
RESEARCH PAPER

Doxorubicin modulated clock genes and cytokines in macrophages extracted from
tumor-bearing mice
Alexandre Abilio S. Teixeira , Luana Amorim Biondo , Loreana S. Silveira , Edson A. Lima ,
Helena A. Batatinha , Tiego A. Diniz , Camila Oliveira De Souza , Jeferson Comin , and José Cesar Rosa Neto

Institute of BiomedicalSciences, University of São Paulo, São Paulo, Brazil

ABSTRACT
Circadian rhythm is essential for cellular regulation of physiological, metabolic, and immune functions.
Perturbations of circadian rhythms have been correlated with increased susceptibility to cancer and
poor prognosis in the cancer treatment. Our aim is to investigate the role of doxorubicin (DOX)
treatment on clock genes expression and inflammation in intraperitoneal macrophages and the anti-
tumoral response. Methods: Macrophages were extracted from intraperitoneal cavity of mice without or
with Lewis lung carcinoma (LLC) and treated with DOX totaling four groups (CTL, LLC, LLC+DOX and
DOX) and analyzes of clock genes in six time points (ZT02, ZT06, ZT10, ZT14, ZT18 AND ZT22).
Intraperitoneal macrophages cell culture was stimulated with LPS and DOX and clock genes and
inflammatory profile were analyzed. In tumor were analyzed macrophages markers. Results: The expres-
sion of F4/80 (ZT22) and CD11c (ZT06) tumor tissue was significantly differed between LLC and LCC
+DOX groups. In the intraperitoneal macrophages, DOX increased Clock (ZT10), Rev-Erbα (ZT18 and
ZT22) and Per2 expressions (ZT18); in the LLC+DOX group was increased Bmal1 (ZT10), Per2 (ZT18) and
NF-kB (ZT22) expressions; IL-6 expression increased in the LCC group (ZT02). In intraperitoneal macro-
phages cell culture stimulated with DOX and LPS after 24 h decreased Clock and Per1. DOX causes
depression after 6 and 24 h in TNF-α content and Per2 gene expression after 24 h IL-1β expression was
reduced also. Conclusion: DOX treatment in vivo disrupted cytokine and clock genes expression in
intraperitoneal macrophages suppressing immune response. Moreover, macrophages cultured with DOX
had decreased expression of LPS-stimulated inflammatory cytokines.
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Introduction

Cancer is a chronic disease promoted by uncontrolled cell
proliferation that is often fatal.1 In the etiology of cancer,
a cell type presents marked genomic instability leading to
the formation of clones with a high degree of heterogeneity
which generates an environment rich in several growth and
chemoattraction factors that recruits different type cells. Thus,
the tumor and surroundings can be considered a highly com-
plex organ.1 Within this complexity, immune cells have an
important role in recognition, death, or maintenance of
tumor.

Macrophages are plastic immune cells that may be resi-
dents or derived from circulating monocytes and play an
ambiguous role in cancer.2 Macrophages have the potential
to kill tumor cells yet are also associated with sustained pro-
liferative signals and tumor immune evasion by the produc-
tion of growth factors and anti-inflammatory cytokines.3

There is evidence that clock genes regulate the inflammatory
response in macrophages, in particular, via the anti-
inflammatory role of BMAL-1 (brain and muscle Arnt-like
protein 1) and pro-inflammatory activation by CLOCK (cir-
cadian locomotor output cycles kaput).4–6

Circadian rhythms are biological pulses that fluctuate
around 24 h and can be biochemical, physiological, or beha-
vioral events required to regulate the cell cycle.7The mechan-
ism underlying circadian rhythmicity is composed by a set of
interlocking transcription/translation feedback loops that
results in cascades of gene expression within 24 h.8 In the
core of this mechanism in mammals is the heterodimeric
transcription factor complex of Clock and Bmal1. These pro-
teins activate the transcription of the Period (Per) genes and
Cryptochrome (Cry) genes via E-box enhancer elements in
their promoters.9

Changes in circadian rhythms have been correlated with
increased susceptibility to cancer and poor prognosis in
humans.10–14 The expression of Per family genes is deregu-
lated in breast cancer cells;10 however, Per1 and Per2 appear
to function as tumor suppressors in mice.12 Moreover, Per2
acts as a liver tumor suppressor from initiation to
progression,15 whereas its expression in cancer cell lines
results in inhibition of cell growth, cell cycle arrest, and
apoptosis.11 It is interesting to note that levels of Per2
mRNA are down regulated in various human lymphoma cell
lines and tumor cells of patients with myeloid leukemia.11 The
overexpression of Per1 can also suppress growth of human
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cancer cell lines. In addition, Per1 mRNA levels are down
regulated in lung cancer compared to the corresponding nor-
mal tissues.12 These results point directly to a link between
circadian rhythm disorders and cancer,13 even though the
pattern that may explain this link is not clear.

Recently, the role of chemotherapeutic drugs such as 5-fluor-
ouracil and adriamycin was investigated in modulation of the
immune response in tumor-associated macrophages (increased
in M1 or classically activated) with increased anti-tumoral
ability.16 Doxorubicin (DOX) is an anthracycline developed
from a metabolite of the bacterium Streptomyces peucetius
var. Caesius.17 This drug is widely used for the treatment of
solid tumors18 and is effective against tumor cells, but toxic to
healthy tissues. Patients receiving chemotherapy commonly
present sleeping disorders19 and alteration in circadian rhythms.
Thus, our aim is to investigate the role of DOX treatment in
clock gene expression in intraperitoneal macrophages and the
correlation between clock genes and inflammation in macro-
phages and the antitumoral response.

From the data obtained, we characterized the perturbation
of the circadian rhythm by DOX treatment (intraperitoneal
application of DOX [2.5 mg/kg], twice a week, for 2 weeks).
Moreover, we verified macrophage markers in tumors and
then analyzed possible alterations of clock gene expression
and cytokine expression in the intraperitoneal macrophages.
Finally, we analyzed the relationship between clocks genes
and inflammation in primary culture cell of intraperitoneal
macrophages treated with DOX.

Methods

Animal procedure

Male C57BL/6J mice were maintained in a room with a light-
dark cycle of 12 h (light cycle: zeitgeber (ZT) 0–12, dark cycle:
ZT 12–24) and a temperature of 23±2°C under normal diet
(Nuvital ration of Nuvilab, Colombo, PR) and water ad libi-
tum. The mice started treatment at 8 to 10 weeks of age. All
study procedures followed the ethical principles of animal
experimentation and were submitted and approved by the
Ethics Committee on Animal Experimentation of the
University of São Paulo registered under n° 4541221117.

The mice were divided into four groups: control (CTL),
tumor (LLC), tumor + doxorubicin (LLC+DOX), and doxor-
ubicin (DOX). Mice were inoculated subcutaneously with
Lewis lung carcinoma (LLC and LLC+DOX groups). After 7
days of tumor inoculation, the animals were submitted to
doxorubicin chemotherapy (LLC+DOX and DOX groups)
(2.5mg/kg body weight intraperitoneally). In order to analyze
whether there were circadian changes promoted by the tumor
and/or Doxorubicin, animals were euthanized every 4 h, until
completing 24 h, with euthanasia at 8 o’clock (Zeitberg, ZT
02), 12 o’clock (ZT 06), 16 o’clock (ZT 10), 20 o’clock (ZT
14), 24 o’clock (ZT 18), and 4 o’clock (ZT 22).

Subcutaneous implantation of tumor cells

Lewis lung carcinoma cells were maintained in Dulbecco’s
modified Eagle’s medium (DMEM, GIBCO, Invitrogen, NY)

supplemented with penicillin (100U/ml), streptomycin
(100μg/ml), and 10% fetal bovine serum (Atlanta Biological,
Lawrenceville). Cells were cultured and maintained in tissue
culture flasks at 37°C in a humidified atmosphere containing
5% CO2. 5 × 105 viable cells were injected subcutaneously
into the right flank of the mice (diluted in 0.9%saline).
Control animals received the same volume of saline at 0.9%.
Cell viability was assessed by Trypan Blue.

Body composition, weight gain, and tissue weight

Weight was monitored throughout the treatment. In the end,
the following parameters were measured: wet weight of the
soleus, gastrocnemius, and extensor digitorum longus (EDL)
muscle, and weight of retroperitoneal, epididymal, and sub-
cutaneous adipose. For the determination of the adiposity
index and learn mass index, the sum of the adipose retro-
peritoneal, epididymal, and subcutaneous adipose and soleus,
gastrocnemius, and EDL muscles were used.

Enzyme-linked immunosorbent assay (ELISA)

Tumor tissue samples (80–100 mg) were carefully homoge-
nized in RIPA buffer (0.625% Nonidet P-40, 0.625% sodium
deoxycholate, 6.25 mM sodium phosphate, and 1mM EDTA
at pH 7.4) containing 10μg/ml of protease inhibitor cocktail
(Sigma-Aldrich®, St. Louis, Missouri, USA). The supernatant
of the homogenate was utilized to measure total protein con-
centration via a Bradford assay (Bio-Rad®, Hercules, CA,
USA) and to determine the expression of IL-6, MCP-1, IL-
10, and VEGF by ELISA (DuoSet ELISA®, R&D Systems,
Minneapolis, MN, USA).

RNA isolation, reverse transcription, and real-time PCR

The expression of tumor and macrophage genes related to
circadian rhythms was assessed by qRT-PCR with SYBR
Green. Total RNA was extracted as described by Chomczynski
and Sacchi 1987,20 quantified in a spectrophotometer (260 nm),
and cDNA was synthesized from the total RNA using reverse
transcriptase. The sequences of the primers are shown in
Supplementary Table 1.Gene expression was quantified by the
comparative method using the expression of GAPDH as
a standard.21

Cell viability (MTT)

After the stimulation period, macrophages were incubated
with MTT (bromide 3-(4,5-dimethylthiazol-2-il)-2,5-diphe-
nyltetrazolium) solution (0.5 mg/ml) for 4 h. The formazan
formed was resuspended with isopropanol/HCl (11 M) and
the absorbance measured (595 nm) was utilized to calculate
the cell viability in relation to the absorbance of the control
group (100%). Cells were treated with 0.5 μM of doxorubicin.

Extraction and culture of intraperitoneal macrophages

Macrophages were extracted from the intraperitoneal cavity of
C57BL6 mice with RPMI medium and counted in
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a hemocytometer using the Trypan Blue exclusion method.
2.5 × 105/cm2 viable macrophages were plated, and after 2
h macrophages were collected for further analysis.

The macrophages were also extracted from the intraperitoneal
cavity of C57BL6 mice without tumors with RPMI medium and
counted in a hemocytometer using the TRIPAN Blue exclusion
method. 2.5 × 105/cm2 viable macrophages were exposed to PBS
(control) or LPS (2.5 µg/ml, E. coli O111:B4) DMSO, or doxorubicin
(0.5 µM). After 2, 6, and 24 h, the medium and macrophages were
collected for further analysis.

Statistical methods

Normal distribution and variance homogeneity were tested,
and the appropriate statistical test (two-way ANOVA) was
employed. Statistical analysis was performed with the program
GraphPad Prism 6.0, with significance being <5% (p < .05).
Data are expressed as means±standard error of the mean.

Results

Doxorubicin induced weight loss regardless of tumor
presence

Doxorubicin induced weight loss, with reduction on adipose
and skeletal muscle mass, regardless of tumor presence. LLC
mice did not show a reduction in these parameters 21 days
after the inoculation. The tumor was significantly reduced by
doxorubicin administration (Figure 1).

Correlation between tumor weight and clock genes
expression

LCC group showed correlation between tumor weight and
clock genes, CLOCK, BMAL-1 and CRY 1 showed negative
correlation with tumor weight and PER-1, Rev-erb-α and Rev-
erb-β showed positive correlation. Besides, the group treated
with DOX did not showed correlation (Table 1).

M1 marker is highly expressed in DOX-treated tumor at 6
h

We observed that the expression of F4/80 did not differ
between LLC and LLC+DOX groups during the light period
(ZT 02, 06 and 10) but significantly differed at the end of the

dark period (Figure 2a). CD11c expression significantly dif-
fered between the groups only during the middle of the light
period (Figure 2b). We did not observe any difference in
CD206 expression between the groups within the period
(Figure 3c).

Expression of the clock genes in intraperitoneal
macrophages

Clock gene expression was discrete in the light period in the
CTL, LLC, and LLC+DOX groups, with a great increase in the
DOX group at the end light period (ZT 10). During the dark
period, the expression of Clock continued low, increasing only
at the last time point for all groups (Figure 3a). Bmal1 gene
expression increased at the end of the light and dark periods
in the LLC+DOX group (ZT 10 and 22). At the others ZTs,
there was no difference in Bmal1 expression among the
groups (Figure 3b).

The Per1 gene showed no change among the groups at any
time (Figure 4a). Per2 gene expression increased at the begin-
ning of the light period in the LCC group when compared
with control. In the dark period, Per2 expression increased
first in the LCC+DOX group (ZT14) and then in the LCC
+DOX and DOX groups (ZT18) (Figure 4b). Per3 gene
expression was only altered at the beginning of the dark
period, in which there was an increase in Per3 expression
for the CTL group when compared with the LLC+DOX
group (Figure 4c).

Table 1. Correlation of LLC (A) and LLC+DOX (B) groups between tumor weight
and clock genes expression.

(A) Correlation of LLC group between
the tumor weight and clock genes
expression

(B) Correlation of LLC+DOX group
between the tumor weight and clock

genes expression

R P ≤ R P ≤

Clock −0.6052 0.0017** Clock −0.2221 0.3333
Bmal1 −0.5555 0.0039** Bmal1 −0.1348 0.5497
Per1 0.5071 0.0096** Per1 −0.0077 0.9728
Per2 −0.3031 0.1409 Per2 −0.3288 0.1352
Cry1 −0.5940 0.0017** Cry1 −0.0997 0.6588
Cry2 −0.3863 0.0565 Cry2 −0.2996 0.1756
Rev-erb-α 0.4333 0.0304* Rev-erb-α 0.0037 0.9870
Rev-erb-β 0.6445 0.0005** Rev-erb-β 0.0078 0.9726

Correlation of tumor weight and clock genes with the group without treatment
doxorubicin (table A) and with treatment doxorubicin (table B). Pearson
correlation coefficients were used (*p < 0.05 and **p < 0.01).

Figure 1. Initial body weight (a), Final body weight (b) and Weight tumor (c). The tumor was inoculated into mice of the C57BL/6J background between 8 and 10
weeks old. After 7 days of tumor inoculation began treatment with doxorubicin (2.5 mg/kg twice weekly intraperitoneal). Data represent mean ± standard error of
the mean of 22 to 26 animals per group. *p < 0.05, **p < 0.01 e ***p < 0.001 (Anova one way seguido por Tukey).
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Cry1 gene expression increased at the end of the light
period for CTL, LLC, and DOX, and this increase was not
observed in the LLC+DOX group (Figure 5a). Cry2 expres-
sion changed over time, but no differences were observed
among the groups (Figure 5b).

Rev-Erbα interestingly showed increase in gene expression
in the groups treated with doxorubicin in the middle and at
the end of the dark period (Figure 6a). Rev-Erbβ expression
increased in the CLT group at the beginning of the light
period (Figure 6b).

Gene expression of NF-kB, IL-6, and IL-10 follows
circadian rhythms in intraperitoneal macrophages

Gene expression of NF-kB increased at the end of dark period in
the LLC+DOX group (Figure 7a). IL-6 expression increased in
the LCC group at the beginning of the light period (Figure 7b).
IL-10 expression was similar to NF-kB expression and increased
only in the LLC+DOX group at the end of the dark period
(Figure 7c).

Clock gene expression and MCP-1, TNF-α, il-1β, IL-6, and
IL-10 protein expression in primary intraperitoneal
macrophage cultures

Primary intraperitoneal macrophages were cultured stimulated
with doxorubicin and LPS. These macrophages were collected
after 2, 6, and 24 h to analyze the clock gene expression and
MCP-1, TNF-α, IL-1β, IL-6, and IL-10 protein expression.

No differences was found in Clock and Per1 gene expression
after 2 and 6 h of stimulus but after 24 h was observed a decrease of
these genes in the DOX+LPS group (Figure8 A and B).
Doxorubicin has been shown to lead a decrease in Per2 gene
expression after 6 and 24 h (Figure 8c). The Per3 gene was affected
by LPS after 24 h (Figure 8d).

After 24 h, doxorubicin increased Cry1 gene expression
(Figure 8e). The expression of Cry2, Rev-Erbα, and Rev-Erbβ
genes did not differ among the groups (figure 8f, G, and H).
We showed that doxorubicin causes an immunodepression
after 6 and 24 h in TNF-α expression and after 24 h in IL-1β
expression (Figure 9).

Discussion

Chemotherapy treatment reduced body weight regardless the
presence of the tumor yet can also reduce the tumor mass in
LLC tumor-bearing mice. The tumor weight presented
a correlation with clock genes expression in tumor tissue of
the LLC group. The group treated with doxorubicin did not
show correlation with tumor weight and clock genes expres-
sion, besides that, it had a shorter survival, although this

Figure 3. Gene expression of CLOCK AND Bmal1 follows circadian rhythms in
intraperitoneal macrophages.
The tumor was inoculated into mice of the C57BL/6J background between 8 and
10 weeks of age. After 7 days, treatment with doxorubicin began (2.5 mg/kg
twice weekly intraperitoneal). Data represent means ± standard error of the
mean of 4 to 6 animals per group. *p < .05, **p < .01, and ***p < .001 (two-way
ANOVA followed by Tukey’s posttest).

Figure 2. Gene Expression of F4/80 (a), CD11c (b) and CD206 (c) follows
circadian rhythms in Tumor Tissue.
The tumor was inoculated into mice of the C57BL/6J background between 8 and
10 weeks of age. After 7 days, treatment with doxorubicin began (2.5 mg/kg
twice weekly intraperitoneal). Data represent means ± standard error of the
mean of 4 to 6 animals per group. *p < .05, **p < .01, and ***p < .001 (two-way
ANOVA followed by Tukey’s posttest).
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group did not show statistically significant differences in the
expression of the clock genes in the tumor, there is a clear
relationship between the expression of the clock genes and
tumor weight. We suggest this relation between clock genes,
tumor weight and tumor staging should be clarified in clinical
practice.

The tumor tissue showed circadian alteration in the
expression of macrophage surface markers as a reduction
of F4/80 at the end of the dark period (ZT 22) and
increased CD11c in the middle of the light period (ZT 6).
Moreover, the mRNA levels of IL-10 and IL-6 were altered
by chemotherapy in peritoneal macrophages. The clock
genes are deep modified in the circadian expression of
these macrophages. In culture, doxorubicin inhibits cyto-
kine secretion after LPS stimulation in peritoneal macro-
phages and the expression of clock genes are also altered.

Macrophages have a dual role in immunity against tumor
cells. The tumor-associated macrophages (TAM) can help the
tumor sustain growth and evade or induce tumor suppression.
The immunometabolic signature of the TAMs determines this
process. In breast cancer, the presence of M2 is associated
with a great reduction in the efficacy of doxorubicin
response.22 Moreover, triple-negative breast cancer is charac-
terized by a high proportion of TAM leading to reduced
chemotherapy efficacy.

In our model, doxorubicin treatment was efficient in altera-
tion the proportion of M1 macrophages observed in the LLC
tumor, by increasing CD11c mRNA expression. Thus, increased
immune cells surveillance can be associated with the reduction
of tumor growth. Doxorubicin has been shown to reduce the
myeloid-derived suppressor cells and consequently increase
effective T lymphocytes.16,23 Furthermore, the induction of
ATP levels caused by doxorubicin induces the chemoattraction
of myeloid cells and differentiation of the myeloid cells in anti-
gen-presenting cells.24

This increase in CD11c and F4/80 mRNA in the tumors of
doxorubicin-treated mice shows the increased chemotaxis ratio
of monocytes and differentiated in macrophages in tumor
microenvironment.25 This could explain the difference
between the response of TAMs and intraperitoneal macro-
phage in the mice treated with doxorubicin. Was observed an

Figure 4. Gene expression of Per1 (a) Per 2 (b) and Per 3 (c) follows circadian
rhythms in intraperitoneal macrophages.
The tumor was inoculated into mice of the C57BL/6J background between 8
and 10 weeks of age. After 7 days, treatment with doxorubicin began (2.5 mg/
kg twice weekly intraperitoneal). Data represent means ± standard error of the
mean of 4 to 6 animals per group. *p < .05, **p < .01, and ***p < .001 (two-way
ANOVA followed by Tukey’s posttest).

Figure 5. Gene expression of Cry1 (a) Cry2 (b) follows circadian rhythms in
intraperitoneal macrophages.
The tumor was inoculated into mice of the C57BL/6J background between 8 and
10 weeks of age. After 7 days, treatment with doxorubicin began (2.5 mg/kg
twice weekly intraperitoneal). Data represent means ± standard error of the
mean of 4 to 6 animals per group. *p < .05, **p < .01, and ***p < .001 (two-way
ANOVA followed by Tukey’s posttest).
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increase in IL-6 mRNA in tumor-bearing mice, with
a reduction in mice treated with DOX in intraperitoneal
macrophages. Moreover, tumor-bearing mice treated with
DOX showed increased IL-10 mRNA expression in intraper-
itoneal macrophages. The increase in IL-10 is observed in M2
macrophages polarization.26However, the concomitant
increase in NF-kB and IL-10 mRNA indicate an increased
TLR response. The activation of TLR response in macrophages
induces the ERK and MAPkinase pathways, and these routes
lead to increased NF-kB and IL-10 mRNA. Moreover, the
induction of NF-kB is a positive signal for IL-10 or IL-10
transcription. Thus, these results show an elevation of TLR
downstream signaling.27 Furthermore, the intraperitoneal
macrophages stimulated by LPS and treated with DOX showed
the inhibition in TNF-α and IL-1β cytokines production and
released after 24 h of LPS stimulation.

The effect of doxorubicin on immune cells stimulated with
LPS is controversial. The increased ROS production in bone
marrow-derived monocytes stimulated with LPS induced
a robust increase in the inflammasome pathway.28

Conversely, Asmis et al. 2006 showed that mice treated with
Dox had reduced resident intraperitoneal macrophages asso-
ciated with a reduction in cytokine production.29 Our results
show that incubation with a non-lethal dosage of DOX in
intraperitoneal macrophages reduced cytokine production.

Finally, the mRNA expression of clock genes was deregu-
lated in macrophages. The immune response and cytokine

production in immune cells are influenced by clock gene
expression. The CLOCK, BMAL-1, and Rev ErB family are
the main clock genes related to the immune response.30

CLOCK is required for the transactivation of NF-kB by of the
p65 isoform acetylation; thus the activation of CLOCK is impor-
tant for stabilization of binding between NF-kB and a promoter
region.6 Since BMAL-1 dimerizes with CLOCK and impairs the
cross-activation of NF-kB, BAML-1 has anti-inflammatory
effects.4 Intraperitoneal macrophages that did not express
BMAL-1 showed increased cytokine production after LPS sti-
mulation in comparison with wild type. Oishi et al. 2017 showed
that the deletion of BMAL allowed higher acetylation of NF-kB,
which resulted in higher production of pro-inflammatory cyto-
kines together with the reduction in ReV-Erb, which realized
a positive feedback loop with BMAL-1.31

Figure 6. Gene expression of Rev-Erbα (a) Rev-Erbβ (b) follows circadian rhythms
in intraperitoneal macrophages.
The tumor was inoculated into mice of the C57BL/6J background between 8
and10 weeks of age. After 7 days, treatment with doxorubicin began (2.5 mg/kg
twice weekly intraperitoneal). Data represent means ± standard error of the
mean of 4 to 6 animals per group. *p < .05, **p < .01, and ***p < .001 (two-way
ANOVA followed by Tukey’s posttest).

Figure 7. Gene expression of Nf-kB (a) IL-6 (b) IL-10 (c) follows circadian
rhythms in intraperitoneal macrophages.
The tumor was inoculated into mice of the C57BL/6J background between 8
and10 weeks of age. After 7 days, treatment with doxorubicin began (2.5 mg/
kg twice weekly intraperitoneal). Data represent means ± standard error of the
mean of 4 to 6 animals per group. *p < .05, **p < .01, and ***p < .001 (two-
way ANOVA followed by Tukey’s posttest).
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Interestingly, our results showed higher expression of NF-
kB in intraperitoneal macrophages in ZT22 in the LLC+DOX
group, but in the same ZT, IL-10 expression increased in LLC
+DOX. BMAL-1 and ReVErb alpha also presented higher
expression. Elevation in the clock genes could explain the anti-
inflammatory effects of doxorubicin treatment. Moreover, the
treatment with DOX in intraperitoneal macrophages showed

reduced IL-1b and TNF-α associated with the reduction of
mRNA expression of CLOCK 24 h after the LPS stimulation.

Recently, Korkmaz et al. 2018 showed that the deletion of
BMAL-1 in a breast cancer tumor cell line induces the apop-
tosis by doxorubicin. Thus, the deletion of BMAL-1 presented
an anticancer effect, yet this modified cell line showed
increased invasion properties.32 Few studies established the

Figure 8. CLOCK Gene Expression in intraperitoneal macrophages comparing the circadian rhythm at each time between the groups (a) comparing the circadian
rhythm of intra-group (b). Per1 Gene Expression in intraperitoneal macrophages comparing the circadian rhythm at each time between the groups (c) comparing the
circadian rhythm of intra-group (d). Per2 Gene Expression in intraperitoneal macrophages comparing the circadian rhythm at each time between the groups (e)
comparing the circadian rhythm of intra-group (f). Cry2 Gene Expression in intraperitoneal macrophages comparing the circadian rhythm at each time between the
groups (g) comparing the circadian rhythm of intra-group (h).
2.5x105/cm2 viable macrophages were exposed to PBS (control) or LPS (2.5 µg/mL, E. coli O111:B4) DMSO or doxorubicin (0.5 µM). After 2 h, 6 h and 24 h the
macrophages were collected for further analysis. Data represent mean ± standard error of the mean of 4 to 6 animals per group. *p < 0.05, **p < 0.01 e ***p < 0.001
(Anova two-way seguido por Tukey).
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relationship between the molecular clock genes and tumors.
BMAL-1 KO mice showed increased tumor burden in
a pulmonary tumor model.33 Furthermore, the CLOCK or
BMAL-1 deletion induced early aging phenotypes.34

Thus, we conclude that the doxorubicin treatment in vivo
disrupts cytokine expression and clock genes expression in
intraperitoneal macrophages to suppress the immune
response. Moreover, the LPS-stimulated macrophages cul-
tured with DOX had decreased expression of inflammatory

cytokines. The LLC tumor only did not disrupt circadian
rhythms in macrophages.
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