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Abstract: Objective: The revised International Prognostic Index (R-IPI) aids in predicting the prognosis of patients
with diffuse large B cell lymphoma (DLBCL), but R-IPI yields no significant differences in assessing different sub-
types of DLBCL. It is necessary to identify patients with a high-risk of DLBCL and alternative therapy should be deliv-
ered as early as possible. Methods: In total, 144 patients newly diagnosed with DLBCL including 63 GCB-DLBCL and
81 non-GCB-DLBCL and 30 healthy controls were enrolled. Peripheral monocytic myeloid-derived suppressor cells
(M-MDSC) (CD14*HLADR"") were detected by flow cytometry and the percentage of monocytes (M,) was evaluated
by completed blood count (CBC). The correlation between M-MDSC% and M % was statistically analyzed. Results:
Compared with healthy controls, significant increase was observed in M-MDSC% and M % in DLBCL patients (both
P<0.001). Significant difference of M-MDSC% was found between GCB-DLBCL and non-GCB-DLBCL patients in both
poor (P<0.001) and very good groups (P=0.03), whereas no statistical significance in the good group (P>0.05). The
M, % in non-GCB-DLBCL patients was significantly higher than that in GCB-DLBCL counterparts merely in the poor
group (P<0.001). Positive correlation was noted between M, % and M-MDSC in all DLBCL patients rather than in
healthy controls (r=0.227 P=0.229). Conclusion: The percentage of peripheral M was positively correlated with
M-MDSC% in patients with different subtypes and risks of DLBCL. Peripheral M % and M-MDSC% combined with
R-IPI score may be useful for predicting the prognosis of patients newly-diagnosed with DLBCL.

Keywords: Monocytic myeloid-derived suppressor cell, monocyte, diffuse large B-cell ymphoma, revised interna-
tional prognostic index

Introduction

Diffuse large B cell ymphoma (DLBCL) [1] is the
most common and aggressive type of non-
Hodgkin lymphoma with complex histological,
immunophenotypic and cytogenetic features.
Thus, it is extremely challenging to yield accu-
rate clinical prognosis. The causes of DLBCL
are not well understood. DLBCL constantly aris-
es from normal B cells, but it can also repre-
sent a malignant transformation of other types
of lymphoma or leukemia. An underlying immu-
nodeficiency has been proven to be a signifi-

cant risk factor [2]. Infection with Epstein-Barr
virus has been found to promote the develop-
ment of certain subtypes of DLBCL [3]. DLBCL
is diagnosed by tissue biopsy of the tumor
through a biopsy, and then examining this tis-
sue under a microscope [4]. Several molecular
subtypes of DLBCL have been identified includ-
ing germinal B-cell-like DLBCL, activated B-cell-
like DLBCL and primary mediastinal B-cell lym-
phoma, each having a different clinical presen-
tation and prognosis. However, conventional
treatment is chemotherapy, often in combina-
tion with an antibody targeted at the cancer
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Table 1. General data of DLBCL patients and healthy controls

suppressor cells (MDSCs)

Healthy individuals

DLBCL patients have been described in a

Age (year)
Gender

61 (20-80)
15 (50.0%) for male
Histological subtype
R-IPI (GCB-DLBCL)
Very good prognosis (0)
Good prognosis (1, 2)
Poor prognosis (3, 4, 5)
R-IPI (non-GCB-DLBCL)
Very Good prognosis (0)
Good prognosis (1, 2)
Poor prognosis (3, 4, 5)
M, (%) (GCB-DLBCL)

<0.08 0.06+0.011
>0.08 0.09+0.010

M, (%) (non-GCB-DLBCL)
<0.08 0.07+0.007
>0.08 0.12+0.042

M, (%)
<0.08 0.05+0.016 (27 (90.0%))
>0.08 0.08+0.00 (3 (10.0%))

75 (52.1%) for male

variety of cancers. Human
MDSCs are a heterogene-
ous population composing
of cells at several differen-
tiation stages of the mye-
loid lineage (CD33*CD11b*
Lin'HLA'-DR”"*%),  Different
types of tumors harbor dis-
tinct subsets of MDSCs,
which can be further divid-
ed into CD15* granulo-
cytic (CD15*HLADR”"" G-
MDSC) and CD14* mono-
cytic (CD14*HLA'DR7"Y M-
MDSC) subsets. Recent
study [14] has identified
the existence of a mono-
cytic subset of MDSCs with
the phenotype CD14*HLA
DR”" in patients with non-
Hodgkin’s lymphoma (NHL),
which function to suppress
the proliferation of normal

60 (21-80)

9 (6.3%)
27 (18.8%)
27 (18.8%)

12 (8.3%)
30 (20.8%)
39 (27.1%)

24 (16.7%)
39 (27.1%)

27 (18.8%)
54 (37.5%)

cells. Through these treatments, more than
half of patients with DLBCL can be cured, and
overall 5-year survival for elderly adults is
approximately 58% [5].

The International Prognostic Index (IPl) is de-
signed to predict the prognostic outcomes of
DLBCL patients based on clinical parameters
or tumor characteristics of the patients. In
2007 [6], these factors were redistributed into
the revised IPI (R-IPI) for the DLBCL patients
who were treated with immuno-chemotherapy
(R-CHOP). Recent studies [7, 8] have demon-
strated that the ratio of lymphocyte to mono-
cyte (LMR) calculated from complete blood
count (CBC) at the time DLBCL was diagnosed
could predict the clinical outcomes of DLBCL
patients undergoing R-CHOP, especially in the
population with a high risk of DLBCL. LMR is
utilized as a simple biomarker combining with
an estimate of host immune homeostasis and
tumor microenvironment. Luis et al. concluded
that an ALC/AMC-DX ratio of >1.1 was associ-
ated with overall survival, lymphoma-specific
survival, progression-free survival, and time to
progression [9].

In recent years, as a subpopulation of immuno-
suppressive cells [10-13], the myeloid-derived
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T cells.

The purpose of this study was to investigate
the proportion of peripheral M-MDSC and Mm%
in patients with different subtypes and risks
of DLBCL, aiming to analyze the correlation
between M-MDSC and M,% and provide prog-
nostic significance at diagnosis by combining
with R-IPI score.

Materials and methods
Patients

In this study, 144 DLBCL patients were enroll-
ed, 75 male and 69 female, aged 20-80 years
(median age: 61 years) upon diagnosis, and
divided into germinal center B-cell-like DLBCL
(GCB-DLBCL, n=63) and non-germinal center
B-cell-like DLBCL (non-GCB-DLBCL, n=81) gro-
ups assessed by immunohistochemistry (IHC)
according to the Choi algorithm. Clinical and
laboratory data were obtained from consecu-
tive medical records of patients with newly
diagnosed DLBCL at our institution during June
2011 and October 2014. Heparinized venous
blood samples were collected from patients
newly diagnosed with DLBCL (n=144) and
healthy controls (n=30). Patients with positive
HIV, transformed lymphoma or any associat-
ed immunodeficiency disease were excluded.
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M-MDSC (%)
14 **

[ []

GCB No-GCB Control

Figure 1. M-MDSC% in subtype DLBCL patients and
healthy controls. *Denotes statistical significance
between GCB-DLBCL patients and healthy controls
(P<0.001); **represents statistical significance be-
tween non-GCB-DLBCL patients and healthy controls
(P<0.001).

According to the R-IPI, all patients were classi-
fied into three groups: very good (R-IPI=0: 9
GCB-DLBCL 12 non-GCB-DLBCL), good (R-IPI=1
or 2: 27 GCB-DLBCL, 30 non-GCB-DLBCL) and
poor prognosis groups (R-1P1>2: 27 GCB-DLBCL,
39 non-GCB-DLBCL). Clinical characteristics of
the patients at time of diagnosis are listed in
Table 1. Written informed consent was obtained
from all participants. This study adhered to the
Declaration of Helsinki and was approved by
the Clinic Institutional Review Board of the
Second Hospital of Lanzhou University.

Peripheral M % and immunophenotype of
M-MDSC

The proportion of peripheral M was calculated
from the routine automated CBC at the time
of diagnosis in 144 DLBCL patients and 30
healthy counterparts. Monocytosis was defined
as the Mm% was >8% higher, which was the
upper limit of monocytes in routine blood test
(3%-8%). Peripheral blood sampling was con-
ducted for subsequent surface staining and
flow cytometry. M-MDSC was identified as
CD14*HLA DR”" phenotype by flow cytometry
in agreement with the findings obtained by Lin
et al. [13]. M-MDSC% and M, % in the peripher-
al blood from patients with different subtypes
and risks of DLBCL and age-matched healthy
counterparts were calculated.

Statistical analysis

All data analyses were performed using SPSS
20.0 statistical software (SPSS, Chicago, IL,
USA). M-MDSC% and M, % were expressed as X
+ standard deviation (S.D.). Comparison of the
mean values among different groups if the data
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were normally distributed was assessed by
one-way ANOVA. Pair-wise comparison of the
difference between two groups was evaluated
by LSD-t test. Pearson correlation coefficient
was used to describe the correlation among dif-
ferent quantitative variables. A P value <0.05
was considered to be statistically significant.

Results
Patients’ characteristics

All patients were divided into the GCB (63/
43.8%) and non-GCB subgroups (81/56.2%).
According to the R-IPI, 21 (14.6%) patients were
assigned in the very good group, 57 (39.6%) in
the good and 66 (45.8%) in poor prognosis
groups. Ninety three (64.6%) patients (GCB-
DLBCL 27.1% vs non-GCB-DLBCL 37.5%) and
3 controls (10%) had peripheral M %>0.08,
and 51 (35.4%) patients and 27 (90%) controls
presented with M %<0.08. When newly diag-
nosed, the median M % was 0.078 (range:
0.04-0.12) in GCB-DLBCL patients and 0.104
(range: 0.05-0.19) in non-GCB-DLBCL counter-
parts. Patients’ basic characteristics are shown
in Table 1.

Comparison of peripheral M-MDSC% and M %
between DLBCL patients and healthy controls

M-MDSC% significantly differed between DL-
BCL patients and normal counterparts (P<
0.001), whereas no significant difference was
noted between GCB- and non-GCB-DLBCL
patients (P=0.076) (Figure 1). Stratification
analysis showed that M-MDSC% significantly
differed between non-GCB- and GCB-DLBCL
patients in the poor (P<0.001) and very good
groups (P=0.03) rather than in the good group
(P>0.05). Compared with healthy controls, the
M-MDSC% of both GCB- and non-GCB-DLBCL
patients was significantly elevated in three risk
groups (all P<0.001). Similar to non-GCB-DLB-
CL counterparts, the M-MDSC% in the GCB-
DLBCL patients significantly differed among
each risk group (P<0.001) (Table 2).

Compared with healthy controls, peripheral
M,% was significantly increased in both GCB-
(P=0.013) and non-GCB-DLBCL patients (P<
0.001), and M,% in non-GCB-DLBCL patients
was significantly higher than that in the GCB-
DLBCL counterparts (P=0.006) (Figure 2). Stra-
tification analysis revealed significant differ-
ence between non-GCB and GCB patients in
the poor group (P<0.001) rather than in the
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Table 2. Stratification analysis of M-MDSC and M, in subtype DLBCL patients and healthy controls

GCB-DLBCL (n=63)

Non-GCB-DLBCL (n=81)

Very good Good Poor Very good Good Poor Control
prognosis prognosis prognosis prognosis prognosis prognosis (n=30)
(9) (27) (27) (12) (30) (39)
M-MDSC (%) 5.53+1.00 8.25+0.71 11.08+1.49 6.98+0.86 8.84+0.50 12.68+0.96 2.46+0.26
M, (%) 0.050+£0.010 0.073+£0.015 0.089+0.013 0.063+0.010 0.077+0.011" 0.139+0.042" 0.053+0.018

Note: *denotes statistical significance compared with GCB-DLBCL counterparts.

M, (%)
0.16 [ *%
0.14
0.12 1
0.1
0.08 [
0.06 [

0.04
0.02 [

—_— %
_
e

GCB No-GCB Control

Figure 2. M % in subtype DLBCL patients and healthy
controls. *DENOTES statistical significance between
GCB-DLBCL patients and healthy controls (P=0.013);
Arepresents statistical significance between non-
GCB-DLBCL patients and healthy controls (P<0.001).

good and very good groups (both P>0.05). In
the GCB-DLBCL patients, the M % in the poor
group was significantly elevated compared with
that in the very good group (P=0.010), whereas
no significant differences were noted between
the poor and good prognosis groups and
between the good and very good groups (both
P>0.05). In the non-GCB-DLBCL patients, the
M,% in the poor group was dramatically
increased than that in the good and very good
groups (both P<0.001), whereas no significant
difference was noted between the good and
very good groups (P>0.05). Compared with
healthy controls, the M % was significantly
higher in the poor and good groups (both
P<0.001), whereas no significant difference
was observed in the very good group in the
non-GCB-DLBCL counterparts (P>0.05), as illu-
strated in Table 2. The M % of GCB group in
poor group were higher than healthy controls
though there were no difference between good
group, very good group and controls.

Correlation between peripheral M-MDSC and
M % in DLBCL patients and healthy controls

In GCB-DLBCL patients, the proportion of M
was significantly correlated with the increased
percentage of M-MDSC in the poor, good and
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very good prognosis groups (r=0.832 P=0.000;
r=0.886 P=0.000; r=0.795 P=0.010) (Figure
3). In the non-GCB controls, similar findings
were obtained in the poor, good and very good
prognosis groups (r=0.767 P=0.000; r=0.814
P=0.000; r=0.892 P=0.000) (Figure 4). No sig-
nificant correlation was observed between the
M,% and M-MDSC in the healthy controls
(r=0.215 P=0.255) (Figure 5).

Discussion

DLBCL is characterized with diverse clinical
presentations and pathological features. Dur-
ing the widespread application of rituximab
therapy, R-CHOP has been considered as the
gold standard immunochemotherapy against
DLBCL. R-IPIscoring system [6] has been wide-
ly employed as a prognostic index in DLBCL
patients of chemoimmunotherapy since the
year of 2007. However, the role of host immu-
nity has not been taken into consideration
when using R-IPl and no statistical significance
has been noted in the score of R-IPI among dif-
ferent subtypes of DLBCL. Recent studies [7, 8]
have demonstrated that tumor microenviron-
ment and host immunity play a pivotal role in
the therapeutic outcomes of DLBCL. Hence, it
is of high necessity to identify the patients with
a high-risk of DLBCL (at least two factors of
poor prognosis) during the course of treatment
and alternative therapy should be administered
accordingly.

Gene-expression profiling [15] showed that
tumor-infiltrating lymphocytes and myeloid-
derived cells collectively play an important role
in the pathogenesis of lymphoma and exert an
impact upon the prognosis of lymphoma due
to their functions in the innate and adaptive
immune responses. In 2011, Wilcox et al. [8]
reported that the combination of the absolute
lymphocyte count and the absolute monocyte
count at diagnosis exerted a significant effect
upon the prognosis of DLBCL patients indepen-
dently of the IPl. More evidence has demon-
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Figure 3. Correlation analysis between
M-MDSC% and M % in different risks of
GCB-DLBCL patients.
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Figure 4. Correlation analysis between M-
MDSC% and M % in different risk of non-
GCB-DLBCL patients.
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Figure 5. Correlation analysis between M-MDSC% and M,% in healthy controls.

strated a correlation between LMR and the
prognostic outcomes of DLBCL patients [16,
17]. In this study, the M, % was analyzed based
upon the parameter of complete blood count
and demonstrated that the proportion of M, in
non-GCB and GCB patients with monocytosis
was apparently higher compared with that in
healthy donors. The mean value of M, % in the
non-GCB patients was significantly increased
than that in GCB-DLBCL and healthy counter-
parts. Stratification analysis demonstrated that
statistical significance existed between non-
GCB- and GCB-DLBCL patients in the poor
group (P=0.001) rather than in the good and
very good groups. In the GCB-DLBCL patients,
the M,% in the poor group was significantly
enhanced than that in the very good group, no
significant differences were found between
the poor and good groups, and between
the good and very good groups. In non-GCB-
DLBCL patients, the ratio of M % in the
poor group was significantly increased com-
pared with those in the good and very good
groups, whereas no statistical significance was
found between the poor and very good groups.
Taken together, peripheral M % of CBC proba-
bly had disadvantages in terms of evaluating
the prognostic profile in conjunction with the
R-IPI for patients with non-GCB-DLBCL or GCB-
DLBCL patients in the poor group. Whether
peripheral M,% can stratify the subtypes of
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GCB-DLBCL in the good
k2 linearization (L)=0. 016 group remains to be elu-
cidated.

The high incidence of lym-
phoma reported in the
immunocompromised pati-
ents indicates the impor-
tance of host immune sys-
tem in the occurrence of
lymphoma. Human MDSCs
are a population of imm-
une-suppressive cells (CD-
33*CD11b*HLA-DR'") origi-
nating from circulating my-
eloid progenitor and imma-
ture myeloid cells, as pre-
cursors of DCs, macro-
phage and/or granulocytes.
The activated MDSCs could
suppress the anti-cancer
immunity of the host via
multiple underlying mechanisms and promote
the growth of tumors. It is also associated with
the size and grading of the malignancy [18-21].

In this study, the proportion of peripheral
M-MDSC in the DLBCL patients was significant-
ly elevated compared with that in the healthy
controls, while no statistical significance was
noted in terms of M-MDSC between the GCB-
and non-GCB-DLBCL patients. Stratification
analysis revealed that the M-MDSC significant-
ly differed between the GCB- and non-GCB-
DLBCL patients from the poor and very good
prognosis groups, whereas no statistical signifi-
cance was noted in the good prognosis group.
M-MDSC in the GCB-DLBCL patients signifi-
cantly differed among the poor, good and very
good prognosis subgroups, and similar findings
were noted in the non-GCB-DLBCL counter-
parts. M-MDSC may possess similar prognostic
value as R-IPI in DLBCL patients at diagnosis
and is likely to be a stratified factor combined
with R-IPI for patients newly-diagnosed with
DLBCL in the poor and very good subgroups.
The optimal cut-off values for M-MDSC% and
M, % deserve further studies with a larger sam-
ple size.

Peripheral M % of CBC was positively correlat-
ed with M-MDSC in both GCB- and non-GCB-
DLBCL patients with different risk of DCBCL
at diagnosis, whereas no significant correlation
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was noted in the healthy controls. Considering
objective, reproducible, low cost and accessi-
ble advantages of the test, detection of periph-
eral M % will probably be one of the immune
biomarkers reflecting the immune status of
the host, applicable to conventional examina-
tion. Flow cytometry has a higher specificity in
detecting M-MDSC%, whereas it is more ex-
pressive. Hence, the combination of these
two methods may yield more convincing and
meaningful outcomes. The mutual interaction
between peripheral M and M-MDSC in the
DLBCL patient needs to be further evaluated in
a larger population.

To sum up, peripheral M,% and M-MDSC%
significantly differed in different risk and sub-
types of DLBCL patients at diagnosis, especial-
ly in the non-GCB-DLBCL patients from the poor
group. Peripheral M % was positively correlat-
ed with M-MDSC in patients newly-diagnosed
with DLBCL. Combined with R-IPI score at the
onset of DLBCL, M % and M-MDSC%, especial-
ly M,% may be utilized as an indicator of poor
prognosis of DLBCL patients in routine clinical
practice to identify the high-risk population.
Moreover, M-MDSC probably possessed more
significance in evaluating the prognosis betw-
een GCB- and non-GCB-DLBCL patients in the
very good prognosis group.
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