Physiology & Behavior 169 (2017) 82-89

Contents lists available at ScienceDirect

Physiology & Behavior

journal homepage: www.elsevier.com/locate/phb

Cohabitation with an Ehrlich tumor-bearing cagemate induces immune
but not behavioral changes in male mice

@ CrossMark

Thalita R.M. Machado *®, Glaucie J. Alves *<, Wanderley M. Quinteiro-Filho *°, Jodo Palermo-Neto **

2 Neuroimmunomodulation Research Group, School of Veterinary Medicine and Animal Science, University of Sdo Paulo, Sdo Paulo, Brazil
b Department of Pathology, School of Veterinary Medicine, Universidade de Séo Paulo, Sdo Paulo, SP, Brazil
€ Nuclear and Energy Research Institute-IPEN-CNEN/SP, Brazil

HIGHLIGHTS

« This article shows the effects of cohabitation with Ehrlich tumor-bearing mice on the open-field behavior.
* The hypothalamic NA levels and turnover rate.
* Host resistance to Ehrlich tumor growth and corticosterone studies of Swiss male mice.
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Article history: Cohabitation with Ehrlich ascitic tumor-injected conspecifics induces behavioral, neurochemical, endocrine
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and immune changes indicative of stress and immune impairment in female mice. The present work
analyzed the effects of similar cohabitation in Swiss and Balb/C male mice. At least 12 pairs of male mice
were divided into a control group and an experimental group. On experimental day 1 (ED1), one animal
within each experimental pair was inoculated with 5 x 10° Ehrlich tumor cells intraperitoneally (i.p.);
the other animal was kept undisturbed and was referred to as the CSP (companion of a sick partner). One

Received in revised form 5 October 2016
Accepted 19 November 2016
Available online 22 November 2016

Keywords:
Ehmh tumor male mouse of each control pair was treated i.p. with 0.9% NaCl (1 mL/kg); the other animal (the CHP,
Neutrophil companion of a healthy partner) was kept undisturbed. Cohabitation with a sick partner for 11 days did

Open-field behavior not induce any behavioral, hypothalamic noradrenergic, corticosterone or adrenal weight changes in the
Noradrenaline Swiss CSP male mice compared to those of the Swiss CHP group. However, impairments in neutrophil
Stress phagocytosis and oxidative burst as well as increased levels of catecholamines were observed in Swiss
Ge“def ) and Balb/C CSP mice relative to CHP male animals of the same strains on ED11 and ED14, respectively.
Neuroimmunomodulation Moreover, after a challenge with 5 x 10® Ehrlich tumor cells on ED11 of cohabitation, the number and
concentration of tumor cells found in the ascitic fluid were higher in the Swiss CSP male mice than in the
CHP mice. These data suggest that the immune changes observed in Swiss and Balb/C male CSP mice after
cohabitation with a sick cagemate might, ultimately, depend on the changes induced by catecholamines,
as previously reported for CSP female mice. However, contrary to that reported in Swiss CSP female mice,
changes in behavioral and hypothalamic noradrenaline activity were not found in the Swiss CSP male
mice analyzed in this work. This fact suggests that male and female CSP mice might use similar immune

but different CNS strategies against the threats posed by the tumor-bearing animals.
© 2016 Published by Elsevier Inc.

1. Introduction

Animals do not function in isolation in their environment; they ex-
hibit a variety of social systems that form the basis of behaviors essential
to the proper functioning of pair or group living in most social species.
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One of the major costs of social behavior is the increased risk of expo-
sure to diseases. Acute illness not only reduces the expression of social
behavior by sick rodents but also can lead to avoidance responses
when detected by healthy partners. Cohabitation with an Ehrlich
tumor-bearing mouse increased the locomotor activity of female mice
and decreased the host's resistance to tumor growth [1,2]. Similar
cohabitation with a sick cagemate was shown in female mice to (1)
decrease the levels and increase the turnover rate of hypothalamic nor-
adrenaline (NA) [3], (2) decrease neutrophil and macrophage oxidative
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burst after Staphylococcus aureus induction, (3) decrease the percentage
of neutrophil and macrophage phagocytosis [1-5], and (4) modify den-
dritic cell phenotype [6]. Since corticosterone plasma levels were not
changed by cohabitation [3,5,11], the final neural link between the
neuroimmune changes observed in companions of Ehrlich tumor-bear-
ing mice was reported to involve catecholamine release and/or central
nervous system (CNS) activation as a consequence of the psychological
stress imposed by the forced housing condition [2]. Studies from other
laboratories have shown that psychological stress generated in a social
disruption stress paradigm also induced significant neuroimmune alter-
ations [7].

Odor but not visual or auditory cues were taken to be pivotal for
the neurochemical and immune changes induced in female mice by
cohabitation with an Ehrlich tumor conspecific [4,5]. Olfaction is a
fundamental sense through which most animals perceive the exter-
nal world. The olfactory system detects odors via specialized sensory
organs such as the main olfactory epithelium and the vomeronasal
organ [8]. Tumors produce volatile organic compounds that are re-
leased into the atmosphere in breath, sweat and urine [9,10]. We
have shown that odor cues released by Ehrlich tumor-bearing mice
are aversive to female mice [11]. This avoidance-induced behavior
was interpreted as being an adaptive evolutionary response de-
signed to limit the spread of infection among conspecifics. Odorant
cues released by rodents play a key role in mate preference and
selection [12]. Animals can recognize specific odorants that convey
information regarding conspecific health condition, which in turn
plays a significant role in regulating social communication and social
and non-social behavior [11-14]. This pattern of social behavior is
taken to be adaptive, helping prevent the spread of disease in other-
wise highly social animals, and can be observed across a variety of
rodent species [15-18]. Gender differences were reported to exist
in the strategies used by males and females against the risks posed
by diseases [15]. Sexual dimorphism has been reported in the
genes that encode neuropeptides involved in the recognition and
avoidance of odors of infected individuals [17] and also in the locus
coeruleus arousal system during stress [18]. To date, however,
our studies on cohabitation with a sick partner have focused only
on female mice because they are less aggressive than males when
grouped; thus, we designed the present work to analyze the effects
induced by cohabitation with an Ehrlich tumor-bearing cagemate
on male mice.
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2. Materials and methods
2.1. Animals

Naive Swiss and naive Balb/C male mice, aged 90-100 days at the be-
ginning of the experiments, were used. The animals were housed under
conditions of controlled temperature (22 + 2 °C) and artificial light (12-
hour light/12-hour dark, lights on at 7:00 a.m.). An electricity generator
was used to protect the whole system against power failures. Mice were
transferred to a different (temperature-consistent) room and were ac-
climated for 20 days before beginning the experiments. The mainte-
nance and use of the animals followed the recommendations of the
National Council on the Control of Animal Experimentation (CONCEA).
All studies were performed after the approval of the Committee on
Care and Use of Animal Resources of the School of Veterinary Medicine,
University of Sdo Paulo, Brazil.

2.2. Group formation and experimental design

As presented in Fig. 1, five independent experiments were per-
formed with 15, 12, 15 and 15 pairs of Swiss and 16 pairs of Balb/C
mice, respectively. They were conducted in accordance with good labo-
ratory practice protocols and quality assurance methods.

In all experiments, male mice were weighed, paired according to
weight, and then subsequently divided into 2 groups: 1 control and 1
experimental group. Swiss and Balb/C male mice from the same litter
and cage were paired to avoid the presence of aggressive episodes and
threats. Pairs were discharged from the experiments in the case of ag-
gressive behavior or the presence of wounds. Ten days after pairing, 1
male animal from each experimental pair (the SP, sick partner) was in-
oculated with 5 x 10 Ehrlich tumor cells intraperitoneally (i.p.). The
other male, the subject of this study, was kept undisturbed and was re-
ferred to as the CSP (companion of the sick partner). One male mouse of
each control pair (the HP, healthy partner) was i.p. treated with 0.9%
NaCl (1 mL/kg), and the other male was kept undisturbed (CHP, com-
panion of the healthy partner). The day on which the injections were
given was experimental day 1 (ED1). In the first experiment, CSP and
CHP Swiss mice were removed from their cages on ED11 and analyzed
within an open-field arena; immediately after that, they were killed,
and their brains were removed and dissected for analysis of NA levels
and turnover rate. In the second experiment, blood was taken from
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Fig. 1. Schematic diagram of the experimental design. At least 12 pairs of Swiss and Balb/C male mice were distributed into a control and an experimental group used to perform 5
independent experiments. On Experimental Day (ED) 1, one male mouse from each pair of experimental mice (the SP) was inoculated with 5 x 10° Ehrlich tumor cells i.p.; the other,
the subject of this study, was kept undisturbed (the CPS). One male mouse from each control pair (the HP) was i.p. treated with 0.9% NaCl (1 mL/kg); the other animal (the CHP) was
kept undisturbed. Studies with Swiss mice (experiments 1 to 4) were performed on ED11, and those with Balb/C mice (experiment 5) on ED14.
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the CSP and CHP Swiss male mice on ED11 to determine the plasma
levels of adrenaline (A) and NA and neutrophil oxidative burst and
phagocytosis. In the third experiment, CSP and CHP Swiss mice were
injected i.p. on ED11 with 5 x 10° Ehrlich tumor cells and subsequently
analyzed for tumor growth. In the fourth experiment, corticosterone
serum levels were assayed in CSP and CHP Swiss mice on ED5, ED7,
ED9 and ED11; immediately after that, the animals were killed to assess
adrenal weight. Finally, in the last and fifth experiment, we repeated the
neutrophil studies using male Balb/C mice. Balb/C mice were used not
only because they are thought to be more prone to immune challenges
[19,20] but also to confirm and straighten the immune data from the
Swiss strain. Isogenic strains of mice such as Balb/C and C57/B16 are
commonly known to provide more consistent immune data than an
outbred mouse strain such as the Swiss strain, i.e., data from these
mice are less variable and more reproducible. Blood was taken from
these CSP and CHP Balb/C male mice on ED14 to analyze neutrophil ox-
idative burst and phagocytosis.

Swiss and Balb/C sick animals were analyzed in their cages for Ehr-
lich tumor signs and symptoms as described elsewhere [1]. Briefly, the
following scoring system was employed: 0 = predominantly active
with normal feeding and the presence of rough hair; 2 = active, normal
feeding, rough hair and the presence of a small increase in abdominal
volume; 3 = active, normal feeding, rough hair and a mild increase in
abdominal volume; and 4 = an absence of activity, anorexia, dyspnea,
rough hair and a severe increase in abdominal volume. ED11 and
ED14, the days chosen for the CSP and CHP Swiss and Balb/C studies,
were the days on which the vast majority of Ehrlich tumor-bearing
mice presented a score of 4. Genetically inbred Balb/C mice were
shown to be more resistant to stressor effects [19], such as that generat-
ed by the forced housing condition [11].

To minimize the influence of possible circadian changes, the order of
the mice undergoing the behavioral analysis within the open field and
subsequent brain removal was alternated between CHP and CSP Swiss
mice, being performed between 8:00 and 10:00 a.m.; blood was always
collected at the same time of day, i.e., between 8:00 and 9:00 a.m. The
open field used was wiped with ethanol (1% solution in water) before
the mice were introduced to eliminate possible bias effects due to
odor cues left by other animals.

2.3. Behavioral study

The open-field apparatus was used to analyze the effects of cohabi-
tation with tumor-bearing male mice on locomotor activity and anxiety
levels. The elevated plus-maze was not used to test anxiety levels in this
work because CSP female mice presented with a dramatic increase in lo-
comotor activity around ED11 and onward [1,4,5], a fact that impairs the
discriminatory power of the apparatus as it induces an anxiety-like pro-
file [1,20]. Within the context of this study, an “anxiety level” was oper-
ationally inferred as previously suggested [21], i.e., as the response to a
situation in which behavior is influenced by two motivational forces
(e.g., a natural curiosity to explore unexplored areas vs. an aversion to
open areas). Male animals were kept within the open-field arena for
5 min. The following behavioral parameters were analyzed: total dis-
tance travelled within the apparatus (cm), total time spent in the pe-
ripheral and central open-field zones (s), frequency of crossings in the
peripheral and central open-field zones (n), total immobility time (s)
and average speed (cm/s) within the apparatus. The behavioral data
were collected using a camera mounted vertically above the apparatus
and were analyzed by Ethovision System software (Noldus® Informa-
tion Technology, Leesburg, VA, USA) installed on a compatible IBM®
computer.

2.4. Hypothalamic NA study

NA levels and turnover rates were evaluated in CSP and CHP Swiss
male mice on ED11 immediately after the behavioral analysis. The

brains of CSP and CHS male mice were removed immediately after
decapitation, washed in cold 0.9% NaCl solution and subsequently dis-
sected on ice to remove the hypothalamus, which was kept at — 80 °C
until analysis. In CSP and CHP male mice, NA and 3-methoxy-4-
hydroxyphenolglycol (MHPG) were individually evaluated as described
elsewhere [22]. Briefly, brain tissue samples were homogenized in
perchloric acid by sonification, and NA and MHPG were measured by
high-performance liquid chromatography with an electrochemical de-
tector (HPLC-ED). The apparatus used was an HPLC System (model
6A, Shimadzu, Kyoto, Japan) equipped with a C-18 column (Shimpak,
0ODS, Kyoto, Japan) and an electrochemical detector (model 6A
Chromatopac, Shimadzu). The limit of detection was 0.2 ng for both
substances; the recovery values were higher than 80%; the coefficients
of variation were smaller than 15%; and curve linearity (r) was higher
than 0.95. The turnover rate of NA is expressed as the MHPG/NA ratio.

2.5. Plasma catecholamine study

Plasma levels of NA and A were evaluated in Swiss CSP and CHP male
mice. Blood was taken from the mice on ED11 and placed into lithium-
heparin Vacutainer tubes (Becton Dickinson and Co., Franklin Lakes, NJ,
USA) immediately after each animal was euthanized; blood sampling
took no >1 min/animal. Blood combined with 10 pL of heparin was
kept on ice before centrifugation at 2500g for 20 min at 4 °C. The plasma
samples were stored at — 80 °C prior to analysis. Plasma concentrations
of catecholamines were measured by ELISA kits (Thermo Fischer Scien-
tific Inc., Rockford, IL, USA) at ambient temperature [23]. All samples
were analyzed in duplicate and using a single assay. The analytical sen-
sitivity was 7 pg/mL (3.82 x 10~> nmol/mL) for A and 35 pg/mL
(5.90 x 10~ nmol/mL) for NA. The intra-assay coefficient of variation
was 12.6 and 6.8% for A and NA, respectively. The data are expressed
as nmol/mL.

2.6. Flow cytometry study

Two independent experiments were conducted: one with Swiss and
the other with Balb/C male mice. Neutrophil oxidative burst and phago-
cytosis were measured as described elsewhere [3-5]. As depicted in Fig.
1, the blood taken on ED11 from the same Swiss CSP and CHP mice used
for the quantification of plasma catecholamines was used for neutrophil
oxidative burst and phagocytosis determination (second experiment).
Blood from naive Balb/C CSP and CHP male mice was taken on ED14
(fifth experiment). In both cases, the removed blood was placed into
lithium-heparin Vacutainer tubes (Becton Dickinson and Co., Franklin
Lakes, NJ, USA) immediately after each animal was euthanized. The
blood samples (100 pL) were used to assess the phagocytic activity
and the oxidative burst of neutrophils. PMA (100 ng) and S. aureus
(2.4 x 10° bacteria/mL) were used to trigger the oxidative burst. Briefly,
100 L of whole blood (2 x 10° cells/100 pL) was mixed with 200 pL of
2/,7' dichlorofluorescein diacetate (DCFH-DA, 0.3 nM) in PBS and with
100 L of either propidium iodide (PI)-labeled S. aureus or PMA in sep-
arate polypropylene tubes. Samples were incubated with agitation at
37 °C for 20 min. The reactions were stopped by the addition of 2 mL
of cold EDTA solution (3 mM) to terminate phagocytosis. After centrifu-
gation (250 g for 10 min), erythrocytes were lysed from all of the sam-
ples with sterile 0.2% NaCl (2 mL/tube) for 20 s. Immediately afterwards,
sterile 1.6% NaCl solution (2 mL) was added to each sample to restore
isotonicity. The samples were then centrifuged (250g for 10 min), and
the pellets were resuspended in 1 mL of cold EDTA (3 mM) for flow
cytometry.

A flow cytometer (FACSCalibur®, Becton Dickinson Immunocytometry
Systems, San Jose, California, USA) interfaced with a Macintosh G4
computer was used. Data from 10,000 events were collected in list
mode and analyzed with CellQuest software (Becton Dickinson
Immunocytometry Systems). Cell populations were identified based on
their properties of forward scatter versus side scatter plots, mechanically
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sorted and then evaluated with light microscopy after Giemsa staining.
Fluorescence data were collected in log scale. Green fluorescence from
DCFH-DA (Molecular Probes, Eugene, Oregon, USA) was measured at
530 + 30 nm (FL1 detector); red fluorescence from Pl-labeled S. aureus
(Sigma, St Louis, California, USA) was measured at 585 + 42 nm (FL2).
PI and DCFH fluorescence were analyzed after compensation to correct
for possible signal crosstalk. Direct measurements of the mean fluores-
cence of the green and red channels were recorded as the oxidative
burst and phagocytosis, respectively. Quantification of phagocytosis
and the oxidative burst was performed as previously described [24],
i.e,, using the mean PI and DCFH fluorescence/cell, respectively. The per-
centage of phagocytosis (percentage of neutrophils with ingested bacte-
ria) is expressed as the number of neutrophils with red fluorescence
divided by the total number of cells (x 100).

2.7. Ehrlich tumor growth study

On ED11, CSP and CHP Swiss male mice were challenged for their
host resistance to tumor growth; for that, Swiss male mice were
injected with 5 x 10° Ehrlich tumor cells for tumor growth evaluation.
Injected animals were returned to their home cages where they stayed
for 11 days; then, they were killed. The ascitic fluid was removed from
individual CSP and CHP mice to analyze the following parameters: ascit-
ic fluid volume, total number of tumor cells in the ascitic fluid and num-
ber of tumor cells/mL of ascitic fluid. These measures have been
reported to be a reliable measure for Ehrlich tumor growth [25].

2.8. Corticosterone study

Corticosterone serum levels were assayed in Swiss CSP and CHP
male mice on ED5, ED7, ED9 and ED11. On each of those days, samples
of 100 to 200 pL of blood were taken from individual animals through
the submandibular vein for serum hormone quantification; blood sam-
pling within each day took no >1 min/animal. Corticosterone serum
levels were quantified using ELISA kits (DetectX®, Arbor assays, Michi-
gan, USA) at ambient temperature, as proposed by the manufacturer.
The data are expressed as nmol/mL.

2.9. Adrenal weight study

The same Swiss male animals used for corticosterone studies were
used here. Immediately after the last blood collection (ED11), CSP and
CHP mice were killed, and their abdominal cavities were opened to re-
move their left and right adrenal glands. Individual adrenal weights
were determined afterwards using a precision scale. The data are pre-
sented as relative adrenal weights, i.e., adrenal weight/body weight.

2.10. Statistics

The Bartlett test was performed to evaluate whether the obtained
data should be handled as parametric or nonparametric. In subsequent
analyses, differences were assessed using Student's t-test or two-way
ANOVA followed by Tukey-Kramer tests for multiple comparisons.
GraphPad® Prism 6 and Sigma Stat 3.0® software were used through-
out. For all comparisons performed, p < 0.05 was considered significant.
The data are presented as the mean plus standard deviation.

3. Results

Episodes of aggressive behavior were not observed within the Swiss
and Balb/C male mice home cages over the course of the experiments;
wounds were also not observed in the CSP and CHP Swiss and Balb/C
mice as well as in their tumor-bearing cagemates. Dominance/submis-
sive postures were seldom observed within the animals' cages, and sig-
nificant differences were not observed in the number and duration of

their expression between the CHP and CSP Swiss and Balb/C male
mice (data not shown).

Ehrlich tumor cell injection induced behavioral changes in the Swiss
and Balb/C sick animals. These alterations arose progressively and were
characterized by the presence of lethargy, a reduced interest in their
surroundings, and a decreased ability to respond to their companion
mouse. We performed the experiments with Swiss and Balb/C CSP
mice on ED11 and ED14, respectively i.e., when the Ehrlich tumor
signs were given a rating score of 4 in the vast majority of the sick
animals.

3.1. Open-field behavior

Table 1 shows the effects of cohabitation with Ehrlich tumor-bearing
mice on the open-field behavior of Swiss male mice. The parameters an-
alyzed were not different between the CSP and CHP animals (p > 0.05).
Thus, differences were not found for the total time spent by the CSP and
CHP mice in the peripheral and central zones of the open field or for the
frequency of crossings they displayed in these areas. The total immobil-
ity time and the average speed were also similar between the CSP and
CHP male mice (p > 0.05). As a consequence, differences in anxiety
levels between CSP and CHP mice could not be inferred.

Interestingly, Swiss and Balb/C CSP male mice displayed few behav-
ioral changes within their home cages around ED11 and ED14, respec-
tively, a time at which their tumor-injected partners remained in one
of the corners of the cage, frequently under the wood shavings (data
not shown).

3.2. Hypothalamic NA levels and turnover rate

Fig. 2 depicts the effects of cohabitation with a sick cagemate on
brain NA and MHPG levels and on NA turnover in the Swiss CSP and
CHP male mice. As seen here, no changes were found in the hypotha-
lamic NA and MHPG levels or in the NA turnover rate.

3.3. Plasma levels of A and NA

The plasma levels of A and NA measured in the Swiss CSP and CHP
male mice on ED11 are depicted in Fig. 3. As seen here, significant
differences were found in the mice for both A and NA; the levels of
both catecholamines were higher (p < 0.05) in the CSP mice than in
the CHP mice.

3.4. Neutrophil oxidative burst and phagocytosis

Table 2 shows the data regarding neutrophil oxidative burst and
phagocytosis in the CSP and CHP Swiss male mice. Significant differ-
ences were found in Swiss mice for both PMA- and S. aureus-induced
oxidative bursts (p < 0.05); the oxidative bursts were smaller in the
Swiss CSP mice than in the CHP mice. Differences were not detected
for the basal oxidative burst or for the percentage and intensity of neu-
trophil phagocytosis in the Swiss male mice (p > 0.05).

Table 1
Effects of cohabitation for 11 days with an Ehrlich tumor-bearing companion on open-
field behavior of Swiss male mice.

Open-field parameters® CHP CSP

Total distance travelled (cm) 3186.0 + 399.0 3312.0 & 549.0
Average speed (cm/s) 10.66 + 13.44 11.08 + 18.36
Time in peripheral zone (s) 265.66 + 11.46 255.1 + 14.67
Time in central zone (s) 133.46 + 31.44 132.56 + 41.22
Crossings in peripheral zone (n) 30.50 + 12.26 25.10 £+ 14.67
Crossings in central zone (n) 29.63 £ 12.12 36.20 £+ 13.22

Total immobility time (s) 233.70 + 27.31 24730 + 29.12

Differences were not detected (t-test) at p < 0.05.
¢ Mean =+ SD of 15 mice.
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Fig. 2. Effects of cohabitation for 11 days with Ehrlich tumor-bearing companions on the hypothalamic noradrenaline (NA) and MHPG (B) levels and on the NA turnover rate (C) in the

Swiss male mice. Data are the mean 4- SD. N = 15 animals per group.

As depicted in Fig. 4, significant differences were found between CSP
and CHP Balb/C male mice for neutrophil oxidative burst and phagocy-
tosis, replicating the data reported above for the Swiss strain. Indeed,
although differences were not found between the CHP and CSP data re-
garding the basal oxidative burst, a decrease (p < 0.05) was found in this
parameter in mice of the CSP group compared to those of the CHP group
after either PMA or S. aureus induction. A significant decrease (p < 0.05)
was also found in the percentage and intensity of phagocytosis in mice
of the CSP group compared to those of the CHP group.

3.5. Host resistance to Ehrlich tumor growth

The data regarding host resistance to Ehrlich tumor growth in the
Swiss CSP and CHP male mice are presented in Fig. 5. Differences were
not found in the ascitic fluid volume between the CSP and CHP animals.
However, both the total number of tumor cells found in the ascitic fluid
and the number of tumor cells/mL of ascitic fluid were higher in the CSP
mice than in the CHP mice (p < 0.05).

3.6. Corticosterone serum levels and adrenal weights

Table 3 shows the corticosterone serum levels of the Swiss CSP and
CHP male mice on ED5, ED7, ED9 and ED11. Two-way ANOVA showed
significant differences among the groups and days as well as a signifi-
cant interaction between the days and groups (F (3,26) = 62.85;
p < 0.05). An increase in corticosterone serum levels over the
experimental days was found in both the CHP and CSP male animals
(p < 0.05); the corticosterone serum levels of the CHP and CSP mice
were higher on ED11 than on ED5, ED7 and ED9. However, differences
were not found between the corticosterone serum levels of the CHP
and CSP mice on any of the experimental days.

Additionally, no differences were found between the relative adre-
nal weights of the Swiss CSP and CHP male mice (CHP = 0.22 mg +
0.06 and CSP = 0.17 mg <+ 0.05).
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|
E
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-
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CHP CSP

4. Discussion

The present data show that cohabitation with Ehrlich tumor-bearing
conspecifics produced no changes in the behavior of Swiss male mice in
the open field and in their home cages. Indeed, no differences were
found between Swiss CHP and CSP male mice for locomotor activity
and anxiety levels within the open field. Similarly, differences were
not perceived in the behavior of the Swiss and Balb/C CSP male mice
within their home cages throughout the period of cohabitation; this
fact was observed even on ED11 and ED14, the days on which the vast
majority of the Ehrlich tumor-bearing Swiss and Balb/C mice presented
a sickness score of 4, respectively. Accordingly, differences were not
found in this work between Swiss CSP and CHP male mice for hypotha-
lamic NA levels and turnover rate. Contrary to these findings, we had
previously reported that Swiss CSP female mice, i.e., female mice that
lived with Ehrlich tumor-bearing female partners showed the following
results in relation to CHP female animals: (1) increased activity within
their home cages with clear attempts to escape from the cages, mainly
around ED10 i.e., the point at which the tumor-injected female mice
started to present sickness behavior and stopped responding to their
partner's interaction requests [5,6], (2) a huge increase in locomotor ac-
tivity within the open field on ED11 [5,6], and (3) decreased hypotha-
lamic NA levels and increased hypothalamic NA turnover rate [3].

One of the major costs of social behavior is the increased risk of ex-
posure to diseases. The avoidance of sick conspecifics is presumably
an adaptive evolutionary response designed to limit the spread of the
disease among conspecifics. However, male and female individuals ex-
hibit very different levels of investment and strategies in response to en-
vironmental cues, such as during mating. Thus, by avoiding sick mates,
choosy females can reduce their risk of contracting contagious diseases
as they potentially spend more parental investment than the males [17,
26]. From an evolutionary perspective, the ability to detect environmen-
tal cues from sick individuals and to display an appropriate behavioral
(avoidance) response would be highly beneficial for females. On the
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Fig. 3. Effects of cohabitation for 11 days with Ehrlich tumor-bearing companions on the plasma levels of adrenaline (A) and noradrenaline (NA) in the Swiss and Balb/C male mice. Data

are the mean + SD. n = 12 Swiss animals per group. *p < 0.05 (¢-test).
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Table 2
Effects of cohabitation for 11 days with an Ehrlich tumor-bearing companion on the neu-
trophil activity and phagocytosis of Swiss male mice.

Neutrophil activity® CHP CSP

Oxidative burst
Basal 82.38 + 39.42 77.07 + 32.56
PMA-induced 334.80 + 83.34 220.10 + 69.71"

S. aureus-induced 184.3 + 78.63"

S. aureus-induced phagocytosis

378.60 + 142.30

Intensity 58.77 + 10.57 56.97 + 11.18
Percentage 80.94 + 54.00 79.47 + 10.66
¢ Mean =+ SD.

* p<0.05 (t-test).

other hand, males have a lower energy investment in the mating pro-
cess and might even gain advantages in the presence of a sick male con-
specific. In fact, it was shown that subordinate male mice in the
presence of dominant cagemates displaying sickness behavior showed
aggressive behavior toward the dominant male and, in some cases,
took the opportunity to become the dominant within the cage [27].
Thus, considering the undisputable hypothalamic NA and behavioral
changes reported elsewhere for female mice when paired with Ehrlich
tumor-injected female conspecifics [1-5] and the absence of changes
in open-field behavior and hypothalamic NA activity reported in the
male Swiss CSP mice here, it seems feasible to suggest that male and
female mice present different vulnerabilities to the odor cues released
by the Ehrlich tumor-injected partners. As discussed above for mating,
a sexual dimorphism has already been reported in the recognition and
avoidance of odors of infected individuals [17].

Odor but not visual or auditory cues released by the sick companions
were considered pivotal for the neuroimmune effects induced by co-
habitation with tumor-bearing mice [10]. This finding is in agreement

with and reinforces previously reported findings for the mammary
tumor virus [9]. Tumors have been reported to produce volatile organic
compounds that are released into the atmosphere through urine, breath
and sweat [10,28]. Recently, we have shown that the odor cues released
by Ehrlich tumor-bearing female mice are aversive [11]. We know that
the vomeronasal system (VNS) is a sexually dimorphic chemosensory
structure [28] that is deeply involved with the different behavioral out-
comes induced by odor cues in males and females [29]. Thus, although
the present observed data does not directly allow for this conclusion,
it is tempting to suggest that male and female mice differently sense
and/or respond to the odor cues released by their Ehrlich tumor-bearing
partners. However, interestingly, the changes in immune and plasma
catecholamines induced by cohabitation in male mice were similar to
those reported elsewhere in females [3-5]. This fact is relevant because
upon encountering a sick individual, it would be advantageous for
both genders to mount an immune response when a possible disease
is encountered. When activated, the catecholaminergic system can
provide the body with a needed “boost” to combat the immediate threat
of the disease.

Physical and psychological stressors are known to induce endocrine
[30] and immune [31,32] changes similar to those currently reported in
Swiss and Balb/C male mice after cohabitation with a tumor-bearing
cagemate. As reported previously for female mice [3-6], a decrease
was found in this study for the neutrophil oxidative bursts in the
Swiss and Balb/C male mice of the CSP group compared to those of the
CHP group after either S. aureus or PMA induction. A decrease in the
percentage and intensity of neutrophil phagocytosis was also found in
this work in male Balb/C CPS mice in relation to those of the CHP
group on ED14. Balb/C animals are thought to be more prone to immune
challenges [19,20].

In recent years, significant insights into the progressive states of
tumor growth have arisen from basic research dealing with cell biology
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Fig. 4. Effects of cohabitation for 14 days with Ehrlich tumor-bearing companions on the neutrophil activity and phagocytosis in Balb/C male mice. A: basal oxidative burst; B: S. aureus-
induced oxidative burst; C: PMA-induced oxidative burst; D: percent of phagocytosis and E: intensity of phagocytosis. Data are the mean 4 SD. N = 16 animals per group. *p < 0.05 (t-test).



88 T.RM. Machado et al. / Physiology & Behavior 169 (2017) 82-89

Volume Cellnumber Cells/imL
20.0 4 400 1 " 40
I N ) *

= 15.0 © 200 - * 304
E x o
2 P T E
— [2]

3 10.0 - S 200 J = 20 T

s S -
s e
0 o

5.0 £ 100 - a 10
3 E
— |
z

CHP CsP CHP

CSP CHP CcSP

Fig. 5. Effects of cohabitation for 11 days with an Ehrlich tumor-bearing companion on the host resistance to tumor growth of the Swiss male mice. Data are the mean = SD of the ascitic
fluid volume, the total number of tumor cells/animal and the number of tumor cells/mL of ascitic fluid. n = 15 animals per group, *p < 0.05 (t-test).

and immunology. Because innate immunity operates at the tumor inter-
face, it may critically influence tumor growth. A decreased host resis-
tance to Ehrlich tumor growth was found in the Swiss CSP male mice
studied in this work, i.e., the number of tumor cells/mL of ascitic fluid
was higher in the male CSP mice, as was the total number of tumor
cells/animal; similar findings have also been reported in female mice
[1-3]. As reported previously for female mice [2,11], cohabitation with
a tumor-bearing cagemate did not change adrenal weights or the
serum levels of corticosterone in the CSP male mice. The increased
levels of corticosterone currently observed in Swiss CSP and CHP male
mice over the experimental days (ED5, ED7, ED9 and ED11) seems
more related to the stress imposed by the successive blood sampling
procedure than to the cohabitation with the sick cagemate per se. As a
matter of fact, the avoidance response of healthy rats to odor was not
correlated with changes in plasma corticosterone concentrations from
odor-donor animals injected with LPS, suggesting that the induced in-
flammatory cascade is likely to mediate aversive properties in odors
that function to signal illness state to conspecifics [33]. The lack of corti-
costerone changes observed in this work suggests that the immune
changes imposed in the CSP male mice by the stress of cohabitation
with the tumor-bearing cagemate do not rely solely on the activity of
the HPA-axis. In fact, it was shown that different stressors does not al-
ways elicit the same biochemical and physiological changes [34,35].
Thus, a factor other than corticosterone might be accountable for the
immune effects imposed by the housing conditions in the CSP male
mice; plasma catecholamines seem to be good candidates.

Swiss CSP male mice presented increased levels of serum catechol-
amines, as already described in Swiss CSP female mice [2,11] and CSP
Balb/C male mice [37]. The autonomic nervous system is known to con-
tribute to the stress response through the release of catecholamines by
sympathetic nerves and lymphoid tissues; catecholamines then medi-
ate their effects on immune cells through G-protein coupled 3-adrener-
gic receptors [31]. Catecholamines are known to change neutrophil
activity [31,36]. Changes in catecholamines after stress were reported
to modify the cytokine network [37], and cytokines are known to mod-
ulate the activity of immune cells [7,37]. A possible shift in the TH1/TH2
cytokine response toward a TH2 profile was recently suggested in fe-
male mice that lived with a sick partner [2,36]. Th1 cells are known to

Table 3
Effects of cohabitation for 11 days with an Ehrlich tumor-bearing conspecific on the serum
corticosterone levels of Swiss male mice.

Strain Experimental Days CHP CSP

Swiss ED5 87.2 + 67.3@ 142.1 + 153.01
ED7 2109 £ 1351® 263.8 + 168.4®
ED9 2729 + 141.2® 2682 £ 150.2(»
ED11 4254 + 219.19 4119 + 207.19

Data are the mean 4 SD of 15 animas/group; different letters mean statistically significant
differences at p < 0.05 (two-way ANOVA followed by Tukey-Kramer test).

secrete a specific profile of cytokines, including IFN-y and TNF-c, that
favor the cellular immune response [38]; this cytokine profile change
might explain the deceased host resistance to Ehrlich tumor growth
found in the CSP male mice in this work. Indeed, neutrophils and
macrophages are important components of natural immunity involved
in inhibition of tumor growth and destruction of tumor cells [39], and
a decrease in peritoneal macrophage and blood neutrophil activities
was already reported in female CSP mice [1-4,11]. Thus, it seems
feasible to suggest that the immune changes now being reported in
male mice after cohabitation with a sick cagemate might, ultimately,
depend on the changes induced by catecholamines on the cytokine
network. If this is so, then the plasma catecholamine and immune
changes induced in male and female mice by cohabitation with a sick
cagemate are similar.

Overall, the results from this comprehensive study allow for at least
two conclusions. First, as previously reported for female CSP mice, co-
habitation with an Ehrlich tumor-bearing partner increased the levels
of plasma catecholamines and decreased the immune response in CSP
male mice, as assessed by (1) decreased neutrophil activity and (2) de-
creased host resistance to Ehrlich tumor growth. Second, and contrary
to that reported by our group in female mice, cohabitation with a sick
partner induced no changes in behavioral or hypothalamic NE activity
in CSP male mice. Thus, it seems feasible to suggest that differences
between the responses of male and female mice to cohabitation with
Ehrlich tumor-bearing conspecifics might be a consequence of different
behavioral strategies used by the animals against the threats posed
by the diseased companion. This sexual dimorphism would be a
consequence of a differential activation of the CNS structures involved
in the psychological stress response imposed by the housing condition,
such as the brain catecholamine pathways and the SNS. Sexual
dimorphism has been reported in the vomeronasal system and in
some limbic brain structures that receive vomeronasal input [29]. The
current findings may have relevant implications for how disease
contributes to brain, behavior and immune status of healthy conspe-
cifics across the lifespan.
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