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Abstract

Osteoarticular brucellosis is the most frequent glacation of active disease. A large
amount of cells in bone are osteocytes. Since bensodeling process is regulated by
hormones we sought to study the effect of cortigod DHEA in B. abortus-infected
osteocytes. Cortisol treatment inhibited the exgpoesof IL-6, TNFe, MMP-2 and RANKL
in B. abortus-infected osteocytes. DHEA could reverse the inbilyi effect of cortisol on
MMP-2 production. B. abortus infection inhibited connexin 43 (Cx43) expressiom i
osteocytes. This expression was increased wheisaontas incorporated during the infection
and DHEA treatment partially reversed the effectcoftisol. Osteocytes-infected witB.
abortus induced osteoclast’s differentiation. Yet, the enee of cortisol, but not DHEA,
during osteocyte infection inhibited osteoclastags Glucocorticoid receptor (GR) is
implicated in the signaling of cortisol. Infectiovith B. abortus was able to increase G
ratio. Levels of intracellular cortisol are not prdependent on GR expression but also a result
of the activity of the isoenzymes [i-hydroxysteroid dehydrogenase §1HSD)-1 (cortisone
to cortisol conversion), BtHSD2 (cortisol to cortisone conversiord. abortus infection
increased 13-HSD 1/ 2 ratio and cortisone mimicked the effe€tcortisol. Our results
indicated that cortisol and DHEA could modulateeosiyte responses durir§) abortus

infection.

Keywords: Adrenal steroidsBrucella abortus; osteocytes.
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1. Introduction

B. abortus infection frequently induces osteoarticular damedgeng the active form
of the disease [1]. However, during many years thechanisms implicated in bone
injurycaused byB. abortus infection remained unknown. Regardless of the tlaatBrucella
infections in animal models have limitations beeatlsey do not reproduce all the signs and
symptoms of the disease, studies performed usimnenmodels described some aspects of
Brucella infection in bone[2-6]. Additionally, results oltad in our laboratory revealed the
important role of macrophages, osteoblasts, ostesci lymphocytes and T lymphocytes in
the induction of osteoclast differentiation duriBgabortus infection [7-11]. Osteocytes are
encrusted in the mineralized matrix of bone andsttre the final differentiated form of
osteoblasts. They are up to 95% of all types ofeboells in the adult skeleton, and then
constitute the most numerous cells of bone. Ostescgonstitute the main regulators of
activity and differentiation of both osteoclast l[geinvolved in bone resorption) and
osteoblast (cells involved in organic and minerailtni deposition) during bone remodeling
[12].Given that, osteocytes are responsible forcthr@rol of bone remodeling, the modulation
of their activity byB. abortus infection could contribute to the bone loss obedrduring the
osteoarticular form of the disease.In additioneosytes are the main mechanosensors in the
repair of bone microdamage, and then it can beufadst that loss of these cells is important
in bone stability.

We have previously demonstrated tiatabortus invades and replicates in murine
osteocytes with concomitant induction of the exgi@s of proinflammatory cytokines,
RANKL and MMP-2 [13]. Recently, it has been estslid a cross-regulation connecting
adrenal steroids (glucocorticoids and dehydroep@stidrone [DHEA]) and osteocyte
function [14-18]. Glucocorticoid reduces cell tollceommunication by inducing the

degradation of connexin 43 (Cx43) with concomitasteocyte dead by apoptosis. The effects
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of cortisol are frequently opposed by other adrestatoids. The cortisol /DHEA ratio is
altered in most pathological conditions. Accordingt has been found significantly elevated
amounts of cortisol in serum from patients with tacbrucellosis with respect to healthy
controls [19, 20]. Then, we hypothesized that #sponses durinBrucella infection could be

modulated by the neuroendocrine system. Therefaranvestigate the relevance of the

adrenal axis on osteocyte function durh@bortus infection deserves to be studied.
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2. Materialsand Methods
2.1. Bacterial culture
Brucella abortus S2308 was grown overnight with constant agitationld ml of

tryptic soy broth (Merck, Buenos Aires, Argentinat) 37°C. Bacteria were harvested by
centrifugation for 15 min at 6,000 x g at 4°C andshed twice with 10 ml of phosphate-
buffered saline (PBS). Comparison or optical deasifOD) with a standard curve obtained in
our laboratory was used to determine the numbbadferia in cultures. Cultures were diluted
in sterile PBS to the desired bacterial concemmaibn the basis of the optical density
readings, and the number was scored by plating oelio tryptic soy agar (Britania, Buenos
Aires, Argentina).Brucella manipulations were performed in biosafety level ailities

located at the Instituto de Investigaciones Biom&slien Retrovirus y SIDA (INBIRS).

2.2. Céllsand Media
MLO-Y4 cell line was kindly provided by Professoyida Bonewald (University of
Missouri-Kansas City). All experiments were perfednat 37°C in a 5% CQatmosphere
unless specified. MLO-Y4 cells were cultured innstard tissue culture flasks containing
alpha minimum essential medium-MEM), 10% fetal bovine serum (FBS), 100 U/ml of
penicillin, and 100 g/ml of streptomycin (completedium). Medium was replaced every 3-4
days, and after confluence, cells were harvestetusypsin and resuspended in complete

medium.

2.3. Cellular infection
Cells were seeded at a concentration of Ixads per well in 24 well plates and
infected at different multiplicities of infectioMAQOl) in the presence or absence of cortisol (1

x 10°M) and/or dehydroepiandrosterone, DHEA (1 M) and incubated for 1 h at 37°C in
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a 5% CQ atmosphere. Then, cells were washed wilMEM to remove extracellular bacteria
and were incubated in medium supplemented with @@l of gentamicin and 50 pg/ml of
streptomycin to kill extracellular bacteria. All gariments were achieved in the presence or
absence of the indicated concentrations of corésml DHEA. To determine intracellular
replication, cytokine production, MMP secretion, fAASD1, 1B-HSD2, GR:., GR3
expression and to obtain culture supernatants timnoe osteoclastogenesis assay, MLO-Y4
cells and culture supernatants were harvested at 28 hours.

Cells were lysed with 0.1% (vol/vol) Triton X-10( iH,O to monitor Brucella
intracellular survival. Then, serial dilutions wepated on tryptic soy agar plates to

enumerate CFU.

2.4. Zymogr aphy
Zymography were conducted by the method of Hiblked.g21] with modifications, as

described [22, 23].

2.5.M easurement of cytokine concentrations
IL-6, TNF-a, (BD Biosciences) and RANKL (R&D systems) were wmpifeed by

ELISA from in culture supernatants.

2.6. Immunoflour escence
B. abortus-infected MLO-Y4 cells were fixed in 4% paraformelyde for 60 min at
room temperature and then permeabilized with 0,386 MX-100 for 10 min. Cells were first
incubated for 18 h at 4°C with mouse anti-Cx43 ithegen) diluted in phosphate-buffered
saline (PBS)- 5% SFB and then with Alexa 488 ardiige (Invitrogen) in PBS-5%SFB for 1

h at room temperature, nuclear staining was peddrmith DAPI. After cells were washed in
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PBS, they were mounted and analyzed by fluorescemceoscopy, using an Olympus

microscope and counted using NIH ImageJ software.

2.7. Osteoclast for mation assay

Bone marrow-derived monocytes (BMM) were inducedindergo osteoclastogenesis
as was previously described[11, 24]. Briefly, BMMIls from Balb/c mice were cultured in
complete medium containing 5 ng/ml murine recomhif-CSF (R&D Systems) in 24-well
plates for 12 h. Non adherent cells were colleeted subsequently cultured with 30 ng/ml
M-CSF in 24-well plates for an additional 24 h. &dént cells were used as BMM which
were seeded at a concentration of 3xddlls per well onto 24-well plates and culturedif
ml of complete medium in the presence of 0.2 mktulture supernatants from MLO-Y4
osteocytes infected witB. abortus and 30 ng/ml M-CSFThe culture was maintained for 7
days. 50 ng/ml murine RANKL was used as positivetiads. 1 pg/ml of anti-OPG antibody
(R&D Systems) was used in neutralization experimedsteoclasts were identified by TRAP
staining (Sigma-Aldrich). TRAP-positive, multinueked cells (more than three nuclei) were

defined as osteoclasts, and the number was detrbincount in microscopic.

2.8. mMRNA preparation and quantitative RT-PCR
RNA extraction was performed by using the Quick-RNMiniPrepKit (Zymo
Research) and 1 pg of RNA was subjected to revessscription using Improm-1l Reverse
Transcriptase (Promega). PCR analysis was achievéd StepOne™ Real-Time PCR
System (Applied Biosystems) using SYBR Green asréiscent DNA binding dye. The
primer sets used for amplification wefieactin sense: 5-AACAGTCCGCCTAGAAGCAC-
3, p-actin antisense: 5-CGTTGACATCCGTAAAGACC-3; BIHSD1 sense 5°-

GTCCTTGGCCTCATAGACACAG-3" antisense 5 -GGAGTCAAAGGBTTTGTCAT.
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11B-HSD2 sense 5-GTTAACAACGCTGGCCTCAATATC-3 antisense

CAACGGTCACAATACGTCCCCTC-3".GR sense
AAAGAGCTAGGAAAAGCCATTGTC-3 antisense
TCAGCTAACATCTCTGGGAATTCA-3". GRB sense

AAAGAGCTAGGAAAAGCCATTGTC-3 antisense

CTGTCTTTGGGCTTTTGAGATAGG-3’

The amplification cycle for GRand 1B-HSD2 were 95°C for 15 s, 55°C for 30 s and

72°C for 60 s for GR and1B-HSD1 were 95°C for 15 s, 58°C for 30 s and 72%fs. All

primer sets yielded a single product of the corze. Relative expression levels were

normalized againgi-actin.

2.9. Statistical analysis

Statistical analysis was performed with one-way AMQ followed by Post Hoc

Tukey Test. Analysis was made by using GraphPadnPrb.0 software. Data were

represented as mean +SD.



166 3. Reaults

167  3.1.Intracelular replication of B. abortusin osteocytesis modulated by adrenal steroids

168 Adrenal steroids do not only modulate the functdmost cells but can also modulate
169  bacterial intracellular replication, includirig) abortus replication in monocytes/macrophages
170  and osteoblast [19, 25-27]. In previous studie$opered in our laboratory, we demonstrated
171  that osteocytes suppoB. abortus replication [13]. Then, experiments were perfornted
172  determine if cortisol and DHEA treatment could vémg ability ofB. abortus to replicate in
173  osteocytes. Our results indicated that the abdftys. abortus to replicate in osteocytes was
174 increased when experiments were performed in tesepce of cortisol with respect to
175  untreated cells at 24 and 48 h postinfection. Bytrast, intracellular replication &. abortus
176 was not affected by DHEA respect to untreated cffig. 1A). Infection experiments
177 conducted in the presence of cortisol and DHEA adstrated together revealed not
178  significant differences in intracellular bacteriglirvival with respect to untreated cells.
179  Together, these results indicate that intracelltégtication ofB. abortus is increased in the
180  presence of cortisol and that DHEA treatment i€ é&blreverse this effect.

181

182  3.2. Cortisol inhibitsIL-6, TNF-a, RANKL and MM P-2 expression and DHEA partially
183  reversesthe effect of cortisol on MM P-2 expression in B. abortus-infected osteocytes

184 Most of functions of different cell types includimgteocytes (the most abundant bone
185 cells) are modulated by adrenal hormones [28]. Timashypothesized that osteocyte function
186  would be modified by cortisol and DHEA duriry abortus infection. Osteocytes infected
187  with B. abortus in the presence of cortisol, secreted significatdlyer amounts of TNFe
188 IL-6, RANKL and MMP-2 with respect to untreatedanted cells (Fig. 1 B, C, D and E). In
189  contrast, DHEA had no significant effect on theelevof TNFe, IL-6, RANKL and MMP-2

190 respect to untreated infected cells. When bothismrtand DHEA were administrated
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together, DHEA could only reverse the inhibitoryeet of cortisol on MMP-2 expression.
These results indicate that cortisol reduces thenffammatory microenvironment induced by
B. abortus infection of osteocytes; and DHEA partially revessthis effect on MMP-2

expression.

3.3. DHEA reverses the effect of cortisol on Cx43 expression in B. abortus-infected
osteocytes

Cx43 is the most abundant gap junction in bonescdilis required for cell to cell
communication and to maintain the viability of agtgtes [29]. Previous studies performed in
our laboratory revealed thBt abortus infection inhibits Cx43 expression in osteocyiHsen,
experiments were conducted to determine the rotmxisol and DHEA in the modulation of
Cx43 expression during. abortus infection. Using specific antibodies, Cx43 expra@ssvas
evaluated by immunofluorescendB. abortus infection reduced the expression of Cx43
demonstrating that infection could modify gap jumetin osteocytesas was previously
reported [13]. This phenomenon was reversed whigation experiments were performed in
the presence of DHEA (Fig. 1F and G). Cortisol lnmieid Cx43 expression in uninfected
osteocytes, as it was previously described [14] alsd inhibited Cx43 expression B
abortus-infected osteocytes. In addition, when both cotted DHEA were administrated in
conjunction, DHEA could reverse the inhibitory effeof cortisol on Cx43 expression in
infected and non-infected cells. These resultscatdi that DHEA reverses the effect Bf

abortus infection on Cx43 expression even in the presefcertisol.

3.4. Osteoclastogenesis induced by B. abortus-infected osteocytes was inhibited by

cortisol
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215 Osteocytes are the main bone cells that modulateodsast differentiation. In
216  pathological conditions osteocyte misbalance caaldse excessive osteoclastogenesis and
217  pathological bone loss. Then, experiments were wcted to determine the role of adrenal
218  steroids on osteocytes and in their ability to celwsteoclastogenesis duriBg abortus
219 infection. To this end, osteoclast precursors vatiraulated in the presence of M-CSF with
220 supernatants from osteocytes that were previon$ggcied withB. abortus in the presence or
221 not of cortisol, DHEA, both cortisol and DHEA, oittv supernatants from uninfected cells as
222 control. Our results indicated that supernatarasfB. abortus-infected osteocytes induced
223  osteoclastogenesis (Fig. 2). When we studied tfectebfconditioned medium froni.
224  abortus-infected osteocytes in the presence of adrenabidig our results indicated that
225  supernatants forrB. abortus-infected osteocytes cultured in the presence disob inhibited
226  osteoclastogenesis, and supernatants fBinabortus-infected osteocytes cultured in the
227  presence of DHEA had no effect on osteoclastogen@gnen osteoclast differentiation was
228 performed with supernatants froB1 abortus-infected osteocytes in the presence of both
229 adrenal steroids (cortisol and DHEA), cortisol waso able to inhibit osteoclastogenesis
230 induced byB. abortus infection (Fig. 2 A and B).

231 To determine if the modulation of osteoclast défaration induced by supernatants
232 from B. abortus-infected osteocytes in the presence of cortisdIBHEA was due to a direct
233 effect of these hormones on osteoclast precurgoas @ result of the modulation of adrenal
234  steroids on the cytokine production By abortus-infected osteocytes; experiments were
235 performed with supernatants frof. abortus-infected osteocytes that were added on
236  osteoclast precursors together with exogenouslgdadrenal steroids. Our results indicated
237 that, adrenal steroids were unable to modulateookstst differentiation induced by culture

238  supernatants from. abortus-infected osteocytes (Fig. 2 C and D).
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Taken together, these results indicate that adsgradids can modulate the secretion
of cytokines by osteocyte durirg) abortus infection resulting in a different ability to inde

osteoclast differentiation.

3.5. Cortisol inhibits osteoclast differentiation through a mechanism that depends on
osteoprotegerin (OPG)

Cortisol could not only inhibitosteoclastogenegisotigh the inhibition of RANKL,
but it could also induce the expression of OPG,nhteiral antagonist of RANKL. Since by
ELISA assay it was measured only the free form ANRL, experiments were performed to
determine the contribution of OPG in the inhibiti@i osteoclastogenesis induced by
supernatants fronB. abortus-infected osteocytes in the presence of cortisspeet to
supernatants fronB. abortus-infected but untreated osteocytes. To this endeoctast
differentiation experiments were performed with euyatants fromB. abortus-infected
osteocytes in the presence or not of anti-OPG alkzitrg antibodies. Our results indicated
that in the presence of anti-OPG antibodies, sgtants fromB. abortus-infected osteocytes
in the presence of cortisol induced significantigher levels of osteoclast differentiation
respect to supernatants not treated with anti-ORbadies. When anti-OPG neutralizing
antibodies were added in conjunction with supemtatérom B. abortus-infected osteocytes
in the presence of DHEA, this treatment had noisagmt effect on osteoclast differentiation.
The neutralizing antibodies anti-OPG were able ddiglly reverse the inhibitory effect on
osteoclastogenesis induced bysupernatants fBmabortus-infected osteocytes in the
presence of both cortisol and DHEA. Isotype conamtibodies had no effect on any of the
described phenomena (Fig. 3A). Taken together thesdts indicate that cortisol inhibits
osteoclastogenesis induced By abortus-infected osteocytes at least in part through the

increase of OPG expression.
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3.6. Cortisol inhibitstheinduction of functional osteoclasts

Our hypothesis is thd. abortus infection creates a microenvironment that promotes
osteoclastogenesis, leading to bone loss. Thuspdsast precursors were treated with culture
supernatants fronB. abortus-infected osteocytes in the presence of M-CSF andhe
presence or not of cortisol, DHEA and both cortisotl DHEA. Our results indicated that
supernatants fronB. abortus-infected osteocytes induced functional osteocléstsiation
that were able to resorb dentine. Additionally, esmatants fromB. abortus-infected
osteocytes in the presence of cortisol were unabieduce dentine resorption; and this effect
was reversed by anti-OPG treatment (Fig. 3 B andl@jen together, these results indicate
that culture supernatants froB1 abortus-infected osteocytes promote functional osteoclast

formation, and this can be inhibited by the presearfacortisol.

3.7. B. abortusinfection inhibits GRa and GRp genetranscription

Cortisol exerts effects bybinding to GR, which igpeessed in different cell types
including osteocytes [15]. Thus, the cellular sewisy to cortisol is not only dependent on
serum concentration but also is dependent on tie lbatween different GR isoforms. It is
know that GR does not have the capacity to bind glucocortic@dd, in addition, it can
induce GRJVGRB heterodimers formation that inhibits Gfnhediated transcriptional
activation [30]. Then, experiments were conductedssess the effect Bf abortus infection
in the transcriptional levels of GRand GR. Our results indicated th& abortus infection
reduced the transcription of both @Rnd G genes, but increase the &R transcriptional
ratio (Fig. 4 A, B and C). These results suggest Bh abortus infection could favor cortisol

action on osteocytes through the increase in/Ranscriptional ratio.
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3.8. Transcription of 11p-HSD1 and 11B-HSD2 genes in osteocytes is modulated by

B. abortus infection

GR expression is important in the recognition oftisol by cells. However, cell
response to cortisol is also dependent on itsdatiaar presence and bioavailability [16].
Intracellular levels of cortisol are dependent dre taction of the isoenzymes fit1
hydroxysteroid- dehydrogenase type 1pHSD1) and type 2 (BEHSD2) which convert
cortisone to cortisol and vice versa, respectivdlgen, experiments were performed to
determine if 13-HSD1/2 mRNA levels could be modulated By abortus infection. 1B-
HSD1 transcription was increased Byabortus infection (Fig. 4D). By contrasB. abortus
infection inhibits 1B-HSD2 transcription (Fig. 4E). In concordance, whenanalyzed 1
HSD1/2 ratio, our results indicated thRAt abortus infection induces an increase infil
HSD1/2 ratio (Fig. 4F). Taken together, these tesslggest thaB. abortus infection

increase intracellular bioavailability of cortistthought an increase of theftHSD1/2 ratio.

3.9. Cortisone mimicsthe effect of cortisol on B. abortus-infected osteocytes

Experiments were then conducted to determine tleearce of the increase of {1
HSD1/2 ratio induced byB. abortus infection. To this end, we evaluated the abiliy o
cortisone to mimic the effect of cortisol to stiratd B. abortus intracellular replication in
osteocytes and to modulate TNF-IL-6 and RANKL secretion; Cx43 and MMP-2
expression. Our results indicated that when ostescyere infected witlB. abortus in the
presence of cortisone, the levels of intracellblacteria were similar to that of cells infected
in the presence of cortisol (Fig. 5 A). In additi@ abortus-infected cells in the presence of
cortisone secreted significantly lower quantitiéshe cytokines TNF, IL-6, RANKL and
MMP-2 and express lower quantities of Cx43 tharraated infected-cells. The levels of

cytokines, MMP-2 and Cx43 iB. abortus-infected osteocytes in the presence of cortisone
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were similar to the ones produced by osteocytesciatl withB. abortus in the presence of
cortisol (Fig. 5 B, C, D, E and F). These resutidi¢ate that both cortisol and cortisone are
able to reduce proinflammatory microenvironmentuicetl by B. abortus infection on

osteocytes.

4. Discussion

In brucellosis, we and others have demonstratedctivéisol/ DHEA ratio is higher in
infected patients with acute manifestations of dgease than in healthy controls and in
patients with disease remission [19, 20]. Thisease could modulate bone responses and
affect the control of the disease during osteaadiclocalization ofBrucella infection. In
particular, adrenal steroids could modulate ostepogsponses durinB. abortus infection.
The importance of osteocytes is because they arentist abundant bone cells and they are
involved in bone homeostasis. We have previousigatestrated thaB. abortus invades and
replicates in osteocytes and this infection affestteocyte function through the induction of
proinflammatory cytokines, MMP-2 and RANKL with aormcomitant induction of
osteoclastogenesis. In addition, the most abundaptjunction in osteocytes that facility
intercellular communication to maintain osteocyteability, Cx43, was inhibited byB.
abortus infection. It has been previously demonstrated tilacocorticoids have adverse
effects on osteocytes, and these effects includedécrease in Cx43 protein expression [14].
In contrast, DHEA was reported to have beneficiedats in osteoporosis by increasing bone
mineral density [17, 18]. However, besides the beia effects of DHEA in bone, its role in
modulating osteocytes function has not been stugiédOur results indicate that DHEA has
beneficial effect orB. abortus-infected osteocytes. DHEA treatment was able tensa/the

inhibitory effect ofB. abortus infection on Cx43 expression. Moreover, DHEA reeg the
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effect of B. abortus infection on Cx43 expression when infection expernits were performed
in the presence of cortisol.

Adrenal steroids could not only modulate cell res@s duringB. abortus infection,
but also could modulate bacterial intracellularlicgtion. Our results indicated that cortisol
treatment significantly increas& abortus intracellular proliferation in osteocytes and this
phenomenon was reversed when both cortisol and DinE#e administrated in conjunction.
This increase in intracellular replication due tacgcorticoids treatment has been described
by us and others in macrophages infected VBthabortus, Salmonella typhimurium and
Mycobacterium tuberculosis and inB. abortus-infected osteoblast [19, 25-27]. The reversion
of the effect of cortisol mediated by DHEA dh abortus intracellular replication added
support to the beneficial effect of DHEA as it wasviously demonstrated in non-infectious
bone disease [28].

The effect of cortisol, is dependent on its avaligh on the ratio between GRand
GRp isoforms [30] and on its intracellular presenceatelent on 13-HSD1 and 1g-HSD2
expression [16]. In osteocyte, abortus increased G/ and 1B-HSD1/2 ratio suggesting
an increase in intracellular concentration of cwiti The increase observed in @R and
118-HSD1/2 ratio was not exclusive of osteocytes itddanith B. abortus, since it was also
observed in mononuclear cells from patients wMh tuberculosis infection and also in
osteoblast infected witB. abortus [25, 31]. Our results demonstrated the importarfcthe
increase of 13-HSD1/2 ratio induced byB. abortus infection in osteocytes, since in
experiments performed with cortisone instead ofisol;, we demonstrated that cortisone
could mimic the effect of cortisol on osteocytesing B. abortus infection.

This study constitutes the first analysis on theead steroids modulation of
osteocytes response in a context of a bacterietiioin. Although our previous studies reveals

the importance of DHEA in reducing the damage irdubyB. abortus infection [19, 25],
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DHEA was not able to modulate most of the respomsigced byB. abortus in osteocytes.In
addition, DHEA was also unable to reverse mosthef ¢ffect of cortisol orB. abortus-
infected osteocytes. However, the reversion initigbition of Cx43 expression durin.
abortus infection still when infection experiments werafpemed in the presence of cortisol,
added an important role of DHEA. In this contexsupplementation with DHEA could be
considered to reduce the bone damage induced.bgbortus-infected osteocytes. Then
considering the effect of DHEA on the modulationmmune response . abortus-infected
monocytes [19], cells that infiltrated the ostemaitar localization and the benefic effect of
DHEA on osteoblast [25] and the effect of DHEA istencytes during osteoarticular
brucellosis; antibiotic therapy with the additiohRHEA or its derivatives could be consider
as a new possible treatment for brucellosis withahm to reduce bone lesion and sequelae.

The results of this study were summarized in Fig. 6
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FIGURE LEGENDS

Figure 1. Effects of cortisol and DHEA on B. abortus replication and induction of
proinflammatory mediators and connexin 43 (Cx43).0Osteocytes were infected at MOI 100
and 1,000 in the presence or not of cortisol (DX M), DHEA (1 x 10® M), or cortisol plus
DHEA (1 x 10° M and 1 x 16 M, respectively). (A) Intracellular replication wassessed by
determining colony forming units (CFUs) after 2,64,24, and 48 hof osteocytes infected at
MOI 100. ELISA determination of the IL-6 (B) and RIKL (C), TNF-a (D); and MMP-2
production by zymography in culture supernatant2/bh (E). Representative digital images
of Cx43 expression revealed by immunofluoresceriee Quantification of % of Cx43
positive cells (G).Data are given as the means M SHom at least 3 individual
experimentsP< 0.1, *P< 0.01, and **P< 0.001 cortisol versus untreated<#0.1, DHEA-

cortisol versus cortisol.

Figure 2: Cortisol inhibits osteoclastogenesis induced by supernatants from B. abortus-
infected osteocytes. Bone marrow-derived monocytes (BMM) cells were @ithot treated
(unstimulated) or stimulated with culture supernttafrom osteocytes infected witB.
abortus (B.a. infected-Sn MLO-Y4)or with culture supernatantsnfraininfected osteocytes
(Uninfected-Sn MLO-Y4) in the presence or not oftisol (1 x 10° M), DHEA (1 x 10° M),

or cortisol plus DHEA (1 x 1®M and 1 x 1¢ M, respectively) added at 1:2 proportion in
conjunction with M-CSF. After 7 days, osteoclastoggs was determined by the generation
of multinucleated TRAP-positive cells. Representatdigital images were taken by light
microscopy (A), and multinucleated TRAP-positivdlsavere identified and counted (B).
BMM cells were either not treated (unstimulated)stimulated with culture supernatants

from B. abortus-infected osteocytedB(a.infected-Sn MLO-Y4) or culture supernatants from
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unifected osteocytes (Uninfected-Sn MLO-Y4). Cudtuisupernatants were added at 1:2
proportion in conjunction or not with cortisol (10° M), DHEA (1 x 10® M), or cortisol
plus DHEA (1 x 16 M and 1 x 1 M, respectively) in the presence of M-CSF. RANKL i
used as a positive control. After 7 days, ostetmipsnesis was determined by the generation
of multinucleated TRAP-positive cells. Representatdigital images were taken by light
microscopy (C), and multinucleated TRAP-positivélscavere identified and counted (D).
Data are given as the means = SEM from at leasti8idual experiments**P< 0.001 versus

untreated.

Figure 3: Cortisol inhibits osteoclast differentiation through OPG increase. BMM cells
were either not treated (unstimulated) or stimalatéh culture supernatants from osteocytes
infected withB. abortus (B.a. infected-Sn MLO-Y4) in the presence or not of wti(1 x 10

® M), DHEA (1 x 10° M), or cortisol plus DHEA (1 x I8M and 1 x 1¢ M, respectively) or
with culture supernatants from osteocytes pre-iated with anti-OPG (a-OPG)-neutralizing
antibody or its isotype control. Supernatants walded at 1:2 proportions in conjunction
with M-CSF. After 7 days, osteoclastogenesis waserdened by the generation of
multinucleated TRAP-positive cells (A) and the @pito resorb dentin (B and C). RANKL
was used as a positive control. Data are givehasneans + SEM from at least 3 individual

experiments P< 0.1, and **P < 0.01versus cortisol.

Figure 4. B. abortus infection modulates glucocorticoid receptor (GR) and isoenzymes
11B-hydroxysteroid dehydrogenase (HSD). GRa, GRB, 113-HSD1, and 1p-HSD2
expression were determined by RT-gPCR in osteocytdscted by B. abortus at
multiplicities of infection (MOI) 100 and 1,000 f@4 h. GR: (a), GR (B), GRuw/p ratio (c),

118-HSD1 (D), 1B-HSD2 (e) and 13-HSD1/2 ratio (F). N.l.: non-infected. Data are egiv
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as the means + SEM from at least 3 individual expents < 0.1, **P< 0.01, and **P<

0.001 versus untreated.

Figure 5: Cortisone mimics the effects of cortisol on osteocytes infected with B. abortus.
Osteocytes were infected at MOI 1000 in the presesrcnot of cortisol (1 x I® M) or
cortisone (1 x 18 M) (A) Intracellular replication was assessed dBtermining colony
forming units (CFUs) after 2, 4, 6, 24, and 48 IsolELISA determination of IL-6 (B),
RANKL (C) and TNFe (D); and MMP-2 production by zymography in culte@pernatants
of 24 hour infected osteocytes (E). Representaligital images of Cx43 expression revealed
by immunofluorescence (F). Data are given as thensi\&EM of duplicates. Data are given
as the means + SEM from at least 3 individual expents < 0.1, **P< 0.01, and **P<

0.001 versus untreated.

Figure 6: Proposed model for the mechanisms involved in the modulation of osteocytes

by adrenal steroids during B. abortus infection.1. Infection withB. abortus induces the
secretion of RANKL, TNFe, IL-6 and MMP-2, inhibits the expression of Cx48duces
osteoclastogenesis and increasesaf3Rand 1B-HSD1/2 ratio with the consequent
conversion of cortisone in its active form cortisdl When cortisone or cortisol are present,
the intracellular CFU is increased respect to aé@ cells, the secretion of RANKL, TNE-
IL-6 and MMP-2 is inhibited. 3. DHEA reverses theiease of CFU counts induced by
cortisol. Cortisone and cortisol have no effect ©r43 expression. 4. Cortisol inhibits
osteoclastogenesis in a mechanism that involve CRP@HEA reverses the effect &.
abortus infection via the induction of Cx43 expression¢lusive also in the presence of

cortisol.
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Supernatants from osteocytes infected with B. abortus in the presence or not of adrenal steroids were added to osteoclast precursors.
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