5 rs2280788 variant. In the case of CT + TT genotypes of CCL5 rs2107538 variant,
decreased risk of death (HR = 0.18; p = 0.028) and disease relapse or progression were
observed (HR = 0.26; p = 0.01) (Table 7).

The analysis of response rate showed that MM patients without auto-HSCT had an
increased chance of progressive disease (PD) (Table 8). Similar results were observed in
MM patients with genotypes AG + GG (rs2280789) of CCL5 gene (Table 8).
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Table 7. Multivariate Cox analysis in survival of MM patients.

Variable
Multivariate Cox Analysis

for OS
Multivariate Cox Analysis

for PFS
p Value HR 95% CI p Value HR 95% CI

ISS
I + II - R - - R -

III 0.049 2.16 1.0–4.66 0.001 2.80 1.50–5.20
Auto-HSCT

yes - R - - R -
no 0.03 0.19 0.07–0.56 0.046 0.49 0.24–0.99

CCL5 rs2280789
AA - R - - R -

AG + GG 0.74 0.80 0.20–3.17 0.82 1.10 0.45–2.70
CCL5 rs2280788

GG - R - - R -
CG + CC 0.15 3.77 0.61–23.34 0.01 4.77 1.42–15.99

CCL5 rs2107538
CC - R - - R -

CT + TT 0.028 0.18 0.04–0.83 0.01 0.26 0.09–0.73
CCR1 rs318077

CC - R - - R -
CT + TT 0.99 0.99 0.70–1.44 0.41 0.88 0.65–1.20

R-reference.

Table 8. CCL5 and CCR1 variants in response rate of MM patients.

Variable
Response Rate

CR + VGPR + PR + SD PD
p Value OR (95% CI)

ISS
I + II - reference

III 0.07 3.06 (0.65–14.39)
Auto-HSCT

yes - reference
no 0.02 4.02 (1.26–12.87)

CCL5 rs2280789
AA - reference

AG + GG 0.01 1.10 (0.35–3.45)
CCL5 rs2280788

GG - reference
CG + CC 0.41 1.17 (0.28–4.82)

CCL5 rs2107538
CC - reference

CT + TT 0.92 0.93 (0.30–2.88)
CCR1 rs318077

TT - reference
CT + CC 0.86 0.92 (0.36–2.33)

CR-complete response, VGPR-very good partial response, PR-partial response, SD-stable disease, PD-progressive
disease patients—according to response criteria for MM [38,39].
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3.3. Association of Studied Variants with Clinical/Laboratory Values

We analyzed potential relationships between clinical/laboratory results and selected
appropriate genotypes. We found that AG + GG genotypes of CCL5 rs2280789 were associ-
ated with lower levels of C-reactive protein. At the level of tendency, the changes in the
concentration of creatinine (in rs2280789 variant), C-reactive protein (in rs2107538 variant),
albumins (in rs318077 variant), % of plasma cells (in rs318077 variant), and estimated
glomerular filtration rate (in rs318077 variant) were observed (Table 9). The CC + CT geno-
types (of rs318077 variant) and CT + TT genotypes (of 2107538 variant) were associated
with higher (OR = 2.72, p = 0.028) and lower (OR = 0.32, p = 0.027) risk of chromosomal
aberrations presence, respectively. Other variants were not associated with the presence of
chromosomal aberrations. Moreover, we did not observe statistically significant associa-
tions between studied variants and specific types of chromosomal aberrations—del(17p13.1)
or t(4;14).

Table 9. The clinical values of MM patients included to the study taking into account studied variants.

Variables MM
Patients

CCL5 rs2280789 CCL5 rs2280788 CCL5 r rs2107538 CCR1 rs318077

AA AG +
GG

p-
Value GG CG

+ CC
p-

Value CC CT
+ TT

p-
Value TT CT+

CC
p-

Value

Mean age (years) * 65.46 65.80 64.0 0.48 65.84 62.10 0.26 65.72 64.48 0.61 62.20 65.64 0.83

Free light chain ratio * 303.05 332.9 178.6 0.44 309.3 248.0 0.81 302.9 303.7 0.98 433.0 224.2 0.20

% of plasma cells in bone
marrow * 30.80 31.28 37.32 0.44 30.73 28.70 0.76 29.97 32.62 0.58 35.07 27.62 0.07

Albumins (g/dL) * 3.57 3.55 3.64 0.62 3.58 3.45 0.56 3.57 3.56 0.97 3.72 3.46 0.05

β2-microglobulin * (mg/L) 6.12 6.06 6.37 0.77 6.02 7.05 0.46 5.73 7.55 0.17 6.37 5.96 0.65

Calcium * (mM/L) 2.45 2.45 2.44 0.96 2.46 2.37 0.41 2.46 2.41 0.54 2.40 2.48 0.21

Hemoglobin * (g/dL) 10.40 10.41 10.33 0.87 10.45 9.90 0.38 10.44 10.21 0.62 10.06 10.61 0.15

Creatinine * (mg/dL) 1.60 1.67 1.15 0.05 1.60 1.31 0.60 1.58 1.54 0.93 1.74 1.47 0.43

Platelets (K/µL) 212.75 214.2 206.3 0.74 216.0 183.1 0.29 217.4 195.0 0.32 198.5 222.1 0.21

C-reactive protein * (mg/L) 15.53 17.54 6.56 0.02 16.54 6.11 0.39 18.47 4.82 0.05 10.50 18.86 0.25

Estimated glomerular
filtration rate *

mL/min/1.73 m2
60.92 65.84 70.19 0.58 66.51 68.02 0.88 66.97 65.47 0.84 56.24 73.50 0.05

* at diagnosis.

3.4. Survival of MM Patients Taking into Account Type of Tratment and Studied Variants

We analyzed the association between studied genotypes and survival of MM patients
(by log rank test). Without taking into account the type of treatment, we did not observe
statistically significant changes in OS and PFS. Furthermore, a log rank (Mantel–Cox)
analysis taking into account studied variants and the type of treatment (thalidomide vs.
bortezomib vs. both thalidomide and bortezomib) was performed. We found an association
of AA genotype of rs2280789 with the type of treatment and OS (p = 0.026) (Figure 2).
Similar results were observed in the case of GA + GG genotypes of rs2280789 variant, GG
genotype of rs2280788 variant, and CC genotype of rs2107538 variant (Figure 2). In MM
patients with AA genotype (of rs2280789), GG genotype (of rs2280788) or CC genotype
(of rs2107538), a higher survival rate in treatment with thalidomide and bortezomib was
observed (Figure 2).
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Moreover, in the analysis of treatment and PFS, we found statistically significant
associations with AA genotype and GA + GG genotypes of rs2280789 variant, GG genotype
of rs2280788 variant, CC genotype of rs2107538 variant and TT genotype of rs318077 variant
(Figure 3). In MM patients with AA genotype (of rs2280789), GG genotype (of rs2280788),
CC genotype (of 21107538) or TT genotype (of rs318077)—a higher PFS rate was found
(Figure 3).

In the next step, we checked if there were differences in OS or PFS between major
genotypes (of studied variants) and one type of treatment. There were no statistically
significant differences between major genotypes and OS/PFS in patients treated with
bortezomib (p = 0.905/p = 0.54), thalidomide (p = 0.826/p = 0.924) or both of these drugs
(p = 0.392/p = 0.692), respectively.
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Figure 2. Kaplan-Meier analysis of OS taking into account the type of treatment: (a) AA genotype
of rs2280789, log-rank test p = 0.026 (Thalidomide vs. Thalidomide + Bortezomib); (b) GA + GG
genotypes rs2280789, log-rank test p = 0.008 (Thalidomide vs. Bortezomib); (c) GG genotype of
rs2280788, log-rank test p = 0.025 (Thalidomide vs. Thalidomide + Bortezomib), p = 0.037 (Bortezomib
vs. Thalidomide + Bortezomib), p = 0.051 (Thalidomide vs. Bortezomib); (d) CC genotype of
rs2107538, log-rank test p = 0.025 (Thalidomide vs. Thalidomide + Bortezomib), p = 0.028 (Bortezomib
vs. Thalidomide + Bortezomib).
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Figure 3. Kaplan–Meier analysis of OS taking into account the type of treatment: (a) AA geno-
type of rs2280789, log-rank test p = 0.002 (Thalidomide vs. Thalidomide + Bortezomib), p = 0.009
(Bortezomib vs. Thalidomide + Bortezomib); (b) GA + GG genotypes of rs2280789, log-rank test
p = 0.022 (Thalidomide vs. Bortezomib); (c) GG genotype of rs2280788, log-rank test p = 0.01
(Thalidomide vs. Thalidomide + Bortezomib), p = 0.015 (Bortezomib vs. Thalidomide + Bortezomib);
(d) CC genotype od rs2107538, log-rank test p = 0.008 (Thalidomide vs. Thalidomide + Bortezomib),
p = 0.004 (Bortezomib vs. Thalidomide + Bortezomib); (e) TT genotypes of rs318077, log-rank test
p = 0.015 (Thalidomide vs. Thalidomide + Bortezomib).

3.5. Levels of RANTES/CCL5 in Serum of MM Patients

We investigated whether CCL5 and CCR1 variants have an impact on RANTES/CCL5
level. We found that their concentration depended on the type of studied genotype.
Statistically significant lower RANTES/CCL5 levels were observed in minor genotypes
and heterozygotes (Table 10).
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Table 10. Changes in the concentration of RANTES/CCL5 in serum samples from MM patients.

Gene
Variant Genotypes Number of

Individuals
Mean Concentration

(ng/mL)
Standard
Deviation p Value

rs2280789
AA 56 11.15 1.37

<0.01GA + GG 14 6.43 3.20

rs2280788
GG 64 10.80 2.10

<0.01CG + CC 6 3.85 3.44

rs2107538
CC 56 10.95 1.76

<0.01CT + TT 14 7.22 3.70

rs3181077
TT 33 11.27 3.05

0.014CT + CC 37 9.25 2.99

Moreover, we have analyzed the most frequent haplotypes and their association with
RANTES/CCL5 concentration. Haplotypes with a frequency lower than 5% were excluded
from our analysis. We observed a statistically significant difference in RANTES/CCL5
concentration between the two most common haplotypes (Table 11). All results obtained
in a Pearson’s correlation analysis (RANTES/CCL5 concentration vs. clinical/laboratory
data) were statistically insignificant, including C-reactive protein concentration (r = 0.038,
p = 0.76) and % of plasma cells (r = 0.021, p = 0.86).

Table 11. Haplotypes comprising CCL5 and CCR1 variants and concentration of RANTES/CCL5
(ng/mL).

CCL5 and CCR1 Variants
Frequency Mean Concentration

(ng/mL)
Standard
Deviation

p Value
rs2280789 rs2280788 rs2107538 rs3181077

AA GG CC TT 0.37 11.73 1.25
0.03AA GG CC CT 0.30 10.96 1.13

3.6. Bortezomib In Vitro Treatment

In in vitro studies, bortezomib increased the number of apoptotic and necrotic cells
in all studied genotypes (Figure 4). However, in most cases the differences between the
number of apoptotic, necrotic, or viable cells relative to bortezomib doses (for example,
1 nM vs. 2 nM) were statistically insignificant.

A higher number of apoptotic cells was observed at 1 nM of bortezomib in patients
with AA genotype (of rs2280789) in comparison to those with GA + GG genotypes (16.79%
vs. 11.37%, p = 0.021). A higher number of viable cells was found at 1 nM of bortezomib in
cells with GA + GG genotypes (of rs2280789) in comparison to AA genotype—86.36% vs.
77.31%, p = 0.02.
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4. Discussion

Multiple myeloma cells proliferate and grow mainly within bone marrow, where they
create an environment that promotes disease progression, drug resistance, bone destruc-
tion, and immune escape [2]. MM and BM cells communicate with each other through
the secretion and binding of cytokines and chemokines. The concentration of released
chemokines may have a predictive value for the course of the disease. Reports published
so far on the role of RANTES/CCL5 in cancer have been controversial. Some studies
suggest that RANTES/CCL5 production may lead to a more immune-suppressive activity
in tumor microenvironment (TME) [19], while other evidence suggests that RANTES/CCL5
is in favor of tumor immunity [40–43]. The expression, and thus the concentration of the
RANTES/CCL5 chemokine, may be conditioned by external factors (stimulation by other
cells) or genetic polymorphisms. Three single nucleotide polymorphisms (SNPs) in CCL5,
namely rs2107538, rs2280788, and rs2280789, are the most frequent variants associated with
inflammatory diseases. A growing body of research confirms that cytokine gene variants
are an important factor in predicting the outcomes of the development and treatment of
solid cancer diseases and hemato-oncological diseases. However, knowledge of CCL5
gene polymorphisms implications with regard to MM susceptibility remains elusive. In
our study, we analyzed the association of CCL5 and CCR1 variants with the risk and the
outcome of MM as well as response to thalidomide and/or bortezomib treatment. In
addition, we took into account the in vitro response to multiple doses of bortezomib.

In our research, we described association of the T-allele of rs2107538 with the risk of
MM development at the level of tendency. We observed an increased risk of disease relapse
or progression in MM patients with CG + CC genotypes rs2280788. A similar finding was
observed in patients with TC + CC genotypes rs2280789. Our work is the first to examine



J. Clin. Med. 2023, 12, 2384 15 of 20

the relationship between CCL5 polymorphisms and the risk and course of MM disease.
Several studies have found an association between CCL5 variants and an increased risk of
cancer. In the study by Shan et al., rs2107538-T allele was significantly associated with triple
negative breast cancer (TNBC) [30]. Both CCL5 rs2280788-GC and CCL5 rs2280789-CC
genotypes in their study showed a slightly significant association with TNBC risk [30].
Additionally, they showed that CCL5 variants (rs2107538 and rs2280789) were linked to
CCL5 serum and mRNA levels [30]. Eskandari-Nasab and colleagues demonstrated that
CCL5 rs2107538 variants were associated with an increased risk of breast cancer [44]. Their
results indicated that individuals carrying the CCL5 rs2107538-GA or GA + AA genotypes
or A allele had higher risk of developing breast cancer compared to those carrying the CC
genotype or C allele [44]. In Suenaga et al., they demonstrated that patients with colorectal
cancer who possessed CCL5 rs2280789 G alleles had poorer outcomes with shortened PFS
and OS rates, as well as poor tumor response compared to those with the AA variant.
Interestingly, they also found that CCL5 was not only expressed in cancerous tissue, but
also in non-neoplastic mucosal tissues, and the clinical impact of this CCL5 allele did not
differ depending on primary tumor location in the colon [19].

There are no studies on the involvement of CCL5 polymorphisms in the develop-
ment of hematological malignancies. However, several studies have been published on
the association of CCL5 polymorphic variants with the development of graft-versus-host
(GVHD) disease in hematological patients after allo-HSCT. The development of GVHD
involves soluble and cellular components of both the adaptive and innate immune re-
sponse. The migration of leukocytes to and from secondary lymphoid tissues is therefore
an essential component of GVHD [45,46]. Data from Choi et al., suggest that CCR1/CCL5
receptor–ligand interactions play a role in allo-specific T-cell responses and demonstrate
that CCR1 expression on donor cells contributes to the development of GVHD [47]. Kim
and colleagues showed that the CG genotype of rs2280788 in recipients of allo-HSCT was
significantly associated with a higher incidence of chronic GVHD, extensive chronic GVHD,
and severe grade of chronic GVHD compared to CC genotype [48]. In contrast, a study by
Shin et al. suggested that CCL5 variants may be associated with acute GVHD rather than
chronic GVHD, as well as relapse-free survival in patients treated with allo-HSCT [49]. In
the studies presented above, CCL5 polymorphisms have been rather negative prognostic
factors of the risk of developing graft versus host disease. In our study, MM patients with
auto-HSCT were included, and not those with allo-HSCT. Moreover, a lower risk of death
and disease relapse or progression in MM patients with auto-HSCT was observed.

Several studies have found an association between CCL5 polymorphisms and de-
creased risk of cancer and other diseases. Liou and colleagues indicated that women who
inherit A allele of CCL5 rs2107538 may be at reduced risk of gastric cancer [28]. A study by
Singh et al. suggests that TT genotype of the CCL5 rs2280789 variant plays an important
role in increased CCL5 expression in T cells, which may enhance Th1 immunity and help in
protection against tuberculosis [50]. This suggests that increased CCL5 expression strength-
ens the defensive properties of the immune system. Qiu et al. through their work showed
that CCL5 can play an anti-tumor role in breast cancer [51]. CCL5/RANTES secretion was
induced by IL-27 activity. In the presented materialthe presence of the T-allele of CCL5
rs2107538 variant was associated with higher risk of MM at the level of tendency.

In our study we described some positive impacts of the studied variants on the
course of the MM disease. We found higher PFS rates in individuals with CC-rs2107538,
GG-rs2280788, and AA-rs2280789. Additionally, the same individuals were in the group
with higher survival rate in treatment with thalidomide and bortezomib. In the case of
GA + GG genotypes of rs2280789 variant poor response to bortezomib was observed.
It should be noted that GA + GG genotypes were associated with statistically lower
CCL5/RANTES level in comparison to AA genotype (of rs2280789). The best response to
treatment should be observed in patients being treated with both—bortezomib and thalido-
mide. These drugs are characterized by different modes of action. Immune dysfunction
including dendritic cells deficiencies is a hallmark of MM. These cells play an important
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role in MM pathophysiology. The lack of their proper immunological function results in
drug resistance and the subsequent failure of immunotherapeutic approaches [52]. Den-
dritic cells that were exposed to bortezomib showed reduced secretion of chemoattractants
involved in inflammation and lymphocyte recruitment such as CCL5/RANTES [53,54].
Kuwahara-Ota and colleagues found that secretion of CCL5/RANTES by myeloma cells
is a prerequisite for induction of immunosuppressive myeloid-derived suppressor cells
in MM [55]. An increase in immunosuppressive myeloid-derived suppressor cells is as-
sociated with MM progression and treatment resistance. Thalidomide has been shown
to possess immunomodulatory attributes, including the inhibition of cytokine produc-
tion including CCL5/RANTES [56]. A new class of thalidomide derivatives was devel-
oped. These immunomodulatory drugs (IMiDs) are structurally related and have their
unique set of anti-inflammatory, immunomodulatory, antiproliferative, antiangiogenic
and toxicity profiles [57]. ImiDs were identified as potent inhibitors of immunosup-
pressive myeloid-derived suppressor cells induction through independent downregu-
lation of CCL5/RANTES in myeloma cells, and downregulation of a receptor for CCL5
chemokine [55]. The poor response to bortezomib in comarison to thalidomide exhibited
in the GA-GG genotypes may be due to stronger effect of thalidomide (via inhibition of
immunosuppressive myeloid-derived suppressor cells).

We analyzed CCL5/RANTES concentration in the serum of MM patients and its
correlation with clinical/laboratory data. No statistically significant correlations were
found. Nevertheless, we found that CCL5/RANTES concentration depended on the type
of studied genotype of CCL5 and CCR1 gene. Lower concentration of CCL5/RANTES were
observed in a group of patients with minor genotypes and heterozygotes (analyzed together
as one group) of all studied variants. Based on these results, it can be concluded that indi-
vidual genotype and haplotype affect the expression and secretion of the CCL5/RANTES
in MM patients. In addition to neoplastic diseases, CCL5 variants may be a positive factor
in the course of other inflammatory and/or autoimmune diseases. Van Veen and colleagues
found that the low-producer CCL5 allele rs2107538-G was associated with reduced risk
of severe axonal loss, whereas the high-producer CCL5 allele rs2107538-A was associated
with a worse clinical course of multiple sclerosis [58]. In a study by Zhernakova et al.,
CCL5 variants were significantly associated with serum concentration of chemokine and
development of diabetes type 1 (T1D) [59]. The rs4251719*A-rs2306630*A-rs2107538*A
haplotype was associated with low CCL5/RANTES production and confers protection
from T1D [59].

The number of studies related to the role of CCR1 variants in neoplastic diseases is
very limited. CCR1 is involved in the recruitment of inflammatory immune cells including
neutrophils, monocytes, and lymphocytes [60]. CCL5/RANTES activity is mediated by
binding to CCR1 and also to CCR5 receptors [14]. In our studies, we included only
one variant of the CCR1 gene—rs318077. We found that individuals with the TT genotype
of rs318077 had higher PFS rates. Further CT + TT genotypes of rs318077 were associated
with higher risk of chromosomal aberrations.

There are some limitations of our study. The number of MM patients was relatively
small, in part due to the low incidence of the disease. However, the group of MM patients
included in the study was large enough for most analyses. Some analyses were not possible
as a result of low frequency of alleles in the population. For evaluation of apoptosis in
our in vitro study, fluorescent microscopy was applied instead of flow cytometry-based
apoptosis detection (FACS). FACS analysis is more reliable than quantitative apoptosis
evaluation. In addition, the FACS method differentiates between cells in early and late
apoptosis. Unfortunately, retrospective analysis of apoptosis with the use of flow cytometry
is not possible. The set used for apoptosis and necrosis detection was dedicated and
validated to fluorescent microscopy. Analysis of CCL5/RANTES level was performed in
serum. Using bone marrow plasma instead of serum would have been more informative.
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Despite this study’s limitations and the need for prospective studies with larger sample
sizes, our findings suggest that major genotypes of CCL5 variants may be independent
positive prognostic factors in MM.

5. Conclusions

In conclusion, the results of this study suggest that CCL5 variants may have positive
prognostic implications for MM. Moreover, our results show that CCL5 variants may be
predictors of thalidomide and bortezomib treatment response in MM. The presence of
major genotypes of rs2280789, rs2280788, and rs21107538 was associated with higher OS
and PFS.
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Fendler, W.; et al. Cytokine and Chemokine Profile in Patients with Multiple Myeloma Treated with Bortezomib. Mediat. Inflamm.
2020, 2020, 1835836. [CrossRef] [PubMed]

http://doi.org/10.1001/jama.2022.0003
http://www.ncbi.nlm.nih.gov/pubmed/35103762
http://doi.org/10.1517/14712598.2013.799130
http://www.ncbi.nlm.nih.gov/pubmed/23692463
http://doi.org/10.1182/blood-2015-01-623975
http://doi.org/10.3390/cancers13040625
http://doi.org/10.1182/blood-2018-01-825240
http://doi.org/10.3324/haematol.2012.067272
http://www.ncbi.nlm.nih.gov/pubmed/22773604
http://doi.org/10.1182/blood-2009-05-220285
http://doi.org/10.1155/2020/1835836
http://www.ncbi.nlm.nih.gov/pubmed/32587468


J. Clin. Med. 2023, 12, 2384 18 of 20

9. Musolino, C.; Allegra, A.; Innao, V.; Allegra, A.G.; Pioggia, G.; Gangemi, S. Inflammatory and Anti-Inflammatory Equilibrium,
Proliferative and Antiproliferative Balance: The Role of Cytokines in Multiple Myeloma. Mediat. Inflamm. 2017, 2017, 1852517. [CrossRef]

10. Wang, X.S.; Shi, Q.; Shah, N.D.; Heijnen, C.J.; Cohen, E.N.; Reuben, J.M.; Orlowski, R.Z.; Qazilbash, M.H.; Johnson, V.E.; Williams,
L.A.; et al. Inflammatory Markers and Development of Symptom Burden in Patients with Multiple Myeloma during Autologous
Stem Cell Transplantation. Clin. Cancer Res. 2014, 20, 1366–1374. [CrossRef]

11. Hameed, A.; Ali, J.; Munawar, K.; Arshad, F.; Badar, F.; Siddiqui, N. Characteristics and outcomes of patients with multiple
myeloma: Data from a developing country. Med J. Islam. Repub. Iran 2018, 32, 1–5. [CrossRef] [PubMed]

12. Aggarwal, R.; Ghobrial, I.M.; Roodman, G.D. Chemokines in multiple myeloma. Exp. Hematol. 2006, 34, 1289–1295. [CrossRef] [PubMed]
13. Cao, Y.; Luetkens, T.; Kobold, S.; Hildebrandt, Y.; Gordic, M.; Lajmi, N.; Meyer, S.; Bartels, K.; Zander, A.R.; Bokemeyer, C.; et al.

The cytokine/chemokine pattern in the bone marrow environment of multiple myeloma patients. Exp. Hematol. 2010, 38, 860–867.
[CrossRef] [PubMed]

14. Soria, G.; Ben-Baruch, A. The inflammatory chemokines CCL2 and CCL5 in breast cancer. Cancer Lett. 2008, 267, 271–285. [CrossRef]
15. Derossi, D.R.; Amarante, M.K.; Guembarovski, R.L.; de Oliveira, C.E.C.; Suzuki, K.M.; Watanabe, M.A.E.; de Syllos Cólus, I.M. CCL5

protein level: Influence on breast cancer staging and lymph nodes commitment. Mol. Biol. Rep. 2019, 46, 6165–6170. [CrossRef]
16. Tsukishiro, S.; Suzumori, N.; Nishikawa, H.; Arakawa, A.; Suzumori, K. Elevated serum RANTES levels in patients with ovarian

cancer correlate with the extent of the disorder. Gynecol. Oncol. 2006, 102, 542–545. [CrossRef] [PubMed]
17. Sima, A.R.; Sima, H.R.; Rafatpanah, H.; Hosseinnezhad, H.; Ghaffarzadehgan, K.; Valizadeh, N.; Bahar, M.M.; Hakimi, H.R.; Masoom,

A.; Noorbakhsh, A.; et al. Serum Chemokine Ligand 5 (CCL5/RANTES) Level Might be Utilized as a Predictive Marker of Tumor
Behavior and Disease Prognosis in Patients with Gastric Adenocarcinoma. J. Gastrointest. Cancer 2014, 45, 476–480. [CrossRef]

18. Suenaga, M.; Mashima, T.; Kawata, N.; Wakatsuki, T.; Horiike, Y.; Matsusaka, S.; Dan, S.; Shinozaki, E.; Seimiya, H.; Mizunuma,
N.; et al. Serum VEGF-A and CCL5 levels as candidate biomarkers for efficacy and toxicity of regorafenib in patients with
metastatic colorectal cancer. Oncotarget 2016, 7, 34811–34823. [CrossRef]

19. Suenaga, M.; Stintzing, S.; Cao, S.; Zhang, W.; Yang, D.; Ning, Y.; Okazaki, S.; Berger, M.D.; Miyamoto, Y.; Schirripa, M.; et al. Role
of CCL5 and CCR5 gene polymorphisms in epidermal growth factor receptor signalling blockade in metastatic colorectal cancer:
Analysis of the FIRE-3 trial. Eur. J. Cancer 2019, 107, 100–114. [CrossRef]

20. Aldinucci, D.; Borghese, C.; Casagrande, N. The CCL5/CCR5 Axis in Cancer Progression. Cancers 2020, 12, 1765. [CrossRef]
21. Oba, Y.; Lee, J.W.; Ehrlich, L.A.; Chung, H.Y.; Jelinek, D.F.; Callander, N.S.; Horuk, R.; Choi, S.J.; Roodman, G.D. MIP-1α utilizes

both CCR1 and CCR5 to induce osteoclast formation and increase adhesion of myeloma cells to marrow stromal cells. Exp.
Hematol. 2005, 33, 272–278. [CrossRef] [PubMed]

22. Menu, E.; De Leenheer, E.; De Raeve, H.; Coulton, L.; Imanishi, T.; Miyashita, K.; Van Valckenborgh, E.; Van Riet, I.; Van Camp,
B.; Horuk, R.; et al. Role of CCR1 and CCR5 in homing and growth of multiple myeloma and in the development of osteolytic
lesions: A study in the 5TMM model. Clin. Exp. Metastasis 2006, 23, 291–300. [CrossRef] [PubMed]

23. Aldinucci, D.; Gloghini, A.; Pinto, A.; Colombatti, A.; Carbone, A. The role of CD40/CD40L and interferon regulatory factor 4 in
Hodgkin lymphoma microenvironment. Leuk. Lymphoma 2012, 53, 195–201. [CrossRef] [PubMed]

24. Aldinucci, D.; Casagrande, N. Inhibition of the CCL5/CCR5 Axis against the Progression of Gastric Cancer. Int. J. Mol. Sci. 2018,
19, 1477. [CrossRef]

25. An, P.; Nelson, G.W.; Wang, L.; Donfield, S.; Goedert, J.J.; Phair, J.; Vlahov, D.; Buchbinder, S.; Farrar, W.L.; Modi, W.; et al. Modulating
influence on HIV/AIDS by interacting RANTES gene variants. Proc. Natl. Acad. Sci. USA 2002, 99, 10002–10007. [CrossRef]

26. Dossou-Yovo, O.P.; Zaccaria, I.; Benkerrou, M.; Hauchecorne, M.; Alberti, C.; Rahimy, M.C.; Elion, J.; Lapoumeroulie, C. Effects
ofRANTESandMBL2gene polymorphisms in sickle cell disease clinical outcomes: Association of the g.In1.1T>CRANTESvariant
with protection against infections. Am. J. Hematol. 2009, 84, 378–380. [CrossRef]

27. Kalai, M.; Chaouch, L.; Ben Mansour, I.; Hafsia, R.; Ghanem, A.; Abbes, S. Frequency of three polymorphisms of the CCL5 gene
(rs2107538, rs2280788 and rs2280789) and their implications for the phenotypic expression of sickle cell anemia in Tunisia. Pol. J.
Pathol. 2013, 2, 84–89. [CrossRef]

28. Liou, J.-M.; Lin, J.-T.; Huang, S.-P.; Wu, C.-Y.; Wang, H.-P.; Lee, Y.-C.; Chiu, H.-M.; Shun, C.-T.; Lin, M.-T.; Wu, M.-S. RANTES-403
polymorphism is associated with reduced risk of gastric cancer in women. J. Gastroenterol. 2008, 43, 115–123. [CrossRef]

29. Sáenz-López, P.; Carretero, R.; Cózar, J.M.; Romero, J.M.; Canton, J.; Vilchez, J.R.; Tallada, M.; Garrido, F.; Ruiz-Cabello, F. Genetic
polymorphisms of RANTES, IL1-A, MCP-1 and TNF-A genes in patients with prostate cancer. BMC Cancer 2008, 8, 382. [CrossRef]

30. Shan, J.; Chouchane, A.; Mokrab, Y.; Saad, M.; Boujassoum, S.; Sayaman, R.W.; Ziv, E.; Bouaouina, N.; Remadi, Y.; Gabbouj, S.;
et al. Genetic Variation in CCL5 Signaling Genes and Triple Negative Breast Cancer: Susceptibility and Prognosis Implications.
Front. Oncol. 2019, 9, 1328. [CrossRef]

31. Duell, E.J.; Casella, D.P.; Burk, R.D.; Kelsey, K.T.; Holly, E.A. Inflammation, Genetic Polymorphisms in Proinflammatory Genes TNF-A,
RANTES, and CCR5, and Risk of Pancreatic Adenocarcinoma. Cancer Epidemiol. Biomarkers Prev. 2006, 15, 726–731. [CrossRef]

32. Palumbo, A.; Rajkumar, S.V.; San Miguel, J.F.; Larocca, A.; Niesvizky, R.; Morgan, G.; Landgren, O.; Hajek, R.; Einsele, H.;
Anderson, K.C.; et al. International Myeloma Working Group Consensus Statement for the Management, Treatment, and
Supportive Care of Patients With Myeloma Not Eligible for Standard Autologous Stem-Cell Transplantation. J. Clin. Oncol. 2014,
32, 587–600. [CrossRef]

33. Durie, B.G.M.; Harousseau, J.-L.; Miguel, J.S.; Blade, J.; Barlogie, B.; Anderson, K.; Gertz, M.; Dimopoulos, M.; Westin, J.; Sonneveld,
P.; et al. International uniform response criteria for multiple myeloma. Leukemia 2006, 20, 1467–1473. [CrossRef] [PubMed]

http://doi.org/10.1155/2017/1852517
http://doi.org/10.1158/1078-0432.CCR-13-2442
http://doi.org/10.14196/mjiri.32.1
http://www.ncbi.nlm.nih.gov/pubmed/29977869
http://doi.org/10.1016/j.exphem.2006.06.017
http://www.ncbi.nlm.nih.gov/pubmed/16982321
http://doi.org/10.1016/j.exphem.2010.06.012
http://www.ncbi.nlm.nih.gov/pubmed/20619313
http://doi.org/10.1016/j.canlet.2008.03.018
http://doi.org/10.1007/s11033-019-05051-8
http://doi.org/10.1016/j.ygyno.2006.01.029
http://www.ncbi.nlm.nih.gov/pubmed/16510173
http://doi.org/10.1007/s12029-014-9652-5
http://doi.org/10.18632/oncotarget.9187
http://doi.org/10.1016/j.ejca.2018.11.019
http://doi.org/10.3390/cancers12071765
http://doi.org/10.1016/j.exphem.2004.11.015
http://www.ncbi.nlm.nih.gov/pubmed/15730850
http://doi.org/10.1007/s10585-006-9038-6
http://www.ncbi.nlm.nih.gov/pubmed/17086356
http://doi.org/10.3109/10428194.2011.605190
http://www.ncbi.nlm.nih.gov/pubmed/21756027
http://doi.org/10.3390/ijms19051477
http://doi.org/10.1073/pnas.142313799
http://doi.org/10.1002/ajh.21411
http://doi.org/10.5114/pjp.2013.36012
http://doi.org/10.1007/s00535-007-2136-7
http://doi.org/10.1186/1471-2407-8-382
http://doi.org/10.3389/fonc.2019.01328
http://doi.org/10.1158/1055-9965.EPI-05-0797
http://doi.org/10.1200/JCO.2013.48.7934
http://doi.org/10.1038/sj.leu.2404284
http://www.ncbi.nlm.nih.gov/pubmed/16855634


J. Clin. Med. 2023, 12, 2384 19 of 20

34. Federal Drug Administration. Guidance for Industry: Clinical Trial Endpoints for the Approval of Non-Small Cell Lung Cancer
Drugs and Biologics. Available online: https://www.fda.gov/media/71195/download (accessed on 14 February 2021).
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