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Abstract: Background: Objective: Aim to investigate the proportion of CD14*CD16* monocytes and understand the
pathogenesis of this monocyte subset in acute leukemia. Methods: Flow cytometry was utilized to study the phe-
notype expression of CD14*CD16* monocytes and CD3* T lymphocytes in peripheral blood derived from patients
with acute leukemia. All the data were analyzed by SPSS 13.0 software. Results: The proportion of CD14*CD16*
monocytes including both intermediate and non-classical monocytes, increased significantly in patients with acute
leukemia and changed negatively or positively according to the disease process. Meanwhile, the proportion of
CD14*CD16* monocytes was inversely correlated with absolute number of CD4* T lymphocytes, ratio of CD4*/
CD8* T cells, and positively correlated with the proportion of neutrophil granulocytes. Conclusions: The proportion
of CD14*CD16* monocytes (especially the intermediate subpopulation) is related to the progression of acute leuke-

mia, and the expansion of this monocyte subset could indicate the severity of the disease.
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Introduction

Monocytes are known as a heterogeneous
group of cells originated from myelomonocytic
precursors in bone marrow. They are released
into blood circulation upon maturation and
remain for a few days, then migrate to tissues
and differentiate to macrophages or dendritic
cells [1]. The major roles of monocytes are
hosting defense against pathogens and main-
taining normal tissue structures and functions
[2].

Based on the differences in phenotype, func-
tion, and several genetic evidences, human
peripheral blood monocytes have been initi-
ally subdivided into two distinct subsets:
CD14*CD16° and CD14*CD16* cells [3-6].
Ancuta et al. [7] reported that there was hetero-
geneity in CD14*CD16* monocytes. Three ma-
jor monocyte subsets were acknowledged as
shown in Figure 1: classical (CD14**CD16),
intermediate (CD14**CD16*) and non-classi-
cal (CD14*CD16**) monocytes. Although the
biological mechanisms of CD14*CD16  and

CD14*CD16* cells have not been well charac-
terized, the differences between these two sub-
sets have been highly focused by a consider-
able number of studies. The results of the
studies significantly advanced that while
CD14+CD16" cells represent only about 10% of
peripheral blood monocytes, they are definitely
the major participants in immunological res-
ponse [8]. The proportion of these CD14*CD16*
monocytes was increased in various disease
conditions and was demonstrated associated
with inflammation [9, 10].

Acute leukemia (AL) is a group of malignanci-
es characterized by impaired hematopoiesis.
Leukemia cells proliferate malignantly in bone
marrow and other hematopoietic tissues, inhib-
it normal hematopoiesis and cause infection,
bleeding or anemia to patients. In recent years,
the incidence of acute leukemia is increasing,
but the survival rate is still low. The reason may
be associated with proliferating tumor cells and
impairing anti-tumor immune function. This
phenomenon indicates that it is important to
understand the pathogenesis of AL. Coinciden-
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Figure 1. Gating strategy of the monocyte subsets based on relative expression of CD14 and CD16. A. Shows the
traditional gating of CD14*CD16* (S1) and CD14*CD16 (S2) monocyte subsets. B. Shows the new gating of non-
classical (S1), intermediate (S2) and classical (S3) monocyte subsets.

tally, pro-inflammatory activity of CD14*CD16*
monocytes points out a good direction for us.

However, the function of CD14*CD16" mono-
cytes proportion in AL was rarely reported. In
the current work, we examined the proportion
of CD14*CD16* monocytes including intermedi-
ate and non-classical monocytes in patients
with AL. We found pronounced expansions of
these subsets in patients in period of onset
compared with the patients in remission and
normal controls. We further found that the pro-
portion of CD14*CD16* monocytes had rela-
tions with absolute number of CD4* T lympho-
cytes and the ratio of CD4*/CD8* T cells. These
findings support the crucial role of CD14*CD16*
monocytes in immune regulation, and suggest
the value of detecting this monocyte subset in
clinical diagnosis and treatment.

Materials and methods
Sample collection

Blood samples from 68 patients with AL (37
males and 31 females, median age 37.04,
range, 3-77 years) and 50 healthy individuals
(19 males and 31 females, median age 44.62,
range, 8-77 years) were collected with informed
consent from Central Hospital of Taian. Cases
related to acute or chronic infection, hepatic
insufficiency, heart failure, diabetes and hyper-
tension had not been taken into consideration
while deciding a criticism for subject selection.
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Flow cytometry detection

EDTA-anticoagulated blood cells were stained
for 15 min with fluorochrome-conjugated (anti-
CD14-FITC, anti-CD16-PE, or Tritest CD4-FITC/
CD8-PE/CD3-PerCP, Becton Dickinson [BD]
Biosciences). Peripheral blood mononuclear
cells were isolated using FACS Lysing Solution
(BD Biosciences) and then washed with phos-
phate buffer solution (PBS, Solarbio). Finally
cells were processed in the FACSCalibur Flow
Cytometer (BD Biosciences) and then analyzed
with CellQuest, MultiSet software and FlowJo,
as shown in Figure 2.

Statistical analysis

Results were presented as the mean + SD. The
proportions of CD14*CD16* monocytes be-
tween groups were compared by one-way anal-
ysis of variance (ANOVA), while the correlation
among the proportion of monocyte subsets,
lymphocyte subsets and peripheral white blood
cells were calculated with employing Pearson
analysis. Statistical significance was consid-
ered by a p-value less than 0.05.

Results

The proportion of CD14*CD16* monocytes,
non-classical monocytes and intermediate
monocytes

The expression of CD14*CD16* monocytes
(including the non-classical and intermediate
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Figure 2. Representative flow cytometry analysis of monocyte subsets and lymphocyte subsets. Monocytes were as-
sessed using a SSC-Height/CD14-FITC dot plot (A). Monocyte subsets were assessed using a CD16-PE/CD14-FITC
dot plot (B). Mature Lymphocytes (CD3* T cells) were assessed using a SSC-Height/CD3-PerCP dot plot (C). Lympho-
cyte subsets were assessed using a CD8-PE/CD4-FITC dot plot (D).

subsets) in AL patients and normal controls
was established in Table 1.

As depicted in Figure 3, the proportion of
CD14*CD16* monocytes in patients in period of
onset was significantly increased compared
with both patients in remission and normal con-
trols (P < 0.01). However, no significant differ-
ence between the data of patients in remission
and normal controls was observed (P > 0.05).

As depicted in Figure 4, compared with patients
in remission and normal controls, the propor-
tion of non-classical monocytes in patients in
period of onset significantly increased (P <
0.01). While the difference between the pa-

12299

tients in remission and normal controls was not
pronounced (P > 0.05).

As showed in Figure 5, the proportion of inter-
mediate monocytes in patients in period of
onset was significantly higher than that of the
patients in remission and normal controls (P <
0.01). While the difference between the pa-
tients in remission and normal controls was
also significant (P < 0.05).

The correlation between CD14*CD16* mono-
cytes and other blood cells

The expression of CD14*CD16* monocytes and
other blood cells in AL patients was established
in Table 2.

Int J Clin Exp Med 2015;8(8):12297-12306
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Table 1. The expression of CD14*CD16* monocytes in AL patients and normal controls (X * S)

AL patients in AL patients
) . . Normal controls
period of onset in remission
N 68 68 50
The proportion of CD14*CD16* monocytes 18.56 + 6.89 7.73 +3.48 6.29+1.91
The proportion of non-classical monocytes 6.34 £ 3.82 2.60 +1.92 2.75+£1.09
The proportion of intermediate monocytes 10.24 + 5.49 451 +2.47 3.00 £ 1.37
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Figure 3. Flow cytometry analysis of CD14*CD16* monocytes (S1) expression in AL patients in period of onset (A),
patients in remission (B) and normal controls (C). Data are presented as the mean proportion of CD14*CD16* mono-

cytes with standard deviation. *P < 0.05, **P < 0.01.

As that could be observed in Figure 6, the
results showed that the proportion of
CD14*CD16* monocytes was inversely corre-
lated with absolute number of CD4* T cells (r =
-0.419, P =0.002) and the proportion of CD4* T
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cells (r=-0.370, P=0.008). It was also inverse-
ly correlated with ratio of CD4*/CD8* T cells (r =
-0.310, P =0.028) and the proportion of periph-
eral blood total lymphocytes (r = -0.322, P =
0.023). While it was positively correlated with

Int J Clin Exp Med 2015;8(8):12297-12306
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Figure 4. Flow cytometry analysis of non-classical monocytes (S1) expression in AL patients in period of onset (A),
patients in remission (B) and normal controls (C). Data are presented as the mean proportion of CD14*CD16* mono-

cytes with standard deviation. *P < 0.05, **P < 0.01.

number of neutrophil granulocytes (r = 0.348,
P =0.013) and the proportion of neutrophil (r =
0.385, P = 0.006).

Discussion

Monocytes are basis of the innate immune sys-
tem and adaptive immunity. Based on the
expression of lipopolysaccharide (LPS) recep-
tor CD14 and the Feylll receptor CD16, human
peripheral blood monocytes have been divided
totwosubsetsasCD14*CD16*and CD14*CD16*
monocytes [3]. However, heterogeneity has
also been found existing in CD14*CD16" mono-
cytes, which were further segregated into two
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subpopulations: the intermediate subset ex-
presses relatively higher levels of CD14 cou-
pled with lower CD16 expression, while the
non-classical subset expresses lower CD14
but higher CD16 (CD14*CD16**) [7]. Later
the International Consensus Statement on
Monocyte Nomenclature acknowledged the
major three subsets of monocytes: classical
(CD14*CD16°), intermediate (CD14**CD16")
and non-classical (CD14*CD16**) monocytes
[44].

Monocytes can give rise to macrophages and
dendritic cells, and the pathway of the latter
has drawn increasing attention [1]. Previously

Int J Clin Exp Med 2015;8(8):12297-12306
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Figure 5. Flow cytometry analysis of intermediate monocytes (S2) expression in AL patients in period of onset (A),
patients in remission (B) and normal controls (C). Data are presented as the mean proportion of CD14*CD16* mono-

cytes with standard deviation. *P < 0.05, **P < 0.01.

Table 2. The expression of CD14*CD16* monocytes and
other blood cells in AL patients (X £ s)

AL patients

N 50

The proportion of CD14*CD16" monocytes 19.14 + 7.61
Absolute number of CD4* T cells (x 10%/L) 0.49 £ 0.35
The proportion of CD4* T cells 47.32 + 12.57
The ratio of CD4*/CD8"* T cells 1.13 + 0.57
The number of neutrophil granulocytes (x 10%/L) 3.19 + 3.78
The proportion of neutrophil granulocytes 53.59 + 23.01
the proportion of total lymphocytes 37.21 + 20.93

the whole genome expression analysis found
several biologic and functional differences
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between the two monocyte subsets,
the results suggested CD14'CD16*
monocytes may be linked to myeloid
and granulocyte lineage, and showed
high antimicrobial potential [5, 12]. On
the other hand, CD14*CD16* mono-
cytes seemed more advanced in dif-
ferentiation, and had more dendritic
cell and macrophage characters [5].
Randolph et al. [13] also demonstrat-
ed the CD14*CD16* monocytes could
preferentially migrate and develop into
dendritic cells with superior allo-stimu-
latory capacity. Later this subset was

found to develop preferentially into CD1b* den-
dritic cells with high antigen-presenting capaci-

Int J Clin Exp Med 2015;8(8):12297-12306
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Figure 6. Correlation between the proportion of CD14*CD16* monocytes and absolute number of CD4* T cells (A),
the proportion of CD4* T cells (B), the ratio of CD4*/CD8* T cells (C), the proportion of total lymphocytes (D), number
of neutrophil granulocytes (E) and the proportion of neutrophil granulocytes (F).

ty [14]. These data support the conclusion that
CD14*CD16* monocytes and their dendritic
cells progeny are superior antigen presenting
cells.

Furthermore, CD14*CD16* monocytes showed
higher surface expression of fractalkine recep-
tor CX3CR1 and macrophage inflammatory pro-
tein 1o (MIP-1a)/RANTES receptor CCR5, but
lacked monocyte chemotactic protein-1 (MCP-
1) receptor CCR2 [7, 15, 16]. Meanwhile, func-
tion studies revealed that this subset expressed
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higher levels of pro-inflammatory TNF-a, IL-1,
IL-6 and IL-12 but lower level of anti-inflamma-
tory IL-10 compared with CD14*CD16" cells [10,
17-20]. In summary, CD14*CD16* monocytes
are recognized as pro-inflammatory monocytes
based on the high expression of pro-inflamma-
tory cytokines and high potency in antigen
presentation.

Among the three monocyte subsets, the inter-
mediates had been demonstrated the high-
est capacity to present antigen to T cells [21].

Int J Clin Exp Med 2015;8(8):12297-12306
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Zawada et al. [22] confirmed they were superior
with respect to antigen-specific induction of
IL-12 and IFN-y as well as with respect to induc-
tion of alloantigen-induced T cell proliferation.
Furthermore, the intermediate monocytes sh-
owed angiogenic properties as they express the
angiopoetin-2 receptor Tie-2, suggesting a cru-
cial role of these cells in the process of angio-
genesis. The non-classical monocytes had be-
en reported the highest expression of CX3CR1
[23]. As CX3CL1 could mediate arrest and
migration of CD14*CD16* cells, the non-classi-
cal monocytes may contribute to triggering
integrin-mediated migration of leukocytes into
surrounding tissues under inflammatory condi-
tions [7, 24]. Classical monocytes were found
to express lots of genes linked to the phagocy-
tosis process, according to the highest phago-
cytic capacity they showed [18, 22]. Moreover,
they also expressed highest antimicrobial pro-
teins, which indicated the classical monocytes
to be first line of innate immune defense aga-
inst microbial pathogens [12].

As CD14*CD16* monocyte subset has been
labeled proinflammatory, the proportion of th-
ese monocytes has been found pronounced
expansion in various kinds of disease, espe-
cially in infectious and inflammatory diseases,
just like bacterial infections (e.g. sepsis, tuber-
culosis), viral infections (e.g. HBV, HCV, HIV,
Dengue fever), autoimmune diseases (e.g.
Crohn’s disease, rheumatoid arthritis), athero-
sclerosis, Kawasaki disease, diabetes and as-
thma [9, 10]. Of note, in almost all circumstanc-
es of these diseases described above, expan-
sion of both intermediates and non-classical
monocytes were observed. But when come to
the question that which subpopulation expand-
ed more, we got different results from different
studies. The difference may be mainly due to
the different ways of gating strategy to segre-
gate the subpopulations. In order to corrobo-
rate the crucial role played by non-classical and
intermediate monocytes, explicit gating strate-
gy must be declared by the nomenclature com-
mittee and more studies with larger patient
cohorts under more disease circumstances are
still in request.

In the study, we found out the CD14*CD16*
monocyte subset, including both intermediate
and non-classical monocytes, in patients with
AL expanded significantly in numbers, and the
proportion of this subset changed as the dis-
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ease progressed. Our results coincided with
the characteristic of CD14*CD16* monocytes in
other disease process and suggested their clin-
ical significance in assessing AL process.
What's more, as the intermediate subpopula-
tion showed its significant difference even
between the groups of patients in remission
and normal controls, we speculate this subpop-
ulation is more sensitive in indicating the sever-
ity of AL.

Immunoregulation also had been taken through
different lymphocyte subsets [25]. Human
peripheral mature lymphocytes are all of CD3*
phenotype, which include CD4* helper T cells
and CD8"* cytotoxic T cells. Detecting and moni-
toring the proportion of lymphocytes and the
ratio of CD4*/CD8" T cells may be beneficial not
only to understand immune function, but also
to assist in the clinical diagnosis, to provide evi-
dences for the pathogenesis of the diseases as
well as to determine clinical treatment forms
[26-28]. For instance, it indicates the immune
function would be in low level when the number
of CD4* T cells decreases or the number of
CD8* T cells increases [29].

In consideration of this, we detected the num-
bers and proportions of peripheral blood lym-
phocytes and their subsets as well as neutro-
phil granulocytes, and investigated the rele-
vance between the proportion of CD14*CD16*
monocytes and results of these cells. We found
proportion of this monocyte subset was in-
versely related to the proportion of CD4* T cells
and the ratio of CD4*/CD8"* T cells but positively
related to the proportion of neutrophil granulo-
cytes. The results suggested these indexes
were similar indicators with respect to immune
function assessment.

To conclude, our results indicate a crucial role
of CD14*CD16* monocyte in AL progression
and provide further insights into their function
in regulating immune responses. Monitoring
the proportion of CD14*CD16* monocytes se-
ems valuable in assessing the severity of AL
disease so as to provide advice or guidance for
clinical treatment.
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