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ABSTRACT

Multiple myeloma remains largely incurable. However, a few patients experience more than 10 years of relapse-
free survival and can be considered as operationally cured. Interestingly, long-term disease control in multiple
myeloma is not restricted to patients with a complete response, since some patients revert to having a profile of
monoclonal gammopathy of undetermined significance. We compared the distribution of multiple compartments
of lymphocytes and dendritic cells in the bone marrow and peripheral blood of multiple myeloma patients with
long-term disease control (n=28), patients with newly diagnosed monoclonal gammopathy of undetermined sig-
nificance (n=23), patients with symptomatic multiple myeloma (n=23), and age-matched healthy adults (n=10).
Similarly to the patients with monoclonal gammopathy of undetermined significance and symptomatic multiple
myeloma, patients with long-term disease control showed an expansion of cytotoxic CD8* T cells and natural
killer cells. However, the numbers of bone marrow T-regulatory cells were lower in patients with long-term dis-
ease control than in those with symptomatic multiple myeloma. It is noteworthy that B cells were depleted in
patients with monoclonal gammopathy of undetermined significance and in those with symptomatic multiple
myeloma, but recovered in both the bone marrow and peripheral blood of patients with long-term disease control,
due to an increase in normal bone marrow B-cell precursors and plasma cells, as well as pre-germinal center periph-
eral blood B cells. The number of bone marrow dendritic cells and tissue macrophages differed significantly
between patients with long-term disease control and those with symptomatic multiple myeloma, with a trend to
cell count recovering in the former group of patients towards levels similar to those found in healthy adults. In
summary, our results indicate that multiple myeloma patients with long-term disease control have a constellation
of unique immune changes favoring both immune cytotoxicity and recovery of B-cell production and homing, sug-
gesting improved immune surveillance.

©2013 Ferrata Storti Foundation. This is an open-access paper. doi:10.3324/haematol.2012.067272

Introduction

With the introduction of high dose therapy/ autologous
stem cell transplantation as well as novel agents (up-front),
most patients with multiple myeloma (MM) achieve a tran-
sient remission; however, the vast majority relapse within a
median of 3 years from diagnosis.' Thus, long-term follow-up
studies in the setting of high dose therapy/ autologous stem
cell transplantation show that only a small fraction of MM
patients (6-18%) remain relapse free for 10 years or more, and
these patients are now considered as being operationally
cured.” Interestingly, this operational cure is not restricted to
patients in complete response, since those who revert to hav-
ing a monoclonal gammopathy of undetermined significance

(MGUS)-like profile may also achieve long-term disease con-
trol (LTDC), despite persistence of a residual M-component.*
Recent clinical and molecular data suggest that some features
may help to identify this group of LTDC-MM patients such as
an evolving smoldering pattern, a gene expression profile sig-
nature of MGUS and the CD2 molecular subtype.”
Collectively, these findings suggest that in addition to anti-
myeloma therapy, other factors may play a critical role in dis-
ease control.

For decades, increasing evidence has shown that the
immune system is dysfunctional and impaired in active MM.”
' Accordingly, B-cell precursors and normal plasma cells are
compromised, and immune paresis is also a consistent finding
in newly-diagnosed MM patients." In turn, effector cells such
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as natural killer (NK) cells and cytotoxic CD8" T cells are
expanded in both the bone marrow (BM) and peripheral
blood (PB), but they are unable to control disease progres-
sion, suggesting a marked immunosuppressive microenvi-
ronment."”"® Moreover, dendritic cells (DC) have also been
reported to be altered in MM, with reductions in circulating
myeloid DC (m-DC) and plasmacytoid DC (p-DC), lower
expression of co-stimulatory molecules and impaired
induction of allogeneic T-cell responses.'*'®

Since these immune defects are invariably present in
active MM, we hypothesized that the immune system
may play a critical role in LTDC-MM patients. To explore
this possibility, in the present study we compared the dis-
tribution of many different subsets of T- B - and NK-lym-
phocytes and DC in both the BM and PB of MM patients
who achieved long term disease control (LTDC-MM) ver-
sus the distributions in patients with newly diagnosed
MGUS and symptomatic MM, as well as in healthy adults
of similar age.

Design and Methods

Patients, controls and samples

A total of 74 patients with plasma cell disorders were prospec-
tively studied. The group under investigation was composed of
LTDC-MM patients (n=28), defined as either: (i) MM patients
achieving complete response after up-front therapy and remaining
relapse free for >5 years (n=11), or (ii) patients achieving a near
complete response or partial response and remaining progression-
free for =3 years without therapy (n=17) (MGUS-like profile). As
controls, newly-diagnosed MGUS patients (n=23) and sympto-
matic MM patients (n=23), as well as age-matched healthy adult

volunteers (n=10) undergoing orthopedic surgery, were studied.
All samples from controls and patients were collected after
informed consent had been given by each individual, according to
the local ethical committee requirements and the Helsinki
Declaration. Most LTDC-MM patients (90%) were enrolled in the
GEM 2000 protocol and, therefore, received six induction cycles of
VBMCP/VBAD followed by high-dose therapy/autologous stem
cell transplantation and maintenance with interferon/prednisone.
At the time of the present study, 85% of these patients were off
any anti-myeloma therapy for >4 years. The median time from
diagnosis was 9 years (range, 5 to 20 years). The study was con-
ducted on paired BM and PB samples collected at the same time
for each individual. Overall, a total of 168 samples were obtained
with the following distribution per group: LTDC-MM (median age
of 70 years; range, 52 to 85 years), 56 samples; MGUS (median age
of 71 years; range, 43 to 93 years), 46 samples; symptomatic MM
(median age of 74 years; range, 50 to 89 years), 46 samples and;
healthy adults (median age of 64 years; range, 40 to 89 years), 20
samples.

Multiparametric flow cytometry immunophenotypic
studies

EDTA-anticoagulated fresh BM and PB samples (approximately
1 mL) from each subject were immunophenotyped during the first
24 h, using an eight-color direct immunofluorescence technique
previously described in detail.”*® The monoclonal antibody com-
binations — Pacific blue (PacB), fluorescein isothiocyanate (FITC),
Pacific orange (PacO), phycoerythrin (PE), peridinin chlorophyll
protein-cyanin 5 (PerCPCy5), PE-cyanin 7(PECy7), allophyco-
cyanin (APC), Alexafluor 700 (AF700) or APCH7 used with the
aim of quantifying and characterizing B cells, T cells, NK cells and
DC, as well as their subsets, were as follows: (i) CD4, CD45,
CD45RA, CD127, CD8, CD25, CD56, CD3; (i) HLADR, CD45,

CD4:CD25"CD127

Figure 1. Immunophenotypic identification of
regulatory T cells (Treg) and their distribution in
PB and BM samples from MM patients with
long-term disease control (LTDC-MM) (n=28)
versus both newly-diagnosed MGUS patients
(MGUS; n=23), symptomatic MM patients (MM-
s; n=23) and age-matched healthy adults (HA;
n=10). In panel (A), the gating strategy used for
the identification of CD4* CD25" CD127" Treg
within gated CD4* T-lymphocytes, is illustrated.
Panel (B) shows the distribution of Treg cell
numbers in PB (right) and BM (left) and of
LTDC-MM* patients versus HA, MGUS and MM-
s. P<0.05 versus LTDC-MM (Mann-Whitney U-

B4 1E5 test).
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CD16, CD33, CD34, CD117, CD123, CD14; (iii) CD20, CD45,
CD62L, CXCR4, CD19, CD27, CD10+TCRyd, CD38; (iv) CD20,
CD45, surface membrane immunoglobulin (Smlg)G, SmlIgA,
CD19, CD27, SmigM, CD38; CD45, CD38, CD56, CD138,
CD19, CyK+TCRyd and Cyh. Based on these combinations the
following populations of lymphocytes were identified in PB and
BM samples: total CD3" T cells and their major CD3'/CD4,
CD37/CD8" and TCRyd" cell subsets plus CD4'/CD25'/CD127°
regulatory T cells (Treg) (Figure 1A), in addition to total CD3
/CD56" NK cells, CD14" monocytes and DC subsets (e.g. circulat-
ing HLA-DR/CD16" tissue macrophages, HLA-DR/CD123" p-
DC and HLA-DR/CD33" m-DC) (Figure 2A), as well as total
CD19" B-cells and their maturation-associated subsets in PB -
immature (CD10*, CD27,, CD38"), naive (CD10, CD27, CD38)
and memory (CD10, CD27*, CD38) B-lymphocytes plus plas-
mablasts/plasma cells (CD27, CD38", CD10) - and in BM - B-cell
precursors (CD19*, CD38", CD45"), naive plus memory
(CD19/CD38/CD45") B-lymphocytes and normal plasma cells
(CD138"/CD38'/CD19/CD45'/CD56) - (Figure 3A), as described
previously.”"*?" In all cases, data were acquired in a FACSCanto II
flow cytometer (BDB) using the FACSDiva software (version 6.1,
BDB) for = 10° leukocytes/tube using the EuroFlow instrument
setup data acquisition standard operating procedures.” INFINI-
CYT software (Cytognos SL, Salamanca, Spain) was used for the
data analysis.

Statistical methods

The number of PB cell populations was recorded as absolute
number of cells/ul while BM cell populations were described as
percentages of all BM nucleated cells, after correcting for the levels
of plasma cell infiltration. The median and mean values (and their
standard deviation) and range were calculated for all the parame-
ters. The Mann-Whitney U test was used to evaluate the statistical
significance of differences observed between groups. The SPSS
software package (version 15.0, SPSS, Inc., Chicago, IL, USA), was
used for all statistical analyses.

Results

Distribution of distinct populations of effector
cells and regulatory T cells in peripheral blood
and bone marrow

The CD47/CD8" ratio was significantly lower, both in
the PB and BM, of LTDC-MM patients than in healthy
adults (P<0.0001), patients with MGUS (P<0.05) or symp-
tomatic MM patients (P<0.008) (Figure 4A). This was
mainly due to an increase in the number of CD8" T cells
in LTDC-MM, MGUS and symptomatic MM patients
with respect to healthy adults, the level of CD4" T-cells
remaining unaltered. LTDC-MM patients also showed
increased numbers of CD56" NK-cells in PB versus healthy
adults (P=0.01) (Figure 4B). The number of total T-lym-
phocytes and the TCRyd" T cells was similar among
groups (data not shown). In addition, the number of Treg
cells in the BM of LTDC-MM patients was within the
normal range (similar to that found in healthy adults) but
significantly lower than that in symptomatic MM
patients (P=0.04) (Figure 1B).

Distribution of B-cell populations in peripheral blood
and bone marrow

The total PB and BM B-cell counts from LTDC-MM
patients were within the normal range (similar to those
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found in healthy adults), but significantly higher than
those observed in the PB of MGUS patients (P=0.04) and
in the PB and BM of symptomatic MM patients (P=0.004
and P=0.005, respectively) (Figure 3B). A similar pattern
was also found for the distribution of B-cell precursors in
the BM of LTDC-MM patients versus symptomatic MM
patients (P=0.002) (Figure 3C). In depth analysis of the dif-
ferent subsets of PB B cells (immature, naive and memory
B-lymphocytes plus plasmablasts/plasma cells) showed
that the pre-germinal center cell subsets (e.g. immature
and naive B-lymphocytes) were present in LTDC-MM
patients at similar values to those in healthy adults, while
increased with respect to those in MGUS patients (P=0.01
and P=0.006, respectively) and symptomatic MM patients
(P=0.01 and P=0.0001, respectively). Conversely, no differ-
ences were detected in PB for memory B cells or plas-
mablasts/plasma cells among the three groups (Figure 3C).
Despite this, the number of terminally differentiated nor-
mal BM plasma cells was significantly increased in LTDC-
MM versus symptomatic MM patients (P=0.002), with val-
ues similar to those in MGUS patients (P=0.6), but still
reduced compared to those in healthy adults (P=0.03).

Distribution of circulating tissue macrophages and
dendritic cells in peripheral blood and bone marrow

The overall DC counts in PB and BM were similar in
LTDC-MM, MGUS, and symptomatic MM patients and
in healthy adults. However, a more detailed analysis of the
distinct subsets of DC and tissue macrophages showed a
significantly different composition of this cell compart-
ment in LTDC-MM versus symptomatic MM patients
(Figure 2B,C). LTDC-MM patients had higher percentages
of p-DC (P=0.05) in both PB and BM, as well as of m-DC
(P=0.01) in PB; by contrast, the number of tissue
macrophages was decreased in both the BM (P=0.06) and
PB (P=0.02) of these patients. Overall, these differences
were associated with a recovery of the normal distribution
of PB DC and tissue macrophages in LTDC-MM patients
towards levels similar to those found in healthy adults
(P>0.05). Nevertheless, differences were still noted
between LTDC-MM patients and healthy adults for BM
tissue macrophages (P=0.03) and p-DC (P=0.03).

Distribution of lymphoid cells and dendritic cells
in multiple myeloma patients with long-term disease
control according to depth of response and duration
of remission

Persistent minimal residual disease (MRD) was detected
by highly sensitive multiparametric flow cytometry in the
BM of 20/28 (70%) LTDC-MM patients, while the other
eight cases (30%) were MRD-negative with a sensitivity
of 10°. These eight patients were considered as being in
immunophenotypic complete remission, while the first 20
MRD-positive patients were considered as showing an
MGUS-profile by immunophenotyping, due to the coexis-
tence of normal and residual myelomatous plasma cells.
Interestingly, when we compared the distribution of T, B,
NK and DC in these two groups of LTDC-MM, no signif-
icant differences were observed. The only relevant finding
was a significantly higher number of normal plasma cells,
both in the BM (P=0.01) and PB (P=0.04) of MRD-negative
versus MRD-positive patients. In addition, we stratified
LTDC-MM patients into those achieving a complete
response (n=11) versus those with a near complete
response or partial response (IMGUS-profile; n=17). As for
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* the former comparison, no major differences were found with = 10 years disease control (n=7) versus patients with
in the distribution of PB T, B, NK and DC between the 5-10 years follow-up (n=21). Our results showed that the
groups (Table 2). former cohort had higher total T-cell counts in the PB

Finally, we investigated whether the duration of remis-  (P=0.004), including both the CD4* (P=0.001) and CD8*
sion in LTDC-MM patients was associated with specific ~ (P=0.008) subsets, naive B cells (P=0.04), and m-DC
changes in the immune system, by comparing patients (P=0.03) (Table 2).
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Discussion plete response, after reverting to having an MGUS-like
profile. The underlying mechanisms leading to disease
Despite the fact that until recently MM was considered — suppression in these patients are largely unknown,
incurable, the introduction of high dose therapy/ autolo-  although immune surveillance has been hypothesized to
gous stem cell transplantation and novel drugs has made it ~ play a critical role.
possible for a small fraction of patients to attain long-term In this exploratory study, we analyzed the distribution
(25 years) disease control even in the absence of a com- of the most representative populations of different func-
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tional compartments of the immune system in MM
patients achieving long-term disease control. Similarly to
what has been previously described for symptomatic
MM, 2% effector CD8* T and NK cells were also found to
be increased in LTDC-MM. Recruitment of cytotoxic cells
into the tumor microenvironment could reflect a host
immune surveillance mechanism to control tumor growth,
which would be inefficient in newly-diagnosed sympto-
matic patients. In this regard, an expansion of Treg cells
potentially mediating immune suppression may be crucial
for myelomatous plasma cells to evade immune surveil-

study showed that LTDC-MM patients have lower num-
bers of Treg cells than do symptomatic MM patients, par-
ticularly in the BM. Despite a large body of evidence that
points to increased numbers and a functionally effective
status of Treg cells in both hematologic and non-hemato-
logic malignancies,” the results reported in MM are con-
troversial, which is probably related to the different
methodologies and techniques used to identify the cells.”
* In our study, Treg cells were identified based on their
unique CD4, CD25", CD127" phenotype (Figure 1A),
which has been shown to be directly correlated to the

lance, and the main obstacle for successful immunothera-

major CD4*, FoxP3* Treg subset.”* It can, therefore, be
py (e.g. idiotypic vaccination in MM).”*” Interestingly, our

hypothesized that in LTDC-MM patients, the reduction of
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Table 1. Distribution of different T-, B-, NK- and DC cell populations in the PB and BM of MM patients with long-term disease control (LTDC-MM)
(n=28) versus age-matched healthy adults (HA) (n=10) and newly diagnosed MGUS (n=23) and symptomatic-multiple myeloma (MM-s) (n=23)

patients.
1} MGUS MM-s LTDC-MM [} MGUS MM-s LTDC-MM
] PB BM BM
T cells 864433 1271565 1108637 1266979 9+3 116 1247 1246
CD4+ 574+284 642227 593+343 519+245 5+2 6+3 T+4 5+2
CD8* 252+161* 544+423 464416 688+774 3x1* 5+4 6+3 T+4
T-vd 26+19 43+41 34427 41+45 0.32+.27 0.45+.3 0.33+.22 04+.27
Treg 41+16 47+18 42426 37+16 0.5+.16 0.48+.29 0.57+.33 0.40+.24
NK cells 14184 249+204 227+141 230+134 1.2+7 2.1+2 2.71+2 2.2+2
B cells 142+101 107+70* 8T+T3%* 164+104 3+2 2+1 1.2+1%* 3+2
B precursors - - - - 0.7+3 0.6+.6 0.2£2%* 0.7+1.1
Immature 8+5 4+3* 444* 9+7 - - - -
Naive 95495 66+44* 50+40%** 11978
Memory 37£22 35+28 31+38 3429 - - - -
Normal-PC 2+2 1.4+2 1.3+14 1.2+1 0.32+.25* 0.17+.20* 0.04+.05%* 0.19+.28
DC 45+14 68+43 56+40 59+27 0.50+.37 0.39+.25 0.6+.42 0.52+.28
m-DC 10£5 1616 9+10%* 13+8 - - - -
TiMas 31+12 46+39 42+38 40+22 0.28+.35 0.26+.23 0.55+.51 0.39+.28
p-DC 4+] 6+4 5+7 5+3 0.21+.06* 0.13+.06 0.12+.10 0.15+.10

Peripheral blood results are expressed as mean number of cells/ uL + one standard deviation; bone marrow numbers reflect percentages of cells from all nucleated bone marrow
cells + one standard deviation. *P< 0.05, ** P<0.005, ***P<0.001 vs. LTDC-MM respectively (Mann-Whitney U-test). PC: plasma cells; TiMas: tissue macrophages.
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Table 2. Distribution of different T-, B-, NK- and DC cell populations in
the PB of MM patients with long-term disease control (LTDC-MM) in
continuous complete response (n=11) versus LTDC-MM with an
MGUS-like profile (n=17) and in (LTDC-MM) patients with more than
10 years of follow-up (n=7) versus other LTDC-MM patients (n=21).

Peripheral blood LTDC-MM LTDC-MM
cell population  CR MGUS-like  <5-10 years =10 years
(n=11) (n=17) (n=21) (n=17)
T cells 14291372 1161640 1054+1044** 1756562
CD4+ 504+274 529+232 A37£214** 747199
CD8+ 8611125 575+430 561+848%* 940 +434
Treg 3617 3815 3515 4518
NK cells 256+151 212+122 246+123 212+156
B cells 136+100 181106 130+83** 230109
Immature 6+5* 11+7 1.6+7 1168
Naive 10184 131£73 95+64** 16263
m-DC 12+7 13+8 11£5%* 19«11

Results expressed as mean number of cells/uL + one standard deviation. *P< 0.05 ver
sus LTDC-MM in complete response and LTDC-MM with an MGUS profile; **P< 0.05
versus LTDC-MM < 5-10 years follow-up and LTDC-MM =10 years follow-up, respective-
ly. (Mann-Whitney U-test).

Treg in the BM microenvironment could promote a
stronger cytotoxic effect of the expanded CD8" T- and
NK-lymphocytes, favoring local immune surveillance. If
this hypothesis holds true, a recovery of B-cell response
and antibody production should also be seen in LTDC-
MM patients.

Disrupted B-cell lymphopoiesis and antibody secretion
(e.g. immune paresis), with compromised production and
BM homing of normal plasma cells, is a hallmark of symp-
tomatic MM.""*** In ITDC-MM, we observed a replenish-
ment of early B-cell subsets in the BM (B-cell precursors),
translating into increased numbers of circulating immature
and naive B-cells in PB, and a recovery of end-stage normal
plasma cells in the BM. Recovery of B-cell production in
the BM could be related to decreased competition
between clonal plasma cells and normal plasma cells (as
well as B-cell precursors), for a limited number of SDE-1-
associated BM niches.” In line with this hypothesis, we
found that circulating PB plasmablasts/plasma cells from
LTDC-MM patients displayed lower expression of the
CXCR4 surface chemokine receptor than those from
patients with symptomatic MM, similar to the expression
in healthy adults (data not shown); these observations could
indicate that newborn plasmablasts/plasma cells can more
easily migrate and home to the appropriate BM niches.
Collectively, these findings would support the hypothesis
that the regeneration of B-cell precursors in the BM could
drive the shift towards increased numbers of newly gener-
ated B cells in PB, which would also eventually increase
the homing and number of normal plasma cells in the BM.
This B-cell replenishment loop occurring after therapy®
and particularly its long-term maintenance could be a sin-
gular feature of LTDC-MM. Further investigations about
the specific mechanisms involved in the maintained B-cell
recovery are, therefore, required.

References

1. Attal M, Harousseau JL, Leyvraz S, Doyen
C, Hulin C, Benboubker L, et al
Maintenance therapy with thalidomide

improves survival in patients with multiple
myeloma. Blood. 2006;108(10):3289-94.

2. Barlogie B, Attal M, Crowley ], van Rhee E
Szymonifka ], Moreau P, et al. Long-term
follow-up of autotransplantation trials for 3. Mehta ], Singhal S. High-dose chemothera-
multiple myeloma: update of protocols con-

We also investigated the DC compartment in both the
BM and PB of LTDC-MM patients. Overall, our results
showed that LTDC-MM patients recovered normal counts
of different subsets of DC in PB; however, a reduction in
p-DC together with an increase in tissue circulating
macrophages was still noted (versus healthy adults), but
such alterations were much less pronounced than in
patients with symptomatic MM. It is noteworthy that the
partial normalization of DC counts and the distribution of
these cells described here for LTDC-MM patients are sim-
ilar to those reported by Kovarova et al.” in MM patients
who remained in remission for 6 months after autologous
stem cell transplantation.

Since patients who are relapse-free for =10 years are
considered to be operationally cured,* we further investi-
gated the immune profile of this specific subgroup of
LTDC-MM patients. Interestingly, these patients had sig-
nificantly increased numbers of CD8" and CD4* T cells,
naive B cells and m-DC, not only compared to LTDC-MM
patients with 5-10 years follow-up, but also compared to
healthy adults. These findings suggest that the immune
profile of LTDC-MM patients does not reflect a simple
overall recovered immune status identical to that of
healthy adults of similar age, but rather an unique
“immune signature”.

In summary, our results indicate that LTDC-MM
patients have a constellation of unique immune changes,
consisting of increased numbers of effector cytotoxic
CD8* T-lymphocytes and NK cells, B cells, normal plasma
cells and also DC, with simultaneous reduction in Treg
cells potentially favoring both the action of cytotoxic cells,
and the recovery of B-cell production and homing of nor-
mal plasma cells into the BM. Altogether, these unique
features of patients with LTDC-MM suggest that the
patients have improved immune surveillance, which
deserves further investigations to dissect the specific
underlying molecular and functional mechanisms
involved.

Acknowledgiments
The authors would like to thank all patients, investigators and
centers who made this study possible.

Funding

This work was supported by the Cooperative Research Thematic
Network (RTICCs; RD06/0020/0006 and G03/136), Instituto
de Salud Carlos I/ Subdireccion General de Investigacion
Sanitatria (FIS: PI060339; 06/1354; 02/0905; 01/0089/01-02;
PS09/01897/01370) and Consejeria de Educacion (GR37) and
Consejeria de Sanidad, Junta de Castilla y Ledn, Valladolid,
Spain (557/A/10). The authors also thank the Fundacion
Carolina-BBVA for supporting and promoting the exchange of
medical researchers from Latin Ametica to Spain.

Authorship and Disclosures

Information on authorship, contributions, and financial & other
disclosures was provided by the authors and is available with the
online version of this article at www.haematologica.org.

ducted by the Intergroupe Francophone du
Myelome, Southwest Oncology Group, and
University of Arkansas for Medical Sciences.

] Clin Oncol. 2010,28(7):1209-14.

py and autologous hematopoietic stem cell

Improved immune surveillance in MM -

haematologica | 2013; 98(1) “-



- R.J. Pessoa de Magalhaes et al.

-“ haematologica | 2013; 98(1)

. Pratt G, Goodyear

10.

11.

12.

13.

14.

15.

transplantation in myeloma patients under
the age of 65 years. Bone Marrow
Transplant. 2007;40(12):1101-14.

. Martinez-Lopez ], Blade ], Mateos MYV,

Grande C, Alegre A, Garcia-Larana J, et al.
Long-term  prognostic  significance of
response in multiple myeloma after stem cell
transplantation. Blood. 2011;118(3):529-34.

. Zhan F, Barlogie B, Arzoumanian V, Huang

Y, Williams DR, Hollmig K, et al. Gene-
expression signature of benign monoclonal
gammopathy evident in multiple myeloma
is linked to good prognosis. Blood. 2007;109
(4):1692-700.

. Pineda-Roman M, Bolejack V, Arzoumanian

V, Anaissie E, van Rhee E Zangari M, et al.
Complete response in myeloma extends sur-
vival without, but not with history of prior
monoclonal gammopathy of undetermined
significance or smouldering disease. Br J
Haematol. 2007;136(3):393-9.

O, Moss P
Immunodeficiency and immunotherapy in
multiple myeloma. Br ] Haematol. 2007;138
(5):563-79.

. Schutt B, Brandhorst D, Stellberg W, Poser

M, Ebeling P, Muller S, et al. Immune param-
eters in multiple myeloma patients: influ-
ence of treatment and correlation with
opportunistic infections. Leuk Lymphoma.
2006;47(8):1570-82.

. Noonan K, Borrello I. The immune microen-

vironment  of  myeloma.  Cancer
Microenviron. 2011;4(3):313-23.

Dasanu CA. Immune alterations in untreat-
ed and treated multiple myeloma. ] Oncol
Pharm Pract. 2012;18(2):257-63.

Rawstron AC, Davies FE, Owen RG, English
A, Pratt G, Child JA, et al. B-lymphocyte
suppression in multiple myeloma is a
reversible phenomenon specific to normal B-
cell progenitors and plasma cell precursors.
Br ] Haematol. 1998;100(1):176-83.
Perez-Andres M, Almeida ], Martin-Ayuso
M, Moro M], Martin-Nunez G, Galende J, et
al. Characterization of bone marrow T cells
in monoclonal gammopathy of undeter-
mined significance, multiple myeloma, and
plasma cell leukemia demonstrates
increased infiltration by cytotoxic/Thl T
cells demonstrating a squed TCR-Vbeta
repertoire. Cancer. 2006;106(6):1296-305.
Raitakari M, Brown RD, Gibson ], Joshua
DE. T cells in myeloma. Hematol Oncol.
2003;21(1):33-42.

Martin-Ayuso M, Almeida ], Perez-Andres
M, Cuello R, Galende J, Gonzalez-Fraile MI,
et al. Peripheral blood dendritic cell subsets
from patients with monoclonal gam-
mopathies show an abnormal distribution
and are functionally impaired. Oncologist.
2008;13(1):82-92.

Ratta M, Fagnoni F Curti A, Vescovini R,
Sansoni P, Oliviero B, et al. Dendritic cells
are functionally defective in multiple myelo-

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

ma: the role of interleukin-6. Blood. 2002;
100(1):230-7.

Brown R, Murray A, Pope B, Sze DM,
Gibson ], Ho PJ, et al. Either interleukin-12
or interferon-gamma can correct the dendrit-
ic cell defect induced by transforming
growth factor beta in patients with myelo-
ma. Br ] Haematol. 2004;125(6):743-8.
Caraux A, Klein B, Paiva B, Bret C, Schmitz
A, Fuhler GM, et al. Circulating human B and
plasma cells. Age-associated changes in
counts and detailed characterization of circu-
lating normal CD138- and CD138+ plasma
cells. Haematologica. 2010;95(6):1016-20.
Sanchez ML, Almeida J, Vidriales B, Lopez-
Berges MC, Garcia-Marcos MA, Moro MJ,
et al. Incidence of phenotypic aberrations in
a series of 467 patients with B chronic lym-
phoproliferative disorders: basis for the
design of specific four-color stainings to be
used for minimal residual disease investiga-
tion. Leukemia. 2002;16(8):1460-9.
Martin-Martin L, Almeida ], Hernandez-
Campo PM, Sanchez ML, Lecrevisse Q,
Orfao A. Immunophenotypical, morpholog-
ic, and functional characterization of matu-
ration-associated plasmacytoid dendritic cell
subsets in normal adult human bone mar-
row. Transfusion. 2009;49(8):1692-708.
Almeida ], Bueno C, Alguero MC, Sanchez
ML, de Santiago M, Escribano L, et al.
Comparative analysis of the morphological,
cytochemical, immunophenotypical, and
functional characteristics of normal human
peripheral blood lineage(-)/CD16(+)/HLA-
DR(+)/CD14(-/lo) cells, CD14(+) mono-
cytes, and CD16(-) dendritic cells. Clin
Immunol. 2001;100(3):325-38.

Almeida ], Bueno C, Alguero MC, Sanchez
ML, Canizo MC, Fernandez ME, et al.
Extensive  characterization  of  the
immunophenotype and pattern of cytokine
production by distinct subpopulations of
normal human peripheral blood MHC
II+/lineage- cells. Clin Exp Immunol. 1999;
118(3):392-401.

Kalina T, Flores-Montero J, van der Velden V,
Martin-Ayuso M, Béttcher S, Almeida J, et
al. EuroFlow standardization of flow
cytometer  instrument settings and
immunophenotyping protocols. Leukemia.
2012;26(9):1986-2010.

Garcia-Sanz R, Gonzalez M, Orfao A, Moro
M], Hernandez JM, Borrego D, et al
Analysis of natural killer-associated antigens
in peripheral blood and bone marrow of
multiple myeloma patients and prognostic
implications. Br ] Haematol. 1996;93(1):81-8.
Sze DM, Brown RD, Yuen E, Gibson ], Ho J,
Raitakari M, et al. Clonal cytotoxic T cells in
myeloma. Leuk Lymphoma. 2003;44(10):
1667-74.

Raitakari M, Brown RD, Sze D, Yuen E,
Barrow L, Nelson M, et al. T-cell expansions
in patients with multiple myeloma have a

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

phenotype of cytotoxic T cells. Br ]
Haematol. 2000;110(1):203-9.

Zou W. Regulatory T cells, tumour immuni-
ty and immunotherapy. Nat Rev Immunol.
2006;6(4):295-307.

Hansson L, Abdalla AO, Moshfegh A,
Choudhury A, Rabbani H, Nilsson B, et al.
Long-term idiotype vaccination combined
with interleukin-12 (IL-12), or IL-12 and
granulocyte macrophage colony-stimulating
factor, in early-stage multiple myeloma
patients. Clin Cancer Res. 2007;13(5):1503-
10.

Gallimore A, Godkin A. Regulatory T cells
and tumour immunity - observations in
mice and men. Immunology. 2008;123(2):
157-63.

Prabhala RH, Neri P, Bae JE, Tassone P,
Shammas MA, Allam CK, et al
Dysfunctional T regulatory cells in multiple
myeloma. Blood. 2006;107(1):301-4.

Beyer M, Kochanek M, Giese T, Endl E,
Weihrauch MR, Knolle PA, et al. In vivo
peripheral expansion of naive
CD4+CD25high FoxP3+ regulatory T cells
in patients with multiple myeloma. Blood.
2006;107(10):3940-9.

Joshua DE, Brown RD, Ho PJ, Gibson J.
Regulatory T cells and multiple myeloma.
Clin Lymphoma Myeloma. 2008;8(5):283-6.
Liu W, Putnam AL, Xu-Yu Z, Szot GL, Lee
MR, Zhu S, et al. CD127 expression inverse-
ly correlates with FoxP3 and suppressive
function of human CD4+ T reg cells. ] Exp
Med. 2006;203(7):1701-11.

Seddiki N, Santner-Nanan B, Martinson J,
Zaunders ], Sasson S, Landay A, et al
Expression of interleukin (IL)-2 and IL-7
receptors discriminates between human reg-
ulatory and activated T cells. ] Exp Med.
2006;203(7):1693-700.

Nucci M, Anaissie E. Infections in patients
with multiple myeloma in the era of high-
dose therapy and novel agents. Clin Infect
Dis. 2009;49(8):1211-25.

Kay NE, Leong TL, Bone N, Vesole DH,
Greipp PR, Van Ness B, et al. Blood levels of
immune cells predict survival in myeloma
patients: results of an Eastern Cooperative
Oncology Group phase 3 trial for newly
diagnosed multiple myeloma patients.
Blood. 2001;98(1):23-8.

Paiva B, Perez-Andres M, Vidriales MB,
Almeida ], de las Heras N, Mateos MV, et al.
Competition between clonal plasma cells
and normal cells for potentially overlapping
bone marrow niches is associated with a
progressively altered cellular distribution in
MGUS vs myeloma. Leukemia. 2011;25(4):
697-706.

Kovarova L, Buchler T, Pour L, Zahradova L,
Ocadlikova D, Svobodnik A, et al. Dendritic
cell counts and their subsets during treat-
ment of multiple myeloma. Neoplasma.
2007;54(4):297-303.



