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Abstract

The exact role of regulatory T cells (Tregs) in multiple myeloma (MM) has not been yet determined. Data regarding alterations of
Tregs during therapy with novel agents (NA), i.e., bortezomib and lenalidomide are conflicted and limited. We evaluated
prospectively alterations of Tregs and searched for correlations with disease characteristics, response, and outcome in 29 patients
with active MM treated with either bortezomib-dexamethasone (BD; 11 patients) or lenalidomide-dexamethasone (LenDex, 18
patients). Additionally, we recorded changes of lymphocytes subsets and cytokines related to Tregs function and MM biology,
i.e., interleukin (IL) 6, 2, 17, and TGF-[3. Compared with controls, patients had significantly higher median levels of Tregs%, IL-
6,and IL-17 (p < 0.001). Median CD4 T and B cells frequencies were significantly lower, whereas CD8 T and natural killers were
increased compared to controls. In BD group, no significant alterations of Tregs% were observed. Patients treated with LenDex,
displayed a significant reduction of Tregs% (p <0.001) especially those who achieved at least very good partial response
(>vgPR) (p=0.04). Lymphocyte subsets or cytokines did not significantly change during therapy. In summary, Tregs% are
higher in patients with active MM compared with controls, and they significantly decrease after treatment with LenDex but not
with BD; After therapy with LenDex, Tregs reduction between baseline and major response correlated with achievement of
>vgPR suggesting a possible predictive role, that may contribute to therapeutic strategy.
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Introduction plasma cells and bone marrow plasmacytosis in association
with excess production of monoclonal protein. It accounts
Multiple myeloma (MM) is a mature, peripheral B cell malig-  for = 10% of hematological malignancies and has an over-

nancy which is characterized by uncontrolled proliferation of  all annual incidence of 4.4 cases per 100.000 population
[1]. During the last decades, the survival of MM patients
has substantially improved because of the wide use of au-
54 Christina Hadjiaggelidou tologous peri.pheral stem cell tr.ansplantation (ASCT) .and

chadjiaggelidou@yahoo.com the introduction of first-generation novel agents (NA), i.e.,
thalidomide, lenalidomide, and bortezomib [1]. However,
despite survival improvements, there is still a long way to
go to reach curability of MM. The major pathogenic mech-
anisms of MM include primary and secondary transloca-
tions, defects of cyclins and cell cycle regulators, dysreg-
ulation of signal transduction pathways, and interactions
between stromal and malignant plasma cells [2]. In addi-
tion, MM is accompanied by defects in the immune system
which concern abnormalities in number and function of B
cells and are responsible for frequent and recurrent
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infectious complications [3]. Additional abnormalities in
T, natural killer (NK), NK-like cells (NKL), and dendritic
populations are identified which are related with reduced
immune surveillance within the context of the disease [3,
4]. During the past decade, regulatory T cells (Tregs) have
attracted great attention due to their ability to deteriorate im-
mune responses against a wide panel of neoplasms, including
MM, Regulatory T cells represent a critical subset of CD4 T
cells, characterized by CD4 + CD25 + Forkhead box P3+
(FoxP3+) phenotype, able to control peripheral tolerance as
well as response to foreign and tumor antigens; Tregs are
subdivided in two main subpopulations: naive Tregs (nTregs)
generated in thymus and induced Tregs (iTregs), acquiring reg-
ulatory properties either via IL-10 and/or TGF-3 [5-7]. The
intracellular Forkhead box protein 3 (FoxP3) was identified
as a crucial transcription marker that characterizes both
nTregs and iTregs; FoxP3 is required for the suppressive activ-
ity of Tregs and mediates both their function and differentiation
[8, 9]. While Tregs are critical for the peripheral maintenance of
potential autoreactive T cells, they can also be detrimental by
suppressing effective anti-tumor responses [5]. Most of the
studies have shown that Tregs are elevated in various types of
cancer (e.g., lung, ovarian, liver, pancreatic, breast cancers,
melanoma), including hematological malignancies (e.g., lym-
phoproliferative disorders, Hodgkin disease) and can eliminate
protective antitumor immunity, contributing in tumors’ pro-
gression [10, 11]. In MM, data concerning Tregs’ number
and function are conflicting [7]. Furthermore, data regarding
Tregs’ alterations during therapy with NA are limited and
controversial.

Several cytokines, including interleukins 2, 6, 17 (IL-2, IL-
6, IL-17), and TGF-{3 are related with Tregs function and
myeloma biology [12, 13]. In particular, IL-2 reflects CD25
alpha chain receptor and is essential for maintaining Tregs
activity in vivo and for the induction of iTregs. It also pro-
motes FoxP3 expression in Tregs, both in vivo and in vitro [5,
6]. IL-6 is vital for the differentiation of plasmablastic cells
into mature plasma cells and the proliferation of malignant
plasma cells. IL-6 serum levels are elevated in patients with
MM and correlate with poor prognosis and high tumor mass
[5, 6]; TGF-f3 inhibits normal B cell development and immu-
noglobulin production and promotes Tregs proliferation [5, 6].
Interleukin-17 is produced by Th17 cells which are related
with Tregs in a reciprocal way [14] and differentiate from
naive CD4 cells in the presence of IL-6 with or without
TGF-f [15, 16].

The primary purpose of this study was to evaluate Tregs
alterations during treatment with lenalidomide or bortezomib
and to correlate them with response and survival parameters as
well as with disease characteristics. Secondarily, we sought
out possible changes in the levels of lymphocyte subsets
(CD4 T, CD8 T, NK, NKL, CD19 B cells) and the aforemen-
tioned cytokines (IL-2, IL-6, IL-17, TGF-{3) and searched for
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correlations with Tregs alterations, disease characteristics, and
response parameters. To our knowledge, the current study is
the largest study examining Tregs alterations in MM patients
treated with NA.

Patients and methods
Patients

A total of 29 patients with symptomatic MM at early lines
(diagnosis or 1st relapse) were included in the study. Twenty
healthy volunteers were used as controls. The study was pro-
spective, and all patients signed an informed consent. Patients
eligible for the study should be above the age of 18 and were
expected to survive for more than 3 months. Exclusion criteria
were (1) denial of participation, (2) antimyeloma treatment
during the last trimester, (3) allo- or auto- stem cell transplan-
tation during the last semester before induction with NA, (4)
concomitant autoimmune disease and/or immunodeficiency
disorders, (5) active neoplastic malignant disease, except for
basal cell carcinoma and in situ cancer of the uterus, (6) any
kind of immunosuppressive or immunomodulatory therapy,
and (7) current active infectious disease. All patients were
treated with NA, i.e., either bortezomib-dexamethasone
(BD) (group A) or lenalidomide-dexamethasone (LenDex)
(group B), according to our centers’ standard practice. The
study was performed in accordance with the Declaration of
Helsinki with approval from the Institutional Review Board of
Aristotle University of Thessaloniki.

Methods

The detection of Tregs and lymphocyte populations was per-
formed in peripheral blood samples using polyparametric flow
cytometry analysis and the appropriate isotypic controls. The
analysis was implemented with CXP Beckman Coulter and
FC Express 4 software on a FC500 flow cytometer (Beckman
Coulter).

With regard to Tregs detection, we used directly con-
jugated monoclonal antibodies (mAbs) against CD4-
phycoerythrin-Texas red-x (CD4-ECD), CD25-
phycoerthryrin-cyanin 5 (CD25-PC5), CD127-
fluorescein isothiocyanate (CD127-FITC), and against
the nuclear factor FoxP3-phycoerythrin (FoxP3-PE),
(Beckman Coulter, eBioscience, San Diego, CA, USA)
according to the manufacturer’s instructions. Using a se-
quential gating strategy, Tregs were identified as CD4 +
CD25MehcD127°¢/ 1% FoxP3+ cells quantified from
CD4+T cells and expressed as a percentage of the
whole lymphocyte population (Fig. 1). Surface antigens
CD4, CD25, and CD127 were stained with the appropri-
ate monoclonal antibodies, and the cells were fixed and
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permeabilized with formaldehyde and saponine buffers.
Subsequently, the nuclear factor FoxP3 was labeled with
the appropriate monoclonal antibody. Our management
process was initially to quantify CD4+ lymphocytes from
the whole lymphocyte population and then gate on
CD25"MENCD127¢1°% cells, from which we finally se-
lected and analyzed FoxP3+ cells [17, 18]. According
to the aforementioned method, we were able to isolate
a population of CD4 + CD25"€"CD127"°¢°VFoxP3+ reg-
ulatory cells (Fig. 1). Concerning process, 100 pl periph-
eral blood containing 5-10 x 10°/uL white blood cells
were incubated in duplicates for 10 min at room temper-
ature in the dark with 5 uL of the monoclonal antibodies
CD4, CD25, and CDI127 and 100 pL paraformaldehyde
(Reagent A, Invitrogen). Then, we added 5 ml of
phosphate-buffered saline (PBS, GIBCO-Invitrogen),
centrifuged for 5 min at 540 g and removed the super-
natant. The cell pellet was resuspended in 100 pL
saponine solution (Reagent B, Invitrogen) and was incu-
bated at room temperature in the dark with 5 pl mono-
clonal antibody FoxP3-PE for 30 min. After the incuba-
tion, we added 5 ml PBS and centrifuged for 5 min at
540 g. The cell pellet was again resuspended in 1 ml
PBS, and the duplicates were merged in a single flow
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cytometry tube which was immediately analyzed.
During the procedure, 5x 10° white blood cells were
collected.

The identification of the rest of lymphocyte populations
(T4, T8, B, NK, and NKL cells) was also performed in pe-
ripheral blood samples using directly fluorescent conjugated
monoclonal antibodies (Beckman Coulter) against CD3, CD4,
CD8, CD16/CD56, CD19, and CD45 antigens (CD3-FITC,
CD4-PE, CD8-PE, CD16 + CD56-PE, CD19-PE, CD14-PE,
CD45-PCS5, CDA45-FITC) using five sets of flow cytometry
tubes with the following combinations; CD3-FITC/CD4-PE/
CD45-PC5, CD3-FITC/CD8-PE/CD45-PC5, CD3-FITC/
CD19-PE/CD45-PC5, CD3-FITC/CD16 + 56-PE/CD45-
PC5, and CD45-FITC/CD14-PE. T4 and T8 lymphocytes
were identified as CD3 + CD4+ kot CD3 + CD8+ cells re-
spectively, B lymphocytes as CD3-CD 19+, natural killer cells
(NK) as CD3-CD16 + CD56+ and natural killer-like cells
(NKL) as CD3 + CD16 + CD56+. In particular, 100 pL pe-
ripheral blood containing 5-10 x 10° WBC/ul was incubated
for 10 min in the dark at room temperature with the appropri-
ate monoclonal antibodies, according to the manufacturer’s
instructions. Red blood cells were lysed by adding 2 ml of
lysing solution Versalyse (Beckman Coulter) and incubated
in the dark for 10 min. The stained leucocytes were analyzed
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by flow cytometry based on forward (FSc) and side (SSc)
scatter and on the intense expression of CD45. Lymphocyte
subpopulations were expressed both in percentage and abso-
lute values according to the flow cytometer’s software (dual
platform).

With regard to the measurement of IL-2, IL-6, IL-17, and
TGF-f3, we used serum which was separated within 4 h and
stored at —70 °C until the day of the procedure. Cytokines
were measured using an enzyme-linked immunosorbent assay
(ELISA) (R&D Systems, Minneapolis, MN, USA).

Statistical analysis

The statistical analysis was performed with the common
equations. Mann-Whitney U test, Pearson’s ¥ test, and
one-way ANOVA were used for the determination of
significant differences and correlations of patients’ clin-
ical or laboratory characteristics. Wilcoxon Rank Sum
test was used for the evaluation of the statistical chang-
es of the studied parameters, and Cox regression analy-
sis was used to correlate Tregs’ alterations with progres-
sion free survival (PFS); p<0.05 was considered statis-
tically significant. Data processing and analysis were
performed with the software package SPSS vl16.
Response was estimated according to Uniform
Response Criteria [19]. All parameters were estimated
before therapy initiation (baseline) and at major re-
sponse to treatment. Major response was defined as re-
sponse remaining stable for two consecutive cycles of
therapy; PFS was defined as the time from starting ther-
apy for MM until the time of disease progression or
death whichever comes first.

Results

Patients characteristics are depicted in Table 1. Patients in both
groups were well balanced; marginal differences were ob-
served in hemoglobin, platelets, and stage according to the
International Staging System (ISS) (Table 1). Overall, the me-
dian number of previous treatment lines was 1 (0-2). Eleven
patients were treated with BD (group A), and 18 patients re-
ceived LenDex (group B); bortezomib was administered in 6—
8 cycles every 21 days at the dose of 1.3 mg/m twice weekly
(days 1, 4, 8, and 11) in combination with 2040 mg dexa-
methasone (days 1-2, 4-5, 8-9, 11-12). Lenalidomide was
administered at a dose of 25 mg for 21 consecutive days of a
28-day cycle in combination with 2040 mg dexamethasone
weekly until disease progression or unacceptable toxicity.

At baseline, patients had significantly higher median
Tregs% compared to controls (p <0.001) (Fig. 2); median
CD4 T and B lymphocyte percentage was significantly lower
whereas CD8 Tand NK cells percentage was higher compared
to controls; CD4/CD8 ratio was lower in patients vs. controls.
Evaluation of Tregs as well as the rest of lymphocyte subset
frequencies measured at baseline and at major response is
shown in Table 2. In group A, no significant change of
Tregs% was observed during treatment (Fig. 3a). At variance,
in group B, there was a significant reduction of Tregs%
(»<0.001) (Fig. 3b). In addition, in patients who achieved
at least very good partial response (>vgPR) median Tregs%
at response, was lower compared to others (0.01% vs. 0.03%;
p=0.04) (Fig. 4). No change on the median percentage of
lymphocyte subsets was observed during treatment.
However, in patients who achieved >vgPR, a significant in-
crease in CD4/CDS ratio between baseline and response was
observed (p = 0.04), mainly induced by a decrease of CD8 T
cells (p=0.04).

Table 1  Patients’ characteristics

Variable All patients (N =29) Group A, BD (N=11) Group B, LenDex (N=18) p value
Age 61 (39-77) 61(43-76) 63 (39-77) NS
Gender (M/F) M=15F=14 M=6,F=5 M=9,F=9 NS
Hb (g/dl) 10.4 (6.6-15.3) 11.1 (8.9-14.6) 12.7 (6.6-15.3) 0.044
PLT (x 10%/uL) 216 (140-372) 198 (140-286) 260 (153-372) 0.016
LDH (U/L) 188 (88-294) 210 (91-294) 177 (88-236) NS
Alb (g/dl) 3.8(1.7-5.1) 3.7 (3-5.1) 3.8 (1.7-5.1) NS
2M (mg/L) 3.3(1.89-24.5) 4 (1.89-24.5) 33(2-17.9) NS
Myeloma type IGG=16,IGA=8LC=2,NS=3 IGG=7,IGA=3,LC=1 IGG=9,IGA=5,LC=1,NS=3 NS
ISS 1SS3=16,1SS2=6,1SS3=7 ISS1=3,1SS2=4,1SS3=4 ISS1=13,1SS2=2,1SS3=3 0.04
ORR 22/29 9/11 13/18 NS
>vgPR 13/29 3/11 10/18 NS

N number, M/F male/female, Hb hemoglobulin, PLT platelets, LDH lactate dehydrogenase, Alb albumin, 32M beta 2 microglobulin, /g immunoglobulin,
LC light chain, NS non-secretory, ISS international staging system, ORR overall respose rate, vgPR very good partial response, NS non-significant
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Regarding comparisons of the studied cytokine levels be-  Discussion

tween patients and controls, patients had higher median levels
of IL-6 and IL-17 (3.9 pg/mL vs. 2.0 pg/mL and 5.3 pg/mL vs.
3.87 pg/mL, respectively; p <0.05 for both cytokines). The
median levels of cytokines at baseline and major response
did not show any statistical difference between groups A
and B, except for TGF-f3 at baseline (Table 3). Median cyto-
kine levels did not change significantly after therapy. There
were no significant correlations between major disease char-
acteristics as shown in Table 1 and Tregs frequencies in either
group of patients.

Immune dysfunction is an important feature of MM and
has been associated with reduced survival [3]. Studies
have shown that Tregs implicated in immune surveil-
lance are expanded in tumors and correlate with worse
prognosis [10, 11]. Data regarding alterations of Tregs
in patients with MM are controversial [7]. In the current
study, we have demonstrated that myeloma patients had
higher Tregs frequencies compared to HV. Similarly,
Feyler et al. [20], as well as Beyler et al. [21] reported

Table 2 Median Tregs% and

lymphocyte subsets% at baseline Variable % All patients Group A (BD) Group B (LenDex) p

and at response
Tregs Base 0.138 (0.01-5.7) 0.03 (0.0-1.20) 0.2 (0.02-5.7) NS
Tregs Res 0.06 (0.0-0.32) 0.02 (0.0-0.12) NS
NK Base 19.1 (2.8-31.3) 18.6 (2.8-25.5) 22 (10.5-31.3) NS
NK Res 15.5(8.1-19.3) 17 (5.7-28) NS
CD4 Base 38 (14.3-70) 35.2 (14.3-70) 34 (23.7-54.2) NS
CD4 Res 40.4 (35.5-61.3) 34 (15-48) NS
CD8 Base 33.5 (12-55) 18.9 (12-38.5) 31.8 (24-55) NS
CD8 Res 33.5(14.143.8) 32.6 (21.845) NS
NKL Base 6(0.8-17.7) 4.7 (0.8-7.8) 5.5 (1.1-17.7) NS
NKL% Res 3.2(1.07-8.48) 4.5 (1-19.5) NS
CD19 Base 6.7 (0.5-24.2) 8.3 (1.5-24.2) 4.3 (0.5-17) 0.02
CDI19 Res 2.2(0.0-10.8) 2.3 (0.6-20.5) NS

N number, Base baseline, Res response, Tregs T-regulatory cells, CD classification determinant, NK natural
killers, NKL natural killers like, NS non-significant
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Fig. 3 a Tregs alterations before a
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increased frequencies of peripheral blood Tregs in MM  results may be due to different gating strategies applied
patients. Contrasting to the previous studies, Prabhala  throughout the aforementioned studies. Feyler et al.
et al. [22] and Gupta et al. [23] reported reduced  identified Tregs as CD4 + CD25 + FoxP3+ cells and
Tregs’ numbers in MM patients. These conflicting  Beyler et al. took into consideration the intensity of
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CD25 expression and identified Tregs as CD4 +
CD25"&"FoxP3+ cells [20, 21]. On the other hand,
Prabhala et al. identified Tregs as CD4 + FoxP3+, and
Gupta et al. characterized Tregs with the inclusion of
CDI127 in gating [22, 23]. In our study, we identified
Tregs as CD4+ CD25MeCD1271°Y4IMEoxP3+ cells
based on literature data according to which high expres-
sion of CD25 combined with low or negative expression
of CD127 on CD4 + FoxP3+ cells characterize regulato-
ry cells with mainly immunosuppressive properties and
consist 1-2% of the total number of Tregs [17, 18].
As far as Tregs alterations during therapy with
lenalidomide are concerned, all 18 patients in group B
who were treated with LenDex combination displayed
significant reduction of Tregs frequencies which were

T
<vgPR

more profound in the 13 patients which achieved
>vgPR, suggesting a possible relation of immune sur-
veillance with quality of response. Data concerning
Tregs alterations during or after therapy with immuno-
modulatory drugs like lenalidomide are opposing.
Galustian et al. [24] reported that the expansion of
CD4 + CD25 + Me"CTLA4 + Foxp3+ Tregs which were
isolated from peripheral blood mononuclear cells
(PBMCs) treated with IL-2 were decreased after incuba-
tion with lenalidomide, and this was mainly attributed
to the suppression of transcription factors FoxP3 and
0X40 (CD134). According to Galustian et al.,
lenalidomide may enhance anti-tumor immunity by
inhibiting the suppressive effects of regulatory cells
[24]. On the contrary, Muthu Raja et al. reported that

Table 3 Median cytokines at

baseline and response Variable All patients Group A (BD) Group (LenDex) P
IL-2 (pg/ml) Base 7.7 (5.5-18.7) 7.9 (5.5-9.8) 7.9 (6.08-18.7) NS
IL-2 (pg/ml) Res 8.1 (6.5-34.8) 8.07 (5.6-11) NS
IL-6 (pg/ml) Base 3.1 (1.6-103.7) 5.4 (1.7-33.9) 3.8 (1.6-103.7) NS
IL-6 (pg/ml) Res 8.5(2.2-30.4) 4.4 (1.8-29.06) NS
IL-17 (pg/ml) Base 5.3 (3.8-9.5) 5.4 (3.8-7.6) 5.3 (4.16-9.5) NS
IL-17 (pg/ml) Res 4.6 (3.7-6.1) 6.00 (2.5-10.7) NS
TGF-f3 (ng/ml) Base 19.2 (0.26-35.9) 14.8 (8.9-30.5) 22.8 (0.26-35.9) 0.046
TGF-f3 (ng/ml) Res 22.5(14.3-33.07) 19.3 (0.7-32.5) NS

Base baseline, Res response, [L-2 Interleukin-2, /L-6 Interleukin-6, /L-17 Interleukin-17, TGF-{3 transforming

growth factor-3, NS non-significant
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lenalidomide in combination with dexamethasone, not
only failed to inhibit the proliferation of Tregs, but it
increased Tregs numbers in 15 patients with newly di-
agnosed myeloma, and this could negatively influence
the anti-tumor immune response, according to authors
speculations [25]. The opposite results demonstrated in
our study compared to the study of Muthu Raja could
be attributed to the difference of the quality of response
to therapy. More specifically, in Muthu Raja’s et al.
study, only three patients achieved >vgPR; furthermore,
eight patients with minimal response were included in
the group of responding patients. In our study, complete
response and very good partial response was achieved
in 13 patients, and this was correlated with significant
decrease in Tregs frequencies.

In group A, no significant alterations of Tregs were
observed during treatment with BD. In particular, pa-
tients who received bortezomib exhibited a non-
significant increase in Tregs frequencies. Data
concerning Tregs alterations during therapy with
bortezomib are very limited. Blanco et al. reported that
the addition of bortezomib to CD4 T cells cultures not
only does not affect the viability of nTregs, but further-
more it promotes the emergence of a distinct suppressor
CD4 T cell population while eliminating the activities of
conventional T cells [26]. Interestingly, a few studies
have reached the conclusion that high numbers of cir-
culating CD4 + CD25 + FoxP3+ cells are associated with
reduced incidence of graft versus host disease (GVHD)
after allogeneic stem cell transplantation [27, 28].
According to Blanco et al., resistance of Tregs to the
pro-apoptotic effect of bortezomib could be used as a
potential therapeutic tool against GVHD [26].

With regard to correlation of Tregs with disease out-
come, Giannopoulos et al. have shown that patients
treated upfront with thalidomide triplets, who had high
Tregs frequencies, displayed significantly reduced over-
all survival compared with patients with reduced Tregs
[29]. Muthu Raja et al. reported that patients with
higher levels of Tregs in the peripheral blood had
shorter time to progression compared to patients with
lower levels [30]. In our study Tregs% reduction be-
tween baseline and response marginally correlated with
PFS, in patients treated with LenDex in early lines, in
the univariate cox regression analysis (data not shown).
However, this observation could not be validated in a
multivariate cox regression model due to the limited
number of patients. Overall, the correlation of Tregs
with survival parameters needs further evaluation.

In accordance with published studies [14—16], in the
current study, patients with MM had increased levels of
IL-17 compared to controls; this could be related to the
increased amounts of IL-6 in the bone marrow of

@ Springer

myeloma patients with active disease which promote
the production of Th17 cells from CD4 naive cells. In
patients treated with LenDex, there was a marginal re-
duction of IL-17 at major response; in combination with
the decrease of Tregs frequency in the same group of
patients, the reduction of IL-17 probably reflected dis-
ease response. Nevertheless, the relationship between
Th17 cells and Tregs in MM requires further investiga-
tion [14].

Immune impairment in MM concerns both humoral
and cellular immune system and consists of decreased
levels of uninvolved immunoglobulins and significant
reductions in the numbers of CD4 T and CD19 B pop-
ulations, correlating with increased morbidity and mor-
tality [2-4]. In our study, median frequencies of CD4 T
and CDI19 B cell counts in myeloma patients were sig-
nificantly lower compared to controls; in line with pre-
vious reports, CD4/CD8 ratio was significantly lower in
MM patients compared to HV because of both CD4 T
reduction and CD8 T increase, reflecting disease activi-
ty; CD19 B, CD4 T, CD8 T, NK cells, and CD4/CD8
ratio did not significantly change after therapy in pa-
tients treated with LenDex (data not shown);
Contrasting to our findings, Gandhi et al. demonstrated
that dexamethasone reduces lenalidomide-induced
immunomodulation of T and NK function [31]. This
discrepancy between our study and Gandhi’s study was
observed probably because the inhibitory effect of dexa-
methasone is considered as dose-dependent. Muthu Raja
has demonstrated that CD4 T cells along with Tregs are
reduced after treatment with cyclophopshamide, thalido-
mide, and dexamethasone combination (CDT) in pa-
tients that achieved >vgPR, probably because of the
cytotoxic effect of cyclophosphamide [30]. Of note, in
our study, CD4/CDS8 ratio was increased in patients that
achieved >vgPR probably as a result of the significant
decrease of CD8 T cells.

In conclusion, we have demonstrated that Tregs levels
are significantly higher in patients with active MM com-
pared with healthy controls, indicating that there is strong
correlation of immune responses and disease biology.
Most importantly, Tregs significantly reduced after treat-
ment with LenDex, and their alterations correlated with
quality of response underscoring the impact of immune
surveillance on treatment outcome; correlation of Tregs
alterations with survival parameters needs further evalua-
tion in larger cohorts of MM patients. Bortezomib-based
treatment had no impact on Tregs numbers, underscoring
the different mode of action of proteasome inhibitors.
Finally, no relation between Tregs and disease character-
istics or immune response-mediating cytokines was ob-
served, indicating that immune mechanisms underlying
MM are still obscure and require further investigation.
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