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ABSTRACT

Considering that interdeukin 10 (1L, transforming growth
factor betal (TGFE1), and interferon gamma (IFNGH are
involved in the ssceptibility of BeWo trophoblast celk o
Tumoplasma gondis infection, the aim of the present study was o
in the control of T gondi in BeWo celk. For this purpose,
indected/uninke cied BeWo cells were treated with IL10, TGFE1
{50 ng/mill, and IFNG (20 or 100 ng/ml) in order to verify the
phosphorydation of signal transducers and activators of tran-
scription 1 GTAT1), STAT3, and Smad2, parsite intracelular
proliferation, & well & the Th1/ThZ L1 7A cvtokine producti on
The ireatment of BeWo cells with IL10 and TGFE1 favored T
gondi prolieraion, and these findings were asodated with
STATY and Smad? plosphorylaBion, nspectively (P = 005,
Alsy, thess cytokine treatments were able to down-modulae
THF alpha (TMFA} and 1L prodwction F = 0.05). Low
concentration of IFNG was unable to contral T_ gomdi infec tion
bt was able 1o trigger STAT1 phosphoryation and up-regulae
ILG and IL17A producion; whersas a high concentration of
IFMNG was wmabde to acthivate STATT but down-modulated 106
and THFA andl incressed T gondi proliferation (P = 0.05). IL10,
T'EFELarli IFNG regulate a differential T gondi proliferation
in BeWo cells because they distinctly trigeer intraceluar
sigmaling pathways and -n"h.rlune pﬂ.ﬂ‘ll.u:‘l:um, especially IL6 and
THFA. Our data open new windows o understand the
mechanisms  triggered by IL10, TGFE1, and IFNG at the
mabermal-fetal imedace in the presence of [gnmﬂ. b bty
1o recognizing the importance of these effecior mechaniam
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imvohved in the verical transmision of this parsite.
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INTRODUCT RN

Toxsplagna gondil & an ntrace Dular protocoan parasite that
infects a wide range of warm-blooded venebrates, including
humans [1, 3. During congenita]l infection in humans, seven
manifestaiomn can be olwerved, such & retnochomddits and
micarmage [3, 4], characterizing an imporant public health
problem in many countries, including Brazd [5, 6.

A Thi-type immune response agaimt T. gondii i observed
during infection, with e paticipation of inerferon gamma
{TFNG) and other proinflammatory cytoldnes [7-10. On the
other hand, a3 normal pregnancy & characterdzed by a
preferential Th2-type immune response and T regulatory cell
mesponses [11), with the production of anti-inflammaiory
cyiokines such & nterlenkin 10 (IL10) and transforming
growth factor betal (TGFB1) by both matemal and fetal cell,
including trophoblast cells [12, 13). The mle of trophoblast
cells in e mmonology of pregnancy, espectally in the
presence of inracelllsr pathogens swch a5 T, gondd and
Neogpora caniniom, has been studied by our group using well-
edahlished cell Ines, such 3 BeWo cells [ 14-19). These cells
wene lsolied from a human choriocarcinoma [20] and
preserved their wophoblastic charscteristics, such a8 homonz
production and cyiokine relesse under in vitro stimuolation [21,
22). Even though BeWo celk ame derived from a chorocar-
cinoma, they are becoming an excellent in vitro model o
investigate T. gondil infection in trophoblast cells In fact, our
group has investigated several apecis of the immunology of
pregmancy udng these celk as a mophoblast model, including
their cross-talk with monocytes [18] and the mle of cyinkines
and drgs during T. gondii nfecton [14, 15, 17, 19).

Our previows study verified that BeWo celk are highly
ausoeptible o T. gondil infection when stimulsted with IL10
amd TGFE1 [15]). Inenestingly, we verfied that TFNG was
unable o control T. gendii infection in BeWo celk [14] or
significantly ncressed the infectivity in these cells [15],
althmgh this cyiokine & the major molecule imvolved in the



immune response agaimet this parasie [§, 10). Thes, i is
possible to asume hat Be'Wo trophoblast cell ae resitant to
the prodnfllammainny effects of IPNG, probably in order o
maintain the development of the ambrye in vive and o avodd
repction during pregnancy, which could faver T. gendd
infection n the placental tisues [14, 15).

L1, TGFBL, ad ITPNG trgger different mirace lulas
sigmaling pathways [23), ILI0 and TFNG bind o specific
receplors in the plsma membrane, trdgeering the coplaamic
Janus kinases { JAK) that ane coupled 1o these rece plors, which,
in tum, late signal transducers and e activation of
transedption 3 (STAT3I) of STATI, promoting an anti-
inflammatory o prodnflammaiory response, espactively [24—
28). 10 and TFNG me lave boen found in human
irophoblasst [2) and BeWo celk [30), altough reduced
S5TATI lation has been observed in lmman
blasi celk [31). On te other hand, TGFE1 hnds o is
receplons in the plama membrane and rgees Sma- and WMad-
reluied {Smad) proteins (Smad? and Smadd) that egulaie anii-
inflammatory proteins [32-35). TGFB has been deiecied in
human term placenta [36), and BeWo cellk ane able i sec e
ithis eyinkine [15, 16).

Given that IL10, TGFB1, and IPNG are involved in the
increaied msceptibility of BeWo trophoblast cells io T, gondi
infection [15]), the aim of the present sudy was o investigate
the effecir mechanims trggened by these cyiokines, includ-
ing ntracelular signaling pathways upon relege, which could
act in the T. goedii proliferation proosss in a homsan
model, Smdies in human trophoblast cells have demonsiraied
the intracellular mechanisms poentially interfering in the
combml of T. pomdli mfection. However, funler data are
necessary Lo undestand the role of critical cytokines in host-
parasite interac ions, panicularly & the maernl-feal inberface,
in order & contribute to the development of new effective
dmigs to prevent congenital toxoplamosis

MATERIALS AND METHODS

Ethics Statement, Cell Culture, and Pamages
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Western Blot Analys's for Phosphorylated Proteins
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RESLLTS

Treatment of BeWo Cells wath 1110 and TGHAST Up-
Regulakes T. gﬁndii Infection in a 5TAT 3 and Smad2-

Dependent Manner, Respectively

The intracellular denaling pathways activaed by TL10 and
TGFEB] in BeWo cells infected by T. gowdii, which could be
involed in the control of parasite proliferation, were
investigated (Fig. 1A-F). Higher levek of STATI plosphor-
ylation weme olserved in BeWo cells atimulated with sTL10
afier 1, 3, and & h, regardless of T. goendil mfection, when
companed o unirested cells (P << 005: Fig. 1, A and B). In
addition, after 1 h of restment with rL10, BeWo czlls infected
by T. gondd dhvowed higher STAT3 phoasphorylation than
ireaied, but uninfected, calls (P < @05; Fg. 1, A and B)L
Funhemone, no STATI phosphorylation was observed in
BeWao cells treated with fTL10in tee presence or absence of T.
gerddl for 24 hoor inuntrested and infected cells in all the tme
points analyzed (Fig. 1, & and B

Significant Smad? phosphorylation was detected in unin-
focted celk wested with rTGFBL for 3, 6, and 24 h when
companed 1o onfeated cells (P <2 005 Fig. 1, D and E).
Funthemmome, the Smad? phosphorylation in these oxlk was
time-de pendent, with higher phosphorylation afier 24 h (P <
0.0% Fig. 1, D and E). When BeWo cells wene infacted by T.
el and reated with fTGFR1, Smad? phosphorylation was
higher in the first hours of treatment {1 and 3 h) in comparson

to untrested cellk or o e respective controls in the absence of
infection (P < 005; Fig 1, D and E). Futhemore, no Smad2

ylation wai observed in ontreated Be'Wao cells
infected by T. gondd (Fig. 1, D and E).

In order to confirm these findings, iments wen
performed using the inhibvioss of tese intracelluler pathways.,
First, the concentration of inhibilors that did not alier the cell
viahility was deeminad. The MTT analyses: demonatrated no
change in cell viahiliiy when BeWo celk were trested with
STATI (WP1086) of Smad? (SBA31541 inld s, exoept fof
10 pM WPIGE (dats ned shown) The, concentrations
ranging from 01 o 05 pM for WPL066 and 2.5 to 10 pM
for SB431542 were seleced in forther experiments,

Be'Wo cells trested with fIL10 of s TGFB1 dhowed incheased
T, gosadii prol iferation n comparison with untneated cellk (F <
05 Fg. 1, C and F) However, e parasite proliferation
decresed significandy when BeWo cells were meated with
WP1066 or SBA31542 nhibitors in the presence oF alsence of
AL o7 fTGFB1 when compared with unireated o ¢ yiokine-
treaied celks (P < (U05; Fig. 1, C and Fu

Alsence of STATI Phasphoryaton k Associated with
increased T. gondii intraceliular Prolifmation in felWo Cells

Our previous siudies demonsiraied that TFNG was unable o
cantrol T. gomdi infection [ 14] or significantly ncressed the
infectivity in BeWo cells [15]. To furter undestand s
phenomenon, experdiments were carmed ol o edablish the
cmcentatons of [FMG that cause tese effects in nfected
BeWao cells, The trestmen of BeW o cells with 20 ngiml fIFNG
did not control the paradie proliferation when companed o
uniresied celk (Fig. 24) Moreover, incremed T. pomdi
proliferation was detected n BeWo cellk treated with fIFNG
(50200 ngfml) in comparon & unireated cells (P < 005,
Fig. 2A). Thus, the concentrations of 20 and 1060 ngfml wene
chogen to verify the STAT1 phosphorylation,

STATI phosphorylation was detected n uninfeced BeWo
cells afier trestment with 20 ngfml [AIFNG for 1, &, and 24 h,
althaugh this lation was significant only after & h of
treatment {F < 005 Fig. 2 B and O Under T. gondi
infection, however, STAT1 phosphoryation incressed afier
fIFNG weament when compared o untreated cells of
regpeciive control in the absence of infecton (P = (U05;
Fig. 2, B and C) at all of the tme point amlyzed Forthemone,
STATI phosphorylation was not observed in untrested and
infected cells (Fig. 2, B and C). On the other hand, no STAT1
phosphorylation was deeced in minfected o infected Be Wo
cells after meament with 100 ngfiml IFNG &t any tme (Fig,
2T

In ornder o confinm the effect of STAT1 in the control of
parasite proliferation, we performed experiments using the
STAT! inhibitor {Fludarsbine) in ihe presence or absenoe of 20
ngfml fIFNG bacause only this concentration was able o
trigoer STAT1 phosphorylation n BeWo ozlls We fisi
detemmined the concentration of the inhibitos that did not aler
cell viability, The MTT analyses demonsirated decreased ozl
viability after the reatment of BeWo celk with 5 and 10 pM
Fludarabine when oompared o miresed cells (dat not
shown), Fludarabine conceniralion ranging from 0L1 1o 05
pM wene selected for use in funther experiments. As previously
observed, BeWo cellk reated with 200 ng/ml fTFNG were not
able to control T, gendil proliferation in relation i untre aed
cells {Fig. 2E), bui when resed with 0.1-0.5 pM Fludarabine
in the absence of presence of FNG (20 ng'ml), the parasie
proliferation increased n iaon with unirested or only
fIFNG-ireaied cells, respectively (P <2 (L0S; Fig. 2E)L
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Detection af STATE or Smad? phoesphorg ation and T. gonddpm ifemtion in BeWa ol (A-FL Untreated imed ium) or cyfokine-treaied ol swere

submiSed fo Westem biot a.'u.h.-st: i defiect STATE or Smad? phogphosylation (phosphotTATE or phospho®mad 2), fotal poteins, and ha-actin.

Representaties: Westem biloss for phosphoS TAT 2 (A ) and phospho

Lrmad? (¥ and densiometnc anakyses (B, E) of the

: pmAeins caboul ased fram

the mtio hefwesn the phosphop mieins and beta-actin hands. in paraliel, Be\Wio cells were pretneated or nof (med ium ) weh WHI:Ihh D) oo SHLT 522 0F) in
'.i'u':pfmrr-nntrakmﬂr-nnﬂ' AL 10 or rTGRE (hoth SO0 ng'mil, and the number of tadyrol tes was desermined wa a calommetne microtfer sy, The data
weere expressed as the mean = SEM of theee indepen dent experimen s performed in tiplicate. All the data wes: analyred by onesway ANOVA with the

Bucan fescan | el ple: m'rp:ﬁm pioet boc et Significant difierences in comparion wish medium (P <0 (L05), befasen She diffessnt Smes of fTGRR

gt an e L ] |"lr~.d.—_|m-i.l?"-= (Ll5], wEn e

+ CRCRCIN  Eneal s in 8 waj‘nt*-mm infiection (TP <0 (U05), or with the reqectiee

Cyiokcine: ineasmen s in the abmenoe of the inhibiors WWF1004 or SB831542) P LS

Treatment of Belo Cells with TORBT and 1010 Down-
Maodwiates (L6 and TWNFEA Production in a Smad2- and
STAT3-Dependent Manner, Respectively

T verify the effect of IL10 and TGFB 1 on the prodoct on
of Thl/ThTL1TA eyinkines in Be'Wo celk infected or no by
T. pondii, the levels of cytoldnes in cell-free supematants were
megauied wing the CHA asay (Fig 3A-D). When BeWo cells
wede mfeced by T. gondd bot not treated with (TR o
fTGFRI, asignificant production of TL6(Fe 3A) and IL1TA
(Fig. 3C) (P = 0L.05) was verified, while no change in TNFA
(Fig. 3B) or IL10 (Fig 300 melese was detected in the
supematant in comparison with untrested and uninfected cells
{ madinm).

Treament with fL10 in uninfeced celk redoced due levels
of TL& in relaton o wiirealed and unnfecied celk (mediam) (™
< (.05 Fig. 3A) In the presence of infection, fIL1{-resed
cell dvowed higher TLG secretion when oompansd & wotrested
and uninfocted cells (medinm) {2 < 0L05), bt dve TLE e lease
decrested in comparion o uniresied and infected cells (P <
005 Fig. 3A) When te STATI nhibdior (WP166) was
added in the presence of fIL10, IL& kevek weme reduced in
infiecied BeWo oalls in oodmar Soa 10 witnesbed and wninfected
cells {medium) or 1o the espective controls in e sbsence of
ithe inhibdior (F < @05; Fig. 3A). Lilewie, IL10-reated and
infecied cells demonstrated feduced THNFA production in

compariaon b miresled and wndifected cells (medium) oF
only infeced cells (P =< 005 Fg. 3B), and the WP1066
treatment promoed an op-regulation of THNFA melese when
companed o unimesiad and uninfecied cell (mediom) of & ithe
meapective controls in the absence of the inhibiios, negandless of
infection {F < (L06; Fig. 3B). Incressed TL17TA production in
BeWo cells was deecied in the presence of fIL1T0 and T, gouwndi
when compared 1o untrested and wninfecied cells (medinm) (&
= 005 Fg. 301 Modeover, IL1TA levels were meduced in
infected BeWo cells weated with WP1066 when comparad 1o
uniresied and wninfected cells {medium) or Lo the nespective
cantrol in the absence of the inhiltos (P < 005; Fig 3CL
IL10 was not determined in the supematant of Be'Wo cells
treaed with fIL10 (Fig. 30).

Al e same dme, when BeWo celk wene trested with
fTGFEL, meduced levels of TL& wene observed regandless of
infection in comparizon o uiresed and wninfeded cells
(medimm ) of only infected cells (F < 0L0G: Fig. 34, while
increased [L1TA scntion was deeced in infected cells in
relation o uniresied cells and uninfected cells (medinm) (P <
0.08; Fg. 3C) In te presence of fTGFB1 and is Smad2
inhibdior (SB431542), up-regulation of L& was verified when
companed o unifesiad and uninfecied cells (mediom) of o the
mespective controls in the absence of the inhibiior, regarndless of
infection (P < 0L0% Fig. 34), ba TGFEL plus SB431542 did
il alter e TLI7 felease in melation (o any expedmental
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FiG. 2.

Detartian of STAT1 phaspharylation and T. gondd prolfieration in BeWo celk (A-EL Celk ware exposed io T gondV, tremted or not (medium)

with d F8GA-200 ngfm), and Shenumbear of taciyzaies (A was determined wa a oolonmetn o miom e ascay. Med, BeWo oelk were incubated or nat
(mmedium] weish ARG (0 or 100 ngéml] for seeeral times in $he prmenoe or absence of T gonad indection . All he oells sere submitted fo Westem blot
analyss to desect STATT phaspharylasion (phoephoSTATT, ol protedn, and beta-actin, Represertative Wistarn bloss for phaspha STATI (B, 100 and
densiometn c analyses (0] of e mspective pmitein calou lted from the mtio bawemn the phosphopmitein and befa-actin hands. Ala, BeWn cells were
petreated or not (medium) wish Fludambine in the pesence o abeence of ARG 20 ngml), and the number of tachymn fes (B was defermined via a
onlorimetric micmtter ascay. The data ser evpaesond < the mean = SEM of Sinee in dependent evpeniment s perionmed in triplicate. All fhe data sere
analyzed by one-way ANCWVA with the Bondesoni mubiphe comparieon post oo tes. Significant difiesnces in compasson with medium (F < 005,
with the mspect e Cytaldne treatments in the abeence of indectian (" P <0 (L05), arwith the mspecive giokine trements in the absence of She infhih for

{Audaradhine) (%P < (L5

comditon (Fig. 3C). Mo change in TNFA (Fig. 3B) or TL10
{Fig. 3D production was observed in uninfected or infected
BeWo cells wested with ¢TGFBI amdior Smad? inbdlxitor
(SB431542) in relation o wieaed sd onidfected cells
{medinm) or to te respective contiols in e absence of the
inhilsitor. L2, TPNG, and T4 prodioe tion were mot olserved in
BeWo cells under amy expermental conditions.

The il6 and TNEA Production in BeWo Calls fs Dose-
Dependent an IFNG and, Consequently, an 5TAT]
Phosphorylation

To verfy the effect of different concentrations of TFNG on
the production of Thl/TRYTLITA cyokines in BeWo cells
infecied or not by T gondld, the levels of cytokines in cell-free
supematants wene mezsumed using te CBA asay (Fig. 44-T).
As described gbove, only significant levels of TL& {Fig 44)
and [LITA (Fig. 4C) (F =< 005) wee deeced in the
supematant from untiested and nfeced cells in comparion
with uniresied and minfeced celk (medum) Liewie,
widnfected or mfected BeWo cells meated with 20 ngfiml
fIFNG increased the levels of IL& (Fig. 44) and TL17TA {Fig

AC) in compansm 1o unirested and minfected cells {(medium)
{F = (006 Mo dgnificant change in TNFA (Fig. 48 ) and TL10
{Fig. 4D) release was observed in BeWo celk treaed with 20
ngfml FIFNG when compared to miteaied and wninfecied cells
(madivm ). In the presence of STAT1 inhibiios (Fludarsbine),
baoth infected and uninfected BeWo cells inested with 20 ngfml
A FMG showed downemodulation of TLG (Fig. 44) and TL17TA
{Fig. 4C) and wp-regulation of TLI0 (Fig. 4D) melease in
febation iy e nespective contiok in the alsence of the nhdbitos
(P = 050 Also, tresbment with FIFNG and Fludarabine only
triggened the up-regulation of THEA in uninfecied cells when
compeared 1o umirsated and uninfecied cellk (medium) o o the
megpective contmol in e shsence of the inhibios (P < 005;
Fig. 4B}

However, the trestment of Be'Wo oells with 100 ngfml
I FNG reduoced the levels of IR (Fig. 4A) and THFA (Fig. 4B)
in the supermans, regadies of infecton, when compansd 1o
uniresied and uwninfected cells {medium) or i the cells meated
with A mefml AFNG (P < 00051 Mo significant change in
IL17A {Fig. 4C) and L1 {Fig D) melease was olserved in
BeWo cells trested with 100 ngml NG when companed o
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PG L ﬁi:i.nﬁ_pn:lm by umnindected ar I, - infescied He'Wo ool ks under the efiect of IL10, TORE, o WP 1064 and S84.215 42 inh o (400,
Leswels of 104 (A0 THFA 0B, 171 74 0L, and 1010 werne dedermined in unineated and unindecied cells imedium), infeded oellk only, 401 (dmeated oells,
TR -trmted celks, WPT0GS-Smated cells, and SHL31 542 tvmied cells, in Shie presence or dhsence of infection. Data wee sapesssed as e mmn =
SEM of flunmsoenos intensiy (WMFD of Sree indepandent experiments periormed in friplicase. All data were analyzed by one-way ANCWVA with the
Bon fesrani mukiple compariuon post hoo e E-lﬂﬁ:aﬂ differences in comparnisan with mediom (*F < (005, with untrased and infesed cells (°F <
01.1005), and with resp et e & admends in Mdl‘tlthznl;'ﬂ?uﬂ:hxdiﬂ-lﬂ.ﬁmﬂPciU.U.'?,Lhﬂ;rﬂdtklnltd.Tmrﬂxlglﬁ
shiow the significant efiects of IL10 and TGRBT in she Lband TNEA production.
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Lewels of 10L& (A, TSEA B, 111 7A 000, and 1010000 wem determined in untreated and unindecad cells imeadium), infectad cells an by, rifNG-teated oells,
and Fludambinedmated cdls in $he presence o abeenor of infection. Data were expressed as the mean = 5B of fluonesence inen sity (WA of shres
independ ent experiments pedoemed in taplicate. All She data wene analyzed by onesay ANCWA with the Bondermni mukipbe oompassaon post hoc test.
Camparions and significant difemnoes of the fallow ing oond Bons wee: detesmined: with medium (*F < 0.05), with untmated and infeded cells P
0.5, and wish nesped e freadmends in fhe absonoe of the inhbior (Fludarakine) I.J'.F' < (051 Tan recangles show the significant effects of
difierent mnoentrations of IR0 in she ILG, TREA, and 111 7A production.
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Levels of 106 (A1, TRFA 0B, 11 7A 0C), and 1110000 e dedenmined in untreated and uninfedod oells (medium), infeded oells anly, riFNCG-teated oells,
and Fludamhi ne-teated ol in the presence or absenoe of indection. Data were expressed as the mean = SEM of fluoresoence intensity (WMD) of shree
imdependent expernment s pesiommed in foplicase. All $he data were analyzed by onessay ANCWA, with the Boniennni mulp e companeon post hoc fest.
Comparisarns and significant diff esencess of she follow ing cond fions e detemmined: with mediom (*F < 005, with unteased and infeded cells (P <
0105, and wih resped e freatments in the ahsmos of the inhibior (Fludarabine) (P < 0051 Tn redanghs show the significant effacts of
difierent mncentrations of IFNG in the ILG, TNEFA and 101 7A production.
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Humber of tachyzoiles

medium
100 paiml
250 pgimL
500 pgiml

I ;:l:!n:i.- polieration in BeiWn oplls treated wish 106 (4] and TREA (B . Be\in celk wear faeated or nof (medium) sedsh dlb or cTHE Jl,,.:."u:l ]

number of Bohyzolles was determined via 2 colodmetnic micotfer ascy. Dot were expressed 35 the mean = SEM of the number of Gdyraites
caloulated fnm a mference cunse and ane representatios of Shres indepan dent experiment s pesommed in tripliate All the data were amalyred by oneway
ARNCA with $he Bondarnoni muBple oom pas son post hoc test. Significant d fenenoes in companan wish mediom (*F <) (L05)

unitneabed and wninfected cells {madiom ) of Lo ozl tresbed with
20 megfml fJIFMNG.

IL6 and TMFA Contral T. gondii Infection in BelWo Cells

In ot 1o confirm whether THNFA and L6 are involved in
the contmel of T. gondil growih in BeWo cells, cells were
infecied and treaed with these meomibvinant cyiokines. BeWo
celk treald with fTHNFA o L6, &t concentrations fangng
froam 100 to SO0 peml, showed significandy meduced parasite
sl iferation i oodvgan a0 Do witrested cells (P < 0005: Fig. 5,
A and B)

Propased Madel of the Intracellular Mechanisms Trigeened
by 810, TCFEY, and IFNG in BeWo Cells During T, gondii
Infection

Baed on our resulis, a proposed model of the ef fectorn
mechansns activaied by IL10, TGFB1, and IFNG in BeWao
celk infected by T. gondil & shown in Figue & When BeWo
cells ame trested with fIL10, STAT3I phosphorylation is
trigeered amnd promoes te down-modulation of TL& and
THFA and, consequendy, an increass n the number of T.
pondi wohyeoies (Fig 6A) In te presence of (TGFEL,
Smad? phosphorylation i3 trggened with the subsegquent
feducad TL6 production, and conseguently an menessed o b
af T. pondd tachyzoites (Fig. 68 ). Fially, when BeWo cells
ane teaked with 20 meiml TFNG (low concentration), STATI
phosphorylation and levels of TR6 and TL1TA ame wp-regulated
with no control of parasie proliferation (Fig, &C, lefi.
However, the treamment of BeWao celk with 100 ngfml TFMNG
{hgh concentration) does mod trigeer STATI phosphory | ation
with the subsequent meduction of 116 and TNEA melease,
favaring T gendd proliferation (Fig, &C, might).

DISCLISSHOM

In the present sody, we nvestigated the effecior mecha-
msms trgeered by IL10 TGFEL1, ad IFNG in BeWo

trophoblast celk that could explain te incressed T. gomdi
proliferation n these cells wider these cyioking ineaiments. Fod
this purpose, we investigated the ntracellular signaling
pathways and cyiokine production involed n T. gowmdi
ol iferation in this trophblast model.

O dats demonstrated early incheased STATI phosplaory-
lation in BeWao cells trested with fTL 10 regandless of T. gomdi
infection. In addition, we also vwerfed e highs parasie
prodiferation in BeWo cells weated with fIL10, in agreement
with our previous stwdy [15] When we investigated T, pomdi
prodiferation in TL10-trested cells in te pesence of STAT3I
inhibitor, it was reduced to levels smaller han umirested o
cells only treated with IL10 Tt was concluded that te higher T.
penadiy dnfectivity indwosd by TLID in BeWo cells was
dependent of STATI activaton, Tothe bea of our knowladge,
the pesent smdy for the fist time shows incresed T. gomd
infection in Be'Wo rophoblaa c2lls in a manner dependent on
STATI phosphorylation nduced by TL10. Recent smdies have
demondraied STATI phosphorylation trgeered by IL10 in
different experimental models in order i modubae the immuome
response favoring infection. STATI phosphorylation has been
shown i be esential for dee survival and proliferaton of
human trophoblast cells from JTBG-3 Ineage [42). It has been
shown thal sipermatants of Lecrofre fhey rhrmnegs culimes
induced STATI phosgphorylation and IL10 producton in
human rophoblst cells, contributing b the s s-
adon &t the materml-fetm] inerface [43) Mesnchymal dem
cells from fan bone mamow down-modolaed the manration of
mrmne dendritic cells when TR trggensd the JAK1/STATI
sigmaling pathway [44). Fumhermode, TLI10 and STATI ane
invalved i the noreased susceptibilitg o infections cansed by
Lethomanes amaeonensy, Le shmane donsvan, the Newcastle
disease virws, and Ligeria monocyiegenss [45-44). Acconding
i our preseni daia, TL10 also promoted higher infectivity
during T, gondil infection in murme dendritic cells [49], and
increased IR0 levels wene associated with the high suscepti-
b liny 1o meindection with di fenent recom binant T, gondii drains
in BALBE mice [50]. Ths, IL10and STATI are invalved in
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FIG. b Propresd mode] shiosdng he effacts of IL10, TGRAN, and IPNG in T, gandibindfected BeAWo cell. A) IL10Sneated cells demonstrating STAT2
phogphorgd ation (up-regulation), dosn-modulation of TWEA and IL6 elease, and an inoeased number of T gandd achyzoies. B) TGRE Sreased ks

showying Smad 2 pih cspharylation (up-regulation ), down-modu lation of ILG release, and a high er numiber of T.
concentmtinn] showin g STATT phosphonylation (up-negu lasion ], up-msgulasion of 16 and 1017 A selease, and, oon s uently, no oondm |

20 ngAm | IFNG |

pondi tachyzaites. ©) Left cells treated with

ofthe T gondd proliferation.. Bght: oells tneated sish 100 ngfml 18 G high ooncen tation) showding no STATT phasp horylasion | down-modulation), down-
madulation of ILh and TREA mlease, and, meequently, higher T. gonal prolifeasion. Upregulation: green upwasd asoa; down-modultion: rad

drasrmasard anma

the higher susceptibility o many types of nfecton, inclodng
T. pondd in te metemal-fetsl inefface, and our poesent
fdings are the first o show s type of effect in a homan
bl st el

Similarly vo de [L10 duta, & previous Qudy by our group
abo demonstrated that TGFB 1 up-regulated T. gomadis paolif-
eration in BeWo cells [15). Funhemmone, we observed Smad2
phosphorylation induced by TGFBL in BeWo cells, regardless
of T. gondil, The number of tachyzodies was significanty
reduwced when BeWo celk wene tresied with TGFE1 and
Smad? mhibitor, demonstrating that the higher infectivity by T.
genaddl in BeWo cells inothe presence of TGFB1 was dependent
on Smad? activaton, Thas, &t least in BeWo mophoblasg cells,
TGFB wiggers Smad?-dependent intracellubar patways and
is significantly associsted with increased parasie growt. In
agreement with our data, several smdies have dwwn Smad?
phosphorylation triggered by TGFE, bot this was during the
immnne mespomse in T cells [$51-53). The Smad? phosphorny-
lation induced by TGFE & essenial for Thi? cell generation
[51, 53). IPNG production by CDET T cells during acwie and

chiande felive immunodeficiency vims infection was dowin-
modilated by T regulairy cell, and iz mechansm of
suppresion wat assocised with Smad? phosploeylation
trggened by TGFE [52). Ako, it was previously shown that
TGFE signaling can also operste in Smad- ndepend ent
patways [54, 55), but foture stodies ane necessary Lo
investigate thee altemative pathways in BeWao cells

Next, we imedigaed the mle of e ILIMSTATI and
TGFE/Smad? patlways in cyiokine production. Down-modu-
lation of THFA and IL& levels was detecied in BeWo cells
treaied with TLI0. These findings were confimmed in the
presence of te STATI mhikdior (WP1066) where op-
megulation of THNFA was deecied in cells treaed with TL10
and WP1a6h, showing that the THNFA melease in BeWo
trophoblast cells is dependent on STATI down-modulation.
However, this up-regulatory ef fect was not ebserved for TLG in
BeWao cells treated with STATI inhibitor, probably becanse
this wanseriptional facior is also invaved in the induction of
L& production. Therefore, in our experimental maodel, the
increazed T. gondld infectim in BeWo celk wnder TL10



trestment was associaed with redoced levek of these
cyiokines, TL6 and TNFA, and this effect was dependent on
STATH phosphorylation. We als demonstraed that TGFE1
down-modulated 116 in BeWao cells and was dependent on
Smad? phosphorylation becanse up-regulation of L6 was
deecied in celk wested with TGFB1 and Smad? indlviior.
Sulsequently, we hypothedzed that the increased infectivity o
T. gordis undes TGFE 1 of TL10 treatme s was asaoc iated with
TL& or TNFA reduction. This hypathesis was arengihenad
Iecanse a decrease in the parasite proliferation in BeWo cells
treated with THFA and TL& recombinmant cyiokines was verified
in our expermental model Higher T, gondli proliferation in
BeWo wophoblast cells was observed during trestment with
TL10 oo TGFE1 becanse these cyiokines are able to down-
midulate L6 and THFA in a mamer that is dependent on
STATI and Smad? activation, crealing an environment of
cyiokine modubstion able o favor or benefit the parasite
giovwih, This siudy {5 the first to show i ina haman trophaobbast
el

O previous studies demonsinaied that Be'Wo celk prodace
TLi0 and TGFB1 naturally [15, 18], probably o avodd fetal
repction, which, at the same time, favors nfection by many
padiogens, suchas T, pondd [15). It & possible to hypothesize
ithat these cyiokines nelesed by rophoblaa cells (TL10 and
TGFE1) in de maemal-fetal inedface can indice some
neighboring cells, mch & monocytes, to change their cyinkine
prnfile and this proamoete a milien of medatons that favor the
infection. Thiz was found in a previous swdy that demonsirated
an impamed mmne againdg bacterial dimuli in
hwman monocyies (THP-1) culuned with trophollast siperm-
tant, especially reduced TL& levels, showing the ability of
trophoblast cellk b modulate e immune fesponse in cells
found in the matemal-fetal inerface [56]. Also, our previous
study dvowed that the supematsnt of BeWo cell indoced
incregsed TL10 and L& production in THP-1 celk [18]).
Therefone, although thophoeblast cells ane nal considened cells
with imate or adaplive immunity, they ane polentially able to
modulate fee @mmune ¢ in the matemal-fetal inierface.
In this conext, it & possible that IL10 and TGFB1 neleased by
trophoblast oalls thgeer STATI and Smad? in oter calls of the
imabemal-fetal interface, modulatng the cytokine profile and
favaring the edablshment of the infection However, theme are
atudies that demondrate immune actiaton of trophoblast
celk, including BeWao cells, as evidenced by the fact that many
ypees of Lol -like necepiods ane expressad and functional in these
celk [57]). In this context it & possible o assome that
trophoblast cells are able to modulate the cytokine profile and
influence the control of a T gomdii infection.

The mde of THNFA in the mmune respome against T, gondid
15 well known [58]). Increased kevek of THNFA were observed in
infecied women, and higher L1 production was found o
prevent an exacerbaied mmune esponse, showing the bk of
IR0 in down-modolating THNFA [59]. The relkae of TNFA
was meduced by endogenous TL10 in mice infeced by T.
pondll, demonstrating a peotective mechantm medisted by
TR0 thai prevenis a drong immunoptelegy [80]. The
bioksgical sctivities of TNFA ae medisted by two dif ferent
receptors, THFR1 and TNFR2, THNFR 1 seems o be the main
medisir of TNFA signaling, leading i proinflammatony
response [61], THNFRI sigmaling resalis in the actvation of TB
kinase (IKE) and, ¢ L the actvabion of mclear
kappa B (NFEB) factor in different physiological and
patokegical conditions, promoting the secretion of poodnf] am-
matery mediators [61, 63, In addition, THNFR 1 also mggers the
entraoelular signal-regnlated kinase (ERK), the c-June M-
termimal kinase (THE) and the p38 miogen-activaied profein

kinase {p3f MAPK) in response b TMFA [63). These
pathways can be activated in trophoblast celk became some
previous dudies demondrated expression of TNFA and s
meceplors (both TNFR1 and TNFRY) in homan trophoblast
ispkabed from placent [61) and also in BeWo cells [64]. Ths,
wihen BeWo cells wene tneated with rTNFA, we speculated ihat
this cytokine wegered NFEB or the MAFEs a8 described
above, promoting de prodos ton of prodnflammatory medatons
that ane able to control the parasite infection However, in the
presence of [L10, down-modulstion of TNFA was detected,
and it was nol possible to verify the paracrine activity of THNFA
and itk mediirs dordng the nfection, Previous studies
demondrated tat IL10 down-regulaed the activity of TNFA
by increming the releae of soluble THFR]D and THFR2,
meducing the surface expression of both recepiods [65]). Tt may
e that TL10 down-modulated THNFA activity in ouwr present
study by inducing increased melese of soluble THF necepios,
avodding the signaling of the cytoldne, Villous mophoblast and
BeWo cells are able to melease the soluble forme of these
meceplars in order o prodect against the cyintoxic effects of
THFEA [64]. Owverall, fomre ivedigalions ae necessary Lo
verify fese pathways and the production of peolnflamm atory
mediaiors in BeWeo cells dimulated with TNEA.

Like TNFA, several sdies have demonsirated the probec-
tive effect of IL6 against T. gondd infection [18, &6, &7],
althaough not in trophoblast cells, and o siody was e first o
show this effect in a hren it maedel. TL6 has
impodtant foles n e maernal-fetal inerface that ooald
explain its increased level in trophoblast cells [68-70]. Swdies
heave shown that TL6 panicipaes in the migration and invasdon
of trophoblsts nio the endometriom [71]. Other gudies have
demonarated high levek of production of L& by BeWo cells
and s involvement in the endocrine propeies of thes cells
[22, T2]. However, this cytoldne should be st adequae
cmcentrations & the matemal-fetal inerface because high
levels of TL& are sssociaiked with preeclampsia and inflammas-
tory processes in e amadon [73, T4). Thus, it & plasible that
TGFE and TR0 down-modulste 106 melesse in onder to
cantrnl the level of this cyiokine in Be Wo cells, which in wm,
promates the increased proliferation of T. geedis, allowing
dissemination of the nfection in our model. Modeover,
previous sidies have demonarated that [L6 trgeers inracel-
lular signaling pathways in a manner dependent on STAT1 and
STAT3 [75] o ERELZ [%). In ow present study, the
pathways trgpenad by 116 n BeWao cells wene not verified, bt
we detected meduced T, pondd proliferation in cells aimolaed
with 11L&, Themefone, it is possble ko hypotesize that TLG can
activaie STAT1 or ERE /2 and promode e parasie contmol in
BeWo trophoblast cells, while this sination becomes damp-
ened when BeWo cells ane stimulsted with IL10 o TGFBI1.
Fumre sgudies are necessary W verfy e signaling pathway
triggened by TL& in Be'Wo cella

When we imwestigaied the bk of IFNG in te T. gondi
proliferation, we observed that concentrations lower than 50
ngfiml wene unable to control de mmber of tachyaodies,
Interestingly, concentrations highes than 50 ng'ml promoted
increased infectivity in BeWo cella Our previous sudies have
alesady shown that IPNG & not able o control T. gendl
infiection [14] o can simply faver te nfecton n Be'Wo cells
[15]), which contrasts with several audies hat kave demon-
sirated the effect of this cyiokine againd the parasie in oter
cell iypes [T-10). To undersiand the ntrace lular mechanim
triggesed by IFNG in BeWo cells, which could ¢ larify the mole
of this cytoldne at the matemal-feta] inerdface, we invest gated
the STAT1-dependent intracelular sipnaling patvway. STATI
phosphorylation was detected in Be'Wo cellk treated only with



20 ngdm | IFNG. We did not verify amy STAT1 activation with
100 ngfml IFNG. We thenefore concluded that higher T. gmu!u
prolifersiion is present when there is no STATI

latiom. This was confirmed when wensed a STAT1 ﬂublmm
the presence of 20 ngiml [FNG, demonstrating that STATI
activatim i3 assocised with control of e parasie. To clanfy
the dose-dependent effect of TFNG on the contral of T. gendl
infection, we messuned cyioking release inoslls treated with 20
of 1 ngfml TFMG,

BeWo cells mesed with 20 ngfml IFNG increased [L6 and
TL1 A production when infected o not with T. gowedis, and ihis
was cmnfimmed by Bocking STATL (Fludarabine), showing
that the cytokine released (TL6 and IL17A) ane dependant on
STATI activaiion IFMG in low concentration was e nly
cyiokine able to tdgeer IL1TA production in Be'Wo cells,
regandless of the presence or absence of infection. This means
that, &t least in BeWo cells, STAT1 is the major pathway
invobved in the release of this cytokine, demonarating the mole
of IL1TA in the control of T. gandii infection, o observed with
IL&. Additionally, BeWo ocells treated with IFNG and
Fludarabine showed up-regubation of TL10, even twuogh TL10
levels were nol meduced in te sbsence of the inhiior
Although TFNG irgeered STAT] phosphorylation when added
o cells af & concentration of 20 ngfml this cytokine was unable
Lo comtnl T, gomdil infection, even with ncrested 116 and
TLITA secretion. Om the other hand, BeWo cells rested
withlD) ng/ml TFMG significantly reduced both TL& and
THFA. The mealis sugpest that BeWo cells demmatrated
imcreated T. gondd infection n te presence of TFNG in ligh
conzentrations hecause IL6 and THFA wene down-modubuied,
crealing a microenvirmment favoring parssie poliferstion,
observed during the resiments with [IL10 and TGFE1.

O present Findings demonstraed that 20 ngfml [FNG was
nad ahle wo control T, gondll infection even in the presence of
STATI phosphoarylation and high L& kevek in Be'Wo cella
Previows smdies have shown that a oell lines such as
Jar and JEG have low levels of STAT1 phosphorylation in
Coarparism b0 some ofher cell Hneages, including HelLa, where
TPNG trgeered higher STATI phasphorylation and interferon
regulad facior 1 (IRF1) expresson in compariBon Lo
trophoblas [31). Based in teese evidences, we can hypoth-
esze thai BeWo celk might present low STAT1 activation in
the presence of A ngfml IFNG, which may not be sufficient o
comiol the parasie. Alematively, it has boen demmstrated
that 20 ng'ml IFMG promaoted dncressed inenellolar sdhesdon
maokecule 1 {CAMIL) expression in BeWo cells [T7]. Also, T.
pondll was ahle 1o we ICAMI o infact human inedinal cells
as well as BeWo celk by binding the microneme prodein 2 of
the parasie (MIC2) o ICAMIL of the host cells, demonsirating
a key mole of ICAMI in the spreading of T. pondiy
baological barrers, incloding the matemal-fetal interface [ TR].
Based on this evidence, we can speculate thal exposure of
BeWo cells w low levek of IFNG, even with STATI
phosphorylation and L6 prodoction, up-regulaies HCAMI,
favaring invasion of the parasie and thos failing & contnol the
infection. Interestingly, owr previous gudy demonsiraied that
IFNG incressed the macrophage migation nhibitory factor
{MIF) expression in homan villoos explants from the first
trmester, which, in om, indoced Mgher BCAMI expression,
eapecially in the syncytorophoblag [79]). These dats re infioroe
ot hypothesds that 20 ngfml TFNG does nod contral T genedil
infection in humen rophoblast cell becanse this cytoldne & an
imponant regulator of BCAMI.

Bawed in our findings and all the discusion abow te mole of
TFNG in trophoblast cells infected by T. gomdil, it is neluctable
i ask which concentration meprduces e physiological

coditon in the matemal-fetal inerfsce. A previous sudy
showed almost no [FNG sacretdon in human trophoblast from
the first timester, while the decidual immune cells wene the
only oells oypes that produced this cytokine [80]. Then, the
local immune celk ane the major source of IFNG in ithe
matemal-fetal inerface because the decidual natural killer cells,
and consequenty the mophoblag celk, are stimuolsiad by IFNG
in & parschne manner. Decidual natural killer cells ooculimred
with mophoblas prodoce from 20 1o 30 ngfml TFNG, and dis
production ncresses denificanily when these cells ane infecied
by T. gondii (~80 ngfml) [R1]). Thenefore, the TFNG
cincenirations wsed in our present sdy ane similar o those
found durng in vive conditons. Tt is difficalt 1o sscenain
precizely the fmcion of IFNG at te maernal-fetal interface,
that &, prodnflammatory of anti-inflammaiory, becanse st lesst
in BeWo cells, tis cytoldne was unable 1o control ithe
parasile’s growih, consdering thal our daia demonsraie that
[FMNG has different activities, depending on ils conoe niration
Alngether, our resulis demonstraie hat Be'Wo celk present
high mfectivity i T. gondil when trested with TL10, TGFBI,
and IFMG becanse these cyinkines differentally trigeer, in a
dependent manner, specific intracellular &enaling pumu}i
and, consaquently, crese a milien with oder
e il ly down-modulation of IL6 and THFA, that dampens
an immune mesponse against T. gondd and allows s
intracellular proliferation. Oor findings open wp new avenoes
i understand the effecior mechandams irgeered by hese key
eyiokines in a humean rophoblag model (BeWo cells) under T.
gendll infection, helping o elucklaie the mechanbsms imvolved
im the ventical ransmision of s parasite,
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