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Demethoxycurcumin Promotes Macrophage Cell Population
and Phagocytosis in WEHI-3 Cell-generated
Leukemia BALB/c Mice In Vivo
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Abstract. Background/Aim: Demethoxycurcumin (DMC),
one of the components of curcuminoids, has antitumor
activities in many human cancer cells and is known to induce
apoptosis in human leukemia cells. However, there are no
reports showing the effects of DMC on the immune response
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in leukemia mice in vivo. Herein, we evaluated the impact of
DMC on immune responses in WEHI-3-generated leukemia
mice in vivo. Materials and Methods: Fifty male BALB/c
mice were separated randomly into five groups. Group I is
normal mice, and groups II-V mice of generated leukemia by
WEHI-3 cells. Group II-V mice were intraperitoneally
injected with dimethyl sulfoxide (DMSO, as the positive
control), 15, 30, and 60 mg/kg of DMC, respectively, every
two days for 14 days. The body weight, blood, peritoneal
fluid, liver, and spleen were individually analyzed. Results:
DMC did not significantly affect animal appearance and
body weight. It decreased liver and spleen weight at a high
dose. DMC did not affect the cluster of differentiation 3
(CD3) and CD19 cell populations but induced decrease of
CDI11b at 30 mg/kg treatment. However, DMC at low dose
significantly increased the cluster of macrophage (Mac-3)
cell populations, but at high dose it decreased them. DMC
increased macrophage phagocytosis from peripheral blood
mononuclear cells at 15 mglkg treatment and peritoneal
cavity at 15, 30 and 60 mg/kg of DMC treatments. DMC did
not significantly affect the cytotoxic activity of natural killer

3253



in vivo 35: 3253-3260 (2021)

(NK) cells. Furthermore, DMC decreased B and T cell
proliferation at high doses. Conclusion: DMC elevated
macrophage phagocytosis in leukemia mice in vivo.

Acute myeloid leukemia (AML), an aggressive form of bone
marrow cancer, is a hematological malignancy caused by an
expansion and accumulation of myeloid blasts within the
bone marrow (1, 2). AML, the most common leukemia in
adults (3), accounts for about 80% of all adult acute
leukemia cases (4) and approximately about three to five
cases per 100,000 people (5). In the past years, both
chemotherapy and hematopoietic stem cell transplantation
were used for treating AML patients. But chemoresistance
causes subsequent relapse or progression (6), and the toxicity
caused by these treatments leads to a 5-year survival rates
below 50% (7-9). Thus, novel therapeutic strategies for AML
patients are urgently needed. The elevated host immune
responses against leukemia and the development of new
compounds from natural products are required.
Curcuminoids, yellow pigments extracted from turmeric
rhizomes, exhibit potent anticancer activities in numerous
human cancer cells (10). Curcuminoids consist of at least three
major compounds, including curcumin, demethoxycurcumin
(DMC), and bisdemethoxycurcumin (BDMC). DMC is one of
the main bioactive components of curcuminoids (11), and it is
more stable in the blood than other curcuminoids (12). DMC
suppressed prostate cancer cell migration and invasion (13)
and induced DNA damage and apoptosis in lung cancer cells
(14). Recently, we found that DMC significantly reduced
tumor weight and volume of HeLa cell-xenograft mice in vivo
(15). Moreover, DMC has been shown to decrease the
proportion of viable cells in human AML cell lines (HL-60,
U937, and MV4-11) (16). However, there are no further
reports regarding the effects of DMC on the immune response
of leukemia animal models in vivo. The immune response
against cancer cells has a well-known humoral component and
involves a complex cellular mechanism. Thus, the therapeutic
potential of DMC in the adjuvant treatment of AML should be
further investigated. The aim of this study was to characterize
the immune responses in WEHI-3 cell-generated leukemia
BALB/c mice after exposure to various doses of DMC.

Materials and Methods

Materials and reagents. Demethoxycurcumin (DMC) and dimethyl
sulfoxide (DMSO) were obtained from Sigma-Aldrich Corp. (St.
Louis, MO, USA). Iscove’s modified dulbecco’s medium (IMDM),
Roswell Park Memorial Institute (RPMI)-1640 medium, fetal bovine
serum (FBS), L-glutamine, and antibiotics (penicillin-streptomycin)
were purchased from Gibco Life Technologies (Carlsbad, CA,
USA). Primary antibodies anti-CD3, -CD11b, -CD19, and -Mac-3
were purchased from BD Biosciences Pharmingen Inc. (San Diego,
CA, USA). DMC was dissolved in DMSO and stored at —20°C
before use.
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WEHI-3 cells. The murine acute myelomonocytic WEHI-3 leukemia
cell line was purchased from the Food Industry Research and
Development Institute (Hsinchu, Taiwan, ROC). Cells were cultured
in IMDM medium supplemented with 10% FBS, 2 mM L-glutamine,
and antibiotics (100 units/ml penicillin and 100 pg/ml streptomycin)
in 75-cm? flasks and placed at 37°C in a 5% CO, humidified
atmosphere. The cultured medium was changed every two days (16).

Male BALB/c mice. Fifty male BALB/c mice (20-23 g at four-week-
old) were purchased from the National Laboratory Animal Center
(Taipei, Taiwan, ROC). The mice were kept in stainless steel mesh-
bottomed cages with a 12 h light/dark cycle at 25+2°C and 50+10%
humidity, were fed with standard food and water in the animal
center of China Medical University (Taichung, Taiwan, ROC). We
followed the institutional guidelines for animal welfare, and this
study was approved by the Institutional Animal Care and Use
Committee (IACUC) of China Medical University (Taichung,
Taiwan, ROC) (approval ID: CMUIACUC-2019-019) (17).

Treatment of animals with DMC. Fifty BALB/c mice were
randomized and divided into five groups (N=10). Group I: normal
animals treated with normal diet (control group); Groups II-V:
animals were intraperitoneally injected with 8x104 WEHI-3
leukemia cells to generate leukemia groups. Group II mice, as the
positive control (WEHI-3 control group), were intraperitoneally
injected with DMSO; Group III-V mice were treated with 15, 30,
and 60 mg/kg of DMC in DMSO, respectively. DMSO and DMC
were individually administered every two days for 14 days (a total
of seven times). During the treatment, each animal was individually
weighed and sacrificed at the end of experimental periods as
described previously (17).

Measurements of cell populations. At the end of the experimental
treatments, mice from each group were individually weighed, and
blood, livers, and spleens were collected. The red blood cells were
treated with 1x Pharm Lyse™ lysing buffer (BD Biosciences
Pharmingen Inc., San Diego, CA, USA) to lyse the red blood cells
(I ml/mouse). Leukocytes from each mouse were individually
stained with phycoerythrin (PE)-labeled anti-mouse CD3 or CD19,
or fluorescein isothiocyanate (FITC)-labeled anti-mouse CD11b or
Mac-3 antibodies (BD Biosciences Pharmingen Inc.) for 30 min.
After samples were washed with phosphate-buffered saline (PBS),
their cell population (markers) were analyzed by flow cytometry, as
previously described (17, 18).

Measurements of macrophage phagocytosis. Macrophages were
individually isolated from peripheral blood mononuclear cells
(PBMCs) and peritoneum cavity as previously described (17-19).
Isolated macrophages from PBMCs or peritoneum cavity of
individual mice were separately added to the plates containing 50
pl of target FITC-conjugated Escherichia coli and then were
performed phagocytosis assay by using flow cytometer according
to the PHAGOTEST® kit manufacturer’s instructions (ORPEGEN
Pharma Gesellschaft fiir biotechnologische, Heidelberg, Germany).
CellQuest software (Becton Dickinson) was used to quantify each
phagocytosis as described previously (18).

Measurements of natural killer (NK) cell cytotoxic activity. Isolated
splenocytes (2.5-5x105 cells/well) from each group were placed in
12-well plates containing 1 ml of RPMI-1640 medium. YAC-1 cells
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Figure 1. DMC affected the body, liver, and spleen weight of WEHI-3 cell-generated leukemia BALB/c mice. Group I mice (normal mice; N=10)
were normal control. Groups II-V mice were injected with WEHI-3 cells to generate leukemia. Group Il mice were intraperitoneally injected with
DMSO as a positive control; Group I1I-V mice with 15, 30, and 60 mg/kg of DMC, respectively. (A) Representative animal appearance; (B) body
weight change for 14 days; (C) representative liver; (D) liver weight; (E) representative spleen; (F) spleen weight. *p<0.05, was considered to
indicate a statistically significant difference.
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Figure 2. DMC affected the levels of cell markers in white blood cells from leukemia BALB/c mice. Blood samples were collected from each mouse
and were further analyzed for cell markers by flow cytometry, as described in the Materials and Methods section. A: CD3; B: CD19; C: CDI11b;
and D: Mac-3. *p<0.05, was considered to indicate a statistically significant difference.

(1x10% cells), as the target of splenocytes, were added to cells with
PKH-67/Dil.C buffer (Sigma-Aldrich) for 2 min at 25°C. Followed
2 ml of PBS was added to the well for 1 min, and 4 ml of medium
was added and incubated for 10 min. All samples were centrifuged
at 290xg for 2 min. NK cell cytotoxic activity was measured by
flow cytometry as described previously (18).

Measurements of T and B cell proliferation. Splenocytes (1x103
cells/well) in 100 pl were added to 12-well plates containing 100 pl
of RPMI-1640 medium. Splenocytes were stimulated with
concanavalin A (Con A, 1 pg/ml) for five days and with
lipopolysaccharide (LPS, 1 pg/ml) for three days for measuring the
T and B cell proliferation, respectively. All samples were analyzed
for T and B cell proliferation by using CellTiter 96 Aqueous One
Solution Cell Proliferation Assay kit (Promega, Madison, WI, USA)
as previously described (18).

Statistical analysis. All results were expressed as meanzstandard
deviation (SD). One-way ANOVA was used to analyze the statistical
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significance among the two groups. *p<0.05 was considered to
indicate a statistically significant difference.

Results

DMC affected the weight of the body, liver, and spleen of
leukemia BALB/c mice. Animals were separated into normal
mice (N=10; NC) and leukemia mice (N=40). The leukemia
mice were randomly divided into four groups: one group was
the positive control (WC), and the other three were treated
with 15, 30, and 60 mg/kg of DMC every two days for 14
days. At the end of the experimental periods, representative
animal body pictures are presented in Figure 1A, indicating
that DMC did not significantly affect animal appearance.
DMC also did not change animal’s body weight compared to
positive control groups (Figure 1B). At the end of treatment,
mice were sacrificed, and the individual livers and spleens
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Figure 3. DMC affected macrophage phagocytosis from peripheral blood mononuclear cells (PBMCs) and peritoneal cavity of leukemia BALB/c
mice. Blood and peritoneal fluid samples were collected from individual mice. Phagocytosis of macrophages from PBMCs (A) and peritoneum (B)
were measured by flow cytometry and quantified as described in the Materials and Methods section. *p<0.05, was considered to indicate a

statistically significant difference.

were isolated. Representative liver pictures are presented in
Figure 1C. DMC significantly decreased liver weight only at
60 mg/kg treatment (Figure 1D). Representative spleen
pictures are presented in Figure 1E. DMC significantly
decreased spleen weight at 30 and 60 mg/kg treatment but
did not affect at 15 mg/kg treatment (Figure 1F).

DMC affected cell markers of white blood cells from
leukemia BALB/c mice. The CD3, CD19, CD11b, and Mac-
3 markers were measured in blood samples from each group
by flow cytometry, and results are shown in Figure 2A, B, C
and D. Results indicated that DMC did not significantly
promote CD3 (Figure 2A) nor CD19 (Figure 2B) at the three
doses of DMC treatment when compared to positive
controls. DMC at 30 mg/kg significantly reduced the cell
population with CD11b marker (Figure 2C). But DMC at a
low dose (15 mg/kg) significantly increased cells with the
Mac-3 marker; however, DMC at 60 mg/kg led to decreased
Mac-3 marker compared to the positive control (Figure 2D).

DMC affected macrophage phagocytosis from PBMC and
peritoneal cavity of leukemia BALB/c mice. The
phagocytosis activity of macrophages isolated from PBMC
and peritoneum cavity was measured by a flow cytometer.
As shown in Figure 3A and B, DMC treatment at 15 mg/kg
significantly increased macrophage phagocytosis of PBMC
(Figure 3A). However, three doses (15, 30, and 60 mg/kg)
of DMC significantly increased macrophage phagocytosis

from the peritoneum cavity compared to positive control
groups (Figure 3B).

DMC affected the cytotoxic activity of natural killer cells from
leukemia BALB/c mice. YAC-1 cells were used as targets for
measuring NK cell cytotoxic activity that were assayed by a flow
cytometer, and results are shown in Figure 4. Results indicated
that DMC did not significantly increase NK cells’ cytotoxic
activity at 15, 30, and 60 mg/kg treatment at targets ratio at 25:1
and 50:1 when compared to positive control groups.

DMC affected B and T cell proliferation from leukemia
BALB/c mice. Splenocytes from individual mice were
assayed for B and T cell proliferation, and results are
presented in Figure SA and B. The results indicated that both
doses of DMC treatment (30 and 60 mg/kg) significantly
decreased B (Figure 5A) and T (Figure 5B) cell proliferation
when compared to positive control groups.

Discussion

Numerous studies have demonstrated that curcumin and its
analogs, such as DMC and BDMC, possess pharmacological
activities, including antioxidant, anti-inflammatory, and
antiproliferative activities (19, 20). Moreover, DMC has
better anti-inflammatory and anticancer activity compared to
curcumin (21, 22). DMC reduced the viable cell number of
human leukemia cells (16). Recently, we found that DMC
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Figure 4. DMC affected the cytotoxic activity of natural killer cells in
leukemia BALB/c mice. Isolated splenocytes were placed in 1 ml of
RPMI 1640 medium in 12-well plates. Target YAC-1 cells in serum-free
RPMI 1640 medium and the PKH-67/Dil.C buffer were added to the
cells, and NK cell cytotoxic activity was measured by flow cytometry as
described in Materials and Methods. *p<0.05, was considered to
indicate a statistically significant difference.

reduced tumor weight and volume of HeLa cell xenograft
mice in vivo (15). However, there is no available information
showing that DMC can stimulate immune responses in a
leukemia animal model. Thus, we investigated the effects of
DMC on WEHI-3 cell-generated leukemia mice in vivo and
results showed that DMC treatment led to increasing
macrophage phagocytosis in vivo.

At first, we used mouse leukemia cells (WEHI-3) to
generate acute leukemia mice, and this mouse model has
been well documented for examining affected immune
responses in vivo. Thus, based on the reliability and internal
validity of mice in vivo we could mimick human acute
leukemia for further immune response studies which elicited
in BALB/c strain mice model.

In the present study, a total of fifty mice were used and
ten normal mice were considered as control group; while
forty mice were the “generated acute leukemia mice” by
intraperitoneally injecting WEHI-3 cells as described
previously (17). Generated leukemia mice were randomly
divided into four groups: one for normal diet as the positive
control group, and three groups were intraperitoneally
injected with DMC (15, 30, and 60 mg/kg) per two days.
During treatment, animal behavior and body weight were
recorded. At the end of treatment, blood samples were
collected for measuring cell markers and phagocytosis. Liver
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Figure 5. DMC affected B and T cell proliferation in leukemia BALB/c
mice. Isolated splenocytes were pretreated with lipopolysaccharides
(LPS) and concanavalin A (Con A) for B (A) and T (B) cell proliferation
and were analyzed by flow cytometry as described in the Materials and
Methods section. *p<0.05, was considered to indicate a statistically
significant difference.

and spleen samples were collected, and splenocytes were
also isolated for measuring the NK cell activities and B and
T cell proliferation. This is the first report evaluating how
DMC affects immune responses in leukemia mice in vivo.
Based on Figure 1A and B, DMC did not significantly
affect the appearance and body weight of leukemia mice
compared to the control group during treatment. This agrees
with other reports, showing that curcumin and its analogs are
safe and no-toxic drugs (23). Therefore, DMC offers the
properties of high anticancer activity, low toxicity, and
relative safety. Liver samples from each group also did not
show any significant difference between DMC-treated and
positive controls (Figure 1C); however, DMC significantly



Lin et al: Demethoxycurcumin-stimulated Immuno Responses in Leukemia Mice

decreased liver weight only at 60 mg/kg treatment (Figure
1D). DMC significantly decreased spleen weight at 30 and 60
mg/kg treatment but had no affect at 15 mg/kg (Figure 1F).
Increased spleen weight is recognized to be a marker for
WEHI-3 cell-generated leukemia mouse. However, due to the
poor water solubility in the present studies, we used DMSO
to dissolve DMC for intraperitoneal treatment in leukemia
mice. Other reports also show that the low bioavailability and
rapid metabolism of DMC limit its clinical application (24).

Results from cell marker (cell population) assay in blood
samples showed that DMC treatment did not significantly
elevate CD3 (Figure 2A) and CD19 (Figure 2B) markers but
decreased CD11b (Figure 2C) markers at DMC 30 mg/kg
treatment. Other studies demonstrated that T cells (CD3), B
cells (CD19), and monocytes (CD11b) play critical roles in
immune responses (25). Therefore, in the present study, we
found that DMC did not promote T cells, B cells, and
monocyte populations. However, DMC at 15 mg/kg
treatment significantly increased the cell population of Mac-
3 (Figure 2D). The T-cell-dependent antibody response, one
of the most sensitive indicators of immune integrity, is
involved the cooperation of numerous cell types, including
B cells, T cells, and macrophages (26). It is well known that
macrophages belong to innate immune cells, and it is one of
the antigen-presenting cells to survey the body for pathogens
and damaged tissues. Thus, we further investigated whether
or not DMC treatment affects macrophage phagocytosis.

It is well known that diet has a significant effect on the
immune of normal and diseased mice; therefore, appropriate
animal models help examine chemical-affected immune
responses in vivo. For measuring macrophage phagocytosis,
macrophages were isolated from the blood and peritoneum
of mice after exposure to DMC. Cells (macrophages) were
incubated with the target Escherichia coli conjugated with
fluorescence and then assay by flow cytometer. Results
indicated that DMC at 15 mg/kg treatment significantly
increased macrophage phagocytosis from PBMC (Figure
3A); however, DMC at 15, 30, and 60 mg/kg treatment
increased macrophage phagocytosis from peritoneum (Figure
3B). We recently demonstrated that DMC could decrease the
tumor size of cervical cancer cells in xenograft mice;
however, the mononuclear phagocyte activities in leukemia
mice are not available. Thus, herein, our findings showed
that DMC can increase the phagocytic activity of
macrophages in leukemia mice. The reason for examining
macrophage phagocytes from blood and peritoneum is that
various tissue macrophages and their precursors are
presented in the mononuclear phagocyte system (27). The
precursor cells are presented in the bone marrow and other
hemopoietic organs transported by the bloodstream are
named monocytes and moved to tissues called tissue
macrophages (28). Results from Figure 4 showed that DMC
did not affect the cytotoxic effects of NK cells in leukemia

mice. However, at 30 and 60 mg/kg treatment, DMC
significantly decreased B (Figure 5A) and T cell (Figure 5B)
proliferation after LPS and Con A stimulation, respectively.
These results are similar as those shown in Figure 2A and B
indicating that DMC did not affect the cluster differentiation
of CD19 (B cells) and CD3 (T cells) in the blood samples.
Therefore, the factors involved in these results that need
further investigations the future.

In conclusion, DMC at 60 mg/kg treatment reduced liver
and spleen weight, decreased B and T cell proliferation,
however, decreased CD11b cell population at 30 mg/kg
treatment. DMC at 15 mg/kg treatment increased
macrophage’s phagocytosis from PBMC, however, DMC at
15-60 mg/kg treatment increased macrophage’s phagocytosis
from peritoneal cavity of leukemia BALB/c mice. Thus, we
suggest that DMC modified immune responses via promoting
macrophage cell population and macrophage phagocytosis in
WEHI-3 cell generated leukemia BALB/c mice in vivo.
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