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Abstract

Severe and poorly treated pain often accompanies breast cancer. Thus, novel mechanisms involved in breast cancer-induced
pain should be investigated. Then, it is necessary to characterize animal models that are reliable with the symptoms and
progression of the disease as observed in humans. Explaining cancer-induced nociception in a murine model of breast
carcinoma was the aim of this study. 4T1 (10%) lineage cells were inoculated in the right fourth mammary fat pad of female
BALB/c mice; after this, mechanical and cold allodynia, or mouse grimace scale (MGS) were observed for 30 days. To
determine the presence of bone metastasis, we performed the metastatic clonogenic test and measure calcium serum levels.
At 20 days after tumor induction, the antinociceptive effect of analgesics used to relieve pain in cancer patients (acetami-
nophen, naproxen, codeine or morphine) or a cannabinoid agonist (WIN 55,212-2) was tested. Mice inoculated with 4T1
cells developed mechanical and cold allodynia and increased MGS. Bone metastasis was confirmed using the clonogenic
assay, and hypercalcemia was observed 20 days after cells inoculation. All analgesic drugs reduced the mechanical and cold
allodynia, while the MGS was decreased only by the administration of naproxen, codeine, or morphine. Also, WIN 55,212-2
improved all nociceptive measures. This pain model could be a reliable form to observe the mechanisms of breast cancer-
induced pain or to observe the efficacy of novel analgesic compounds.
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Introduction

Breast cancer is the type of bone metastasis that is the most

common among women worldwide (Zhu et al. 2015; Shenoy

et al. 2016; Braun et al. 2017; Sarabia-estrada et al. 2017).

Sl . . These metastases can develop in various bones of the body,
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the International Association for the Study of Pain (IASP),
the prevalence of pain in breast cancer patients ranges from
40 to 89% (Bokhari and Sawatzky 2009; Satija et al. 2014).
The management of cancer-induced pain involves different
medicines following the World Health Organization (WHO)
analgesic scale. However, the continuous use of these drugs
for the chronic cancer-induced pain treatment can lead to
the appearance of several adverse effects that limit their use
(Bokhari and Sawatzky 2009; Plante and Vanitallie 2010;
Satija et al. 2014; Zhu et al. 2015). Furthermore, 45% of
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cancer patients are accompanied by pain that cannot be
adequately controlled (Zhu et al. 2015). Also, the analgesic
effect of cannabinoid agonists has been described recently in
models of cancer pain, but it is necessary more research to
include these compounds in the clinical setting (Craft et al.
2017).

Thus, the search for new treatments and the develop-
ment of drugs to treat breast cancer pain are urgently neces-
sary. For this, it is essential to investigate the mechanisms
involved in this symptom (Wright et al. 2016). However,
for this to occur, it is required to characterize animal mod-
els reliable to the signs and progression of the disease, as
clinically observed for breast cancer with bone metastasis.
Thus, it is interesting to use models in which the cancer
cells can develop bone metastasis naturally, without direct
injection into the bone. Lelekakis et al. (1999) observed for
the first time that 4T1 tumor cells cause bone metastasis
when inoculated in the mice’s mammary gland. Also there
is the presence of hypercalcemia in this model, a well-known
measure detected in human breast tumors (Lelekakis et al.
1999). Thus, this model is unique because the pattern of
metastatic spread closely resembles that observed in human
breast cancer.

Although Monteiro et al. (2013) showed the 4T1 cells
natural bone metastasis capacity, to date, this murine model
of metastatic breast carcinoma has not yet been used to ver-
ify the presence of nociception, or to test new mechanisms
that could be involved in metastatic cancer pain (Monteiro
et al. 2013). In this view, we aimed to validate a new model
of pain associated with breast cancer with bone metastasis
and test different analgesic drugs used in the clinical setting
to treat the cancer pain. Moreover, we observed the antino-
ciceptive effect of a cannabinoid agonist in this model of
cancer pain in mice.

Materials and Methods
Animals

Female BALB/c mice (20-30 g) were used and kept at con-
trolled temperature (22 + 1 °C) in a light/dark cycle of 12 h
(lights on 6:00 a.m. to 6 p.m.). It was provided the laboratory
standard animal’s food (Puro Lab 22 PB pelleted form, Puro
trato, Rio Grande do Sul, Brazil) and tap water ad libitum,
in ventilated cages (5 animals per cage) with wood shaving
bedding and nesting material. A total of 154 animals were
used in this study. The experiments reported in this study
were performed according to the ethical guidelines to inves-
tigate pain in conscious animals (Zimmermann, 1983). The
experiments were started after approval by the Institutional
Committee of Animal Care and Use of the Federal Univer-
sity of Santa Maria (CEUA, protocol #7536250417/2017),
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and by the Institutional Committee of Animal Care and Use
of the University of the Extreme South Catarinense (CEUA,
protocol #042-2014-02).

Induction of Breast Cancer Pain

The breast cancer pain model with metastasis was obtained
through the 4T1 cells injection (Lelekakis et al. 1999; Mon-
teiro et al. 2013). The tumor 4T1 cells were kindly provided
by Dr. Adriana Bonomo (Cancer Institute, Rio de Janeiro,
Brazil) (Monteiro et al. 2013). Using DMEM medium cells
were cultured in monolayer supplemented with 5% fetal
bovine serum and 1% penicillin/streptomycin. For cancer
induction, the cells were resuspended in phosphate buffer
and 50 ul of the cell suspension or vehicle (phosphate buffer)
were injected into the right fourth mammary fat pad of
female BALB/c mice (10* cells).

Designing the Model of Breast Cancer Pain

A baseline measurement of the animals’ threshold to the
mechanical stimulus (von Frey test), cold thermal stimulus
(acetone test), or mouse grimace scale (MGS) were per-
formed. After cells or vehicle injection, behavioral param-
eters such as the development of mechanical allodynia, cold
allodynia, and spontaneous pain (MGS determination) on
days 35, 10, 15, 20, 25, and 30 were observed. These param-
eters were initially evaluated to determinate the maximum
nociceptive effect caused by 4T1 cells inoculation. Then,
the antinociceptive effect of different compounds was tested.
The same animal was used to perform the experimental
measures (mechanical threshold, nociceptive time to acetone
test, and MGS).

Nociceptive Tests
Mechanical Allodynia

The mechanical sensitivity of animals was evaluated using
von Frey filaments of increasing intensity (0.07-2 g) as pre-
viously described (Trevisan et al. 2012). Briefly, the ani-
mals were set in the experimental site, consisting of elevated
acrylic chambers with wire mesh floor, for 1 h. After this
period, the right hind paw stimulation of each animal with
von Frey filaments was performed by the up-and-down
method. The first filament used promoted a pressure of 0.6 g,
in case of the paw withdrawal, a filament with a lower pres-
sure was applied. If no withdrawal occurred, a filament with
a higher pressure was used. In total, six simulations were
performed, using filaments of 0.07, 0.16, 0.40, 0.6, 1.0, 1.4,
or 2.0 g. With the results obtained, the value corresponding
to 50% of the threshold, in grams, that each animal supports
(threshold 50%) was calculated. A decrease in this value was
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considered as mechanical allodynia and a reversal in this fall
as an antinociceptive (anti-allodynic) effect.

Acetone Test (Cold Allodynia)

Cold thermal allodynia was measured using the modified
acetone drop method. The acetone drop (20 pl) was placed
on the plantar surface of the animal’s paw skin. The behav-
ioral responses to acetone drop were timed using a chronom-
eter (Trevisan et al. 2013).

Spontaneous Nociception Determination Using MGS

To evaluate the mouse grimace scale, the animals were
placed in transparent acrylic boxes, and they were filmed
using a high-resolution digital camera positioned on the
front and back of the box for 30 min. The animals were
then evaluated before (baseline measurement), after the
administration of cancer cells, or at 1 h after administration
of the analgesic drugs. The images were analyzed through
pre-defined scores of 0 to 2, depending on the intensity of
the pain (0—without modifications, 1—moderate, and 2—
evident). For this, it was observed the changes in the eyes
and periorbital region, ears, nose, and vibrissae of the animal
(Langford et al. 2010; Miller and Leach 2015).

Locomotor Function

The rotarod test was done as previously described (Trevisan
et al. 2012; Wang et al. 2015). On the day of the experi-
ment, the latency (in seconds) to the first fall and the num-
ber of falls were recorded for 4 min. In the open field test,
the mice were introduced to individual activity chambers
(50x50x%x25 cm), which they had not been previously
exposed. Locomotor activity was considered as the number
of rearing (vertical movements) and the number of cross-
ings (horizontal movements), which were analyzed for 5 min
(Trevisan et al. 2012).

Clonogenic Metastatic Assay and Calcium Serum
Measurement

Clonogenic metastatic test supplemented with 6-thioguanine
was performed with cells obtained from the iliac bone mar-
row of BALB/c mice orthotopically injected with 4T1 tumor
cells or vehicle (PBS) 20 days after inoculation. The number
of metastatic cells in the iliac bone marrow was determined
as described before (Pulaski et al. 2000; DuPré et al. 2007,
Monteiro et al. 2013).

Animals were deeply anesthetized, and whole blood was
collected by transcardial puncture 20 days after the tumor
cells or the vehicle injection. Within one hour after coagu-
lating, the blood samples were centrifuged at 2500xg for

10 min to separate the serum. Until measurements, samples
were stored at — 80 °C. The quantitative determination of
total calcium content in serum was performed using the col-
orimetric end-point arzenazo III assay (Bioclin, Belo Hori-
zonte, Brazil) in the automated system BS 380 (Mindray,
Shenzen, China).

Treatment Protocols

Evaluation of the Antinociceptive Effect of Analgesics
Available in the Clinic and a Cannabinoid Agonist

The animals were inoculated with 4T1 cells in the fourth
mammary gland, and 20 days (time that animals presented a
maximum nociceptive response) after, the analgesic effect of
acetaminophen, codeine, naproxen, or morphine was tested.
Animals received intragastric administration of vehicle of
acetaminophen (30 mg/kg, intragastric, i.g.), naproxen
(10 mg/kg, i.g.), codeine (10 mg/kg, i.g.), morphine (10 mg/
kg, i.g.), or their vehicle (1% DMSO, 10 ml/kg, i.g.). The
choice of the treatment doses was based on previous research
(Whiteside et al. 2004; Minville et al. 2011; Rigo et al. 2013;
Raskovic et al. 2015). We also tested the antinociceptive
effect of a cannabinoid agonist, WIN 55,212-2 (3 mg/kg,
i.g.) in this model (Herzberg et al. 1997). After drugs or
vehicle administration, the development of mechanical and
cold allodynia was verified after 0.5, 1, 2, and 4 h. MGS
determination of animals was assessed 1 h after treatment
administration. Administration of treatments was done using
an intragastric gavage.

Statistical Analysis

Mean + SEM was used to express all values and analyzed
by Student’s 7 test, one-way or two-way analysis of vari-
ance (ANOVA) followed by Bonferroni’s post hoc test when
appropriate. GraphPad 5.0 software (San Diego, CA, USA)
was used for all tests. The P <0.05 values denote significant
difference among groups.

Results

Breast Cancer Induced Mechanical and Cold
Allodynia and Altered the MGS in Mice

Tumor cells inoculation caused mechanical allodynia from
10 up to 30 days after its injection (Fig. 1a). On days 15,
20, 25, and 30 after 4T1 cells inoculation, animals showed
cold hypersensitivity. Significant increases in MGS were
observed from 10 to 30 days when compared to control
animals or basal values (Fig. 1¢). Considering the animals
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Fig.1 4T1 cells inoculation in the mammary gland in mice induced »

mechanical and cold allodynia and increased MGS. The behavioral
testing was performed for 30 days after tumor cells injection (10*
4T1 cells), and baseline values were measured before tumor inocu-
lation. Control group received PBS injection. a Change in mechani-
cal threshold determined using von Frey filaments or b nociceptive
time reaction to acetone test. ¢ Nociception facial score observed
after tumor inoculation using the facial grimace scale (MGS).
Data are expressed as mean+SEM (n=7) in a and b graphs, or as
median +interquartile in C graph. *P<0.05, ***P<0.001, when
compared to control group or baseline values [Two-way ANOVA, fol-
lowed by Bonferroni’s post hoc test (in a, b) or nonparametric Stu-
dent’s t test for each time point evaluated (in ¢)]

presented a maximum nociceptive response 20 days after
4T1 cells inoculation, we choose the day 20 to determine
the presence of bone metastasis and to measure the analgesic
effect of the drugs.

Regarding body weight gain from 5 up to 30 days after
tumor cells injection, there was no difference between tumor
and control group (data not shown). Also, the animals inocu-
lated with tumor cells showed no change in spontaneous or
forced locomotion measured by the open field and rotarod
tests, respectively, when compared to the control group.
These measurements were also taken 20 days after tumor
cell injection (Table 1).

Development of Bone Metastasis
in a Cancer-Induced Pain Model and Determination
of Calcium Serum Levels

It was observed the presence of colonies of metastatic cells,
indicating a process of metastasis in the mice bone. The
number of metastatic cells in iliac bone marrow was deter-
mined as 18 +2 of 4T1 clones/10” cells in tumor group
(n=5), and no metastatic clones were detected in control
animals 20 days after injection of PBS. The development
of bone metastasis after the injection of breast cancer tumor
cells induced an increase in blood calcium levels (Table 2).

Antinociceptive Effect of Clinically Available
Analgesics in Cancer-Induced Pain

The oral administration of analgesics available in the clinic
to treat cancer pain, acetaminophen (30 mg/kg), naproxen
(10 mg/kg), codeine (10 mg/kg) or morphine (10 mg/kg)
induced an antinociceptive effect in this model of cancer
pain (Figs. 2, 3). All drugs presented antiallodynic effect,
concerning mechanical or cold allodynia; the antinociceptive
effect was determined from 0.5 to 2 h after their administra-
tion. Acetaminophen caused a maximum inhibition (/,,) on
the mechanical and cold allodynia of 50+ 6% and 72 + 4% at
1 h and 0.5 h after its administration, respectively (Fig. 2a,
c). The I, caused by naproxen on the mechanical and cold

@ Springer

0 25 30

A mm Control
3 Tumor
2.0+
T
1.5+ *
3 T
3
3
© 1.0
o
=
17
g
ﬁ 05_ ok kK ol dekk
0-0_ T T T Iﬂ
B 5 10 15 20 25 30
Timer after injection (days)
B Em Control
3 Tumor
*kk *kk
T 1
s 1
T 41
£
- *kk
c
L
a
3
L
8 21
z
o_llﬂ T IIH II I S
B 5 10 15 2

Timer after injection (days)

0.0 T

c Em Control
2 3 Tumor Sk . ke e

Z 1.5+

g

o

o

a ek

§ 1.0

a

@

L

8

Z 0.5
I nlwnlnlnl
5 10 15

20 25 30

Timer after injection (days)

hypersensitivity was 85+5% and 95+2% at 1 hand 0.5 h
after its injection, respectively (Fig. 2b, d).

The codeine administration displayed /_,, of 90 +12%
to the mechanical allodynia after 0.5 h (Fig. 3a) and 100%
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Table 1 Assessment of locomotor activity. The spontaneous locomo-
tor activity (open field) was observed for 5 min and the forced loco-
motor activity (rotarod) observed for 4 min

Group  Open field Rotarod
Crossings  Rearings Number of falls Latency for
the Ist fall
(s)
Control  159.9+10 18.71+2.7 1.71+0.35 72.43 +£20
Tumor 200+24 30.14+5 1.28+0.52 35.86+20

No significant differences were observed between the groups. The
results were expressed as mean+ SEM (n=7). Student’s ¢ test

Table 2 Calcium serum levels

Group Calcium levels (mM)
after 20 days of 4T1 cells
inoculation in the mammary fat Control  1.46+0.12
pad of mice Tumor 1.91+0.08*

Data are presented as
mean+ SEM. Student t test
(n=6)

*P<0.05 when compared to
vehicle group

to the cold allodynia 1 h after its administration (Fig. 3c).
The I,,, caused by morphine on the mechanical and cold
allodynia was 100% at 1 h after injection (Fig. 3b, d).
Moreover, treatment with naproxen, codeine, and mor-
phine decreased MGS in this model of cancer pain at
1 h after its administration (Figs. 2f, 3e, f). The inhi-
bition percentage observed for the MGS was 50 + 10%,
62+ 16% or 78 + 15% for naproxen, codeine, or morphine,
respectively. Animals treated with acetaminophen had no
significant decrease in this pain-like behavior (Fig. 2e).

A cannabinoid agonist has antinociceptive effect
in a breast cancer pain model

The oral administration of the cannabinoid agonist WIN
55,212-2 showed an antinociceptive effect in this model
of cancer pain (Fig. 4). The cannabinoid agonist pre-
sented antiallodynic effect, concerning mechanical and
cold allodynia, from 0.5 to 2 h after its administration
and decreased pain-like behavior at 1 h after the treat-
ment. The I,, to the mechanical threshold was 100%,
after 0.5 h of WIN 55,212-2 administration (Fig. 4a) and
the 7., to the cold allodynia was 65 + 8%, after 0.5 h
(Fig. 4b). Moreover, the cannabinoid agonist decreased
pain-like behavior in this new pain model with bone
metastasis, showing an antinociceptive effect at 1 h after
its administration. The [, for MGS was 62 + 16%, after
1 h (Fig. 4c).

Discussion

Cancer is a disease that affects a large part of the world
population (Desantis et al. 2014; Torre et al. 2015), and
breast cancer is the leading cause of cancer-related mor-
tality in women worldwide (Goddard et al. 2016; Cintolo-
Gonzalez et al. 2017). However, the available opioid
analgesics to pain control have adverse effects, such as
dependence and constipation (Plante and Vanitallie 2010;
Zhu et al. 2015). Thus, potential novel analgesics should
be tested using animal models of cancer-induced pain
(Mantyh 2013; Slosky et al. 2015; Hiasa et al. 2017). In
this way, we investigate cancer-induced hypersensitivity in
a murine model of breast carcinoma. Animals inoculated
directly into the mammary gland showed bone metastasis,
mechanical and cold allodynia, and alteration in the mouse
grimace scale (as indicative of spontaneous nociception).
The hypersensitivity and spontaneous nociception detected
in this model were diminished by the acute administration
of AINEs or opioids, and by a cannabinoid agonist. There-
fore, this mouse model of breast cancer could be used to
test different compounds for antinociceptive effect and to
study the mechanisms involved in breast cancer-induced
pain.

Cancer-induced pain is characterized by pathological
symptoms such as mechanical and cold hypersensitiv-
ity (Peuckmann et al. 2009; Sarabia-estrada et al. 2017).
Here, we detected that mice inoculated with tumor cells
develop mechanical and cold allodynia, measured using
von Frey test and acetone drop test, respectively. Mechani-
cal and cold allodynia were also presented in other models
of cancer-induced pain in mice and rats (Mantyh 2013;
Slosky et al. 2015; Hiasa et al. 2017). In fact, after fem-
oral implantation of 4T1 breast carcinoma cells, it was
observed the occurrence of pain-related behaviors, cold,
and mechanical allodynia (Falk et al. 2013; Zhao et al.
2013; Abdelaziz et al. 2015). Moreover, here we measured
spontaneous pain caused by cancer cells inoculation using
MGS, which is a relevant data because both mechanical
and cold allodynia are measured using reflexive tests.
MGS has been emerged as a useful resource to detected
spontaneous nociception in models of pain, by measuring
changes in the facial expression of mice (Matsumiya et al.
2012; Thomas et al. 2016). The MGS has already been
used to assess nociception in different models of pain in
mice, such as neuropathic pain (Akintola et al. 2017) and
postoperative pain (Matsumiya et al. 2012; Leach et al.
2012).

In the model used in this study, the breast tumor volume
usually starts to increase after 7-10 days of 4T1 inocula-
tion; thus, primary tumor volume is often detected in stud-
ies that may observe the antitumor activity of treatments
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«Fig. 2 Acetaminophen and naproxen administration reduced mechan-
ical and cold allodynia, and naproxen diminished the mouse gri-
mace scale (MSG) in a metastatic cancer pain model in mice. a, b
Mechanical and ¢, d cold allodynia, or e, f facial grimace criteria
alteration detected 20 days after tumor cells inoculation or vehi-
cle (control group). Treatment with acetaminophen (30 mg/kg) and
naproxen (10 mg/kg) was evaluated on a time curve of 0.5, 1, 2, and
4 h to mechanical threshold and cold allodynia and during 1 h to
MGS at day 20. Data are expressed as mean+SEM (n=7) in a, b
and d, e graphs, or as median + interquartile in ¢, f graphs. *P <0.05,
*#**P <(0.001, when compared to control group or baseline values and
#P <0.05 when compared to tumor/vehicle group [Two-way ANOVA,
followed by Bonferroni’s post hoc test (in a—d) or nonparametric Stu-
dent’s t test for each time point evaluated (in e, f)]

(Withana et al. 2012; Bouchlaka et al. 2012; Luo et al.
2015; Pereira et al. 2016; Yue et al. 2018). Here we used
animals for the time course of nociception tests until 30
days of tumor injection, because after this period primary
tumor volume may increase, impairing the detection of
the nociception tests that used reflexive measures (such as
von Frey and acetone test, data not shown). Therefore, it
is interesting to detect the antinociceptive effect of treat-
ments before tumor volume may reduce locomotor activ-
ity of animals. Here we observed that 20 days after 4T1
injection into the mammary fat pad there is no alteration
on locomotor activity of mice.

Previously, Monteiro et al. (2013) showed that bone
loss and osteoclastogenesis occurred before metastatic
bone colonization when 4T1 cells were injected into the
mammary gland (Monteiro et al. 2013). Thus, the pro-
gression of the disease is well comparable to the process
which occurs in the human mammary cancer (Pulaski and
Ostrand-Rosenberg 2001; Monteiro et al. 2013; Taka-
hashi et al. 2015). Thus, the adaptation of metastatic
cells infiltration to the bone medium allows its growth
and invasiveness (Bednarz-Knoll et al. 2011; Panis and
Pavanelli 2015), resulting in bone loss and pain (Panis and
Pavanelli 2015). In this model, the detection of mechanical
and spontaneous pain at day 10 after tumor cell implan-
tation precede the development of bone metastasis; this
may be caused by initial bone loss and osteoclastogenesis
that come first in this model and are mediated by pro-
osteoclastogenic cytokines (Monteiro et al. 2013). Also,
it was described that the levels of IL-17 and RANKL were
already increased in iliac and tibia samples at day 11 after
4T1 inoculation (Monteiro et al. 2013). Some of these
cytokines, such as IL-17 and RANKL, have already been
described to mediate pain in arthritis and mouse models of
cancer pain (Honore et al. 2000; Lipton and Goessl 2011;
Panis and Pavanelli 2015; Takahashi et al. 2015; McCarty
and DiNicolantonio 2016; Dai et al. 2018; Remeniuk et al.
2018). Also, a different study showed that 4T1 orthotopic
model caused after two weeks of tumor inoculation into
the mammary fat pad the presence of osteolytic lesion and

cortical bone loss in tibia samples, and these focal pre-
metastatic lesions occurred before bone metastases (Cox
et al. 2015).

Different models could be used to understand the mecha-
nisms involved in bone metastatic cancer-induced pain, as
the injection of tumor cells into bones, such as tibia, femur,
or calcaneus (Schwei et al. 1999; Medhurst et al. 2002; Gob-
lirsch et al. 2005; Mantyh et al. 2010; Zhao et al. 2013;
Slosky et al. 2015, 2016; Hiasa et al. 2017). However, bone
implantation of cells results in a significant number of tumor
cells inoculated directly into bone, which is a different situ-
ation from that observed in breast cancer patients. In this
view, tibial injection of 4T1 cells in mice induced nocicep-
tion after three to five weeks of tumor inoculation in bone,
showing that nociception using this model depends on tumor
grown into bone and cancer-induced osteolysis (Abdelaziz
et al. 2014).

The breast carcinoma model used in this study induces
spontaneous bone metastasis after orthotopic primary tumor
implantation, and this is a well-known feature of this model.
Thus, this breast cancer model had been used to understand
the mechanism of bone metastasis or to test novel chemo-
therapeutic drugs (Monteiro et al. 2013; Cox et al. 2015;
Luo et al. 2015; Bottos et al. 2016; Mall et al. 2016; Pereira
et al. 2016). After 2-3 weeks of tumor cells injection in the
mammary pad, it is expected to observe the presence of bone
metastasis, because 4T1 cells possess an invasive behavior
(Lelekakis et al. 1999; Pulaski and Ostrand-Rosenberg 2001;
Monteiro et al. 2013; Cox et al. 2015; Bottos et al. 2016;
Mall et al. 2016; Pereira et al. 2016). Considering this, we
choose the 20th day after tumor cell injection to describe
the presence of bone metastasis. Importantly, on this day
the animals also presented maximum nociception. Using a
clonogenic metastatic assay, we detected metastatic clones in
the iliac bone marrow, these data are in accordance with the
literature (Monteiro et al. 2013; Pereira et al. 2016) where
the metastatic cells proliferation was observed in different
regions of mice (DuPré et al. 2007; Abu et al. 2015) show-
ing the metastatic potential of this cell line. Also, at day
20 after 4T1 injection, it is also described the presence of
femur and tibia metastasis (Monteiro et al. 2013). Besides,
as bone metastasis was detected in iliac bone after 16 days
of 4T1 injection, and at day 20 femur and tibia metastasis
can detect we used the day 20 to study the antinociceptive
effect of treatments. Furthermore, it was observed increased
plasma calcium levels in animals that presented bone metas-
tasis. It has already been shown that breast cancer cells that
were implanted in mice were related to the development
of hypercalcemia (Lelekakis et al. 1999). This increases in
calcium, which is consistent with what occurs with breast
cancer patients (Yong et al. 2011).

As the metastatic bone cancer grows, it brings nociceptive
and inflammatory responses due to nerve compression by the
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«Fig.3 Codeine and morphine attenuate evoked pain and pain-related
behavior in a metastatic cancer pain model in mice. a, b Mechanical
and ¢, d cold allodynia, or e, f facial grimace scale (MGS) alteration
detected 20 days after tumor cells inoculation or vehicle (control).
Antinociceptive effect of codeine (10 mg/kg) or morphine (10 mg/
kg) was evaluated on a time curve of 0.5, 1, 2, and 4 h to mechani-
cal and cold allodynia, or after 1 h to MGS. Data are expressed as
mean+SEM (n=7) in a, b and d, e graphs, or as median + interquar-
tile in ¢, f graphs. *P <0.05, ***P <0.001, when compared to control
group or baseline values and *P <0.05 when compared to tumor/vehi-
cle group [Two-way ANOVA, followed by Bonferroni’s post hoc test
(in a—d) or nonparametric Student’s ¢ test for each time point evalu-
ated (in e, f)]

tumor, ischemia, and release of several mediators that can
act on the afferent fibers. Thus, bone cells and cancer cells
initiate a cascade of mechanisms, including activation and
sensitization of nociceptors, which help in the pain process
and central sensitization (Mantyh et al. 2002; Doré-Savard
et al. 2010; Zhu et al. 2015). The World Health Organization
(WHO) indicates the use of an analgesic scale describing
step by step, through a hierarchy of drugs, which analge-
sic drugs should be used for each stage of cancer pain in
general, associated with the use of an analgesic adjuvant
(World Heal Organization 1986; Currie et al. 2014; Bal-
lantyne et al. 2016; Derry et al. 2017; Varrassi et al. 2018).
Thus, we choose to test different analgesics on this model
of cancer pain, using drugs present on the analgesic scale
(NSAIDs and opioids drugs). All drugs tested had antinoci-
ceptive effect in a murine model of metastatic breast carci-
noma, but acetaminophen did not reduce MGS alteration. As
expected, morphine treatment showed the best antinocicep-
tive profile when compared to acetaminophen, naproxen, or
codeine. Morphine antinociceptive effect in cancer-induced
nociception models is well described (Rigo et al. 2013; Xu
et al. 2016), and this opioid agonist is frequently used in
the clinic to treat cancer-mediated severe pain (Swarm et al.
2007). However, with the disease progression is common to
observe patients with intractable pain or to fear the opioids
adverse effects, such as opioid-induced hyperalgesia and
constipation (Vanderah et al. 2000; Varrassi et al. 2018).
The different mechanisms involved in cancer pain are not
adequately described, but the role of cannabinoid receptors

has been related to different cancer-pain models (Lozano
et al. 2011; Lozano-Ondoua et al. 2013; Uhelski et al. 2013).
Cannabinoid receptors are expressed in afferent neuron fib-
ers, immune cells (as monocytes, T cells, B cells), and bone
cells (osteoblast and osteoclasts) and when activated could
cause the antinociceptive effect, attenuating bone cancer
pain and diminish bone metastasis (Lozano-Ondoua et al.
2010; Uhelski et al. 2013). It has been reported that the
attenuation of mechanical hyperalgesia by the WIN 55,212-2
agonist seems to be related to the reduction in spontaneous
activity in C-fiber nociceptors that may decrease the conduc-
tion of stimuli to maintain the sensitization of nociceptive
neurons of the dorsal horn, and a decrease in responses of
C fibers evoked by mechanical stimuli (Uhelski et al. 2013).
In this way, we also tested in this model of cancer pain a
cannabinoid agonist (WIN 55,212-2) that already showed
antinociceptive effect in a model of cancer pain caused by
injection of 66.1 cells or CCL-11 sarcoma cells into the bone
(Lozano-Ondoua et al. 2010, 2013). In the current study, the
cannabinoid agonist showed positive results against mechan-
ical and cold allodynia and on spontaneous pain in a murine
model of breast carcinoma. As already demonstrated in a
murine model of cancer pain, it is likely that CB receptor
activation attenuated the responses of C-fiber nociceptors
and reduced bone cancer pain by inhibiting the release of
immune cell substances that excite and sensitize nociceptors
(Uhelski et al. 2013).

In conclusion, the assessment of nociception in a murine
model of metastatic breast carcinoma showed the presence
of mechanical and cold hypersensitivity and alteration in the
MGS measures that could be used to test the antinocicep-
tive effect of tested compounds. Also, in this cancer-induced
pain model, we detected the antinociceptive effect of clini-
cally used analgesics, following the WHO analgesic scale.
Besides, a cannabinoid agonist also reduced nociception in
this murine model of metastatic breast carcinoma, showing
the importance of cannabinoid receptors for cancer-mediated
sensitization. Finally, this breast cancer model could be used
in future studies to measure the antinociceptive and anti-
metastatic effect of compounds or to study the mechanisms
involved in these processes.
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< Fig. 4 Effect of WIN 55,212-2, a cannabinoid agonist, in a metastatic

cancer pain model in mice. a Mechanical and b cold allodynia, and
¢ facial grimace scale (MGS) alteration detected 20 days after tumor
cells inoculation or vehicle (control). Antinociceptive effect of WIN
55,212-2 (30 mg/kg) was evaluated on a time curve of 0.5, 1, 2, and
4 h to mechanical and cold allodynia, or after 1 h to MGS. Data are
expressed as mean+ SEM (n=7) in a, b graphs, or as median + inter-
quartile in ¢ graph. ¥*P <0.05, ***P <0.001, when compared to con-
trol group or baseline values and *P <0.05 when compared to tumor/
vehicle group [Two-way ANOVA, followed by Bonferroni’s post hoc
test (in a, b) or nonparametric Student’s t test for each time point
evaluated (in ¢)]
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