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The expression level of BCMA in bone marrow of 54 MM patients was detected in this
study to explore the relationship between the BCMA expression and the classification,
stage, and prognostic factors of MM. The BCMA expression level of the stable group and
remission group was lower than that of the newly diagnosed group and relapse group
(P=0.001). There was no significant difference in BCMA expression of MM patients in
different types and stages (P>0.05), but it was found that for the newly diagnosed MM
patients, the BCMA expression level of IgG patients was higher than that of IgA or light-
chain patients (rank average 11.20 vs 5.44, P=0.014). There was no significant correlation
between the BCMA expression and the age and serum creatinine of MM patients
(P>0.05). And there was no significant difference in BCMA expression between patients
with different levels of age and serum creatinine (P>0.05). But it was found that the BCMA
expression level of the newly diagnosed MM patients was moderately positively correlated
with their age (P=0.025, r=0.595). There was no significant correlation between the BCMA
expression and serum B2-microglobulin, serum lactate dehydrogenase, free kap/lam
ratio, and urine B2-microglobulin (P>0.05). But we found that the BCMA expression of
patients with high serum B2-microglobulin was higher than that of patients with low serum
B2-microglobulin (rank average 28.89 vs 17.54, P=0.017). And the BCMA expression of
patients with abnormal serum free kap/lam ratio was higher than that of patients with
normal ratio (rank average 28.49 vs 13.55, P=0.004). The BCMA expression was strongly
positively correlated with 24-h urine protein, was moderately positively correlated with
serum M protein and the percentage of plasma cells in bone marrow, was moderately
negatively correlated with albumin and hemoglobin count, and was weakly positively
correlated with serum corrected calcium (P<0.05). And it was found that the BCMA
expression of positive serum immunofixation electrophoresis patients was higher than that
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of negative patients (rank average 29.94 vs 16.75, P=0.017). And we try to clarify the
relationship between the bone marrow BCMA expression and the peripheral blood
sBCMA expression. However, we have not found a clear correlation between them so

far (P>0.05).

Keywords: B cell mature antigen, BCMA, multiple myeloma, MM, chimeric antigen receptor T cells therapy, CAR-T

INTRODUCTION

Multiple myeloma (MM) is a plasma cell malignant clonal
proliferative tumor with high heterogeneity in natural clinical
course (1). With the development of hematopoietic stem cell
transplantation (HSCT) and the use of new drugs such as
proteasome inhibitors, immunomodulators, monoclonal
antibodies, and immune checkpoint inhibitors, the overall
survival (OS) of MM has been significantly improved (2-5).
However, because of the non-specific clinical manifestations,
genetic instability, complex bone marrow microenvironment,
and the recurrence and drug resistance of the disease, MM is still
incurable at present (6-8).

In recent years, the chimeric antigen receptor T cell (CAR-T)
targeting B cell maturation antigen (BCMA) immunotherapy
clinical trials have achieved encouraging results, which brings
hope to the cure of MM (6, 9, 10). BCMA, CD269, or the tumor
necrosis factor receptor superfamily member 17 (TNFRSF17) is a
kind of transmembrane glycoprotein that plays an important
role in the differentiation of B cells and the proliferation of
malignant myeloma cells by combining with BAFF and APRIL
(11). BCMA is only expressed on late memory B cells and plasma
cells, not on hematopoietic stem cells, progenitor cells, and non-
hematopoietic organs (12). The expression level of BCMA on
malignant plasma cells is generally higher than that on normal
plasma cells (13). And Friedman et al. found that the expression
level of BCMA on malignant plasma cells of MM patients is
heterogeneous (14). Because of its restricted expression pattern
and physiological function, BCMA is really an ideal target for
MM CAR-T therapy (15, 16).

However, there are still some problems in the clinical trials of
this immunotherapy, which are closely related to the expression
of BCMA. Cytokine release syndrome (CRS) and neurotoxicity
are common therapeutic toxic reactions in BCMA CAR-T
clinical trials, which are related to the CAR-T cells’ activation
and proliferation caused by the combination with BCMA (17).
Relapse is also a problem that needs to be solved. Only 8-39% of
the patients after therapy could achieve sustained very good
partial response (VGPR) or complete response (CR), and many
patients have different degrees of relapse (18). One of the reasons
of relapse is the potential growth advantage of the original or new
BCMA low expressed or BCMA™ malignant cells after treatment.
And the relapse cases with BCMA low expressed or BCMA™
malignant cells have been found in the clinical trials of Brudno
and Cohen et al. (19, 20). What’s more, the extracellular part of
BCMA can be cut by the y-secretase complex, and then the
soluble B cell mature antigen (sSBCMA) is released, which can
affect the efficiency of the recognization or combination between

CAR-T cells and BCMA and affect the effect of the therapy
potentially (21, 22). So the expression level of BCMA is related to
the safety and effect of the BCMA CAR-T therapy (18). However,
the concrete relationship is still unclear. One clinical trial (No.
ChiCTR-OPC-16009113) found that there was a significant
difference in the OS and median progression-free survival (PFS)
between patients with strong BCMA expression (>50%) and
patients with low expression (<50%) (23). And it should be noted
that the BCMA expression baseline requirements of various clinical
trials are not uniform and highly heterogeneous at present, which
has a direct impact on the size of the target patients of the BCMA
CAR-T therapy (24).

In conclusion, it is of great significance for the optimization
and promotion of MM BCMA CAR-T therapy to study the
BCMA expression. In this study, 54 MM patients admitted to the
Department of Hematology of the First Affiliated Hospital of
Xi’an Jiaotong University from July 29, 2019, to October 31,
2019, were collected. The expression level of their bone marrow
BCMA was detected by flow cytometry. The purpose was to
determine the relationship between the expression of bone
marrow BCMA and the classification, stage, and prognostic
factors of MM, so as to identify the main factors that should
be considered in the selection process of suitable MM patients for
BCMA CAR-T therapy, and to provide guidance for the clinical
application of this immunotherapy.

PATIENTS AND METHODS

Patients and Data Collection

Our objective was to determine the relationship between the
expression of bone marrow BCMA and the classification, stage,
and prognostic factors of MM. A total of 54 MM patients treated
in the Department of Hematology of the First Affiliated Hospital
of Xi’an Jiaotong University from July 29, 2019, to October 31,
2019, were recruited in this study. Diagnosis assessment of the
patients was performed according to the criteria of the guidelines
for the diagnosis and management of multiple myeloma in China
(2017 and 2020 revision) (25, 26). And patients with hemophilia,
active infection, or other systemic tumor diseases and those in
pregnancy or lactation were excluded. The expression level of
their bone marrow BCMA was detected by flow cytometry, and data
about their classification, stage, and prognostic factors were
collected from the electronic medical records. This study has been
registered in Chinese Clinical Trial Registry (ChiCTR1900025041)
and was approved by the Ethics Committee of the First Affiliated
Hospital of Xi’an Jiaotong University (XJTU1AF 2018LSK-025).
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Samples and Flow Cytometry Analysis

Bone marrow samples were obtained during the patients’
hospitalization and were used for flow cytometry analysis
performed in a flow cytometer (Becton Dickinson, China) to
assess the expression of BCMA. Combinations of four
monoclonal antibodies were used (PE CD269/APCCD138/
PERCP CD45/FITC CD38), and a minimum of 100,000 events
were analyzed to determine the percentage of viable BCMA"™ cells.

Definition Criteria

The patients’ classification and stage of MM were defined
following the definition of the guidelines for the diagnosis and
management of multiple myeloma in China (2017, 2020
revision) (25, 26). In the analysis from the perspective of
curative effect, the patients were divided into four groups: the
newly diagnosed group, stable group, remission group, and
relapse group. The evaluation of curative effect also referred to
the guidelines mentioned above (25, 26). The stable group was
determined according to the criterion of stable disease (SD) in
the guideline. And the remission group included patients who
met the standard of strict complete response (sCR), complete
response (CR), very good partial response (VGPR), partial
response (PR), or minute response (MR). The relapse group
included progressive disease (PD), clinical relapse, and relapse
from complete response of the guideline.

Statistical Analyses

IBM SPSS Statistics software (version 24.0) was used for
statistical analysis of the data. Demographic and clinical
characteristics of all patients were summarized with descriptive
statistics. The comparison of quantitative variables with uneven
variance or non-normal distribution was assessed by non-
parametric test. Two groups of variables were analyzed by
Mann-Whiney U test, and three groups were tested by
Kruskal-Wallis H test. Associations between two quantitative
variables, at least one of which was non-normal distribution,
were determined with Spearman correlation analysis. All tests
were two-sided, and the value of P less than 0.05 was considered
statistically significant.

RESULTS

In this study, a total of 54 MM patients were analyzed. The
characteristics of the study patients are summarized in Table 1.
The percentage of viable BCMA" cells in bone marrow of each
patient was detected by flow cytometry. The BCMA expression
of the 54 MM patients was non-normal distribution, ranging
from 0.000 to 24.510%, median 0.495%, interquartile range
2.847%, which is shown in the Supplementary Table.
According to the curative effect, we classified the patients into
four subgroups: the newly diagnosed group, stable group,
remission group, and relapse group. The expression level of
bone marrow BCMA in four different curative effect groups was
statistically different (P=0.016). Though the difference in each
pair of curative effect status was not statistically significant in the

TABLE 1 | Characteristics of the 54 patients.

Parameter Number (%)
Sex

Male 34 (63.0)

Female 20 (37.0
Age (years)

>60 31 (57.4)

<60 23 (42.6)
Classification

IgA 16 (29.6)

I9G 23 (42.6)

Light chain 13 (24.1)

IgM 1(1.9)

IgD 1(1.9)
ISS stage

| 9(16.7)

I 17 (31.5)

Il 28 (51.9)
Subgroup

Newly diagnosed 14 (25.9)

Stable 9(16.7)

Remission 13 (24.1)

Relapse 18 (33.3)

further paired analysis (P>0.05), it was found that the bone
marrow BCMA expression level of the newly diagnosed group
and relapse group was higher than that of the stable group and
remission group (rank average 35.43 vs 21.61, P=0.001). We
analyzed the expression of BCMA from different perspectives to
determine the relationship between the bone marrow BCMA
expression and the classification, stage, and prognostic factors
of MM.

Analysis From the Perspective of

Disease Classification

There was no significant difference in bone marrow BCMA
expression level of 54 MM patients between IgG group, IgA
group, light chain group, and other group (IgM, IgD), neither
between IgA group and non-IgA group (P>0.05). We made
further comparison analysis of the BCMA expression among
different types of patients with different therapeutic states. There
was no significant difference in the stable group, the remission
group, and the relapse group (P>0.05). However, the bone
marrow BCMA expression of patients with different disease
types (IgG, IgA, and light chain) within the newly diagnosed
group was different (P=0.048). Though the difference in each pair
of disease type was not statistically significant in the further
paired analysis of the newly diagnosed patients (P>0.05), it was
found that the bone marrow BCMA expression level of the IgG
newly diagnosed patients was higher than that of the IgA and
light chain newly diagnosed patients (rank average 11.20 vs
5.44, P=0.014).

Analysis From the Perspective of

Disease Stage

There was no significant difference in bone marrow BCMA
expression level of 54 multiple myeloma patients between ISS-I
group, ISS-II group, and ISS-III group (P>0.05). And the
difference among patients with different disease stages within
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different curative effect groups was also not statistically
significant (P>0.05).

Analysis From the Perspective of
Prognostic Factors

We analyzed the correlation between the bone marrow BCMA
expression and several MM prognostic factors, and compared
the expression of BCMA in patients with different levels or types
of each prognostic factor. The results are summarized in Tables 2
and 3, respectively.

Though there was no significant correlation between the bone
marrow BCMA expression and patients’ age (P>0.05), it was
found that the bone marrow BCMA expression level of the newly
diagnosed patients was moderately positively correlated with
their age (P=0.025, r=0.595).The results showed that the bone
marrow BCMA expression was strongly positively correlated
with 24-h urine protein, was moderately positively correlated
with serum M protein and the percentage of plasma cells in bone
marrow, was moderately negatively correlated with albumin and
hemoglobin count, and was weakly positively correlated with
serum corrected calcium (P<0.05). It was found that the bone
marrow BCMA expression of positive serum immunofixation
electrophoresis patients was higher than that of negative patients
(rank average 29.94 vs 16.75, P=0.017). The patients with high
serum PB2-microglobulin (B2-MG) had higher bone marrow
BCMA expression than the patients with low serum B2-MG
(rank average 28.89 vs 17.54, P=0.017). And the bone marrow
BCMA expression of patients with abnormal serum free kap/lam
ratio was higher than that of patients with normal ratio (rank
average 28.49 vs 13.55, P=0.004).

Analysis of sBCMA

We also did some research on sSBCAM. Up to now, we have
detected the expression level of BCMA in peripheral blood of 97
MM patients by using the human BCMA/TNFRSF17 DuoSet
ELISA kit (R&D) and made statistical analysis on 38 of them,
which have detected the expression level of BCMA in their bone
marrow at the same time. However, we have not found a clear
correlation between them so far (P>0.05).

TABLE 2 | Correlation analysis of bone marrow BCMA expression and
prognostic factors.

Prognostic factors Spearman correlation P

coefficient (r)

Age 0.174 0.208
Hemoglobin —-0.406 0.002*
Serum creatinine 0.120 0.387
Serum corrected calcium 0.378 0.005*
24-h urine protein 0.606 0.006*
Albumin -0.421 0.002*
Serum M protein 0.539 0.000*
Serum B2-MG 0.207 0.172
Urine B2-MG 0.135 0.338
LDH -0.159 0.251
Free kap/lam ratio 0.231 0.097
Percentage of plasma cells in BM 0.471 0.000*

B2-MG, B2-microglobulin; LDH, lactate dehydrogenase; BM, bone marrow; *P < 0.05.

TABLE 3 | Comparison of BCMA in patients with different levels/types of each
prognostic factor.

Prognostic factors Levels/ Rank average of P
types Mann-Whiney U test
Age <60 years 24.85 0.286
>60 years 29.47
Sex Male 27.65 0.929
Female 27.25
Serum creatinine <177 26.71 0.492
umol/L
>177 30.25
umol/L
Albumin <35 g/L 35.65 0.003*
>35 g/L 22.71
Serum B2-MG <2,300 17.54 0.017*
ug/L
>2,300 28.89
ug/L
Serum M protein <20% 22.83 0.006*
>20% 34.83
Serum immunofixation Negative 16.75 0.017*
electrophoresis Positive 29.94
LDH <250 U/L 25.58 0.665
>250 U/L 27.94
Free kap/lam ratio Normal 13.55 0.004*
Abnormal 28.49
Percentage of plasma cells <30% 21.24 0.002*
in BM >30% 34.76
P53 deletion Yes 22.13 0.787
No 23.32
IGH translocation Yes 24.50 0.433
No 21.43
RB1 deletion Yes 21.72 0.594
No 23.85
1921 amplification Yes 23.48 0.774
No 22.34
D13S319 deletion Yes 18.56 0.092
No 25.45

B2-MG, B2-microglobulin; LDH, lactate dehydrogenase; BM, bone marrow; *P < 0.05.

DISCUSSION

The Significance of Studying

BCMA Expression

MM is a plasma cell malignant clonal proliferative tumor. In
recent years, the treatment of MM has made great progress. The
overall survival (OS) of MM has been significantly improved
with the development of new drugs and new strategies (27-30).
However, MM still remains refractory and incurable so far (6). It
is worth noting that CAR-T immunotherapy has offered
encouraging results in the clinical trials of MM. The
appropriate target is the key to success in this therapy.

At present, many targets of MM CAR-T therapy are being
studied, such as BCMA, kappa light chain, SLAMF7, GPRC5D,
activated integrin 7, CD19, CD138, etc. (15). BCMA is a hot
topic of the current research. BCMA is only expressed on late
memory B cells and plasma cells, which is really a restricted
expression pattern. And it plays an important role in the
differentiation of B cells and the proliferation of malignant
myeloma cells. Furthermore, the expression level of BCMA in
malignant plasma cells is generally higher than that in normal
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plasma cells, and its downregulation can inhibit the proliferation
of multiple myeloma cells (31). All these characteristics make
BCMA an ideal target for MM CAR-T immunotherapy.

Though the clinical trials of BCMA CAR-T therapy have
achieved encouraging results, which brings hope to the cure of
MM (9, 10, 19), some problems prevent its further promotion in
clinical practice. As mentioned at the beginning of the article, the
problems need to be solved in the trials such as therapeutic toxic
reactions, clinical relapse, and patients’ inclusion criteria are
closely related to the expression of BCMA. And Friedman et al.
found that the expression level of BCMA in malignant plasma
cells of MM patients is heterogeneous (14). However, study of
the BCMA expression remains limited so far.

Our team studied some clinical trials of the BCMA CAR-T
therapy and found that the BCMA expression baseline
requirements of various trials were not uniform and highly
heterogeneous (9). To date, no consensus about the patients’
inclusion criteria for the therapy has been systematically
achieved. One study has shown that high requirements for
BCMA positive rates can prevent about one-third of MM
patients from receiving the BCMA CAR-T therapy (24). So it
is of great significance to study the BCMA expression, and we
hope the results of our study can provide reference for the
clinical application of this immunotherapy.

We report here the results of a study on the relationship
between the expression of bone marrow BCMA and the
classification, stage, and prognostic factors of MM, hoping to
identify the main clinical factors that should be considered in the
selection of suitable MM patients for BCMA CAR-T therapy.

From the Perspective of Curative Effect

It is worth noting that the expression level of bone marrow
BCMA in four different curative effect groups was statistically
different in our study (P=0.016). Though there was no statistical
result in the further paired analysis (P>0.05), it was found that
the BCMA expression of the newly diagnosed group and relapse
group was higher than that of the stable group and remission
group (rank average 35.43 vs 21.61, P=0.001), which indicates
that patients’ curative effect may be a factor that needs to be
considered in the selection of appropriate patients for BCMA
CAR-T therapy. It can be assumed that the difference of BCMA
expression among MM patients with different curative effect may
be more obvious with the increase of sample size. Further study
needs to be done to clarify the significance of curative effect for
the patient selection of BCMA CAR-T therapy.

From the Perspective of

Disease Classification

The results of our study showed that there was no significant
difference in bone marrow BCMA expression of MM patients
with different types (P>0.05), which indicates that patients’ MM
classification may not be the main factor that needs to be
considered in the selection of suitable patients for BCMA
CAR-T therapy. But we found that for the newly diagnosed
MM patients, the bone marrow BCMA expression of patients
with different disease types was different (P=0.048). Though
there was no statistical result in the further paired analysis,

it was found that the bone marrow BCMA expression of the
IgG newly diagnosed patients was higher than that of IgA and
light chain patients (rank average 11.20 vs 5.44, P=0.014). It can
be assumed that the difference of BCMA expression among
different types of the newly diagnosed MM patients may be
more obvious with the increase of sample size. It is worth doing
further study to clarify the significance of disease classification
for the newly diagnosed MM patients in the selection of BCMA
CAR-T therapy.

From the Perspective of Disease Stage

The difference of bone marrow BCMA expression among
patients with different disease stages was not statistically
significant (P>0.05), which indicates that patients’ ISS stage
may not be the main factor that needs to be considered in the
selection of suitable patients for BCMA CAR-T therapy.

From the Perspective of

Prognostic Factors

We found some factors that were related to the bone marrow
BCMA expression, which seem to make sense on the base of the
existing knowledge of those factors and BCMA.

The results of a multivariate survival analysis performed by
Kyle Robert A et al. on 1,027 MM patients showed that age,
proportion of plasma cells, platelet count, serum albumin, and
serum creatinine were the most important prognostic factors for
multiple myeloma (32). In our study, it was found that the bone
marrow BCMA expression level of the newly diagnosed patients
was moderately positively correlated with their age (P=0.025,
r=0.595), which indicates that the age may be a factor that needs
to be considered in the selection of BCMA CAR-T therapy for the
newly diagnosed MM patients. And the results showed that the
BCMA expression of MM patients was moderately positively
correlated with the percentage of plasma cells in their bone
marrow (P=0.000, r=0.471), which is in line with clinical
practice. But we did not find significant correlation between the
bone marrow BCMA expression and the serum creatinine level
(P>0.05). Studies have shown that there is a negative correlation
between the serum albumin level of MM patients and the
expression of IL-6, which is related to the abnormal proliferation
of myeloma cells, so the serum albumin level can be used as an
important serological marker to evaluate the tumor load of MM
(33). And it has been confirmed that the expression level of BCMA
in malignant plasma cells is generally higher than that in normal
plasma cells. In our study, we found the BCMA expression level
was moderately negatively correlated with albumin count, which is
in line with the results of the studies mentioned above.

Anemia of MM patients is related to the myelosuppression
caused by the malignant proliferation and infiltration of
myeloma cells, so the severity of anemia can indirectly reflect
the tumor load and affect the prognosis of MM. We found that
the bone marrow BCMA expression was moderately negatively
correlated with hemoglobin count (P=0.002, r=—0.406), which is
consistent with clinical practice. Serum B2-MG is secreted by
plasma cells and is positively correlated with the total number of
myeloma cells. We did not find significant correlation between
the bone marrow BCMA expression and the patients’ serum
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B2-MG (P>0.05), but results showed that the MM patients with
high serum B2-MG had higher bone marrow BCMA expression
than the patients with low serum B2-MG (rank average 28.89 vs
17.54, P=0.017), which makes sense. Serum lactate dehydrogenase
(LDH), an important metabolic enzyme produced in the process of
glycolysis, is closely related to the disease activity and tumor load of
MM, which has an important reference value in the prognosis
evaluation of multiple myeloma patients. However, the results of
our study did not show significant correlation between the bone
marrow BCMA expression and the patients’ serum LDH (P>0.05).

Studies have shown that the increase of serum free light chain
(SFLC) level accompanied by abnormal kap/lam ratio can reflect
the abnormal expansion of clonal plasma cells and is positively
related to the poor prognosis of MM (34). In our study, there was
no significant correlation between the bone marrow BCMA
expression and serum free kap/lam ratio (P>0.05), but we found
that the BCMA expression level of MM patients with abnormal
serum free kap/lam ratio was higher than that of patients with
normal ratio (rank average 28.49 vs 13.55, P=0.004), which seems
to be supported by the conclusions of the study mentioned above.

More than 90% of MM patients have cytogenetic abnormalities
that are related to disease recurrence and prognosis (35-38). We
try to analyze the relationship between the bone marrow BCMA
expression and some gene mutations including P53 deletion, IGH
translocation, RB1 deletion, 1q21 amplification, and D13S319
deletion, but the results were not statistically significant
(P>0.05). One study has demonstrated that early monoclonal
protein (M protein) decline pattern is an independent
prognostic factor in patients with multiple myeloma (39), and
we found that the bone marrow BCMA expression was
moderately positively correlated with serum M protein (P=0.000,
r=0.539). Furthermore, we found that the BCMA expression of
positive serum immunofixation electrophoresis MM patients was
higher than that of negative patients (rank average 29.94 vs 16.75,
P=0.017), and MM patients’ bone marrow BCMA expression was
strongly positively correlated with their 24-h urine protein
(P=0.006, r=0.606) and was weakly positively correlated with
serum corrected calcium (P=0.005, r=0.378), which can provide
reference for the evaluation of bone marrow BCMA expression of
MM patients in clinical practice.

In conclusion, according to our results, prognostic factors
including age (for the newly diagnosed patients), 24-h urine
protein, serum M protein, the percentage of plasma cells in bone
marrow, albumin, hemoglobin, serum corrected calcium, serum
B2-MG, serum free kap/lam ratio, and serum immunofixation
electrophoresis may need to be considered in the selection of
suitable patients for BCMA CAR-T therapy. And what’s more,
these factors can be used to make a rough estimate of the bone
marrow BCMA expression of MM patients in clinical practice,
which is of great significance to save clinical cost.

LIMITATIONS AND PROSPECTS

There are several limitations in our study, including very small
sample size, no controls, and the inherent defects in a single-center
study. A multicenter study with larger sample size is warranted.

And in our study, we detected the percentage of viable BCMA"
cells in bone marrow of each MM patient by flow cytometry to
reflect the expression level of BCMA, which cannot fully represent
its expression intensity. It is worth doing further study to clarify
the relationship between the bone marrow BCMA expression and
the peripheral blood sSBCMA expression, which is easier to obtain
in clinical practice. Our team has been doing relevant research at
present. However, we have not found a clear correlation between
them so far. Also, it makes sense to explore the relationship
between sBCMA and the classification, stage, and prognostic
factors of MM. We will expand the sample size to do further
exploration, hoping to provide clinically significant results for the
promotion of the BCMA CAR-T therapy.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of the First Affiliated Hospital
of Xi’an Jiaotong University. The patients/participants provided
their written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

Conception and design: HL. Design implementation: TM.
Managed the patient information and contributed to data
acquisition: HL, MW. Data collecting: TM, ]S, YX, and TB.
Samples detecting: TM. Assisted in samples detecting: LH and
JW. Statistical analysis and manuscript writing: TM. Revised the
present manuscript: HL. All authors contributed to the article
and approved the submitted version.

FUNDING

This study received funding from EUREKA BJ Therapeutics, Inc,
the Shaanxi Province Science and Technology research Projects
(Grant No0.2016SF-122) and The Provincial University Joint
Project - General Project (Grant No.2020GXLH-Y-006). The
funders were not involved in the study design, collection,
analysis, interpretation of data, the writing of this article, or
the decision to submit it for publication.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.
724411/full#supplementary-material

Frontiers in Immunology | www.frontiersin.org

November 2021 | Volume 12 | Article 724411


https://www.frontiersin.org/articles/10.3389/fimmu.2021.724411/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.724411/full#supplementary-material
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Ma et al.

Study on BCMA

REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Palumbo A, Anderson K. Multiple Myeloma. N Engl ] Med (2011) 364
(11):1046-60. doi: 10.1056/NEJMral011442

Mateos M-V, Dimopoulos MA, Cavo M, Suzuki K, Jakubowiak A, Knop S,
et al. Daratumumab Plus Bortezomib, Melphalan, and Prednisone for
Untreated Myeloma. N Engl | Med (2018) 378(6):518-28. doi: 10.1056/
NEJMoal714678

. Offidani M, Corvatta L, Moré S, Nappi D, Martinelli G, Olivieri A, et al.

Daratumumab for the Management of Newly Diagnosed and Relapsed/
Refractory Multiple Myeloma: Current and Emerging Treatments. Front
Oncol (2020) 10:624661. doi: 10.3389/fonc.2020.624661

. Hose D, Schreder M, Hefner ], Bittrich M, Danhof S, Strifer S, et al.

Elotuzumab, Pomalidomide, and Dexamethasone Is a Very Well Tolerated
Regimen Associated With Durable Remission Even in Very Advanced
Myeloma: A Retrospective Study From Two Academic Centers. | Cancer
Res Clin Oncol (2021) 147(1):205-12. doi: 10.1007/s00432-020-03323-6

. Kumar SK, Dispenzieri A, Lacy MQ, Gertz MA, Buadi FK, Pandey S, et al.

Continued Improvement in Survival in Multiple Myeloma: Changes in Early
Mortality and Outcomes in Older Patients. Leukemia (2014) 28(5):1122-8.
doi: 10.1038/leu.2013.313

. Chen Y, Nagarajan C, Tan MS, Martinelli G, Cerchione C, et al. BCMA-

Targeting Approaches for Treatment of Multiple Myeloma. Panminerva Med
(2021) 63(1):28-36. doi: 10.23736/S0031-0808.20.04121-X

. Kazandjian D. Multiple Myeloma Epidemiology and Survival: A Unique

Malignancy. Semin Oncol (2016) 43(6):676-81. doi: 10.1053/j.seminoncol.
2016.11.004

. Braunstein M, Weltz J, Davies F. A New Decade: Novel Immunotherapies on

the Horizon for Relapsed/Refractory Multiple Myeloma. Expert Rev Hematol
(2021) 14(4):377-89. doi: 10.1080/17474086.2021.1909469

. Ma T, Shi J, Liu H. Chimeric Antigen Receptor T Cell Targeting B Cell

Maturation Antigen Immunotherapy Is Promising for Multiple Myeloma.
Ann Hematol (2019) 98(4):813-22. doi: 10.1007/s00277-018-03592-9

Raje N, Berdeja J, Lin Yi, Siegel D, Jagannath S, Madduri D, et al. Anti-BCMA
CAR T-Cell Therapy Bb2121 in Relapsed or Refractory Multiple Myeloma.
N Engl ] Med (2019) 380:1726-37. doi: 10.1056/NEJMoal817226

Jasin” ski M, Basak GW, Jedrzejczak W. Perspectives for the Use of CAR-T
Cells for the Treatment of Multiple Myeloma. Front Immunol (2021)
12:632937. doi: 10.3389/fimmu.2021.632937

Hosen N. Chimeric Antigen Receptor T-Cell Therapy for Multiple Myeloma.
Cancers (2019) 11(12):2024. doi: 10.3390/cancers11122024

Carpenter RO, Evbuomwan MO, Pittaluga S, Rose J], Raffeld M, Yang S, et al.
B-Cell Maturation Antigen Is a Promising Target for Adoptive T-Cell
Therapy of Multiple Myeloma. Clin Cancer Res (2013) 19(8):2048-60. doi:
10.1158/1078-0432.CCR-12-2422

Friedman KM, Garrett TE, Evans JW, Horton HM, Latimer HJ, Seidel SL,
et al. Effective Targeting of Multiple BCMA-Expressing Hematological
Malignancies by Anti-BCMA CAR T Cells. Hum Gene Ther (2018)
hum.2018.001:585-601. doi: 10.1089/hum.2018.001

Ding L, Hu Y, Huang H. Novel Progresses of Chimeric Antigen Receptor
(CAR) T Cell Therapy in Multiple Myeloma. Stemn Cell Invest (2021) 8:1. doi:
10.21037/sci-2020-029

Luan C, Jian Z, Cheng T, Chen B. Advance of Research on the
Immunotherapy Targeting B Cell Maration Antigen for Multiple
Myeloma-Review. Zhongguo Shi Yan Xue Ye Xue Za Zhi (2019) 27
(5):1701-5. doi: 10.19746/j.cnki.issn.1009-2137.2019.05.053

Ormhoj M, Bedoya F, Frigault MJ, Maus MV. CARs in the Lead Against
Multiple Myeloma. Curr Hematol Malignancy Rep (2017) 12(2):119-25. doi:
10.1007/s11899-017-0373-2

D’Agostino M, Raje N. Anti-BCMA CAR T-Cell Therapy in Multiple
Myeloma: Can We do Better? Leukemia (2020) 34(1):21-34. doi: 10.1038/
541375-019-0669-4

Cohen AD, Garfall AL, Stadtmauer EA, Melenhorst J], Lacey SF, Lancaster E,
et al. B Cell Maturation Antigen-Specific CAR T Cells Are Clinically Active in
Multiple Myeloma. J Clin Invest (2019) 129:2210-21. doi: 10.1172/JCI126397
Brudno JN, Maric I, Hartman SD, Rose JJ, Wang M, Lam N, et al. T Cells
Genetically Modified to Express an Anti-B-Cell Maturation Antigen
Chimeric Antigen Receptor Cause Remissions of Poor-Prognosis Relapsed

21.

22.

25.

26.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Multiple Myeloma. J Clin Oncol (2018) 36(22):2267-80. doi: 10.1200/
JCO.2018.77.8084

Chen H, Li M, Sanchez E, Soof C, Patil S, Udd K, et al. Serum Bcma May
Interfere With Anti-Bcma-CAR-Transduced T Cells or Other Anti-Bcma
Antibody-Based Immunotherapy in Multiple Myeloma. Blood (2017) 130
(Supplement 1):4413-3. doi: 10.1182/blood.V130.Suppl_1.4413.4413

Pont MJ, Hill T, Cole GO, Abbott J], Kelliher J, Salter Al et al. y-Secretase
Inhibition Increases Efficacy of BCMA-Specific Chimeric Antigen Receptor T
Cells in Multiple Myeloma. Blood (2019) 134(19):1585-97. doi: 10.1182/
blood.2019000050

. Li C, Wang Q, Zhu H, Mao X, Wang Y, Zhang Y, et al. T Cells Expressing Anti

B-Cell Maturation Antigen Chimeric Antigen Receptors for Plasma Cell
Malignancies. Blood (2018) 132(Supplement 1):1013-3. doi: 10.1182/blood-
2018-99-116898

. Ali SA, Shi V, Maric I, Wang M, Stroncek DF, Rose J], et al. T Cells Expressing

an Anti-B-Cell Maturation Antigen Chimeric Antigen Receptor Cause
Remissions of Multiple Myeloma. Blood (2016) 128(13):1688-700. doi:
10.1182/blood-2016-04-711903

Chinese Hematology Association, Chinese Society of Hematology and
Chinese Myeloma Committee-Chinese Hematology Association [The
Guidelines for the Diagnosis and Management of Multiple Myeloma in
China (2017 Revision)]. Zhonghua Nei Ke Za Zhi (2017) 56(11):866-70.
doi: 10.3760/cma.j.issn.0578-1426.2017.11.021

Chinese Hematology Association, Chinese Society of Hematology and
Chinese Myeloma Committee-Chinese Hematology Association[The
Guidelines for the Diagnosis and Management of Multiple Myeloma in
China(2020 Revision)]. Zhonghua Nei Ke Za Zhi (2020) 59(5):341-6. doi:
10.3760/cma.j.cn.112138-20200304-00179

. Martin TG, Corzo K, Chiron M, van de Velde H, Abbadessa G, Campana F,

et al. Therapeutic Opportunities With Pharmacological Inhibition of CD38
With Isatuximab. Cells (2019) 8(12):1522. doi: 10.3390/cells8121522
Rosenblatt J, Avigan D. Targeting the PD-1/PD-LI Axis in Multiple Myeloma: A
Dream or a Reality? Blood (2017) 129(3):275-9. doi: 10.1182/blood-2016-08-731885
Okabe S, Tanaka Y, Tauchi T, Ohyashiki K. Copanlisib, A Novel
Phosphoinositide 3-Kinase Inhibitor, Combined With Carfilzomib Inhibits
Multiple Myeloma Cell Proliferation. Ann Hematol (2019) 98(3):723-33. doi:
10.1007/500277-018-3547-7

Richardson PG, Oriol A, Beksac M, Liberati AM, Galli M, Schjesvold F, et al.
Pomalidomide, Bortezomib, and Dexamethasone for Patients With Relapsed
or Refractory Multiple Myeloma Previously Treated With Lenalidomide
(OPTIMISMM): A Randomised, Open-Label, Phase 3 Trial. Lancet Oncol
(2019) 20(6):781-94. doi: 10.1016/S1470-2045(19)30152-4

Cho S, Anderson KC, Tai Y. Targeting B Cell Maturation Antigen (BCMA) in
Multiple Myeloma: Potential Uses of BCMA-Based Immunotherapy. Front
Immunol (2018) 9:1821. doi: 10.3389/fimmu.2018.01821

Kyle RA, Gertz MA, Witzig TE, Lust JA, Lacy MQ, Dispenzieri A, et al. Review
of 1027 Patients With Newly Diagnosed Multiple Myeloma. Mayo Clin Proc
(2003) 78(1):21-33. doi: 10.4065/78.1.21

D’Anastasi M, Notohamiprodjo M, Schmidt GP, Diirr H-R, Reiser MF, Baur-
Melnyk A, et al. Tumor Load in Patients With Multiple Myeloma: B 2
-Microglobulin Levels Versus Whole-Body MRI. Am ] Roentgenol (2014)
203:854-62. doi: 10.2214/AJR.13.10724

Bhole M, Sadler R, Ramasamy K. Serum-Free Light-Chain Assay: Clinical
Utility and Limitations. Ann Clin Biochem (2014) 51(5):528-42. doi: 10.1177/
0004563213518758

Rasche L, Weinhold N, Morgan GJ, van Rhee F, Davies FE. Immunologic
Approaches for the Treatment of Multiple Myeloma. Cancer Treat Rev (2017)
55:190-9. doi: 10.1016/j.ctrv.2017.03.010

IJ C, de Ramon C, G NC. Genetic Abnormalities in Multiple Myeloma:
Prognostic and Therapeutic Implications. Cells (2021) 10(2):336-61. doi:
10.3390/cells10020336

Manier S, Salem KZ, Park J, Landau DA, Getz G, Ghobrial IM. Genomic
Complexity of Multiple Myeloma and Its Clinical Implications. Nat Rev Clin
Oncol (2017) 14(2):100-13. doi: 10.1038/nrclinonc.2016.122

Ross F, Avet-Loiseau H, Ameye G, Gutiérrez NC, Liebisch P, O’Connor S,
et al. Report From the European Myeloma Network on Interphase FISH in
Multiple Myeloma and Related Disorders. Haematologica (2012) 97(8):1272—
7. doi: 10.3324/haematol.2011.056176

Frontiers in Immunology | www.frontiersin.org

November 2021 | Volume 12 | Article 724411


https://doi.org/10.1056/NEJMra1011442
https://doi.org/10.1056/NEJMoa1714678
https://doi.org/10.1056/NEJMoa1714678
https://doi.org/10.3389/fonc.2020.624661
https://doi.org/10.1007/s00432-020-03323-6
https://doi.org/10.1038/leu.2013.313
https://doi.org/10.23736/S0031-0808.20.04121-X
https://doi.org/10.1053/j.seminoncol.2016.11.004
https://doi.org/10.1053/j.seminoncol.2016.11.004
https://doi.org/10.1080/17474086.2021.1909469
https://doi.org/10.1007/s00277-018-03592-9
https://doi.org/10.1056/NEJMoa1817226
https://doi.org/10.3389/fimmu.2021.632937
https://doi.org/10.3390/cancers11122024
https://doi.org/10.1158/1078-0432.CCR-12-2422
https://doi.org/10.1089/hum.2018.001
https://doi.org/10.21037/sci-2020-029
https://doi.org/10.19746/j.cnki.issn.1009-2137.2019.05.053
https://doi.org/10.1007/s11899-017-0373-2
https://doi.org/10.1038/s41375-019-0669-4
https://doi.org/10.1038/s41375-019-0669-4
https://doi.org/10.1172/JCI126397
https://doi.org/10.1200/JCO.2018.77.8084
https://doi.org/10.1200/JCO.2018.77.8084
https://doi.org/10.1182/blood.V130.Suppl_1.4413.4413
https://doi.org/10.1182/blood.2019000050
https://doi.org/10.1182/blood.2019000050
https://doi.org/10.1182/blood-2018-99-116898
https://doi.org/10.1182/blood-2018-99-116898
https://doi.org/10.1182/blood-2016-04-711903
https://doi.org/10.3760/cma.j.issn.0578-1426.2017.11.021
https://doi.org/10.3760/cma.j.cn.112138-20200304-00179
https://doi.org/10.3390/cells8121522
https://doi.org/10.1182/blood-2016-08-731885
https://doi.org/10.1007/s00277-018-3547-7
https://doi.org/10.1016/S1470-2045(19)30152-4
https://doi.org/10.3389/fimmu.2018.01821
https://doi.org/10.4065/78.1.21
https://doi.org/10.2214/AJR.13.10724
https://doi.org/10.1177/0004563213518758
https://doi.org/10.1177/0004563213518758
https://doi.org/10.1016/j.ctrv.2017.03.010
https://doi.org/10.3390/cells10020336
https://doi.org/10.1038/nrclinonc.2016.122
https://doi.org/10.3324/haematol.2011.056176
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Ma et al.

Study on BCMA

39. Liu J, Chen M, Kuang L, Huang B, Gu J, et al. Early Monoclonal Protein
Decline Pattern Is an Independent Prognostic Factor in Patients With
Multiple Myeloma. Ann Hematol (2020) 99(3):581-9. doi: 10.1007/s00277-
020-03915-9

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Ma, Shi, Xiao, Bian, Wang, Hui, Wang and Liu. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Immunology | www.frontiersin.org

November 2021 | Volume 12 | Article 724411


https://doi.org/10.1007/s00277-020-03915-9
https://doi.org/10.1007/s00277-020-03915-9
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Study on the Relationship Between the Expression of B Cell Mature Antigen and the Classification, Stage, and Prognostic Factors of Multiple Myeloma
	Introduction
	Patients and Methods
	Patients and Data Collection
	Samples and Flow Cytometry Analysis
	Definition Criteria
	Statistical Analyses

	Results
	Analysis From the Perspective of Disease Classification
	Analysis From the Perspective of Disease Stage
	Analysis From the Perspective of Prognostic Factors
	Analysis of sBCMA

	Discussion
	The Significance of Studying BCMA Expression
	From the Perspective of Curative Effect
	From the Perspective of Disease Classification
	From the Perspective of Disease Stage
	From the Perspective of Prognostic Factors

	Limitations and Prospects
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


