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ABSTRACT

Background and objectives: Acute myeloid leukemia (AML) is a malignancy
that involves the bone marrow and peripheral blood. Some chemokines play a role in the
progression, migration and lumor initiatlion and are therefore associated with poor
prognosis. (CL2 promotes tumor growth and is associated with poor prognosis in AML
patients. We investigated effects of chemotherapy on serum level of (CL2 in AML patients.

Methods: Throughout this case-control study, blood samples were collected irom
25 healthy individuals and 25 AML (M4 and M5) patients before and after the first stage of the
current chemotherapy regimen (743). Serum level of ((L2 was measured using commercial
ELISA kits. Data were analyzed in SPSS 22 using the two-sample t-test and paired i-test.

Results: Before chemotherapy, serum level of (CL2 was significanily higher in the
patients than in the healthy controls. Following chemotherapy, the serum level of (CL2
reduced significantly 1o a level comparable to that of the healthy controls.

Conclusion: The current chemotherapy (7+3) can effectively inhibit (CL2 in AML
patients.

Keywords: Leukemia, Myeloid, Acute [MeSH], Chemokine CCL2 [MeSI],
(hemokines [MeSH].
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INTRODUCTION

Acute myeloid leukemia (AML) is an
aggressive and heterogeneous cancer of the
bone marrow (BM). Treatment of this cancer
requires either intensive chemotherapy alone
or in combination with allogeneic stem cell
transplantation (1). Despite sensitivity to
chemotherapy, survival rate is low in patients
with AML. The standard chemotherapy for
AML patients is the7+3, with a7-day
continuous infusion of cytarabine (100 or 200
mg/m’per day) on days 1 to7and
daunorubicin (60 mg/m? per day) on days 1
to 3 (2, 3).

Chemokines and their receptors are involved
in the pathogenesis of AML (2). It has been
indicated that cytokine/receptor signaling
affects the treatment outcome, progression and
persistence of AML (3-5). According to
reports, leukemic blasts represent abnormal
degrees of responsiveness to cytokine
stimulation (5, 6).

CCL2 is a member of the 3-chemokines family
that mainly initiates chemotaxis and
transendothelial migration of monocytes.
Several factors regulate CCL2 expression.
Binding of CCL2 to its receptor activates
several transduction pathways associated with
survival, growth, proliferation, adhesion,
cellular mobility and protein transduction (7,
8). CCL2 directly mediates angiogenesis, and
interaction with CCR2 on the endothelial cell
surface leads to elevated wvessel sprout
formation and tumor progression. Therefore,
higher CCL2 levels relate to active
angiogenesis, increased tumor proliferation
and unfavorable prognosis in a large number
of solid tumors (9, 10). Although the part
played by CCL2 in hematological
malignancies has not been ascertained yet,
increased level of CCL2 in the BM
environment of patients with  acute
lymphoblastic leukemia (ALL) and the serum
of untreated AML patients has been observed
(10). CCL2 is secreted by tumor cells, AML
and B-ALL cells (11, 12). It promotes tumor
growth by  recruiting  myeloid-derived
suppressor cells and regulatory T-cells (13,
14). CCL2 induces proliferation and
transmigration of AML cells but does not
affect the susceptibility to apoptosis caused by
Ara-C (15). The expression of CCL2 is
negatively correlated with patient survival in
breast cancer (16). In addition, CCL2 has a
role in resistance to cytotoxic agents in some
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cancers (15). It can also inhibit proliferation of
hematopoietic stem and progenitor cells
(HSPCs). However, the inhibitory effects of
CCL2 have not yet been evaluated extensively
(17).

Because of the increased level of CCL2 and
poor prognosis in AML patients as well as the
role of CCL2 in tumor growth, we postulated
that modulation of cytokine-dependent
processes in AML could be included in
standard chemotherapeutic  regimens to
improve overall treatment outcome. Thus, we
investigated CCL2 levels before and after the
first stage of current chemotherapy (7+3)
regimen in AML patients and healthy controls.

MATERIALS AND METHODS

This case-control study was approved by the
ethics committee of Kerman University of
Medical Sciences, Iran. Written consent was
obtained from all participants. Subjects
included 25 healthy individuals and 25 AML
patients (M4 and M5, 15 females, mean age:
40 + 15 years) in Shahid Bahonar Hospital
(Kerman, Iran) during 2017-18.The subjects
had no clinical sign or symptom, and
individuals who had abnormal complete blood
count (CBC) were excluded from the study.
The case and control subjects were matched in
terms of gender and age. All patients received
the same chemotherapy regimen (7+3) and
patients that received different chemotherapy
regimens were excluded. In addition, BM and
peripheral blood smears (PBS) were prepared
for the patients at the time of diagnosis and
after the first stage of chemotherapy (at the
end of the fourth week of complete
chemotherapy when CBC indices reached
almost normal) and percentage of blast cells
was computed. A pathologist evaluated
peripheral blood and BM smears. Then, based
on the type of cell in which leukemia
developed and the level of maturity of the
cells, AML patients were categorized into
AML subtypes according to the FAB standard
criteria. Next, the FAB subtypes were further
approved by immunophenotypic analysis
(CD13, CD14, CD33, CD34, CD64, CD117
and HLA-DR) using flow cytometry.

Blood samples (5 ml) were taken from each
patient before initiation of chemotherapy and
after the first stage of chemotherapy
(following the fourth week of complete
chemotherapy when CBC was approximately
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and CCL3 chemokines were high in AML
patients before chemotherapy. CCL5

normal). Serum specimens were immediately
frozen and stored at —80 °C.

The serum levels of CCL2 were measured by a
commercial ELISA kit (R&D system,
Minneapolis, USA) according to the
manufacturer's guidelines. The sensitivity of
the kit was 6.6 pg/mL.

Data were analyzed using SPSS 22 software
(SPSS Inc., Chicago, IL, USA). Quantitative
data were expressed as mean = standard
deviation (SD). The two-sample and paired t-
tests were employed for comparison of the
underlying variables after verifying normality
of data by the Shapiro-Wilk test. A p-value of

less than 0.05 was considered as statistically
significant.

RESULTS

Partial remission was observed in the patients
after the first stage of chemotherapy (7.9 %
1.2% blast cells in BM and absence of blast
cells in PBS).

Table 1 presents the clinical and demographic
characteristics of the patients and healthy
controls.

The level of CCL2 was very high before
chemotherapy. However, after the first stage of
chemotherapy, CCL2 decreased significantly
to a level comparable with that of the healthy

control group (Figure 1).
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Figure 1- Demonstrates the serum level of CCL2 in AML patients and healthy control. The chemokine serum level was analyzed

by ELISA. There was significant difference in patients prior chemotherapy with healthy controls (***P<0.0001). There was not

significant difference in patients post chemotherapy with healthy control group (P>0.05). Also there was significant difference in
patients prior and post chemotherapy (*P<0.05).

Table 1- Clinical and demographic characteristics of AML patients and healthy controls

Group Age (years) Gender M4/M5 % Blastcells % Blast cells WBC count in PB” Extramedullary
(Mean+SEM) in BM* in PB* (Mean+SEM) involvement
(MeantSEM)  (Mean+SEM)
Before After
chemotherapy chemotherapy

Patients 41.45+11 12 males 9/16 47+15 46.45+ 13 18000+10600 8360 + 1230" No

13 females
Healthy 40+ 15 10 males _ _ _ 8050 + 963 _
controls 15 females

Data are presented as mean =+ standard deviation.

* at the time of diagnosis

*White blood cell (WBC) count in peripheral blood.
# post first stage of chemotherapy.

Medical Laboratory Journal, Jul-Aug, 2021; Vol 15: No 4


table1
http://goums.ac.ir/mljgoums/browse.php?mag_id=62&slc_lang=en&sid=1

DISCUSSION

Some studies indicated that cancer cells can
alter the chemokine system. The altered
cytokine network overcomes resistance and
improves treatment outcome in AML patients
(3). Therefore, we aimed to investigate the
effects of current chemotherapy (7+3) on
CCL2 in patients suffering from AML with
monocytic differentiation. The first stage of
chemotherapy was chosen to evaluate the
response of AML patients to chemotherapy
based on the expression of these chemokines
and to help determine whether to increase or
decrease the dose of chemotherapy reagents in
the next stages. In other words, the level of
these chemokines and their associated
receptors can serve as biological markers of
response to chemotherapy in most patients.
CCL2 is a member of the CC chemokine
family that plays various roles in cancers.
Cancer cells and different types of stromal
cells including monocytes, endothelial cells
and fibroblasts can produce CCL2. CCL2-
stimulated mononuclear cells produce growth
and survival factors, which contribute to tumor
progression and angiogenesis (18-21). In a
previous study, serum levels of CCL5, CCL4
and CCL3 chemokines were high in AML
patients before chemotherapy. CCL5 and
CCL4 did not return to the basal level after
chemotherapy and were high compared to
healthy controls, while CCL3 reached the
baseline level after chemotherapy (22).

Wu et al. showed that the expression of CCL2
differs among various leukemia cell lines,
suggesting heterogeneity of the leukemia cell
lines. Moreover, they showed overexpression
of CCL2 in THP-1 cells, a monocytic
leukemia cell line driven by the MLL-AF9
fusion gene. They also demonstrated that
knocking down CCL2 in HL-60 cells reduce
the proliferation rate and leads to G1 growth
arrest (10). Elevated plasma level of CCL-2 in
untreated AML patients has been reported
(18). Our findings showed that the serum level
of CCL2 was significantly increased in AML
patients with  monocytic  differentiation
compared with healthy individuals, suggesting
an inflammatory state. It has been claimed
that CCL2 inhibits normal HSPCs but not
chronic  myelogenous leukemia (CML)
progenitor cells,  whereas transforming
growth  factor inhibits both normal HSPCs
and CML cells. Thus, CCL2 can contribute to
CML development (17). It can be concluded
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that the high level of CCL2 can indicate poor
prognosis in AML patients. Since CCL2
attracts regulatory T cells and macrophages to
the tumor environment and contributes to
tumor growth (23), we evaluated the response
of this chemokine to first stage of
chemotherapy. In this regard, a previous study
reported that inhibiting CCL2/CCR?2 signaling
in  mice receiving anthracycline-based
chemotherapy could induce immune responses
against cancer and improve the treatment
process (23). In our study, after the first stage
of chemotherapy, CCL2 level reduced
significantly to the baseline state that was
comparable  with  healthy individuals.
Chemotherapy-induced secretion of cytokines
potently affects host tissues and subsequently
the treatment response and prognosis. In one
study, chemotherapy for ALL functionally
deregulates stromal cells of BM and reduces
CCL3 due to BM damage (24). In other words,
chemotherapy increases secretion of various
inflammatory cytokines including CCL5 and
reduced CCL3 levels (25). Thus,
chemotherapy may be the cause of CCL2
depletion in our cases. Therefore, it may not be
necessary to control CCL2 in the following
stages of chemotherapy. Nevertheless, the role
of chemokines in etiology, pathogenesis and
treatment of AML is quite intricate, and more
studies are needed to further elucidate the part
played by the chemokine network in the
treatment of AML. It is crucial to consider the
expression of these chemokines and their
down/upstream gene targets both before and
after chemotherapy to gain a deeper
understanding of its function.

CONCLUSION

Our results specified that the first stage of
chemotherapy could inhibit CCL2 in AML
patients with monocytic differentiation. It is
suggested to identify other chemokines
associated with poor prognosis in AML and
investigate how they respond to chemotherapy.
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