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RESUMO

Introducdo: Trichomonas vaginalis € um protozoario extracelular, agente
etiologico da tricomonose, a mais prevalente doenca sexualmente transmissivel (DST)
ndo viral no mundo. A citoaderéncia tem sido um dos mecanismos de patogenicidade
mais estudados, porém, pouco se avaliou sobre a adesdo do T. vaginalis a superficies
abidticas e, até o presente momento, ndo foi determinado se o T. vaginalis adere a
dispositivos intrauterinos (DIU) e ao anel vaginal. Objetivos: (i) avaliar a capacidade
de adesdo do T. vaginalis as diferentes superficies abioticas e estudar os mecanismos
envolvidos nesse processo; (ii) comparar 0os mecanismos envolvidos na citoaderéncia
com os de adesdo a superficies abidticas. No decorrer do estudo, ficou evidenciada a
necessidade de incluséo de dois objetivos: (a) uma revisdo sistematica da literatura
cientifica para determinar as estimativas de prevaléncia e incidéncia da tricomonose no
mundo; (b) determinar a estabilidade de genes candidatos a genes de referéncia para a
utilizacdo como housekeeping genes nos ensaios de expressdo génica. Métodos: Foi
realizada uma revisdo sistematica, seguindo as normas do PRISMA guidelines, para
avaliar numeros atuais de prevaléncia e incidéncia da tricomonose no mundo. Com
relacdo a estabilidade de genes candidatos a genes de referéncia, nove tiveram seus
niveis de expressdo constitutiva avaliados quando cultivados sob limitacdo e
suplementacdo de nutrientes. Trinta e dois isolados de T. vaginalis foram avaliados
quanto a capacidade de adesdo ao pléastico, pelo método de cristal violeta em placas de
poliestireno. Na sequéncia, foram selecionados, aleatoriamente, dois isolados que
apresentaram forte ades&o ao plastico para serem utilizados como modelo de estudo dos
mecanismos de citoaderéncia as células epiteliais vaginais (CEVs) e adesdo as
superficies abidticas (DIU e anel vaginal). Os isolados de T. vaginalis TV-LACMG6 e
TV-LACM14 foram tratados com meta-periodato, colchicina, tripsina, citochalasina e
metronidazol e reavaliados quanto a capacidade de adesdo e citoaderéncia. Foram
determinados o0s niveis de expressdo génica de quatro adesinas (AP33, AP51, AP65 e
AP120) em trofozoitos aderidos em placas de poliestireno e as CEVs. Os isolados ATCC
30236, TV-LACM6 e TV-LACM14 foram usados na determinacdo da adesao ao DIU e
ao anel vaginal e a adeséo a esses dispositivos foi confirmada por microscopia confocal.

Resultados: A revisdo sistematica da literatura demonstrou que sao raros os estudos



quanto a prevaléncia e incidéncia da tricomonose no mundo. Reafirma-se, portanto, a
posicdo da tricomonose como uma doenca parasitaria negligenciada. Dentre 0s nove
candidatos a genes de referéncia (actina, F-actina (6 e «), tubulina (o, £ e y),
gliceraldeido-3-fosfato desidrogenase, fator de elongamento e DNA topoisomerase 1),
0s genes a-tubulina, actina e DNATopll foram os mais estaveis, nas condi¢fes de
limitacdo de nutrientes. Dos 32 isolados avaliados, 59 (35%) aderiram ao plastico. Apos
0s tratamentos quimicos observou-se que os isolados TV-LACM6 e TV-LACM14
reduziram os niveis de adesdo tanto as CEVs quanto ao plastico, demonstrando que o T.
vaginalis realiza a patogénese através de adesdo e citoaderéncia por multiplos
mecanismos, 0s quais envolvem a participacdo do lipofosfoglicano e proteinas de
membrana. Na analise da expressdo génica constatou-se que nos trofozoitos aderidos as
CEVs houve aumento na expressédo das quatro adesinas (AP33, AP51, AP65 e AP120).
Por outro lado, nos trofozoitos aderidos ao plastico ndo existiu aumento nos niveis de
expressdo desses genes. Os isolados TV-LACMG6 e TV-LACM14 aderiram ao DIU e ao
anel vaginal, ja o isolado ATCC 30236 apresentou praticamente nula adeséo a tais
dispositivos. Conclusdes: Considerando a revisao sistematica da literatura constatou-se
que existem poucos estudos, com qualidade metodologica, quanto a prevaléncia e
incidéncia da tricomonose, assim pouco se sabe sobre a realidade epidemiologica dessa
doenca. A validacdo de genes de referéncia originou o primeiro relato deste tipo de
estudo em T. vaginalis, no qual demonstramos que 0s genes mais estaveis foram a-
tubulina, actina e DNATopll; por outro lado, os mais instaveis foram GAPDH e f-
tubulina. Em relacdo ao estudo da adesdo de T. vaginalis a superficies abioticas
concluimos que os trofozoitos de T. vaginalis aderem no DIU e ao anel vaginal e €
inédita a descricdo desse fendmeno. Ao analisarmos 0s mecanismos envolvidos na
adesdo e citoaderéncia concluimos que o LPG tem um papel importante em ambos 0s
processos, por outro lado, as adesinas de superficie parecem ndo estar envolvidas na
adesdo a superficies abidticas (plastico). Finalmente, nossos resultados reafirmam a
importancia do T. vaginalis como um importante problema para mulheres em idade
reprodutiva, pois, a adesdo aos dispositivos contraceptivos podera facilitar a infeccgéo.
Além disso, nossos resultados indicaram uma possivel diferenca entre o processo de

citoaderéncia e adesdo ao plastico, uma vez que uma maior expressdo das adesinas foi



observado somente entre os trofozoitos aderidos as células epiteliais vaginais. No
entanto, o LPG parece ser importante tanto na citoaderéncia quanto na adesdo ao
plastico, uma vez que a oxidacdo do LPG reduziu de forma similar e de forma
significativa a citoaderéncia e a adesdo. Esses resultados indicam que o T. vaginalis
possui um complexo mecanismo de citoaderéncia e adesdo que garantird o sucesso do

parasitismo.

Palavras-chave: Trichomonas vaginalis, prevaléncia, incidéncia, genes normalizadores,

adeséo, citoaderéncia, DIU, anel vaginal.



ABSTRACT
Introduction: Trichomonas vaginalis is an extracellular protozoan and the etiologic
agent of trichomonosis, the most prevalent sexually transmitted disease in the world.
Cytoadherence has been the most studied pathogenic mechanism, however, there are
few studies about adherence to plastic by T. vaginalis and to the best of our knowledge
no study has evaluated the T. vaginalis adhesion to intrauterine device (IUD) and vaginal
ring. Objectives: (i) to conduct a systematic review in order to determine both
prevalence and incidence values of trichomonosis among general population from five-
continent regions; (ii) to determine the stability from candidate reference genes for use
In gene expression normalization; (iii) to evaluated the ability of T. vaginalis fresh
isolates to adhere to plastic, host cells and contraceptive devices; (iv) to compare the
mechanism involved in adhesion to plastic and cytoadherence processes. Methods: We
conducted a systematic review of the literature following PRISMA guidelines. The
transcripts of nine candidate reference genes were quantified using gRT-PCR under
different cultivation conditions, and the stability of these genes was compared using the
geNorm and NormFinder algorithms. Herein we investigated the adherence ability of T.
vaginalis fresh clinical isolates to plastic, IUD and vaginal ring. The influence of LPG,
cytoskeletal components of the parasite, surface molecules and the gene expression from
four adhesins proteins were also investigated in the cytoadherence to human cells and
in adhesion to plastic. Results: The systematic review showed that the most robust data
were found in the US; in the other hand other regions have limited numbers of studies,
thus the data obtained in this review point that the overall burden of trichomonosis in
world as a whole is still unknown. In the validation of reference genes, the most stable
genes were a-tubulin, actin and DNATopll, and, conversely, the widely used T. vaginalis
reference genes GAPDH and g-tubulin were less stable. Of 32 T. vaginalis isolates
studied here, 19 (59.37%), were able to adhere in polystyrene microplates. The T.
vaginalis isolates TV-LACMG6 and TV-LACM14, which were strong plastic-adherent,
were also able to adhere to IUD and vaginal ring. Following chemical treatments, the T.
vaginalis components, LPG, cytoskeletal proteins and other surface molecules, were
involved in both adherence to plastic and cytoadherence. The gene expression level from

four adhesins proteins were highest in trophozoites adhered in CEVs than in



trophozoites adhered to the abiotic surface (plastic). Conclusions: Few data about the
numbers of prevalence and incidence of trichomonosis are available, consequently
robust epidemiological studies of prevalence and incidences showing the disease
ongoing are needed to guide priorities and define public health policies. Considering the
validation of reference genes, this study is the first systematic exploration of T. vaginalis
to identify optimal reference genes for gRT-PCR normalization under different culture
conditions. This is valuable for future research on T. vaginalis gene expression studies.
Finally, our results reaffirm the importance of T. vaginalis as an important problem
among women in reproductive age, because the trophozoites were able to adhere in
contraceptive devices and this fact could facilitate the parasite infection in the vaginal
cavity. Moreover, our results indicate a possible difference between cytoadherence
process and adhesion to plastic, subsequently the high level of adhesin protein
expression were observed only in trophozoites attached to VECs. However, the LPG
appears to be important in both processes, since the oxidation of LPG similarly and
significantly reduced the adherence and cytoadherence. These results indicate that T.
vaginalis presents multiple and complex mechanisms for attachment to host cells and to

abiotic surfaces, ensuring successful parasitism.

Keywords: Trichomonas vaginalis, prevalence, incidence, housekeeping genes,

adherence, cytoadherence, IUD, vaginal ring.



SUMARIO

PARTE L.t e e e e e e e et n e e e e e e eeeennes 15
00 I [ 1 0o [0 Tox To PP PUOUPRTPPPRTI 17
[.1.1 Trichomonas vaginaliS ...........ccccuriiiiiiiieiiiie e 17

11,2 TTICOMONOSE. ...ccvviieiiieeeiiiee ettt e e eite et ee e s ite e st e et e e st e e e snbeeeannreeeas 18

1.1.3 Patogenicidade do T. vaginalis ...........cccceeiiiiiniiieeiiiiee e 21

1.1.4 Métodos contraceptivos: dispositivo intrauterino (DIU) e anel vaginal
........................................................................................................... 24

1.1.5 O genoma do T. vaginalis e estudos de expressao génica.................... 26

1.2 ODJBEIVOS. ...ttt e e e e e nnrae e 29
[.2.1 ODJEtiVO GEral.......ooiiiiiiiiiiiee e 31

1.2.2 ODbjetivos ESPECITICOS .....ccveiiiiiiiiiiiie e 31

PARTE L oot e e e e e e e et e e e e e e eeeaenes 33
1.1 Artigos CIeNtITICOS ..vviivvieiiii it 35

[1.1.1 Artigo 1: Trichomonosis: a systematic review of the global prevalence
and incidence. Odelta dos Santos, Graziela de Vargas Rigo, Alexandre
José Macedo and Tiana TaSCa........ceevvveeiiiieeiiirieeiieeesrie e siee e niee e 37
[1.1.2 Artigo 2: Optimal Reference Genes for Gene Expression Normalization
in Trichomonas vaginalis. Odelta dos Santos, Graziela de Vargas Rigo,
Amanda Piccoli Frasson, Alexandre José Macedo and Tiana Tasca....63
[1.1.3 Artigo 3: Trichomonas vaginalis clinical isolates: comparison among
cytoadherence and adherence to plastic, intrauterine device, and vaginal
ring. Odelta dos Santos, Graziela de Vargas Rigo, Alexandre José

Macedo, and TIiaNa TASCA. ......ooevvveeiiiiiieeeeeeee e 85

Lo 2 I 1 TR 113
LTI T o1 01Xy 1o T =] - 100

(1T I 0] g Tod [T LT LT - LT 127
Lo 2 A /TR 131
V.1 PEISPECTIVAS .....vveeeiiiie ettt e et e e e nnreas 133
PARTE V oottt ettt ettt e e e e e e e e e bbbttt et e e e e s res bbb e e eeeeeeeeesaans 136
R R = LT =T 2] 0] o TR 138
Lo 2 I V2 TR 149

RV I 1= o 1 151






PARTE I






1.1 INTRODUCAO






I.1.1 Trichomonas vaginalis

O protozoario flagelado Trichomonas vaginalis foi descrito por Alfred Donné em
1836, e o parasito pertence a familia Trichomonadidae, ordem Trichomonadida, classe
Parabasalia e filo Zoomastigina. (SCHWEBKE e BURGESS, 2004).

O T. vaginalis apresenta um unico estagio de trofozoito, caracteristica comum a
todos os tricomonadideos. Os aspectos morfoldgicos dos trofozoitos sdo os seguintes: o
tamanho de 9,7 um de comprimento por 7,0 um de largura; presenca de cinco flagelos,
sendo quatro anteriores e livres, o quinto é incorporado a membrana ondulante do
parasito; o nucleo estd localizado proximo a extremidade anterior; o axostilo é uma
estrutura rigida e hialina que se projeta a partir da pelta através do centro do organismo,
prolongando-se até a extremidade posterior. (BENCHIMOL, 2004; HONIGBERG e
BRUGEROLLE, 1990; PETRIN et al, 1998). A pelta esta presente na regido anterior do
corpo celular, a qual desempenha fungdes de sustentacdo e divisdo da célula.
(BENCHIMOL, 2004).

O parasito em condi¢@es ideais de cultivo ou ambiente mantém a sua morfologia
piriforme, elipsoide ou oval. Todavia, condicdes fisico-quimicas, tais como pH,
temperatura, tensdo de oxigénio e forca idnica podem afetar a sua forma, compondo
pseudocistos imoveis, devido a internalizacdo dos flagelos. (PEREIRA-
NEVES, RIBEIRO, BENCHIMOL, 2003; HONIGBERG e BRUGEROLLE, 1990). A
alteracdo morfologica dos trofozoitos também ocorre quando eles se encontram em
contato com as células epiteliais vaginais (CEVs), transformando-se do aspecto
piriforme para ameboide. (ARROYO et al, 1993).

Os tricomonadideos exibem uma organela incomum, o hidrogenossomo visto que
ndo possuem mitocondrias nem peroxissomos. Os hidrogenossomos sdo granulos
densos, distribuidos por todo o citoplasma e especialmente concentrados proximos ao
axostilo e a costa. (MULLER, 1990; MULLER, 1993; BENCHIMOL, 2009). Essas
organelas apresentam funcfes metabolicas similares as mitocondrias, pois, tém uma alta
atividade enzimaética e também estdo envolvidos no metabolismo energético do parasito.
(KULDA, 1999).
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O protozoario T. vaginalis € um organismo anaerébio facultativo e, em cultivo,
cresce bem tanto na presenca quanto na auséncia de oxigénio em temperaturas entre 20
e 40°C. Como fonte energética, o parasito utiliza os carboidratos glicose, frutose e
maltose, ndo sendo capaz de utilizar, entretanto, sacarose e manose. Os agucares sdo
degradados tanto no citoplasma como nos hidrogenossomos, sob condicbes
anaerobicas ou aerébicas, formando &cidos organicos. (LINDMARK e MULLER,
1973).

Em situacGes de privacdo de carboidratos, a obtencéo de energia se da por meio
de aminoacidos ou proteinas digeridas. (PETRIN et al, 1998). O parasito é incapaz de
sintetizar &cidos graxos e esterol, dependendo de fontes exdgenas desses nutrientes,
como meios de cultura contendo soro bovino. (BEACH et al, 1990; 1991). Além disso,
o T. vaginalis ndo realiza sintese de novo de nucleotideos puricos e pirimidicos. A
aquisicdo de nucleosideos ou de bases pdricas e pirimidicas ocorre por um sistema de
salvacédo simples, com uma rota de duas enzimas: a purina nucleosideo fosforilase (PNP,
do inglés purine nucleoside phosphorylase), a qual catalisa a interconversao entre bases
e nucleosideos puricos, e a purina nucleosideo quinase (PNK, do inglés purine
nucleoside kinase), que € capaz de converter nucleosideos em nucleotideos.
(MUNAGALA e WANG, 2003).

Para o crescimento (além de purinas, pirimidinas e lipideos) o parasito necessita
de vitaminas e sais inorganicos, pois 0 metabolismo fermentativo do protozoario néo é
um processo de alto rendimento. Sendo assim, o T. vaginalis precisa de um ambiente
rico em nutrientes para sobreviver. (CUDMORE et al, 2004). A obtencdo desses
nutrientes € realizada, a partir das secrecdes vaginais ou por meio da fagocitose de
células bacterianas ou até mesmo da fagocitose de células do hospedeiro. (HUGGINS e
PETRI, 1981; PEREIRA-NEVES e BENCHIMOL, 2007). Dessa maneira, 0s nutrientes,
macromoléculas essenciais, vitaminas, minerais e o0 soro bovino (que é outra importante
fonte nutricional para o crescimento dos trofozoitos) devem ser fornecidos no meio de
cultura para garantir o maximo de crescimento e multiplicacdo dos parasitos.
(LINSTEAD, 1990).
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1.1.2 Tricomonose

A tricomonose é uma doenca sexualmente transmissivel (DST) e, segundo a
Organizacdo Mundial da Saide (OMS), é a DST ndo viral mais frequente no mundo.
(WHO, 2012). O numero de novos casos das DSTs curaveis (infec¢bes causadas por
Chlamydia trachomatis, Neisseria gonorrhoeae, Treponema pallidum e Trichomonas
vaginalis) em adultos, entre 15 e 49 anos de idade, foi estimado em 498,9 milhdes, sendo
a incidéncia de T. vaginalis de 276,4 milhdes. (WHO, 2012). O nimero estimado para
a prevaléncia da tricomonose ¢ muito maior, quando comparada a prevaléncia das
demais DSTs avaliadas pela OMS. Uma estimativa de 187 milhGes de casos foi feita
para o T. vaginalis, seguida por 100,4 milhdes para a C. trachomatis, de 36,4 milhdes
para N. gonorrhoeae e de 36,4 milhdes para T. pallidum. (WHO, 2012).

Existem inimeras limitagOes, no entanto, para a obtencdo de numeros exatos da
tricomonose: elevado nimero de casos sem sintomas clinicos; a baixa sensibilidade dos
métodos diagndsticos utilizados dificulta 0 acompanhamento clinico da doenca; a
tricomonose ndo se encontra entre as doencgas de notificacdo compulsoria; e pacientes
assintomaticos ndo sao testados para a tricomonose em clinicas de DSTs. (PIPERAKI
et al, 2010; MEITES et al 2013). Além disso, os estudos de prevaléncia de qualidade
disponiveis sdo limitados. Tais eventos podem levar a subestimacdo dos numeros
apresentados, indicando que a incidéncia e prevaléncia desta infeccdo podem ser mais
elevadas. Consequentemente, 0os numeros, atualmente descritos, embora extremamente
elevados, podem néo representar a realidade sobre a tricomonose no mundo. (WHO,
2012; MILLER e NYIRJESY, 2011).

A infeccdo por T. vaginalis, em mulheres, apresenta um amplo espectro de
manifestacdes clinicas, variando desde a apresentacdo assintomatica até um estado de
severa vaginite. (MILLER e NYIRJESY, 2011). A sintomatologia, na grande maioria
das pacientes, € caracterizada por um corrimento tipicamente amarelado ou esverdeado,
espumoso e mucopurulento. Além disso, podem ser observados sinais ou sintomas como
irritacdo e prurido vulvar, pequenos pontos hemorragicos na mucosa vaginal ou cervical,
acompanhados de edema e eritema, o que confere uma aparéncia conhecida como

colpitis macularis ou aspecto de morango, dor abdominal inferior e distria. (MILLER
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e NYIRJESY, 2011; PETRIN et al, 1998; SCHWEBKE e BURGESS, 2004). O elevado
numero de casos assintomaticos na tricomonose, em torno de 80%, contribui para torna-
la uma doenca de alto risco, uma vez que casos ndo diagnosticados podem levar as
graves complicages, tais como baixo peso em recém-nascidos, partos prematuros,
cancer cervical e de prostata. Além disso, é importante ressaltar que casos
assintomaticos também estdo associados a aquisi¢do e transmissdo do HIV. (POOLE e
MCCLELLAND, 2013).

A infecgdo nos homens, na maioria dos casos, é auto-limitada e assintomatica,
sendo assim, é fundamental o tratamento concomitante dos parceiros das mulheres
infectadas, como medida para evitar a reinfeccdo. (CUDMORE et al, 2004). Os sintomas
descritos nos homens s&o corrimento uretral, prurido, disuria, aumento da frequéncia
urinaria e dor abdominal inferior. (MILLER e NYIRJESY, 2011). A presenca de cations
de zinco nas secrecdes prostaticas, 0s quais sdo citotoxicos ao parasito e a natureza
oxidativa do trato genital masculino justificam a ocorréncia transitéria desta infec¢ao
nos homens. (CUDMORE et al, 2004). Nos homens, podem ocorrer, também,
complicacdes devido a tricomonose, como prostatite, epididimite, balanopostite e
infertilidade. (CUDMORE et al, 2004; KRIEGER et al, 1993). Além disso, Sutcliffe et
al (2012) demonstraram que existe uma associacdo positiva entre a infeccdo por T.
vaginalis e o cancer de prostata.

A tricomonose &€ uma importante patologia para as mulheres em idade
reprodutiva, uma vez que pode causar sérias complicagdes, como infertilidade,
predisposicao ao cancer cervical, doenca inflamatdria pélvica, parto prematuro e baixo
peso de recém-nascidos. (KLEBANOFF et al, 2001; GOLDSTEIN et al, 1993; VIIKKI
et al, 2000; COTCH et al, 1991; 1997). Além disso, o T. vaginalis é considerado um
agente facilitador da transmissdo e aquisi¢do do virus da imunodeficiéncia adquirida
(HIV). (QUINLIVAN et al, 2012; SORVILLO et al, 2001; VAN DER POL et al, 2008).

O tratamento preconizado para a tricomonose baseia-se no uso dos 5-
nitroimidazois - metronidazol e tinidazol, Unicas op¢Oes terapéuticas aprovadas pelo
FDA (do inglés: Food Drug Administration,), USA sendo o metronidazol o farmaco de
escolha para esta doenca. (HELMS et al, 2008). No entanto, a utilizacdo destes farmacos

apresenta limitagdes, tais como efeitos adversos, carcinogénicos e teratogénicos, embora
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com baixo risco, devido a capacidade do farmaco de atravessar a barreira placentaria.
(ROSA etal, 1987; BEARD et al, 1979). A maioria das infec¢des é curada por uma dose
Unica de metronidazol, todavia, a resisténcia de isolados de T. vaginalis ao farmaco ja
foi descrita ha mais de 30 anos. (LOSSICK et al, 1986; MEINGASSNER e THURNER,
1979). De acordo com Perez et al (2001); Schmid et al (2001); Schwebke e Barrientes
(2006) os valores de prevaléncia para os isolados resistentes sdo estimados entre 2,5%
e 9,6%. Existe pouca informacdo, entretanto, sobre a resisténcia aos 5-nitroimidazois
entre isolados clinicos de T. vaginalis. Ndo ha sistema de vigilancia para detectar a
resisténcia, podendo este nimero estar subestimado, uma vez que ocorrem cerca de
276,4 milhdes de novos casos da doenca a cada ano. (WHO, 2001).

O metronidazol € um pro-farmaco, e o grupamento nitro presente na molécula,
precisa ser reduzido para exercer a sua toxicidade. O farmaco atravessa a membrana do
parasito e as organelas por difusdo passiva. (CUDMORE et al, 2004). O
hidrogenossomo tem um importante papel na ativacdo da droga, uma vez que a sua
maior parte sera ativada nesta organela, pela acdo da enzima piruvato:ferredoxina
oxidoredutase (PFOR). Como resultado serdo formados intermediarios radicais-nitro
citotoxicos, os quais induzem quebras cromossémicas, conduzindo o protozoéario a
morte. (KULDA 1999; DUNNE et al, 2003; CUDMORE et al, 2004; LAND et al, 2004).

1.1.3  Patogenicidade do T. vaginalis

Os mecanismos envolvidos na infeccdo e na patogénese da tricomonose baseiam-
se na complexa interacdo parasito-hospedeiro, na qual estdo envolvidos componentes
associados a superficie celular do parasito e as CEVs do hospedeiro, assim como
substancias soluveis encontradas na secrecdo vaginal e uretral. (LEHKER e
ALDERETE, 2000; BRAVO et al, 2010).

O T. vaginalis é um parasito exclusivo do trato-urogenital humano, sendo 0 muco
que recobre as CEVs a primeira barreira imposta pelo hospedeiro. A mucina é uma
proteina que compde o muco e tem elevado peso molecular, é altamente glicosilada
apresentando propriedades de gel. A mucina é, portanto, uma eficiente barreira fisica

que limita o acesso do parasito as camadas mais profundas do epitélio. (GERKEN,
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1993). A ligacédo dos trofozoitos ao muco € a primeira etapa para o parasito manter-se
no sitio de infecgdo, seguida pela secrecdo de mucinases (enzimas que solubilizam a
mucina), as quais permitem que os trofozoitos penetrem na matriz solubilizada pela
movimentacg&o flagelar, até alcangarem as CEVs. (LEHKER e SWEENEY, 1999).

O T. vaginalis € um patdgeno extracelular e a citoaderéncia, ou seja, a aderéncia
as CEVs do hospedeiro é fundamental para o processo de colonizacdo e instalacdo da
infeccdo. (ALDERETE et al, 1995; BASTIDA-CORCUERA et al, 2005). Trata-se de
um processo complexo que envolve as proteinas de superficie, glicoconjugados e
proteinas do citoesqueleto. (FIGUEROA-ANGULO et al, 2012).

As adesinas de superficies sdo proteinas exaustivamente estudadas como as
principais moléculas envolvidas na adesdo dos trofozoitos as células hospedeiras.
(ENGBRING e ALDERETE, 1998; KUCKNOOR et al, 2005; MORENO-BRITO et al,
2005). N&o ha descricéo de receptores, no entanto, na superficie das CEVs, para fazer a
ligagéo parasito-hospedeiro com estas moléculas. (BASTIDA-CORCUERA et al 2005;
OKUMURA, BAUM, JOHNSON, 2008). De acordo com Alderete e Garza, (1985),
Engbring e Alderete (1998), Kucknoor et al, (2005) e Moreno-Brito et al (2005) existem
cinco adesinas denominadas AP23, AP33, AP51, AP65 e AP120 (AP, do inglés: adhesin
protein e peso molecular), as quais sdo expressas por familias multigenes e foram
identificadas e caracterizadas como proteinas multifuncionais, com func¢Ges
dependentes da localizacdo, considerando que: (a) atuam como adesinas durante a
interacdo com as CEVs; (b) apresentam atividade metabdlica no hidrogenossomo e
citoplasma (pois apresentam grande homologia com as enzimas hidrogenossomais
PFOR, enzima malica (AP65) e com subunidades a e -succinil-CoA sintetase (AP33 e
AP51)); (c) podem mediar a ligacdo a hemoglobina para a aquisicdo de ferro,
principalmente durante o ciclo menstrual devido a grande disponibilidade de eritrécitos,
visto que o ferro € um nutriente essencial para o parasito e (d) sdo consideradas
moléculas mimetizadoras (ALDERETE et al, 2001), envolvidas na evasdo imune,
portanto apresentam grande identidade com enzimas do hospedeiro, exceto a AP120.
(FIGUEROA-ANGULO et al, 2012; ALDERETE et al, 1995; ENGBRING e
ALDERETE, 1998; MORENO-BRITO et al, 2005).

22



O T. vaginalis é coberto por um denso glicocalice, o qual tem como principal
componente o lipofosfoglicano (LPG), que é o mais profuso polissacarideo de
superficie. (BASTIDA-CORCUERA et al, 2005). A existéncia de LPG na superficie
celular do T. vaginalis foi completamente definida por Singh em 1994. No entanto, a
estrutura detalhada do polissacarideo ainda € desconhecida. Analises na composi¢do dos
monossacarideos demonstraram, porém, que a galactose e a glicosamina sdo 0s mais
abundantes residuos de monossacarideos presentes na estrutura do LPG. (SINGH,
1993). O LPG tem alta concentracdo na superficie do parasito e constitui-se numa
molécula complexa, possuindo uma éancora de fosfoceramida inositol e um ndcleo
glicano fosforilado, composto de 50 a 54 residuos de monossacarideos, com uma
composicéo diferente de outros parasitos. (SINGH, 1994).

Segundo Bastida-Corcuera et al (2005), esses carboidratos de superficie sdo
pouco explorados quanto ao seu papel na adesdo. Entretanto, ao expor os trofozoitos de
T. vaginalis ao periodato, que € um forte oxidante de polissacarideos de superficie
(GILBERT et al, 2000), as enzimas que digerem o glicocalice (MIRHAGHANI et al
1998) ou a outros agucares que competem para a ligacdo (GOLD e OFEK, 1992), houve
significativa reducdo na capacidade de adesdo as celulas mamiferas. Em um elegante
estudo realizado por Bastida-Corcuera et al (2005) foram obtidos isolados de T.
vaginalis com LPG mutantes por meio de modificacbes na composicdo dos agucares.
Esses mutantes exibiram uma significativa reducdo na adesdo e na citotoxicidade as
células ectocervicais humanas, quando comparados com o isolado selvagem. Okumura
e colaboradores em 2008, demonstraram que a galactina 1(Gal-1), que pertence a familia
das lectinas, € expresso pelas células do epitélio cervical e liga-se ao LPG do T.
vaginalis, através de uma ligacdo dependente de carboidrato, ou seja, de galactose.
(OKUMURA, BAUM, JOHNSON, 2008).

Além das adesinas e do LPG, os receptores da matriz extracelular e as cisteina
proteinases (CPs), tais como TvCP30 e TvCP62, localizadas na superficie do parasito,
também participam no mecanismo de citoaderéncia. (FIGUEROA-ANGULO et al,
2012). O parasito também pode utilizar componentes da matriz extracelular e da
membrana basal, como a fibronectina e a laminina para o estabelecimento da

colonizacdo e da infeccéo persistente (CROUCH e ALDERETE, 1999). Considerando
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a inducdo da expressédo de genes que codificam a fibronectina, a qual medeia a interacéo
dos parasitos as CEVs, pode-se considerar esse mecanismo como uma Vvia alternativa as
adesinas para a colonizagdo do epitélio vaginal (KUCKNOOR et al, 2005). A
citoaderéncia permite que um segundo processo ocorra, a citotoxicidade, a qual envolve
eventos em série que resultam na citolise, fagocitose e desintegragdo de monocamadas
de células. Produtos secretados e liberados pelo T. vaginalis, como glicosidases e CDF
(do inglés, Cell-Detaching Factor) sdo altamente citotoxicos as CEVs (FIGUEROA-
ANGULO et al, 2012).

O parasito, apds colonizar a mucosa vaginal, necessita de nutrientes e precisa
evadir a resposta imune do hospedeiro. Para isso lanca mdo da fagocitose, que é o
principal mecanismo de aquisi¢do de nutrientes e, apesar deste mecanismo ndo estar
totalmente elucidado, dois comportamentos diferentes sdo observados: a formacao de
pseudopodes em direcéo a celula alvo; e um processo de afundamento, sem extensao da
membrana. (FIGUEROA-ANGULO et al, 2012). Os trofozoitos sdo capazes de ingerir
e degradar com eficiéncia bacilos de Ddoderlein, CEVs e células epiteliais cervicais,
leucdcitos, eritrocitos, leveduras, espermatozoides e células prostaticas, adquirindo,
dessa forma, ferro, lipideos, nucleotideos e nucleosideos, dentre outros nutrientes
importantes para o seu metabolismo (PEREIRA-NEVES et al, 2007; FIGUEROA-
ANGULOet al, 2012). Os eritrocitos sio uma das vias de aquisicdo de nutrientes como
lipidios e ferro, e a hemolise decorre da interacdo entre os trofozoitos e os eritrocitos
(Fiori et al, 1993). As CPs também tém sido consideradas provaveis fatores liticos
envolvidos na hemolise e sua atividade esta relacionada a aderéncia dos parasitos as
CEVs. (ARROYO e ALDERETE, 1989).

Até o presente momento, pouco se avaliou sobre a adesdo do T. vaginalis a
superficies abioticas, a adesdo do T. vaginalis ao vidro e ao poliestireno foi descrita em
1975, por Cappuccinelli e Varesio e, em 1993 por Gold. Os carboidratos de superficie
celular do parasito sdo considerados o principal mecanismo envolvido na aderéncia a
superficies de vidro e ao plastico. (PETRIN et al, 1998; BASTIDA-CORCUERA et al,
2005).
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.14 Métodos contraceptivos: dispositivo intrauterino (DIU) e anel vaginal

O dispositivo intrauterino (DIU) é um dispositivo de plastico recoberto com
cobre e/ou horménio inserido na cavidade uterina (Figura 1). E considerado o segundo
método mais prevalente de planejamento familiar no mundo (13,6%) apds a
esterilizacdo feminina (20,5%). Os DIUs tém uma durabilidade que varia de 5 a 10 anos.
(MORRISON et al, 2009).

Cavidade uterina antes da insercdo do

Cavidade uterina com DIU Cavidade uterina com DIU

de cobre (cobre sendo liberado) hormonal (levonorgestrel sendo

Figura 1 - Cavidade uterina e posi¢do do DIU imagens retiradas de Bayer Health Care. (Disponivel
em:<http://www.bayerhealthcare.com.br/>. Acesso em 11 de abril de 2015)

O primeiro DIU foi utilizado no ano de 1961. Os primeiros DIUs eram feitos de
materiais plasticos inertes e foram substituidos por produtos que liberam cobre ou

levonorgestrel, modificacbes estas que aumentaram substancialmente a sua ja alta
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eficacia. Os indices de eficacia sdo semelhantes aos dos contraceptivos orais, ou seja,
0,1% de falha. (The ESHRE CAPRI WORKSHOP GROUP, 2008). Os DIUs existentes
que contém cobre sdo constituidos de polietileno (PE) ou polipropileno (PP) e uma
grande quantidade de cobre. Compreendem um dos métodos mais utilizados na
contracepcao, principalmente devido as suas vantagens que incluem a elevada eficécia
e a longa duracdo, o baixo custo e a alta seguranca, além da reversibilidade. (XIA et al,
2007).

Estudos tém demonstrado que a inser¢cdo do DIU pode modificar, de forma
significativa, a microbiota vaginal, a qual desempenha fungédo como primeira barreira
imune do trato genital pode proteger contra doengas infecciosas. (ELHAG, BAHAR,
MUBARAK, 1988; TIBALDI et al, 2009; DO LAGO et al, 2003). Além disso, a
insercdo do dispositivo perturba a barreira de protecdo do muco cervical e seu apéndice
(cauda acoplada a ele) (Figura 1) pode servir como um caminho facilitador para a
migracdo de patogenos vaginais em direcdo a cavidade uterina. (ELHAG, BAHAR,
MUBARAK, 1988). Assim, as usuarias de DIU podem estar substancialmente mais
suscetiveis a patologias do trato urogenital. Alguns estudos tém demonstrado elevada
frequéncia de DSTs em pacientes usuarias de DIU, incluindo tricomonose.
(HAUKKAMAA et al, 1986; ROY, 1991; CERUTI et al, 1994; KAZEROONI e
MOSALAEE, 2002). No estudo de Kazerooni e Mosalee (2002) T. vaginalis foi
significativamente mais prevalente em usuarias de DIU do que em outros métodos
contraceptivos. Nasir e colaboradores (2005) detectaram uma taxa de prevaléncia de
tricomonose de 34% em usuarias de DIU, e de somente 5% em n&o usuérias.

Além do DIU, o anel vaginal também tem sido utilizado como método
contraceptivo desde 1960, com diversos formatos e formulactes. (WIEDER &
PATTIMAKIEL, 2010). O anel vaginal NuvaRing® (Organon, Kenilworth, New
Jersey), foi aprovado pelo FDA/USA em 1991, e € produzido utilizando um copolimero
de etileno vinil acetato. Trata-se de um anel plastico ndo biodegradavel, sem latex,
flexivel e incolor com diametro externo de 54 mm e espessura de 4 mm (Figura 2A).
Cada anel contém 2,7 mg de etinilestradiol e 11,7 mg de etonogestrel. Apos a colocacdo
na vagina, sera liberado em média 0,015 mg por dia de etinilestradiol e 0,120 mg por

dia de etonogestrel num periodo de 3 semanas (Wieder & Pattimakiel, 2010). O anel
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vaginal fica localizado na porcdao alta da vagina e a propria paciente faz a colocacdo e a

retirada do dispositivo (Figura 2B).
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Figura 2: Anel vaginal e posicdo do anel vaginal na vagina. (A) Tamanho do anel vaginal retirado de:
http://www.anticoncepcao.org.br/html/manual/corpo/anel_vaginal/index.asp. Acesso em: 06 de abril de 2015. (B)
Posicdo do anel na vagina. Retirado de Wieder & Pattimakiel (2010). Examining the efficacy, safety, and patient
acceptability of the combined contraceptive vaginal ring (NuvaRing®). International Journal of Women’s Health
2: 401-409.

1.1.5 O genoma do T. vaginalis e estudos de expressédo génica

O genoma do T. vaginalis foi publicado em 2007 por Carlton e colaboradores. A
sequéncia genémica completa, descrita para o isolado T. vaginalis G3 tem,
aproximadamente, 160 Mb, distribuidos em apenas 6 cromossomos, sendo que a0 menos
65% do genoma € repetido. Encontram-se nele um conjunto de ~ 60.000 proteinas que
séo codificadas por genes. Foram descritos tambem aproximadamente 1.100 genes de
RNA ribossomal e ao menos 14.390 sequéncias de RNA viral ou elementos de
transposicao (transposons) em fase de leitura aberta (do inglés: open reading frames
ORFs). (CARLTON et al, 2007). Ao considerar as caracteristicas singulares do genoma
do T. vaginalis Carlton e colaboradores, o classificaram como o organismo com maior
capacidade de codificar proteinas entre os eucariotos, uma vez que, surpreendentemente,
0 material genético do T. vaginalis € maior do que 0 genoma de outros protozoarios
como, por exemplo, Entamoeba (~ 20 Mb), Plasmodium (~ 25 Mb) e Toxoplasma (~ 63
Mb). (CONRAD et al 2013). A descricdo do genoma completo do T. vaginalis, assim
como a sua disponibilidade em uma base de dados livre como o Trichdb

(http://www.trichdb.org/trichdb/), facilitou estudos de biologia molecular baésica,
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especialmente aqueles que envolvem a anélise da expressdo de genes em T. vaginalis.
(BRADIC et al, 2014).

A reacdo de transcrigéo reversa, seguida da reacdo da polimerase em cadeia de
forma quantitativa - qQRT-PCR (do inglés: quantitative reverse transcriptase PCR) é um
método amplamente utilizado, constituindo-se em uma robusta ferramenta, devido a sua
rapidez, sensibilidade, especificidade e, sobretudo pela medida precisa dos niveis de
mRNA. (VANGUILDER, VRANA, FREEMAN, 2008; BRADIC et al, 2014,
NAPOLITANO et al, 2014). Além disso, existem genes que sdo expressos em baixos
niveis. Dessa forma, somente utilizando-se 0 qRT-PCR ¢ possivel determinar o nimero
de cépias do mMRNA. (NAPOLITANO et al, 2014).

No entanto, inUmeras sdo as variaveis técnicas, inerentes a esta metodologia, as
quais podem levar a uma interpretacédo errdnea dos dados. Entre as principais limitacoes
descritas encontram-se a qualidade e a quantidade de RNA acrescentado na reacgao de
PCR, erros de transcrigéo reversa e erros de pipetagem. (KOZERA e RAPACZ, 2013).
Para minimizar ou evitar as influéncias dessas variaveis emprega-se a hormalizacéo do
gene estudado com um housekeeping gene ou um gene normalizador. Esta abordagem
permite regular variacbes ndo biologicas, desde que ambos 0s genes (teste e
normalizador) sejam expostos as mesmas variagdes técnicas. (REDDY et al, 2013;
KOZERA e RAPACZ, 2013). Um gene de referéncia ideal deve ter uma minima
variacdo em seu nivel de expressdo constitutiva frente as diferentes condicdes
experimentais. Muitos genes denominados como housekeeping apresentam, todavia,
instabilidade em seu nivel de expressdo constitutivo. (KOZERA e RAPACZ, 2013;
HUGGETT et al, 2005; MAROUFI et al, 2010). Acredita-se que isso ocorra pelo fato
da selecdo do gene de referéncia basear-se no uso tradicional. Por exemplo, 0s genes
gliceraldeido-3-fosfato desidrogenase (GAPDH), fator de elongacdo, actina e alfa-
tubulina sdo considerados genes de referéncia razoaveis, devido ao seu nivel constitutivo
de expressdo, condicdo suportada somente por estudos qualitativos, isto é, analises que
utilizam a metodologia de Northern blotting. (VANDESOMPELE et al, 2002;
DERVEAUX et al, 2010; KOZERA e RAPACZ, 2013). Neste contexto, antes da
utilizacdo de um gene como referéncia é fundamental que a sua expressdo constitutiva

seja avaliada, ou seja, a sua estabilidade. (VANDESOMPELE et al, 2002).
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Ao analisar o referencial tedrico apresentado, é fundamental considerar que a
tricomonose representa um complexo problema de Saude Publica, devido ao expressivo
aumento de casos a cada ano e as graves consequéncias provocadas pela doenca,
especialmente no periodo gestacional. O T. vaginalis ocasiona partos prematuros, baixo
peso ao nascimento e a infeccdo esta fortemente relacionada ao aumento da transmissdo
do HIV, a infertilidade e a predisposicdo ao cancer cervical e de prostata. Atualmente,
os farmacos de escolha para o tratamento da tricomonose limitam-se aos pertencentes a
classe dos 5-nitroimidazois, sendo somente dois (metronidazol e tinidazol) aprovados
para uso pelo FDA/USA. Nesse contexto, 0 tratamento torna-se restrito, apresentando
diversas limitagdes relacionadas aos efeitos adversos e a resisténcia dos isolados clinicos
de T. vaginalis aos farmacos de escolha. Considerando-se tal problematica, é evidente a
necessidade de investigacdo dos aspectos biologicos do T. vaginalis, incluindo as suas
propriedades bioquimicas, os mecanismos moleculares e os fatores de viruléncia, que
sdo fundamentais para o entendimento da biologia e da patogénese desse protozoario.
Assim, ao analisar (I) o impacto da tricomonose na saude publica, (1) o nimero de casos
negligenciados por falhas no diagnéstico ou no tratamento, (111) a necessidade de maior
compreensdo sobre os mecanismos moleculares que regem a relacdo parasito-
hospedeiro, (IV) o limitado arsenal terapéutico disponivel e o crescente nimero de
isolados resistentes aos farmacos disponiveis, e por fim, (V) a elucidacdo de
mecanismos de adesao que poderdo apontar, tanto para novos alvos terapéuticos, quanto

para diagndstico, foram estabelecidos os objetivos desse estudo.
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1.2 OBJETIVOS






1.2.1 Objetivo Geral

Estudar a epidemiologia da tricomonose e analisar os mecanismos envolvidos na

adesdo e citoaderéncia de T. vaginalis através da avaliacdo funcional de moléculas de

superficie e expressdo de adesinas apos validacao de gene de referéncia para estudos de

expressao génica.

1.2.2 Objetivos Especificos

a)

b)

f)

9)

Realizar uma revisdo sistematica para avaliar as estimativas da
prevaléncia e da incidéncia da tricomonose no mundo;

Validar genes de referéncia para uso nos experimentos de avaliacdo de
expressdo génica em T. vaginalis;

Investigar a capacidade de ades&o ao plastico de isolados ATCC e frescos
de T. vaginalis;

Avaliar a capacidade de adeséo ao dispositivo intrauterino (DIU) e ao anel
vaginal de isolados ATCC e frescos de T. vaginalis;

Avaliar o envolvimento do lipofosfoglicano e de outras moléculas de
superficie do T. vaginalis, bem como dos componentes do citoesqueleto
do parasito nos processos de citoaderéncia e de adesdo as superficies
abioticas;

Avaliar o nivel de expressdo das adesinas de superficie em T. vaginalis
aderidos em superficie abidtica e em células epiteliais vaginais;

Avaliar se existem semelhancas entre 0s mecanismos de citoaderéncia e

de adesdo as superficies abioticas.

33






PARTE 11






1.1 ARTIGOS CIENTIFICOS






I1.1.1Artigo 1. Trichomonosis: a systematic review of the global prevalence and

incidence._Odelta dos Santos, Graziela de Vargas Rigo, Alexandre José Macedo

and Tiana Tasca.

Manuscrito submetido ao periddico Transactions of the Royal Society of

Medicine and Tropical Hygiene

39



Trichomonosis: a systematic review of the global prevalence and incidence

!0delta dos Santos, !Graziela de Vargas Rigo, ?Alexandre José Macedo and

1Tiana Tasca

1. Faculdade de Farmacia, Universidade Federal do Rio Grande do Sul, Porto Alegre,
RS, Brazil.
2. Centro de Biotecnologia, Universidade Federal do Rio Grande do Sul, Porto Alegre,
RS, Brazil.

Short title

Trichomonas vaginalis prevalence and incidence

Abstract

Trichomonosis, caused by Trichomonas vaginalis, is the most common non-viral
sexually transmitted disease in world and may induce serious health complications. We
conducted a systematic review of the literature following PRISMA guidelines to
determine the burden of trichomonosis in five world-regions: America, Asia, Africa,
Europe, and Oceania. We found 23 articles with original prevalence or incidence data;
highest prevalence estimates was 17.6% among women and men from remote Australian
Aboriginal population and the lowest rates 0.85% was found among women with ages
15-49 yr from Grenada. Incidence estimates variation were from 22.1 cases per 100
person-year among women in the US to 3.6 cases per 100 person-year among men in
Australian Aboriginal populations. The most robust data were found in the US; in the
other hand other regions have limited numbers of studies. The significant associated risk
factors included: black race, African American or Indigenous, high number of sexual
partners, lack of condom use, early age of first sexual intercourse, use of alcohol, and
cigarette or marijuana smoking. Further research is needed to determine the true current
burden of trichomonosis in most of the world region, since data obtained in this review
point that the overall burden of trichomonosis in world as a whole is still unknown.

Keywords: systematic review, prevalence, incidence, trichomonosis, T.

vaginalis.
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Introduction

The flagellated protozoan parasite Trichomonas vaginalis is the etiologic agent
of trichomonosis, the most common non-viral sexually transmitted disease (STD) in
world.! Trichomonas vaginalis has been associated with predisposition to cervical
cancer, and pelvic inflammatory disease. Furthermore, this parasite is an important
problem among women in reproductive age, because it can contribute to premature
rupture of membranes during pregnancy, preterm delivery and low birth weight, besides
leading to infertility and increased infant mortality.> Moreover, T. vaginalis has been
associated to aggressive prostate cancers.® In addition, trichomonosis is a co-factor for
transmission and acquisition of human immunodeficiency virus (HIV).*

Trichomonosis presents global prevalence and incidence values higher than other
curable sexually transmitted infections, according to the estimate of World Health
Organization (WHO) performed in 2008 and published in 2012.1 At that time, it was
estimate that the prevalence number of adults with T. vaginalis infection was 187.0
million. Considering 498.9 million of new cases of the four sexually transmitted
infections (STIs) among adults, 276.4 million were T. vaginalis infection. Both values,
prevalence and incidence, were highest for T. vaginalis infection than other sexually
transmitted infections, such as Chlamydia trachomatis, Neisseria gonorrhoeae and
Treponema pallidum (syphilis).t

According to the US Center for Disease Control and Prevention (CDC) (Atlanta,
Georgia, US) T. vaginalis belongs to the group of five neglected parasitic infections
(NPIs), together with Chagas disease, cysticercosis, toxocariasis, and toxoplasmosis.
This classification is based on the number of people infected, severity of the illnesses,
and ability to prevent and treat it, as well as, the low attention has been dedicate to their
surveillance.® Each year 1.1 million people are newly infected with T. vaginalis in the
United States (US); consequently, it is a major cause of infertility and preterm labor and
low birth weight, and these data represent the estimates of burden and impact of
trichomonosis in US.®> The CDC points to 3.7 million people infected with this parasite
in the US. In the same way, a previous published study affirms that T. vaginalis has

received much less consideration than other sexually transmitted diseases, being
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classified as neglected disease in the US.® Despite the risks associate with T. vaginalis
infection, trichomonosis is not a reportable disease and often it is not included in routine
testing, constituting an important global health burden. Unfortunately, although
estimates of more than 180 million T. vaginalis infection per year worldwide performed
in 2008, very little is known about the trichomonosis rates in other world region than
US. Considering that the global estimative of total T. vaginalis infection was evaluated
seven years ago, the current burden of trichomonosis in world is unknown. We
conducted a systematic review in order to determine both prevalence and incidence
values of trichomonosis among general population from five-continent regions. In

addition, we attempt to identify needed areas of future research.

Materials and Methods
The systematic review was conducted according to the PRISMA 2009

guidelines.’

Search strategy and selection criteria

The search was performed using PubMed databases and restricted to articles
published between January 1%t 2009 to January 1t 2015, in English language. We started
our limited search in 2009 because the WHO published in 2012 a global estimative of
curable sexually transmitted infections until 2008. The search terms included were the
following: “trichomonosis prevalence”; trichomonosis incidence” and “prevalence” or
“incidence” plus the region (Americas, South-East Asian, European, Eastern
Mediterranean and Western Pacific, the same regions used by WHO in 2012). Searches
were also performed using disease name variation as Medical Subject Headings
(MeSH): Trichomonas vaginitis”; “Trichomonas infection” and ‘“Trichomonas
urethritis”. The articles that described a different disease or about other Trichomonas
disease topic, and those about Trichomonas in animals and duplicate results were
excluded from the abstract review. We also excluded studies that focused in HIV-
infected, pregnant women, sex workers, drug users, child victims of sexual assault,

victims of sexual assault, people incarcerated, and non prevalence or non incidence data.
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The articles that had in title the words “prevalence or incidence of sexually transmitted
disease” or “frequency or occurrence of sexually transmitted infection” even with the
absence of “trichomonosis or Trichomonas vaginalis ” were also included in the abstract
review. Eligible studies included original data on both prevalence and incidence. When
the abstract did not offer sufficient information for inclusion or exclusion, the full-text
was analyzed.

The search was performed by two independent reviewers based on the search
protocol (Supplemental material 1). Discussion and consensus between reviewers were

used to resolve the discrepancies found in the studies selection.

Data Extraction

Documents in the full-text review were classified as following: 1) original
prevalence; 2) original incidence and 3) five continent origins (America including
American United States; Europe; Asia; Africa, and Oceania). The articles were excluded
in full-text review if they used inappropriate methodological approaches and inadequate
statistical analysis. The full-texts were also independently revised by two reviewers;
figures, tables or text containing original prevalence or incidence as well as descriptions

of population affected and reported risk factors for disease were analyzed.
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Results
We found 23 articles with original prevalence or incidence for trichomonosis
(Figure 1).

1796 articles identified
through database searching

478 articles selected

194 excluded of
abstract review

| 216 duplicates 1eMOVed  (m—

v

68 abstracts reviewed

> 24 abstracts did not meet
inclusion criteria

v

42 full text articles
retrieved and reviewed

23 articles had original
prevalence or incidence data

Figure 1. Systematic review process.
Among all five-world regions grouped, the America region had highest number

of studies, with 14 articles found (Figure 2). 8%
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Figure 2. Geographical distribution of trichomonosis prevalence and incidence estimates in the
five regions of the world.

Among these articles, nine reported data in the US, 8-16 three in Brazil,17-19 one in
Peru, 20 and one in Grenada 21. The Asian region had three studies with original prevalence
estimates, two from South Korea 22, 23 and one from India. 24 In Oceania, only three articles
in Australia were found. 25 - 27 In the European region two articles were found, one in United
Kingdom (UK) 28 and one in the Nordic countries. 29 In the African region it was found the
lowest number of articles, only one article reported data in South Africa (Figure 2 and Table
1).%

Table 1 summarizes the prevalence and incidence of trichomonosis in the five
world regions, 18 articles reported only prevalence data, and three articles reported both
prevalence and incidence data and two articles reported only incidence data (Figure 2).
Thus, the global prevalence estimates a range from 17.6% for women and men from
remote Australian Aboriginal population?’ to 0.85% among women with ages 15-49 yr
from Grenada, 2! that is an island country located in the southeastern Caribbean Sea.
The original incidence data were reported in five articles. Of these articles, two reported
data in America and one in Africa, Australia and Europe. Incidence estimates ranged
from 22.1 cases per 100 person-year among women ° in data for US to 3.6/100 person-

years among men for Australian Aboriginal populations.?’
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Table 1 Summary of T. vaginalis prevalence and estimates in published literature.

Continent | Country Location Year Prevalence Incidence N Demographics Article
America
*NHANES data, women civilian and non-institutionalize,
uUs Countrywide 2001-2004 3.2% 3,648 ages 14-49. Allsworth et al 2009
2003-
uUs Countrywide 2004 2.5% 838 *NHANES, female adoslescents, ages 14-19. Forhan et al 2009
22.1 cases per Women sexually active, nonpregnant, human
us Atlanta, GA. 2001-2005 14.4% 100 person-years 467 immunodeficiency virus-seronegative, ages 13-19. Krashin et al 2010
Baltimore (Maryland), Maryland (outside
Baltimore), District of Columbia (DC),
West Virginia, selected of lIllinois, and
us Denver (Colorado) 2006-2009 10% 501 Men, volunteers in internet-based screening,ages 21-30. Chai et al 2010
Maryland, the District of Columbia, West
Virginia, selected counties in lllinois, Sexually active men aged >14 vyears, recruited by an
uUs Denver Colorado and Alaska. 2006-2012 3.7%; 1699 educational internet program. Gaydos et al 2013
**CHOICE data, women not currently using a method of
uUs St. Louis area 2007-2011 4.9% 8347 contraception, ages 14-45. McNicholas et al 2013
uUs 21 states 2010 8.7% 7,593 Women who were with or without symptoms, ages 18-89. Ginocchio et al 2012
All women patients visiting geographically diverse, publicly
funded, urban STD clinics participating in the STD
Alabama, California, Colorado, New York, 26.2% and Surveillance Network (SSuN) established by the CDC in 2005,
uUs Pennsylvania and Washington 2010-2011 6.5% 59,176 ages 20-29. Meites et al 2013
African American adolescent girls aged 14 to 20 years were
recruited from reproductive health clinics to participate in an | Swartzendruber et al
Us Atlanta, GA 2005-2007 20.0% 605 HIV/STI prevention trial. 2014
Women attending in primary care health service located in the
Brazil Sao Paulo 2004-2005 3.2% 787 metropolitan region of Sdo Paulo, ages 18-40. Luppi etal 2011
Women attending gynecology units of public health centers,
Brazil Uberlandia, Minas Gerais. 2009-2010 2.6% 742 ages 25-45. Grama et al 2013
Women registered for health care in 10 Basic Healthcare Units,
Brazil Coari, Amazonas 2010 12.7% 361 ages 18-78. Rocha et al 2014
Women from 20 low-income communities in coastal Peru,
Peru Lima, Trujillo, and Chiclayo 2003-2005 9.1% 308 ages 18-41. Leon et al 2009
2009-2011 Brooks—Smith—Lowe
Grenada | Grenada 0.85% 2677 Women between the ages of 15 and 49 years. and Rodrigo 2013
Africa
zf)ﬁtcg Durban 2003-2006 6.5% 8.6/1(;(;;/:/:men— 1485 Women participating in a phase Il vaginal diaphragm trial. Naidoo and Wand 2013
Europe
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Nordic Women from the general female population, reporting ever
countries | Denmark, Norway, Iceland, and Sweden 2004-2005 1.5% 69,475 having had a clinical diagnosis of a genital ST1s, ages 18-45. | Faber et al 2011
Ranged 50+/100
London, West Midlands and Local 2009- 000 to <0-01/100 Data from the Genitourinary Medicine Clinic Activity Dataset | Mitchell et al 2013
UK Authorities 2011 000 3221854 | (GUMCAD)***, women and man.
Asia
Women were recruited from low-income peri-urban and rural
India Mysore 2005-2006 8.5% 898 neighbourhoods of Mysore, ages 15-30. Madhivanan et al 2009
South Female patients attending STD clinics in the Dankook
Korea Cheonan 2006-2012 7.8% 1,523 University Hospital for ST| screening, ages 10-81. Kim 2013
South Male patients from a primary care urology clinic (Top Urology
Korea Daegu 2013 4% 201 Clinic). Seo et al 2014
Oceania
Prevalence
were 2.1-fold
higher in
women than
in men (1.5%
vs  0.7%); Bygott and  Robson
Indigenous 2013
patients
accounted
for 48% of
South-East Queensland and indigenous rural positive
Australia | regions 2004-2011 | cases 44 464 Women and man from rural and urban Australian populations.
Women from rural and remote western New South Wales 23
Australia | New South Wales 2009-2010 8.4% 506 years median age. Ryder et al 2012
19.8/100
person-years - for Women and man from remote Australian Aboriginal
women and lations
3.6/100person- popula '
Australia | Central and Northern Australia 2009-2011 17.6% years for man. 17 849 Silver etal 2014

*NHANES—National Health and Nutrition Examination Survey

**CHOICE is an observational cohort study of 9,256 women residing in the St. Louis area.

***National STI surveillance and reporting system in England
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Data for the US was the most robust, as many articles analyzed samples collected
for National Health and Nutrition Examination Survey (NHANES), STD Surveillance
Network (SSuN) and CHOICE data, which collects information from a population
representative of the US. Prevalence estimates for the America region ranged from
14.4% for Atlanta to 0.85% for Grenada.'%?! Data from Brazil, the second country with
highest number of studies, ranged from 12.7% for ages 18-78 yr to 2.6% for ages 25-45
yr among women attending in healthcare units.*®® However, data from Brazil was the
less robust due to the limitations in sample selection, since it is not representative of the
Brazilian general population. The same limitation study was found for Grenada and
Peru, where the data evaluated were restricted to the local population instead of being
considered at national level. 2! 2° Reported prevalence estimates in Europe, among four
Nordic countries,?® tended to be lower than those reported for the America, Africa,
Australia, and Asian regions (Table 1). Prevalence estimates for the Asian ranged from
8.5% for Mysore, India* among women to 4.0% for males living in Daegu, South
Korea.? Data from Africa were the less robust; only one study has prevalence estimates
for trichomonosis, 6.5% among women living in Durban, South Africa.*® In addition,
the available data from Africa in scientific literature were focused mainly on HIV-
infected population, and this population was excluded from this study.

Oceania studies focused mainly on Australian aboriginal and communities living
in rural areas. The prevalence ranged from 17.6% for aboriginal populations?’ to 8.4%
for rural population, ?® indicating that in some communities trichomonosis causes a
significant burden. For example, in Australia, the T. vaginalis infection estimates were
higher in women than in men; ?° and the indigenous patients were positive cases in 48%
of the studied population.?

Four studies reported prevalence of T. vaginalis among male patients, among
these two articles reported data in the US, 112 one article reported data in the UK, and
one article reported data in the South Korea.?® The prevalence estimates among male
patients ranged from 10% *! to 4.0%, 2% and data among women ranged from 14.4%?° to
0.85%.2! An Australian study has shown that the prevalence was 2.1 times higher in
women than in men; however, the limitations on the number of studies with male

samples restricted the comparison of data (Table 1).
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Risk factors associated with T. vaginalis infection were showed in Figure 3; we classify
the risk factors in three categories: human behavior, other disease and demographic
aspects. Thirteen (57%) of the twenty three studies included in this review provided risk
factors for trichomonosis. 8101112 13, 14, 16, 17, 18, 20, 242829 Gkin color was the most

commonly cited risk factor for trichomonosis acquisition (Figure 3).
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Demographics
Ages 30-39 yr
25-29 yr

16-17 yr

36-40 yr

21-30 yr

18-21 yr

>40 yr

20-24 yr

Less than high school education

Skin color (Black, African American and..

Diseases

HIV

HSV1

Syphilis

STI

Neisseria gonorrhoeae
HSV2

Chlamydia trachomatis

Behavior

> 20 years sexual activity

Tubal ligation

Age at start of drinking younger than 15 yr
Age at start of smoking younger than 15 yr
High number partners last six months
History drug use

Smoking cocaine past

Hormonal contraceptive use

Smoked marijuana

Marital status - single

Regular smoker

Use alcohol before sex

First intercourse less than 15 years
Condom irregular or no use

High number lifetime sex partners
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Figure 3. Articles citing risk factors for T. vaginalis infection.
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Eleven studies cited Black, African American or Indigenous as a risk factor
associated with T. vaginalis. Allsworth and colleagues® found the odds ratio of Non-
Hispanic Black being infected compared to Non-Hispanic-Whites to be 12.3 (6.21-24.2)
in the US.2 In England, for both men and women, the odds of T. vaginalis infection were
higher in Black Caribbean (women 4.23, 95% CI 3.98-4.50); (men 8.00, 95% CI 6.48—
9.87) and Black ‘other ethnic groups’ (women 4.13, 95% CI 3.80—4.49); (men 5.75, 95%
Cl 4.22-7.83). Consequently, some ethnic groups were significantly more likely to be
diagnosed with T. vaginalis than those who were White.?® Other study also showed that
some ethic groups were most probable to be infected with T. vaginalis, for example,
data from Australia estimate that trichomonosis was highest among Aboriginal women
than women living in remote areas.?’

Considering demographic factors the low-level education was the second risk
factor more associated with T. vaginalis infection.1820 Moreover, as observed in Figure
3, there is no peak of trichomonosis cases in certain age groups, the age of the population
studied ranged from 16 to > 40 yr.

The main diversity of risk factor cited for trichomonosis acquisition was among
human behavior, which included the high number of sexual partners, lack of condom
use, age of first sexual intercourse, use of alcohol, smoking cigarette or marijuana and
other attitude, as shown in Figure 3.810.11.12,13,14, 16,17, 18, 20, 24,28,29

The association between T. vaginalis and chlamydia, gonorrhea, syphilis, and
herpes simplex virus-type 2 (HSV-2) have been described; and the most commonly cited
diseases associated with trichomonosis in this review were Chlamydia trachomatis,
Neisseria gonorrhoeae and HSV?2 infections (Figure 3). Allsworth and colleagues in
20098 using NHANES data in the US concluded that all sexually transmitted infections
(STI) examined - chlamydia, HSV-1, HSV-2, syphilis and HIV- were more common

among women with trichomonosis.?

Discussion
The findings in this systematic review indicated that prevalence estimative of
trichomonosis is high in all five-world regions, in general population, since it frequently

exceeding five percent. In the America region, especially in the US, it was found the
51



highest number of studies, highlighting two studies revealing prevalence of 10 percent
or more for the US.1%! Consequently, data obtained in this review suggested that the
overall trichomonosis burden is better known in the US. However, it has been reported
that T. vaginalis has received little attention in the US and consequently the role of
trichomonosis as important STI in US has probably been underestimated®. Recently the
US Centers for Disease Control and Prevention (CDC) announced an initiative to
prioritize five neglected parasitic infections, including trichomonosis,®> making clear that
the total T. vaginalis infection prevalence is still unknown in US. In addition, our data
showed that, although the highest number of studies were found in the US, these data
were collected in different cities, with heterogeneous population and, in different
periods, and as a result, it is no possible to define whether the T. vaginalis prevalence is
increasing. However, when we compare two large US studies, one covering the women
population aging 15 to 49 yr throughout the country between 2001 and 20048 and the
other considering women from 21 of 50 US states, ages 18-89 yr,'* it is possible to
conclude that the trichomonosis prevalence is increasing. Therefore, these results
reaffirm that trichomonosis need greater attention of public health policies in US. Other
interesting information is that data suggest that prevalence is lowest among teenager
than women belonging to other age groups.®#

Data from Brazil was the second in articles number, and the populations studied
among all three studies were comparable when the age groups were analyzed. However,
the Brazilian country region evaluated and time point were not comparable among these
studies; consequently it was not possible to concluded whether the prevalence in Brazil
was changing.t"1819

Our results showed that among other four world-regions studied here, Africa,
Asian, Europe, and Oceania there are more limited prevalence estimates data for
trichomonosis than America region. Taking in account Africa and Asian regions, the
studies included in the analysis did not represent all populations from these regions;
therefore the overall burden of disease in Africa and Asian is still unidentified. 22 232430
The same limitation was found for Australian data, although a more representative
population was studied, the Aboriginal Indigenous communities living in rural areas,

than Africa and Asian.?®?" In Europe, only one report established the prevalence
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estimates of T. vaginalis infection in Nordic countries;?® consequently, the number for
this disease in a representative part of population is misjudged. Finally, hardly any new
data about the T. vaginalis incidence were found in this review.

Trichomonosis, to the best of our knowledge, is not currently a reportable disease,
nor is a nationally notifiable condition in any of the regions studied. Furthermore, the
CDC Guidelines recommended that only women with symptoms of vaginal discharge
should be tested for T. vaginalis infection and the screening of asymptomatic persons
includes only routine annual testing among HIV-infected women and currently do not
include specific recommendations for T. vaginalis screening among the general
population or among other high-risk groups.® Consequently, these public health policies
applied to trichomonosis may underestimate the prevalence numbers and incidence of
this disease in the world, and this fact certainly explains the limited number of studies
found in Africa, Asian, Europe, and Oceania. In addition, Meites and collegues® in the
US representative population data found prevalence estimates of 6.5% of T. vaginalis
positive cases among asymptomatic women. Therefore, due to the high number of
asymptomatic patients with trichomonosis, the enhanced efforts such as screening for T.
vaginalis among other population other than HIV-infected could lead to increased
awareness about this infection and to treatment and reduction of transmission.

Limitations of this study include restrictions used in our search methodology, in
particular the restricted inclusion of articles published within the past six years. An
additional limitation was that most studies with quality to be included in this review
belong to the US, so the prevalence and incidence data from worldwide is unknown.
Another limitation was the highest number of studies in high-risk population, as sex-
workers or HIV-positive people, as well as in pregnant women found during the
systematic review. These studies were excluded, because the number of trichomonosis

cases could be overestimated or underestimated when these populations are included.

Conclusion
Our overall purpose was to assess the available literature on the current burden
of trichomonosis in five world-regions and to discern the amount of evidence available

to inform current or future public health measures to control and prevent trichomonosis.
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Our findings highlight the ongoing need for better data, especially because prevalence
estimates are strong only in the US and incidence estimates are far from optimal in all
world-region. Due the paucity of trichomonosis estimates, we are still in the nascent
stages of understanding the full extent of trichomonosis in the world. Thus, efforts are
necessary to better define the overall burden of disease, for example research to
elucidate the trichomonosis prevalence and incidence numbers. Robust epidemiological
studies of prevalence and incidence showing the disease ongoing are needed to guide
priorities and define public health policies. In addition, there is the necessity to develop
more widely accessible diagnostic tests and studies to re-evaluate and improve T.

vaginalis screening guidelines.
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S1 Protocol search

Full description of protocol to study search and criteria of
inclusion/exclusion used.

Search protocol

a) Search

The Pubmed search limits: English articles and articles publish before 01.01.2008
and 01.01.2015.

a.1) Terms that will include:

First step:

1) “trichomonosis prevalence”; i1) “trichomonas incidence”; ii) “trichomonosis
prevalence and Americas”; iv) “trichomonosis prevalence and South-East” v)
“trichomonosis prevalence and Asian”; vi) “trichomonosis prevalence and European”;
vii) “trichomonosis prevalence and Eastern Mediterraneam”; viii) “trichomonosis
prevalence and Pacific”

Second step:

1) “trichomonosis incidence and Americas”; i) “trichomonosis incidence and
South-East” iii) “trichomonosis incidence and Asian”; iv) “trichomonosis incidence and
European™; v) “trichomonosis incidence and Eastern Mediterraneam”; vi)
“trichomonosis incidence and Pacific”

Third step:

i) “Trichomonas vaginitis”; ii) “Trichomonas infection™; iii) “Trichomonas
Urethrites”

B) Analyses of search results
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b.1) Title selection for abstract review

i) Title report “prevalence or incidence of trichomonosis or Trichomonas
vaginalis” ii) “prevalence or incidence of sexually transmitted disease or sexually
transmitted infection”; 1i1) frequency or occurrence of sexually transmitted infection”;
1v) “epidemiological study”.

b.2) Criteria for exclusion of abstract review

1) duplicate results; ii) Studies about different disease or other Trichomonas
disease topic; ii) articles about Trichomonas in animals; iii) Studies in specific
population i.e HIV patients, sex workers, pregnant women or other population.

b.4) Criterion of inclusion that will used in abstract review for study selection:

i) original prevalence data/estimate for trichomonosis; ii) original incidence or
outbreak data; iii) report of individual cases.

b.4) Criterion for study inclusion in full-text review analyses

i) appropriate population selection; ii) appropriate methodological approach; iii)

appropriate statistical analysis; iv) outcome description.
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S2 PRISMA checklist

PRISMA 2009 Checklist

Section/topic # Checklist item Er?%;;t:i
TITLE

Title 1 | Identify the report as a systematic review, meta-analysis, or both.

ABSTRACT

Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data sources;

study eligibility criteria, participants, and interventions; study appraisal and synthesis methods;
results; limitations; conclusions and implications of key findings; systematic review registration

number.

INTRODUCTION

Rationale 3 | Describe the rationale for the review in the context of what is already known.

Obijectives 4 | Provide an explicit statement of questions being addressed with reference to participants,
interventions, comparisons, outcomes, and study design (PICOS).

METHODS

Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if
available, provide registration information including registration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.qg.,
years considered, language, publication status) used as criteria for eligibility, giving rationale.

Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study
authors to identify additional studies) in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one database, including any limits used, such

that it could be repeated.

60



Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review,
and, if applicable, included in the meta-analysis).

Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate)
and any processes for obtaining and confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any
assumptions and simplifications made.

Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of

studies whether this was done at the study or outcome level), and how this information is to be used in
any data synthesis.

Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means).

Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including

measures of consistency (e.g., 1?) for each meta-analysis.
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PRISMA 2009 Checklist

Reported

Section/topic

#

Checklist item

Risk of bias across studies

15

Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication

bias, selective reporting within studies).

on page #

Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-
regression), if done, indicating which were pre-specified.

RESULTS

Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with
reasons for exclusions at each stage, ideally with a flow diagram.

Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS,
follow-up period) and provide the citations.

Risk of bias within studies | 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see
item 12).

Results of individual 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary

studies data for each intervention group (b) effect estimates and confidence intervals, ideally with a
forest plot.

Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of
consistency.

Risk of bias across studies | 22 | Present results of any assessment of risk of bias across studies (see Item 15).

Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-

regression [see Item 16]).

DISCUSSION
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Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome;
consider their relevance to key groups (e.g., healthcare providers, users, and policy makers).

Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.qg.,
incomplete retrieval of identified research, reporting bias).

Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications
for future research.

FUNDING

Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data);

role of funders for the systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and
Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. doi:10.1371/journal.pmed1000097

For more information, visit: www.prisma-statement.org.
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S3 PRISMA flowchart

x PRISMA 2009 Flow Diagram
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From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PL0S
Med 6(6): e€1000097. doi:10.1371/journal.pmed1000097. For more information, visit
WWWw.prisma-statement.org
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Abstract

Trichomonas vaginalis is the etiologic agent of trichomonosis, the most common non-viral
sexually transmitted disease worldwide. This infection is associated with several health con-
sequences, including cervical and prostate cancers and HIV acquisition. Gene expression
analysis has been facilitated because of available genome sequences and large-scale tran-
scriptomes in T. vaginalis, particulady using quantitative real-time polymerase chain reaction
(qRT-PCR), one of the most used methods for molecular studies. Reference genes for nor-
malization are crucial to ensure the accuracy of this method. However, to the best of our
knowledge, a systematic validation of reference genes has not been performed for T. vagina-
lis. In this study, the transcripts of nine candidate reference genes were quantified using
qRT-PCR under different cultivation conditions, and the stability of these genes was com-
pared using the geNorm and NomFinder algorithms. The most stable reference genes were
a-tubulin, actin and DNATopll, and, conversely, the widely used T. vaginalis reference
genes GAPDH and B-tubulin were less stable. The PFOR gene was used to validate the reli-
ability of the use of these candidate reference genes. As expected, the PFOR gene was
upregulated when the trophozoites were cultivated with ferrous ammonium sulfate when the
DNATopll, a-tubulin and actin genes were used as nomalizing gene. By contrast, the PFOR
gene was downregulated when the GAPDH gene was used as an intemal control, leading to
misinterpretation of the data. These results provide an important starting point for reference
gene selection and gene expression analysis with qRT-PCR studies of T. vaginalis.

Introduction

The most common non-viral sexually transmitted disease (STD) worldwide is trichomonosis
that is caused by Trichomonas vaginalis, which is a flagellate parasitic protozoan, with an inci-
dence estimated of 276.4 million new cases each year [1]. Recently, T. vaginalis was classified
among five parasitic infection neglected in the United States of America [2]. Serious health con-
sequences have been associated with trichomonosis such as infertility, predisposition to cervical
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cancer, pelvic inflammatory disease and adverse pregnancy outcomes like low birth weight
babies and preterm birth [3.4). In addition, aggressive prostate cancers have been associated
with trichomonosis [5]. Other important aspect about the trichomonosis is a positive associa-
tion between T. vaginalis infection and human immunodeficiency virus (HIV) transmission [6].
The complete genome from T. vaginalis was published in 2007 [7], consequently this could
allow greatly progress in pathogenicity studies, as it has occurred with other organisms when
the complete genomes and transcriptomes sequences were available [8,9]. For these approaches,
the measurement of gene expression using quantitative real-time transcriptase reverse PCR
(qRT-PCR) is chosen because it is rapid, sensitive and precise particularly to detect a few copies
from mRNA [8, 10-12]. However, data analysis could have errors due to technical and experi-
mental variability [13]. Therefore, to avoid the effect of these factors, the use of housekeeping
genes is necessary [13, 14]. The low or absent variability in its expression level is expected for
one reference gene when exposed to different types of experimental treatments [13, 15, 16].
However, frequently used housekeeping genes such as glyceraldehyde-3-phosphate (GAPDH),
elongation factorand fS-actin, have displayed unstable expression levels under different experi-
mental studies, therefore demonstrating the importance of establishing a set of optimal refer-
ence genes, before starting a gene expression analysis [13,17,18]. Nevertheless, there are no
reported studies of the validation of reference genes in T. vaginalis, and genes such as o- or -
tubulin are frequently used as housekeeping genes for normalization in T. vaginalis gene expres-
sion analyses [19,20]. In this study, nine candidate reference genes previously used in studies
with T. vaginalis or other eukaryotes, were selected and their mRNA levels were measured in
trichomonads under nutrient-deficient conditions and high iron conditions by qRT-PCR. Next,
two algorithms NormFinder and geNorm were used to classify the suitable reference genes for
the normalization of gene expression in T. vaginalis [15, 21]. To confirm the consistency of the
selected reference genes, pyruvate:ferredoxin oxidoreductase (PFOR) was used asthe target
gene. PFOR is a hydrogenosomal enzyme that has homology with the 120 kDa surface glycopro-
tein (AP120) involved in the T. vaginalis cytoadherence process, and it is up-regulated in the
presence of iron [22]. Therefore, the three most stable and one unstable candidate reference
genes were selected for testing for normalization of the relative expression of PFOR in trichomo-
nads cultivated under high iron concentrations. The results obtained here represent important
information for reference gene selection to use in gene expression studies in T. vaginalis.

Results

Selection of candidate RT-qPCR reference genes for Trichomonas
vaginalis

To identify a set of potential reference genes, a thorough review of the scientific literature with
a focus on genes traditionally used as normalizers for gene expression in T. vaginalis studies
was performed. Of five reference genes often used for expression assays: f-tubulin
[19,22,23,24,25,26,27,2829,30,31,32), a-tubulin [33,34,35,36,37,38], 605 rRNA [39,40,41],
GAPDH [38,42], and coronin [8], the three most used genes for normalization were selected, -
tubulin, a-tubulin, and coronin. An additional six candidate genes were included because of
their use as the best reference genes for other organisms, and a total of nine candidate genes
were selected, actin, F-actin (§ and at), tubulin (e, § and y), glyceraldehyde 3-phosphate dehydro-
genase (GAPDH), elongation factor (Efa), and DNA topoisomerase I (DNATopII) (Table 1).
The nucleotide sequences of all candidate reference genes were obtained from the T. vaginalis
genome project database (TrichDB http://trichdb.org/trichdb/), where more than one sequence
was found. To select only one nucleotide sequence for each gene, the following approach was
used: all sequences obtained with a score equal to 100 in the TrichDB search were aligned
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Table 1. Gene ID, gene symbol, primer sequence and amplicon length of the selected reference genes.

Gene ID Gene Symbol Primer sequence (5'to 3) Amplicon length (bp)

TVAG_534990 Actin F: TCACAGCTCTTGCTCCACCA 175
R: ARGCACTTGCGGTGAACGAT

TVAG_212270 F-actin a F: ATCGACGAAGGCATCARAGC 103
R: TACGAGCTTCCTCGCARRGG

TVAG_271840 F-actin B F: TCTTCGGATGCGGETGTTTTC 178
R: CCGATTCCAACGTCARGCTC

TVAG_206890 a-tubulin F: TGCCCAACAGGCTTCAAGAT 101
R: TTAGCGRAGCATGCRAGACRGC

TVAG_073800 B-tubulin F: TCCGTGGCCGTATGTCATCT 169
R: GCTGTTGTGTTGCCGATGAR

TVAG_109820 y-tubulin F: TGCCGATGCTCTTGRAGGAT 173
R: TGTATGGGGCAACAACGACA

TVAG 03880 DNATopll F: ATCGGETGTCEGTTGETCARG 171
R: TGECTGTTTGACACCGTCTTT

TVAG_067400 Efa F: CACAACAACAGGCCACCTCA 136
R: TTCAGCCTTGAGGGAGTCCA

TVAG_475220 GAFDH F: GCCGCRRGCTCTATOCRARG 196
R

¢ CGECCACCGATTGACTTAAC

doi10.1371 joumal. pone.0138331.4001

using the ClustalW2 —Multiple Sequence Alignment (http://www.eblac.uk/Tools/msa/
clustalw?2 /), and the phylogenetic analysis was performed using MEGA (Molecular Evolution-
ary Genetics Analysis software) (51 Fig). Next, only one nucleotide sequence for each gene was
selected from the branch subtypes with a greater number of individuals. The primer pairs spec-

ificities were verified with a BLAST (Basic Local Alignment Search Tool; at http://blast ncbi.
nlm.nih. gov/) search and the primer pairs designed were used only if they did not amplify

human or other Trichomonas species sequences.

PCR Amplification Specificity and PCR efficiency

The specific melting temperature, corresponding to a single peak was found for all nine candi-
date reference genes (S2A Fig and Table 2) and a single band for each product was visualized in
the agarose gel electrophoresis (S2B Fig), indicating the specificity of all primer pairs used for

Table 2. Results from standard curves of the selected candidate references genes: slopes, amplification efficiency (E), annealing temperature

(Ta), melting temperature (Tm)and primer concentration.

Gene Symbol Slope E (%) R* Ta (°C) Tm (°C) Primer concentration (uM)
Actin -3.527 92 0.990 64 B6.3 01

F-actin a -3.318 100 0.986 64 B15S 04

F-actin g -3.551 91 0.978 63 83.3 041

a-tubulin -3.472 94 0.997 64 B6.3 0z

B-tubulin -3.452 a5 0.9 &4 B4.7 0.1

y-tubuilin -2.787 110 0.994 64 B0.3 0z

DNATopil -3.329 90 0.993 64 B1.8 041

Efa -3.504 99 0.99% 64 B48 0z

GAPDH -3.316 100 0.992 64 B4.8 0z

doi:10.1371 joumal.pone.0138:331.4002
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qRT-PCR. The DNA calibration curves of ten-fold dilution series were used to calculate the
regression coefficient (R”) for each candidate reference gene, thus the primer efficiency was
evaluated. The PCR efficiency range from 90% for DNATopllI § to 110% for y-tubulin is shown
in Table 2. No primer dimers or unexpected amplicons were observed from non-specitic
amplification, and no signals were detected in the negative controls.

Expression levels of the selected candidate reference genes

To recognize the ideal reference genes for normalization of the gene expression profiles in T.
vaginalis, the raw Ct values were used to measure the expression stabilities of the nine candi-
date genes. All data were examined under the following five subsets: (1) T. vaginalis grown in
trypticase-yeast extract-maltose (TYM) medium supplemented with 10% heat-inactivated
bovine serum (HIBS) (2); HIBS restriction (1.0%) (3); maltose restriction (273 pM); (4) HIBS
and maltose restriction; and (5) TYM supplemented with 200 pM ferrous ammonium sulfate.

The expression levels of the nine reference genes for all sets of samples are presented in Fig
1 using the raw Ct values. Diverse levels of mRNA copy were observed for these genes, with the
Ct values ranging from 8 cycles in Efa gene to 25 cycles for the F-actin o gene. A constant
expression level was not found for none of the tested reference gene in all conditions tested.
The dispersion of the Ct values was the lowest for the Efa, a-tubulin, actin, and DNATopIl
genes, indicating the lowest gene expression variations, whereas the y-tubulin and S-tubulin
genes showed the highest variability in the CT value, and consequently, the highest gene
expression variations. Five candidate reference genes had average Ct values below 15 cycles,
including Efa, GAPDH, c-tubulin, actin, and y-tubulin, indicating higher expression levels. By
contrast, F-actin o, DNATopll, F-actin f§, and S-tubulin had average Ct values above 15, indi-
cating that these genes produced fewer transcripts. Consequently, the Efa gene presented the
highest abundant expression level, whereas the F-actin & gene had the lowest level.

The coefficient of variation (CV%) values were calculated for each candidate reference gene
after grouping the samples into the following three different sets: (i) total samples (all growth
conditions); (ii) all samples subjected to nutrient restriction; and (i) samples cultivated with

26 4

3 -
3 % é =

12 1 5 = -

10 A

.| =

6 ' ' ' | | ' | 1 1
Efa GAPDH o-tubulin  Actin  y-tubulin fp-tubulin F-actinp DNATopIl F-actina

CtValue

Fig 1. Raw Ctvalues from gRT-PCR of candidate reference genes under all cultivation conditions. Box shows the 25/75 percentiles and the whiskers
indicate the maximum and minimum values. The median is presented by the line and outlers are exhibited by dats.

doir10.1371 joumnal.pone.0138331.9001
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Table 3. The coefficient of variation (CV %) of candidate reference genes from T. vaginalis under three distinct sets.

Gene Total samples Gene All nutrient restriction Gene Ferrous ammonium sulfate
CV% CV % CV %
DNATopll 29 DNATopll 242 Actin 25
Factin a 4.4 a-tubulin 4.5 F-actin a 38
a-tubulin 4.7 F-actin a 4.9 F-actin § 4.4
Efa 5.0 Actin 5.2 a-tubulin 47
Actin 6.2 Efa 57 DNATopil 7.6
F-actin § 6.3 F-actin 8 6.4 Efa 119
B-tubulin 10.0 B-tubulin 9.9 B-tubulin 39.2
GAPDH 10.1 GAFDH 10.3 y-tubulin 39.6
y-tubulin 134 y-tubulin 13.2 GAPDH 40.3

doi10.1371 joumnal pone.0138331.1003

ferrous ammonium sulfate. The CV was calculated as CV = g/, where o is the standard devia-
tion of the Ct values of a candidate reference gene and p is the Ct value mean for the same
gene. These values were also evaluated to verify the expression stability for each candidate
gene. CV values lower than 4.0% were obtained for DNATopII when all samples were analyzed
and when the samples from the nutrient restriction were grouped into one set (Table 3). Of the
other potential reference genes, CVs lower than 4.0% were obtained for actin and F-actin a
when the parasites were cultivated with ferrous ammonium sulfate. Conversely, S-tubulin,
GAPDH, and y-tubulin presented high CV values under the three conditions sets, with CV val-
ues ranging from 9.9% to 40.3% (Table 3).

Expression stability of the candidate reference genes

Two different statistical algorithms NormFinder and geNorm were used to rank the candidate
reference genes according to their expression stability [43].

geNorm analysis. The geNorm was used to calculate the expression stability value (M) for
each candidate reference gene and the pairwise variation (V) of a certain gene compared with oth-
ers. To do the analysis using the geNorm software the raw Ct values were grouped into the follow-
ing six experimental datasets: (i) total samples; (ii) all samples under nutrient restriction; (iii)
samples under HIBS restriction; (iv) samples under maltose restriction; (v) samples under HIBS
and maltose restriction; and (vi) samples supplemented with 200 pM ferrous ammonium sulfate.

The average expression stability (M value) of the tested genes is based on the average pair-
wise expression ratio. A low M value indicates more stable gene expression, whereas the highest
M value denotes the least stable reference gene. All candidate reference genes in all six subsets
tested showed M values lower than the geNorm threshold of 1.5, revealing stability (Fig 2).In
the entire set of 15 samples, DNATopII (0.225) and a-tubulin (0.239) had the lowest M values,
followed by F-actin « and actin. Conversely, the M value of GAPDH was the highest (0.685),
suggesting that DNATopII and a-tubulin present the most stable expression and that GAPDH
is variably expressed (Fig 2A). The results remained similar in the high-iron experimental sub-
set (Fig 2F), with the lowest M values for a-tubulin (0.051), DNA ToplII (0.06), and actin
(0.068), and the highest M values for f-tubulin (0.505). By contrast, f-tubulin (0.182) and actin
(0.17) were more stable when the complete data sets of the nutrient restriction were grouped
together (Fig 2B), and GAPDH and Efa had highest M values, with the lowest expression stabil-
ity. The e-tubulin (0.114) and actin (0.119) genes were ranked as the most stable under HIBS
restriction (Fig 2C), whereas F-actin a (0.038) and DNATopII (0.034) were ranked as the most
stable under maltose restriction (Fig 2D). For these two last experimental subsets, the unstable
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Fig 2. Expression stability values (M) and ranking of the candidate reference genes based on geNorm calculation. (a)total samples; (b) samples
under all nutrient restriction; () samples with 1% HIBS; (d) maltose restriction; (€) HIBS and maltose restriction; (f) samples supplemented with 200 uM
ferrous ammonium sulfate. The M value and ranking were calculated through a pairwise comparison and stepwise exclusion of the lowest stable gene. Low
M values correspond to high expression stability.

doi10.1371 foumal.pone. 0138331.9002

genes were §-tubulin plus F-actin o and GAPDH plus actin, respectively (Fig 2C and 2D).
When there was an association between both nutrient restriction conditions (HIBS and malt-
ose), F-actin at (0.022) and e-tubulin (0.02) had the most stable expression, in contrast to
GAPDH, which was variably expressed (Fig 2E).

The pairwise variations (Vn/Vn + 1) were also calculated with geNorm between two
sequential ranked normalization genes to determine the minimum number of internal controls
needed for an accurate normalization. Analysis of the pairwise variation in all datasets revealed
that the optimal number of reference genes in these experimental situations were two, and
geNorm Vwas < (.15 for all subsets compared to a normalization factor based on the 2 or 3
most stable targets (Fig 3).

NormFinder analysis. To evaluate the stability of the nine candidate reference genes using
the NormFinder algorithm, the samples were grouped into the following two sets: (i) control
samples and (ii) all nutrient restriction samples. The expression stability evaluated by the Norm-
Finder program is shown in Table 4. The reference genes with the lowest average expression sta-
bility were more stably expressed reference genes. Based on our results, the three most stable
reference genes were DNATopll, a-tubulin and actin, and the best combination of two genes
were DNATopll and a-tubulin. When the samples under nutrient restriction were grouped in
the same subset, the c-tubulin, actin, DNAToplI genes also exhibited the lowest average expres-
sion stability; however, the best combination of two genes was a-tubulin and actin (Table 4).
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additional genes are needed to calculated a reliable normalization factor.

doi10.1371 foumal.pone.0138331.9003

Validation of the selected reference genes in parasites supplemented
with ferrous ammonium sulfate

In order to ensure the reliability of the selected reference gene candidates, we analyzed the
expression patterns of one iron up-regulated gene (PFOR) in trophozoites previously treated
with increasing ferrous ammonium sulfate concentrations (100, 200, and 300 pM) at four time
points (1, 6, 12, and 24h). For these experiments three T. vaginalis isolates, one ATCC (30238)
and two fresh clinical isolates (TV-LACM#6 and TV-LACH4) were used. The actin and DNA-
TopIl genes were selected because of their optimal performance in the geNorm and NormFin-
der analyses. By contrast, the unstable gene GAPDH was also evaluated.

As presented in Figs 4, 5 and 6 PFOR gene had higher expression pattern among all three T.
vaginalis isolates tested for 1,6, 12 and 24 h of incubation with ferrous ammonium sulfate when
the most stable candidate reference genes (actin and DNATopll) were used for normalization.

Table 4. Ranking of candidate reference genes in order of expression stability as calculated by NormFinder.

Rank Total samples Rank All nutrient restriction
Gene Stability value BC.G™ Gene Stability value BC.G™
1 DNATopi'™ 0.024 0.047 1 a-tubulin®*He! 0.021 0.016
2 a-tubulin™ 0.081 0.047 2 Actin™ 0.021 0.016
3 Actin 0.089 - 3 DNATopl! 0.026 -
4 F-actin a 0272 - 4 F-actin a 0.065 -
5 Efa 0.289 - 5 Efa 0.316 -
6 F-actin 0.307 - 6 F-actin 8 0.403 -
T y-tubufin 0.362 - 7/ y-tubulin 0.449 -
8 GAPDH 0.599 - 8 GAPDH 0.605 -
9 B-tubulin 1132 - 9 B-tubulin 1.348 -

) Best combination of two genes and stability value for best combination of two genes
= Best gene

doi10.1371 foumal.pone.0138331.1004
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Fig 4. The quantification of pyruvate-ferredoxin oxidoreductase (PFOR) gene expressionin T.
vaginalis ATCC 30238 isolate. The relative expression of PFOR genein T. vaginalis under ferrous
ammanium sulfate (high-iran condition 100, 200, and 300 pM) using GAPDH, and DNATopll as internal
contrals, after 1, 6, 12, and 24h of cultivation. (a) The relative expression of PFOR gene in T. vaginalis under
high-iron after 1 hour of cultivation; (b) The relative expression of PFOR gene in T. vaginalis under high-iron
condition after 6 hours of cultivation; (¢) The relative expression of PFOR gene in T. vaginalis under high-iron
condition after 12 hours of cultivation; (d) The relative expression of PFOR gene in T. vaginalis under high-iron
condition after 24 hours of cultivation. The relative expression levels are depicted as the mean + SD,
calculated from three biological replicate. The relative change in gene expression was analysed using the 2
A0 method. Statistically significant expression changes were calculated using one-way ANOVA and the
level of significance was also determined by the Bonferroni method comparing all groups versusthe contral.
Statistically significance (P <0.001) changes in relative expression are represented with an asterisk.

doi:10.1371/foumal. pone. 01383319004

Using the other stable reference gene a-tubulin, our gRT-PCR analysis also revealed that the
PFOR transcripts were upregulated on parasites treated with iron at 24h exposition (P = 0.03)
(53 Fig). In contrast, when GAPDH was used as reference gene, the relative expression of the
PFOR target varied greatly, showing lower expression level in all experimental conditions tested
(P > 0.05) than results obtained from normalization with actin, DNATopIl, and a-tubulin.
Moreover, in Figs 4, 5 and 6 it is also observed that the increase in the PFOR gene expression
accompanied the increase in iron concentrations. Similarly, the raise in PFOR expression was
time-dependent, with strongest expression in 24 h. These expression patterns were found
among all three T. vaginalis isolates tested when were used the stable genes as normalizing.
However, normalization using GAPDH gene resulted in a strong bias, due tosignificant decrease
of the PFOR expression despite increase in both iron concentration and time (Figs 4,5 and 6).

Discussion

Anideal reference gene should have stable expression level in all tissues, as well as in all organ-
isms culture conditions [13, 15, 16]. However, currently some studies showed that the expres-
sion of traditionally used housekeeping genes may diverge when tested under different
experimental treatments [17, 18, 43]. Regarding this concem, a set of potential nine reference
genes were selected in this study to compare their expression stabilities under different experi-
mental conditions to establish the optimal reference genes for the normalization of gRT-PCR
analyses in T. vaginalis.

The nine-candidate reference genes evaluated here showed a relatively wide range of tran-
script levels when the raw Ct data was analyzed, and these findings were observed in other
studies of gene validation [44]. The Efa, GAPDH, a-tubulin and actin genes had low data dis-
persion suggesting they were most stable genes. These results were consistent with previous
studies that evaluated Efa, GAPDH, actin, and tubulin as potential reference genes and
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Fig 5. The quantification of pyruvate-ferredoxin oxidoreductase (PFOR) gene expression in T.

vaginalis TV-LACME isolate. The relative expression of PFOR gene in T.vaginalis under ferous ammonium
sulfate (high-iron condition 100, 200, and 300 uM) using GAPDH, and DNATopll as internal controls, after 1,
6, 12, and 24h of cultivation. (a) The relative expression of PFOR gene in T. vaginalis under high-iron after 1
hour of cultivation; (b) The relative expression of PFOR gene in T. vaginalis under high-iron condition after&
hours of cultivation; (¢) The relative expression of PFOR gene in T. vaginalis under high-iron candition after 12
hours of cultivation; (d) The relative expression of PFOR gene in T. vaginalis under high-iron condition after 24
hours of cultivation. The relative expression levels are depicted as the mean + 5D, calculated from three
biclogical replicate. The relative change in gene expression was analysed using the 2% method.
Statistically significant expression changes were calculated using one-way ANOVA and the level of
significance was also determined by the Bonferroni method comparing all groups versus the control.
Statistically significance (P <0.001) changes in relative expression are represented with an asterisk.

doi:10.137fjoumal pone.0138331.9005

confirmed that these genes were appropriate as a reference panel for normalizing gene expres-
sion data [45, 46]. When average of raw Ct values were analyzed, to estimate expression levels
for each candidate reference gene, we found higher expression levels to Efa, GAPDH, a-tubulin,
actin, and y-tubulin, on the other hand, the actin, GAPDH and tubulin genes had fewer
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Fig 6. The quantification of pyruvate-ferredoxin oxidoreductase (PFOR) gene expression in T.
vaginalis TV-LACH4 isolate. The relative expression of PROR gene in T. vaginalis under ferrous ammonium
sulfate (high-iron condition 100, 200, and 300 pM) using GAPDH, and DNATopll as internal controls, after 1,
6, 12, and 24h of cultivation. (a) The relative expression of PFOR gene in T. vaginalis under high-iron after 1
hour of cultivation; (b) The relative ex pression of PFOR gene in T. vaginalis under high-iron condition after 6
hours of cultivation; (¢) The relative expression of PFOR gene in T. vaginalis under high-iron condition after 12
hours of cultivation; (d) The relative expression of PFOR gene in T. vaginalis under high-iron condition after 24
hours of cultivation. The relative expression levels are depicted asthe mean + SD, calculated from three
biclogical replicate. The relative change in gene expression was analyzed using the 2249 method.
Statistically significant expression changes were calculated using one-way ANOVA and the level of
significance was also determined by the Bonferroni method comparing all groups versus the control.
Statistically significance (P < 0.001) changes in relative expression are represented with an asterisk.
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transcripts when evaluated in Litsea cubeba [45]. However, there are not previous studies of
the validation of reference genes in T. vaginalis limiting data comparison. Therefore, our con-
tribution is valuable for future studies on T. vaginalis gene expression analysis.

For an ideal reference gene, a constant Ct value is expected and consequently, low CVs,
which ideally should beless than 4.0% [47]. In this study, only three genes had CVs values
lower than 4.0% (Table 2). However, the direct comparison of the raw Ct values should be
avoided, because they did not result in a precise estimation of the expression stability since the
data obtained from the raw Ct values falsely represents the variation in gene expression [48].
Therefore, more powerful methods should be used to evaluate the expression variation of can-
didate reference genes. In the present study, we used two algorithms, geNorm analysis, which
can screen stably expressed genes and determine the optimal number of internal controls, and
NormFinder analysis, which calculates the stability value for each gene and ranks the genes.

In geNorm analysis, the nine candidate reference genes in all six sample subsets showed
lower M values than the geNorm threshold (= 1.5), suggesting that all nine genes tested here
are stable. A previous report also described low M values for distinct experimental subsets stud-
ied, displaying high expression stability [14,46]. However, when the data obtained here were
analyzed for each subset, it was possible to determine that there was a difference in the Mval-
ues for all potential reference genes in each sample subsets; therefore, it was possible to classify
the genes as most or least stable. GAPDH was the most unstable gene in four experimental sub-
sets, as previously shown for chickpea [49]. This is in contrast to a previous report in human
keratinocyte cell lines, in which GAPDH was the most stable gene [50]. The f-tubulin gene, the
most used housekeeping gene for both QRT-PCR and RT-PCR in T. vaginalis studies, was also
one of the most unstable genes of the five sample subsets. These results confirm that the selec-
tion of reference genes for normalization based on the traditional use as housekeeping genes is
an inappropriate approach [17, 18]. DNAToplII, a-tubulin, F-actin arand actin were the most
stable of the nine genes tested and of the six experimental subsets, although some changes in
the ranking in each subset occurred. Hence, our findings suggest that the most adequate refer-
ence genes were o-tubulin and actin. These observations confirm the fact that there is no uni-
versal reference gene and point to the need of specific optimization of potential reference genes
before starting any experimental condition [13].

The optimal number of internal reference genes for normalization was also determined with
the geNorm software, which generates the pairwise variation V value. The results of all samples
subsets showed that the use of two of the most stably expressed reference genes as internal con-
trol genes was sufficient because the V5 was less than 0.15. Therefore, the inclusion of the
other genes did not have any effect on the normalization factor.

The ranking of the potential reference genes generated by NormFinder were slightly different
from geNorm. The DNATopll, c- tubulin and actin genes were ranked as the most stable in all
samples, and the best combination of two genes was DNATopII and c-tubulin. These two genes
were also the most stable genes when all samples were analyzed with the geNorm software.
When all nutrient restriction subsets were analyzed with NormFinder, o-tubulin, actin and
DNATopITwere ranked as the most stable genes, and the best combination was ¢ tubulin and
actin; however, in the geNorm analyses, the two most stable genes were actin and f-tubulin.

The most unstable genes were y-tubulin, GAPDH and §-tubulin for the NormFinder analy-
ses, and Efa and GAPDH for geNorm. The variation obtained between these two software pro-
grams has been described in previous reports on reference genes validation [44,45, 46]. Based
on the three analytical tools used, the CV values, NormFinder and geNorm, the most unstable
genes were ff-tubulin, GAPDH and y-tubulin. However, both the f-tubulin and GAPDH genes
have been widely used as housekeeping genes in T. vaginalis, and surprisingly in our study,
these two genes were ranked as the most unstable reference genes in different samples subsets.
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Moreover, when the raw Ct data were evaluated, the GAPDH gene had a minor dispersion of
data, suggesting stability. This result confirms that in gRT-PCR analyses, the statistical data
should be converted to the linear form by the 2" calculation and should not be presented as
the raw Ct values [48]. Therefore, the use of both f-tubulin and GAPDH as reference genes
should be avoided in qRT-PCR analysis in T. vaginalis. The combination of a-tubulin and
actin should be used as a reference gene in most of sample subsets because F-actin o and DNA-
TopIT had fewer transcripts and were unsuitable for the normalization of target genes with
higher expression levels. Consequently, our results confirm the previously published data,
which showed that the stability of gene expression is based on the experimental condition and
not only on the species tested [14].

We evaluated the expression levels of the PFOR gene in samples previously treated with fer-
rous ammonium sulfate using DNATopll, a-tubulin, actin, and GAPDH as the reference genes.
We confirmed that the relative expression profile of PFOR, an iron-up-regulated gene, were
consistent when using ce-tubulin, actin and DNATopII, and the combination of two genes as
reference genes. Moreover, a slight difference in PFOR expression was observed when DNATo-
pIL a-tubulin, actin were used, although there was no significant difference in PFOR expres-
sion. In contrast, the normalized expression level showed a reduction in PFOR expression
when GAPDH was used as an internal control, indicating that it is the most unstable gene
when parasites are cultivated with ferrous ammonium sulfate.

To reaffirm our results we expanded the number of T. vaginalis isolates using two fresh clin-
ical isolates. The TV-LACMS isolate presents remarkable characteristics: high ability to adhere
to plastic and to human vaginal epithelial cells, high cytolysis (unpublished data) and the iso-
late harbors Mycoplasma hominis and one T. vaginalis virases (TVV) specie (TVV 1) [51]. The
isolate TV-LACH4 harbors four distinct TVVs species (TVV 1,2, 3,and 4) as previously
shown by our group [51]. Thus, we evaluated the PFOR expression level among all three iso-
lates (ATCC 30238, TV-LACMS, and TV-LACH4) under different ferrous ammonium sulfate
concentration in different time points. So, we confirm that the relative expression profile of
PFOR were in good consistency with increasing ferrous ammonium sulfate concentrations and
cultivation times, when DNATopIl and actin were used as reference genes. However, the nor-
malized expression level of the target showed a reduction in expression when using GAPDH as
internal control, independently of ferrous ammonium sulfate concentration used or time. Con-
sequently, these results are inconsistent with the PFOR expression profile, which is a known
iron up-regulated gene. Therefore, our findings reinforce that the use of unsuitable internal
control may result in data misinterpretation.

Thus, these results reaffirm the reliable use of DNAToplI, a-tubulin and actin in combina-
tion as a reference in T. vaginalis studies, since the PROR expression profile were consistence
with the increase of ferrous ammonium sulfate concentration in different T. vaginalis clinical
isolates with different genetic and virulence characteristics. Finally, our study confirms the fact
that there is no universal reference gene and warns the need of specific optimization of poten-
tial reference genes before starting any experimental condition [13,14].

Conclusion

In the present study, we validated nine candidate reference genes by subjecting the parasites to
distinct growth conditions, including HIBS and maltose restriction, as well as supplementation
with ferrous ammonium sulfate. The a-tubulin, actin and DNAToplI genes exhibited the most
stable expression in the majority of samples. Conversely, GAPDH and f-tubulin, the most used
genes in T. vaginalis studies, were the most unstable. In addition, we suggest that the use of two
genes, a-tubulin and actin, should be sufficient to provide reliable results. To the best of our
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knowledge, this study is the first systematic exploration of T. vaginalis to identify optimal refer-
ence genes for gRT-PCR normalization under different culture conditions. This is valuable for
future research on T. vaginalis gene expression studies.

Material and Methods
Identification of normalizer genes in previous T. vaginalis studies

A review on the literature was performed to identify the most common genes used as normaliz-
ers in T. vaginalis studies. A search of the PubMed database (http://www.nebinlm. nih.gov/
pubmed/) using the keywords “Trichomonas vaginalis and gqRT-PCR” and “Trichomonas vagi-
nalis and RT-PCR” was performed to determine the usual normalizer genes used in quantita-
tive or not quantitative RT-PCR.

Trichomonas vaginalis culture and experimental conditions

Trichomonas vaginalis trophozoites, isolate 30238 from the American Type Culture Collection,
were cultured axenically in vitro in a trypticase-yeast extract maltose (TYM) medium (pH 6.0)
supplemented with 10% heat-inactivated bovine serum (HIBS [v/v]) and incubated at 37°C
(£0.5) [52]. Organisms exhibiting motility and normal morphology during the logarithmic
growth phase were harvested, centrifuged, washed three times with phosphate-buffered saline
1X (PBS) (pH 7.0) and resuspended in fresh TYM medium for subsequent experiments.

Different experimental treatments were used to evaluate the performance of the selected candi-
date reference genes under four nutritional conditions. For these treatments, 1.0x10” trophozoites/
mL were incubated in TYM containing 1.0% HIBS (serum restriction), 273 pM maltose (maltose
restriction), 1.0% HIBS and 273 pM maltose (serum plus maltose restriction) and 200 pM ferrous
ammonium sulfate (high-iron concentration), for 24 hours at 37°C. The control group represents
parasites cultured with TYM containing 27.3 mM maltose and supplemented with 10% HIBS.

To evaluate PFOR gene expression in parasites supplemented with ferrous ammonium sul-
fate, the T. vaginalis fresh clinical isolates TV-LACM6 and TV-LACH4 were included in this
study. These isolates were obtained at Laboratério de Anilises Clinicas e Toxicoldgicas, Facul-
dade de Farmdcia, UFRGS, Brazil, and were registered and stored by cryopreservation at -80C°
in the T. vaginalis isolates bank of our research team (this survey was submitted and approved
by the UFRGS Ethical Committee, number 18923). The fresh clinical isolates were grown under
the same conditions as described above. All treatments were performed on three different days.

Primer designs

The Primer3 designing software (http://www.bioinformatics.nl/cgi-bin/primer3plus/
primer3plus.cgi) was used to design primer pairs using the following criteria: product size
between 100 and 200 bp, Tm of approximately 60°C, GC content of 40-60% and primers
length of 18-22 bp. The generated primer pair for each gene was then aligned against the T.
vaginalis genome to confirm its specificity in silico. The primer pairs were also evaluated for
primer dimer formation using multiple primer analyzers (http://www.thermoscientifichio.
com/webtools/multipleprimer/). The forward and reverse primers were intentionally targeted
to the adjoining exons, which were separated by an intron. The gene ID, primer sequence and
gene symbol are shown in Table | for all nucleotide sequences assessed here.

PCR efficiency and specificity

A 10-fold serial dilution consisting of five samples starting from 100 ng genomic DN A was
used to construct standard curves to determine the PCR amplification efficiencies (E) for each
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candidate reference gene. The DNA was extracted from ~4.0 x10° trophozoites/mL using the
AxyPrep Multisource Genomic DNA Miniprep Kit (BioScience, Inc) according to the manu-
facturer's recommendations. The PCR amplification specificity for each candidate reference
gene was assessed by melting curve analyses and agarose gel electrophoresis. Three technical
replicates from three biological replicates were analyzed.

RNA extraction

The total RNA was extracted from ~4.0x10° trophozoites/mL us'mgTriZolTM following the
manufacturer’s instructions and was stored at -80°C until use. The integrity of the RNA sam-
ples was determined by 2.0% agarose gel electrophoresis and well-defined bands that con-
firmed the absence of nucleic acid degradation. The quantity and purity of the RNA were
determined using spectrophotometric method, and only the high-quality samples, in which the
Asgo/ Az was 1.8 and Asgy/ Az was 2.0, were used for subsequent gqRT-PCR analyses. The
total RN A samples were pretreated with DN Ase, to ensure that there was no contamination
with genomic DNA in the gRT-PCR analysis.

Real-ime PCR analyses and quantitative reverse transcriptase PCR
(gRT-PCR) amplifications

To determine the primer standard curve, real-time PCR reactions were performed in 0.1-mL
microtubes using the Qiagen real-time PCR system, Rotor-Gene Q) and Rotor-Gene ™
SYBR™ Green RT-PCR kit (i QiagenTM). Each PCR reaction contained 6 pL of 2x Rotor-Gene
SYBR Green PCR Master Mix, 100 nM or 200 nM (Table 1) of each primer and 2 pL of geno-
mic DNA template in a total volume of 12 pL. The annealing temperatures and primer concen-
tration were selected for the highest amplification, best product specificity and no primer
dimer amplification based on the melting curve analyses. The cycling conditions were as fol-
lows: initial enzyme activation step at 95°C for 10 min, followed by 35 cycles of denaturation at
95°C for 155 and annealing and extension at 63°C or 64°C (Table 1) for 30 s, with fluorescence
data collection recording in this step. Melting curve analyses were performed by raising the
temperature at the end of each run in by 1°C per 5 s from 63°C or 64°C to 95°C. No DNA tem-
plate controls were also included for each primer pair as a negative control. For quantitative
reverse transcription, 100 ng of RNA and 0.125 pL Rotor-Gene RT Mix were added to each
reaction. The qRT-PCR cycling was an initial step at 55°C for 10 min, followed by polymerase
activation and PCR cycling as described above. Parallel reactions without both RNA template
and transcriptase reverse enzyme were used as the negative control. Three biological replicate
samples were analyzed in three technical replicates for each experimental condition.

Expression level of the selected candidate reference genes

The values of the cycle threshold (Ct) for each reaction were calculated by the Rotor-Gene Q
series software 2.1.0 and these values were used to determine the average Ct for each sample.
At least two of three technical replicates were considered, and any replicate showing non-spe-
cific products in the melting curve analyses was excluded from the average Ct calculation. The
Ct averages from the technical replicates obtained from three biological replicates was used as
the raw Ct data.

Data analyses

To determine the best reference genes among the different culture conditions, two indepen-
dent statistical algorithms were used, geNorm and NormFinder [15.21]. For the geNorm
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analysis, the raw data Ct values were entered into the geNorm of the qBase™ " V 2.4 soft-
ware [53], and for the NormFinder, the raw data were transformed to the relative quantities
using the delta-Ct method Q = 24€ [48]. NormFinder was used to calculate the stability
value of the reference genes based on their intra- and inter-expression variation, and those
that exhibited lower average expression stability values were regarded as more stably
expressed reference genes. The geNorm software was used to calculate the expression stabil-
ity value (M) and the mean pairwise variation (Vvalue, V,,,,.,) between all of the tested
genes. The threshold of V < 0.15 was used in this study [15,21].

Validation of the selected reference genes

To validate the selected reference genes, the two most stable genes and the most unstable
gene were used to analyze the relative expression levels of pyruvate-ferredoxin oxidoreduc-
tase (PFOR), which is an iron-up-regulated gene. For this assay, trichomonads from fresh
clinical isolates, TV-LACM6 and TV-LACH4 were cultured in increasing iron concentrations
(100, 200, and 300 pM) and the total RNA was extracted in different times: 1, 6,12, and 24
hours. The total RNA was pre-treated with DNase I (Invitrogen™") following the manufac-
turer's instructions prior to the QRT-PCR. The PFOR primers were as follows: PFOR 4p120.
forward 5 CTCGTTTGGGGTGCTACATT 3" and reverse 5 TCCTGATCCCARACCTTGAGS!
(TVAG_198110; 239 bp). Three biological replicates were performed and the transcripts of
the PFOR genes were quantified by qQRT-PCR, and three technical replicates were performed
for each sample. The relative change in gene expression was analyzed using the 2*“* method
[48]. The actin, e-tubulin and DNATopll genes identified in this study as reference genes
were used for normalization. The GAPDH gene was tested as the least stable reference gene.
Statistically significant expression changes were calculated using one-way ANOVA. The level
of significance was also determined by the Bonferroni method comparing all groups versus
the control (P < 0.001).

Supporting Information

51 Fig. Phylogenetic trees constructed from the candidate reference genes sequences. (A)
Actin; (B) F-Actin ; (C) a-tubulin; (D) §-Tubulin; (E) y-tubulin; (F) GAPDH; (*) the asterisks
represent the sequences used in this study.

(TIF)

52 Fig. Confirmation of primer specificity and amplicon size. (A) Melting curve of nine can-
didate reference genes. (B) Agarose gel (2.0%) showing the specific RT-qPCR product of the
expected size for each gene. M represents a 2080 bp DN A marker.

(TIF)

§3 Fig. The quantification of pyruvate-ferredoxin oxidoreductase (PFOR) gene expression.
The relative expression of PFOR gene in T. vaginalis under ferrous ammonium sulfate (high-
iron condition 200 pM) using GAPDH, a-tubulin, actin, and DNATopII as internal controls,
after 24h of cultivation. The relative expression levels are depicted as the mean + 5D, calculated
from three biological replicate. The relative change in gene expression was analyzed using the
24" method. Statistically significant expression changes were calculated using one-way
ANOVA and the level of significance was also determined by the Bonferroni method compar-
ing all groups versus the control. Statistically significance (P < 0.001) changes in relative
expression are represented with an asterisk.

(TIF)
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Figure S2

S1 Fig. Phylogenetic trees constructed from the candidate reference genes sequences.
(A) Actin; (B) F-Actin g; (C) a-tubulin; (D) g-Tubulin; (E) y-tubulin; (F) GAPDH; (*)
the asterisks represent the sequences used in this study. doi:10.1371/journal.pone.0138331.s001
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S2 Fig. Confirmation of primer specificity and amplicon size.

(A) Melting curve of nine candidate reference genes. (B) Agarose gel (2.0%) showing
the specific RT-qPCR product of the expected size for each gene. M represents a 2080 bp DNA
marker.doi:10.1371/journal.pone.0138331.s002
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S3 _Fig. The quantification of pyruvate-ferredoxin oxidoreductase (PFOR) gene

expression.
The relative expression of PFOR gene in T. vaginalis under ferrous ammonium sulfate

(high-iron condition 200 uM) using GAPDH, a-tubulin, actin, and DNATopll as internal
controls, after 24h of cultivation. The relative expression levels are depicted as the mean + SD,
calculated from three biological replicate. The relative change in gene expression was analyzed
using the 244t method. Statistically significant expression changes were calculated using one-
way ANOVA and the level of significance was also determined by the Bonferroni method
comparing all groups versus the control. Statistically significance (P < 0.001) changes in

relative expression are represented with an asterisk.doi:10.1371/journal.pone.0138331.s003
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Abstract

The host parasitism by Trichomonas vaginalis is complex and in part is mediated
by adherence to human vaginal epithelial cells (VECs). Five trichomonad surface
proteins named adhesins and a glycoconjugate called lipophosphoglycan (LPG), play a
role in the adherence of parasite to human cells. The adherence to plastic has been
associated with virulence of T. vaginalis isolates, and to the best of our knowledge, no
study evaluated the mechanism of adherence to plastic and epithelial cells
simultaneously. Herein we investigate the adherence ability of T. vaginalis fresh clinical
isolates to plastic, intrauterine device (IUD) and vaginal ring. The influence of LPG,
cytoskeletal components of the parasite, surface molecules and the gene expression of
four adhesins proteins in human cell attachment and in adherence to plastic, were also
investigated. Of 32 T. vaginalis isolates studied here, 19 (59.37%) were able to adhere
to polystyrene microplates, and five (15.6%) were strong adherent, fourteen (43.75%)
were moderate adherent and thirteen (40.65%) were no or weak adherent. The T.
vaginalis isolates TV-LACMG6 and TV-LACM14, which were strong plastic-adherent,
were also able to adhere to IUD and vaginal ring. Following chemical treatments, the T.
vaginalis components, LPG, cytoskeletal proteins and other surface molecules were
involved in both adherence to plastic and cytoadherence. The gene expression level from
four adhesion proteins were highest in trophozoites adhered to CEVs than trophozoites

adhered to abiotic surface. These results indicate that T. vaginalis presents multiple and

88



complex mechanisms for attachment to host cells and to abiotic surfaces, ensuring
successful parasitism and consequent infection.
Keywords: T. vaginalis, adherence to abiotic surface, cytoadherence, intrauterine

device, vaginal ring.

1. Introduction

Trichomonas vaginalis, a protozoan parasite, is the causative agent of
trichomonosis, the most common non viral sexually transmitted disease (STD) in
humans (WHO, 2012). In men, the infection is usually asymptomatic, although it may
cause irritating urethritis or prostatitis, and recently it has been associated to aggressive
prostate cancers (Sutcliffe et al, 2012). On the other hand, in women the disease is
associated with a wide spectrum of clinical signals ranging from a relatively
asymptomatic state to severe vaginitis with a foul-smelling discharge (Petrin et al 1998).
Trichomonosis, in addition to being a cause of serious discomfort to women, also has
been associated with adverse pregnancy outcome, manifested by preterm rupture of
membranes, preterm delivery, low-birth-weight infants, infertility (COTH et al 1991;
MINKOFF et al 1994; GIMENES et al 2014), cervical cancer (VIIKKI et al 2000), and
increase in the transmission of human immunodeficiency virus. (VAN DER POL et al
2008).

Taking into account that T. vaginalis is an obligate extracellular mucosal
pathogen, adherence to human epithelial cells is critical for parasite survival (PETRIN
et al 1998). Adherence of the parasite to a variety of epithelia indicates that T. vaginalis
has a promiscuous mechanism for attachment to host cells and/or the ability to use
multiple adherence factors (OKUMURA, BAUM AND JOHNSON, 2008). Adherence
of the parasite is thought to be mediated by five trichomonad surface proteins, reportedly
AP23, AP33, AP51, AP65, and AP120, and the role of these proteins in cell adherence
has been characterized. (ALDERETE and GARZA, 1985; ENGBRING and
ALDERETE, 1998; ALDERETE et al 1995; MORENO-BRITO et al 2005). These
surface proteins are the most extensively studied molecules in tricomonad
cytoadherence. (BASTIDA-COURCUERA, 2005).
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The ability of T. vaginalis to adhere to plastic surfaces in the presence of various
agents and under different growth conditions was showed in wells of microtitre plates
(GOLD and OFEK in 1992. SILVA-FILHO, ELIAS and SOUZA in 1987). Bastida-
Courcuera et al (2005) showed that a glyconjugate called lipophosphoglycan (LPG),
which is the main component from glycocalyx of T. vaginalis, plays a role in the
adherence and cytotoxicity of parasites to human cells. In the same way, these authors
showed that T. vaginalis LPG mutant parasites exhibited reduced adherence to plastic
(BASTIDA-COURCUERA, 2005). The adherence to plastic has been associated with
in vivo virulence of T. vaginalis isolates (GOLD, 1993), and to the best of our
knowledge no study evaluated the mechanism of adhesion to plastic and epithelial cell
together or the adherence ability of T. vaginalis to intrauterine device and vaginal ring.
In addition, the role of adhesion proteins in adherence to plastic is unknown;
furthermore, the LPG has been pointed as the mechanism preferred to plastic adhesion,
or most studied (Bastida-Courcuera, 2005).

The intra-uterine device (IUD) is the second most popular contraceptive method
used in world (WCU, 2011), because is the most cost-effective reversible contraception
(TRUSSELL, 2012) and presents extremely low failure rates similar to those with
female sterilization (STEINER, TRUSSELL and JOHNSOn 2007). However, some
studies suggested that IUD use may increase the risk of STD acquisition. (CERUTI et
al 1994; HAUKKAMAA et al 1986; ROY, 1991). The positive association between
women using IUD and trichomonosis cases was described. (KAZEROONI and
MOSALAEE, 2002). In the same way, Nasir et al (2005) found highest T. vaginalis
prevalence rates in IUD users than no-users. The trichomonosis prevalence rate was
34% among women using 1UD against only 5% among non-1UD users.

The use of vaginal rings (VR) has been preferred due to its efficacy and adherence
to therapy while potentially decreasing toxic side effects when compared to daily pill
oral administration (VALENTA, 2005); consequently this approach has become popular
in contraception and in estrogen replacement therapy. (YOO and LEE, 2006). In
addition, vaginal delivery of antiviral agents from VRs constitutes a potential route for
human immunodeficiency virus (HIV) pre-exposure prophylaxis in women, particularly

in the developing world. (NEL et al 2009; SAXENA et al 2009). Therefore, we attempt
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to study if T. vaginalis was able to adhere to intrauterine devices and vaginal rings.
(OKUMURA, BAUM and JOHNSON, 2008).

Considering the role of adherence to the epithelial cells and to abiotic surfaces
for T. vaginalis pathogenesis, the aims of this study were: (i) to evaluate the ability of
T. vaginalis isolates to adhere to plastic by testing a large collection of fresh clinical
isolates; (i) to determine whether T. vaginalis trophozoites have ability to adhere to IUD
and vaginal rings; (iii) to determine the influence of parasite cytoskeletal components
and surface molecules in the process of human cell attachment and adherence to plastic;
(iv) to determine the relative adhesins expression in trophozoites attached to VECs and

in the plastic surface.

2. Material and Methods

2.1 T. vaginalis cultivation and clinical isolates

A total of 30 fresh T. vaginalis isolates were obtained from urine samples. The
parasites were harvested consecutively at Laboratorio de Anélises Clinicas e
Toxicologicas, Faculdade de Farméacia, UFRGS, Brazil, registered and stored by
cryopreservation at -80C° in the T. vaginalis isolates bank of our research team (this
survey was submitted and approved by the UFRGS Ethical Committee, number 18923).
Two isolates from the American Type Culture Collection (ATCC) were also used in this
study, T. vaginalis 30236 and 30238. Trichomonads were cultured axenically in vitro in
trypticase-yeast extract-maltose (TYM) medium (pH 6.0) supplemented with 10% heat-
inactivated bovine serum (HIBS [v/v]), and incubated at 37°C (x0.5) (Diamond, 1957).
Organisms exhibiting motility and normal morphology during the logarithmic growth
phase were harvested, centrifuged, washed three times with phosphate-buffered saline
(PBS-1x) (pH 7.0), and resuspended in new TYM medium.

2.2 Adherence to plastic in polystyrene microplate
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In order to determinate the ability of T. vaginalis isolates to adhere to microplate
polystyrene the methodology previously described by Bastida-Corcuera et al (2005) was
employed. Briefly, trophozoites were cultured overnight in TYM medium and washed
three times with warm 37°C (£0.5) HIBS-free TYM. Trophozoites were resuspended in
warm TYM to 2.5 x 105 cells/mL and 2.0 mL of the suspension were incubated in
triplicate in 24-well plates for 4 h at 37°C (x0.5). After incubation, wells were washed
three times with HIBS-free warm TYM to remove unattached parasites. Wells were then
incubated with crystal violet (0.13% crystal violet/5:2 ethanol-formaldehyde) for 5 min
and washed three times with PBS-1x. Remaining dye was solubilized with 1% SDS in
50% ethanol and measured in a plate reader at 570 nm. All experiments described in this

report were performed five times in triplicate.

2.3 Adherence to intrauterine device (IUD) and vaginal ring

To determine whether T. vaginalis was able to adhere to IUD and vaginal ring
the following three T. vaginalis isolates were selected according to non-adherence to
plastic, ATCC 30236, and strong adherence to plastic, TV-LACM®6 and TV-LACM14.
The threads from IUDs, that are the intrauterine-tails located in the vaginal cavity, were
cutin 5 cm pieces, five of these pieces were placed into microtubes and T. vaginalis was
added at a final concentration of 2.5x10° trophozoites/mL in 2.0 mL final volume of
supplemented TYM medium and incubated at 37°C (£0.5) for 24h. After the incubation
period, the thread pieces were transferred to new microtubes and washed gently three
times with PBS-1x to exclude the detached trophozoites. The attached trophozoites were
released from threads by trypsinisation and the number of organisms was counted using
hemocytometer by trypan blue dye exclusion.

In order to determine the ability of T. vaginalis adherence to vaginal ring, one
slice (3 cm) was placed in the bottom of 24 well microplates, and the vaginal ring slice
was maintained in the bottom of the well by using a homemade device. The trophozoites
concentration used as well as the experimental conditions were the same described
above for the assays on IUD-threads adherence. Following the incubation, the TYM

medium was aspirated and the wells were washed twice with warm PBS-1x to remove
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the non-attached parasites. In sequence, the vaginal ring slices were placed in new
microtubes and attached trophozoites were released by trypsinisation. The trophozoites
adherence results were expressed in mm?2. Data were obtained by at least three

independent experiments in triplicate.

2.4 Confocal microscopy

The confocal microscopy was used as a confirmation approach of adherence
ability to intrauterine device and vaginal ring. Two strong adherent isolates were used:
TV-LACM6 and TV-LACM14. The adherence assay to IUD-threads and vaginal ring
was performed as previously described in materials and methods section, after that the
attached trophozoites were fixed with 0.2 % glutaraldehyde plus PEM buffer for 15
minutes at room temperature. The devices were washed with PBS-1x and were labeled
using 1 UM fluorescent probe taxoid FLUTAX-2 for 30 minutes at 37°C and with
10pg/mL of DAPI for 15 minutes at room temperature. Images were obtained using an
Olympus 1X81 confocal microscope and UPLSAPO 60X WNA 1:20 objective and were
overlaid using Olympus FV 1000 software.

2.5 Dip Coating

The threads from IUDs and vaginal ring pieces were covered with metronidazole
before adhesion assay. These slices were incubated with metronidazole (100 mg/mL) at
room temperature overnight. Slices were then washed in phosphate-buffered saline
(PBS-1x) three times and dried in a laminar flow cabinet for 2h. After that, the adherence
assay and confocal microscopy were performed as described in materials and methods
section.

2.6 Adherence to human vaginal epithelial cells (HMVII) and analyses by flow

cytometry

Human vaginal epithelial cells of the HMVII lineage (from the European

Collection of Cell Cultures, ECACC) were grown on 24-well plates in Dulbecco’s
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Modified Eagle’s Medium (DMEM) supplemented with 10% fetal bovine serum (FBS)
and 100 pg/mL penicillin-streptomycin. Cells were seeded on plates at 1.0 x 10°
cells/well and were grown until 80-90% confluence for two days, prior to use in the
adherence assay. The adherence to HMVII was determinate using two T. vaginalis
isolates (TV-LACM®6 and TV-LACM14), randomly selected among five isolates strong-
adherent to plastic. After chemical treatment, the fluorescent CellTracker Orange
CMTMR dye (Invitrogen) (0.5 pM) was used to stain the parasites and to discriminate
them from HMVII cells as previously described by Brooks et al (2013).

The medium of confluent HMVII was aspirated and 250 uL of CellTracker-
stained T. vaginalis was added at final concentration of 5x10° trophozoites/mL
(BASTIDA-CORCUERA et al 2005; BROOKS et al 2013). The plates were incubated
for 30 min at 37°C (x0.5) and 5% CO2. After incubation, the supernatants were aspirated
and the wells were washed twice with warm PBS-1x to remove the non-attached
parasites. The attached cells were released from wells by trypsinisation and quenched
with addition of heat-inactivated bovine serum. After being released from the wells the
parasites (500 uL total volume, trypsin plus bovine serum, 1:1, v/v), were analyzed by
flow cytometry using BD FACSVerse (BD Biosciences) flow cytometer. Absolute
counts were determined using the following equation: (number of events / sample

volume acquired) x 0.5 (dilution factor) = absolute count in 10,000 events.

2.7 Chemical treatments of trichomonads for adherence to plastic and cytoadherence

experiments

Two T. vaginalis fresh clinical isolates were used (TV-LACM6 and TV-
LACM14) to evaluate the adherence factors of T. vaginalis in both abiotic and biotic
surfaces. The trophozoites were chemically treated before plastic adherence and
cytoadherence evaluations. Reagents that affect cytoskeletal functions in trichomonads
were used: 0.2 pg/mL colchicine and 0.1 pg/mL cytochalasin B. Trichomonads were
also treated with 10 mM sodium (meta) periodate used for the oxidation of surface
carbohydrates, specially LPG. To evaluate the role of T. vaginalis surface proteins in

the adherence and cytoadherence processes, trophozoites were treated with 1.0 mg/mL
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trypsin. Finally, in order to have a control of adherence impairment that would not
directly affect the surface, parasites were treated with 10 pg/mL metronidazole (MTZ),
that certainly harms the trophozoites metabolism (Alderete and Garza, 2005).

For all above mentioned treatments the following methodology was used: the
trophozoites were counted at 24 hours, harvested in log phase by centrifugation (4000 x
g for 5 min), and washed three times with PBS-1x or HIBS-free TYM. The parasites
were suspended in TYM or PBS-1x (trypsin and cytochalasin B) supplemented with
drug, finally a suspension of 1.0 x 10° organisms per mL was pretreated for 30 min at
37°C (£0.5). After incubation, the trophozoites were washed three times with warm
HIBS-free TYM, suspended in serum-TYM, counted, monitored for motility and
viability by using trypan blue dye exclusion. After the chemicals treatments, the
trophozoites were revaluated regarding the ability of plastic adherence and
cytoadherence as previously described in material and methods.

For determination whether the reduction of adherence caused by chemical
treatments could be reversible, an aliquot of 1mL of chemically treated trophozoites was
re-inoculated into drug-free medium and after 24 hours at 37°C (£0.5) of incubation the
trophozoites were counted and have their ability of adherence to plastic revaluated.

Statistically significant in both reduction of plastic adherence and cytoadherence
by any of the above described treatments was calculated using one-way ANOVA, the
level of significance was also determined by the Bonferroni method comparing all
groups versus control (P < 0.05). All results were obtained by at least three independent

experiments in triplicate.

2.8 Surface adhesins proteins gene expression in attached parasites

To evaluate the possible role of four adhesins in adherence to plastic and
cytoadherence processes in T. vaginalis the mRNA levels of these proteins were
evaluated in plastic and VECs attached trophozoites. For this, the total RNA was
extracted from attached trophozoites and from parasites cultivated for 24 hours from the

tubes that were used as control.
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The total RNA was extracted using TriZol™ and treated with DNAse | (Sigma-
Aldrich™) following the manufacturer’s instructions and stored -80°C until use. Five
10-fold series dilutions starting from 100 ng genomic DNA was used by constructing
standard curves in order to determine PCR amplification efficiencies, all PCR
efficiencies were greater than 95%. Quantitative Real Time PCR reactions (QRT-PCR)
were carried out in 0.1 mL microtube using Qiagen’s real-time PCR system - Rotor-
Gene Q and Rotor-Gene™ SYBR™ Green RT-PCR kit (Qiagen™). Each PCR reaction
contained 6.0 puL 2 x Rotor-Gene SYBR Green PCR Master Mix, 200 nM each primer,
0.125 pL Rotor-Gene RT Mix and 100 ng of RNA template in a total volume of 12 L.
The cycling conditions were the following: initial step at 55°C for 10 min for reverse
transcription and enzyme activation step at 95°C for 10 min, followed by 35 cycles of
denaturation at 95°C for 15s and annealing and extension at 62 °C for 30 s with
fluorescence data collection recording in this step. Melting curve analyses was
performed by raising the temperature at the end of each run in by 1°C per 5s from 62 °C
to 95 °C. No-DNA template controls were also included for each primer pair as negative
control. Parallels reactions without RNA template and RNA template obtained only
from VECs were runs as negative control. Three biological replicate samples were
analyzed in three technical replicates to each experimental condition. The primers pair
used in this study are described in Table 1.

Table 1. Primer sequences of adhesin proteins, TVNTPDases enzymes and reference

genes.

GenBank ID Primer name Sequence (5'-3") Amplicon length (bp) Reference

U87093.1 TVap51 F-GCTTTCAGACCCAGTCGAAG 258 This study
R-GCTTTCAGACCCAGTCGAAG

U87096.1 TVap33.1 F-GCCAGTATGGCACAAAGGTT 222 This study
R-GCTGTGGGATGTGTTCTGTG

U18346.1 TVap65.1 F-GCTGAAGCTACACCACACGA 229 This study
R-TGACGAGGGAAGCAAGAGAT

AY652962.1 AP120pror F-CTCGTTTGGGGTGCTACATT 239 Santos et al, 2015
R-TCCTGATCCCAAACCTTGAG

TVAG_534990 Actin F: TCACAGCTCTTGCTCCACCA 175 Santos et al, 2015

R: AAGCACTTGCGGTGAACGAT

The relative change in gene expression was analyzed using the 224t method

(Livak and Schmittgen 2001). The levels of mRNA were quantified by gRT-PCR
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analysis relative to Actin mMRNA as internal controls as previously determined by our
research team (Santos et al2015).

Statistical significance in the expression changes of adhesins between attached
and unattached T. vaginalis in both processes of adherence to plastic and cythoaderence
was calculated using one-way ANOVA, the level of significance was also determined

by the Bonferroni method comparing all groups versus control (P < 0.05).

3. Results

3.1 Trichomonas vaginalis adherence to plastic in polystyrene microplates

In a previous study (Becker et al 2015), our group isolated thirty T. vaginalis
from fresh clinical samples and they were evaluated in this study for the ability to adhere
to polystyrene microplates. Two ATCC isolates (30236 and 30238) were included in
this study, totalizing 32 T. vaginalis isolates. Of 32 isolates, 19 (59.37%), were able to
adhere to polystyrene microplates, and five (15.6%) were strong adherent, fourteen
(43.75%) were moderate adherent and thirteen (40.65%) were no or weak adherent
(Figure 1).
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Figure 1. Comparison of adherence levels to plastic among large number of T.
vaginalis fresh clinical and ATCC isolates. The T. vaginalis isolates were classified as
following: no or weak adherent isolates, represented in blue bars; moderate adherent isolates in
orange bars and strong adherent isolates represented in black bars. All experiments were
evaluated by visual inspection after washed microplates and before stained with crystal violet.
It was observed in the strong adherent isolates a dense layer of trophozoites in amoeboid form
covering the entire bottom of the well; in the isolates with moderate adhesion trophozoites in
amoeboid form were observed in some spaces in the layers; in opposite, isolates classified as
no or weak adherent presented only few trophozoites in amoeboid form. The results are the
average and standard deviation from five independents experiments in triplicate. The bars are
the value of crystal violet absorbance readings at 570 nm. In the negative control was used
TYM medium without trophozoites represented in gray bar.

3.2 Trichomonas. vaginalis adherence to intrauterine devices and vaginal rings

Two strong plastic-adherent T. vaginalis isolates (TV-LACM6 and TV-
LACM14) and one ATCC isolate 30236, that was unable to adhere to plastic, were used
in this assay. The TV-LACMG6 and TVLC-M14 isolates, with high capacity of adhere to
plastic were also able to adhere in both I[UD-threads and vaginal ring. On the other hand
and expectedly, the ATCC isolate 3026 were less able to adhere to these devices (Figure
2). To further confirm the ability of TV-LACM6 and TV-LACMZ14 to adhere in 1UD-
threads and vaginal rings we used confocal microscopy assay. This capacity is clearly
observed in figures 3A, 3C, and 4A, 4C, where both isolates were able to adhere in
intrauterine devices and vaginal rings. Interestingly the adherence from trophozoites

was highest in lUD-threads than vaginal ring.
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Figure 2. Adherence to intra-uterine device (IUD)-threats and vaginal ring from one
ATCC and two fresh T. vaginalis isolates. The results are the number of trophozoites/mL of
ATCC 30236, TV-LACM6 and TV-LACM14 by mm? from IUD-threats and vaginal ring. The
bars represent the average and + standard deviation from three independent experiments in

triplicate.

3.3 Adherence to intrauterine devices and vaginal rings covered with metronidazole

Since our results confirmed that the two strong adherent isolates to plastic were
able to adhere in IUD-threads and in vaginal ring, we attempt to evaluate if there were
any difference in adhesion level between metronidazole-device-covered and untreated
device. Our findings of metronidazole-device-covered showed strong reduction in
trophozoites adherence in both devices, IUD-threads and vaginal ring when compared

with untreated as showed by confocal microscopy (Figures 3B, 3D and 4B, 4D).
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Figure 3. Confocal microscopy showing adherence by TV-LACMS6 to vaginal ring and
intra-uterine device (IUD)-threats. (A) Untreated T. vaginalis trophozoites attached to vaginal
ring; (B) Vaginal ring covered with 100mg/mL of metronidazole; (C) Untreated T. vaginalis
trophozoites attached in IUD-threats; (D) IUD-threats covered with 100mg/mL of
metronidazole. Green and blue represent FLUTAX-2 and DAPI staining, respectively.
Magnification X600.
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Figure 4. Confocal microscopy showing adherence by TV-LACM14 to vaginal ring and intra-
uterine device (IUD) - threats. (A) Untreated T. vaginalis trophozoites attached in vaginal ring;
(B) Vaginal ring covered with 100mg/mL of metronidazole; (C) Untreated T. vaginalis
trophozoites attached in IUD-threats; (D) IUD-threats covered with 100mg/mL of
metronidazole. Green and blue represent FLUTAX-2 and DAPI stainig, respectively.
Magnification X600.

3.4 T. vaginalis adherence to polystyrene microplates after chemical treatment

To determine the role of different factors in adherence to plastic, trophozoites
were chemically treated before the adherence assay. Two high adherent T. vaginalis
isolates were used: TV-LACM6 and TV-LACM14. When the TV-LACM®6 isolate was
chemically treated it was possible to observe a reduction in adherence to plastic of
54.3%, 56.3%, 67.6%, 91.2% and 95.1% for colchicine, trypsin, cytochalasyn B, meta-
periodate and MTZ treatments, respectively (Figure 5A). Similar results were found
when TV-LACM14 isolate was chemically treated, the percent of reductions were
31.7%, 40.1%, 32.7%, 98.8% and 93.8% for colchicine, trypsin, cytochalasyn B, meta-
periodate and MTZ, respectively (Figure 5A). After 30 min of chemical treatment, the
parasites were counted and the cellular integrity was maintained. For both isolates TV-
LACMG6 and TV-LACM14, the number of trophozoites after chemical treatment was
1.0 x 10° trophozoites/mL (Figure 5B), the same initial density incubated. In all
chemical treatments the trophozoites showed normal integrity and motility, except for

MTZ treatment, it was observed changes in the morphology and decreased motility.
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Figure 5. Comparison of adherence to plastic between untreated T. vaginalis and treated T.
vaginalis with colchicine, trypsin, cytochalasin B, periodate, and metronidazole (MTZ). (A)
The bars graph represents the average level of adherence by T. vaginalis TV-LACM6 and TV-
LCM 14 after chemical treatment; (B) The bars represent the number of trophozoites/mL of TV-
LACM6 and TV-LCM14 counted at 30 min after chemical treatment. Adherence level of
untreated T. vaginalis was normalized to 100% for control comparative propose. The bars
represent the average and + standard deviation from five independent experiments in triplicate.
Statistical analyses using one-way ANOV A were performed; the level of significance was also
determined by the Bonferroni method comparing all groups versus control. An asterisk above

the bars (*) indicates the p values were less than 0.05.
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Figure 6. Comparison of adherence to plastic between untreated T. vaginalis and treated
with colchicine, trypsin, cytochalasin B, periodate and metronidazole (MTZ), after removal of
the chemical treatment. (A) The bars showing the average level of adherence by T. vaginalis
TV-LACMG6 and TV-LACM14 after 24 hours of incubation of the aliquot obtained after
chemical treatment. (B) The bars represent the number of trophozoites/mL of TV-LACM6 and
TV-LACM14 counted at 24h of an aliquot incubated after chemical treatment. The results were
expressed by percentage of adherence when compared with untreated trophozoites, the bars
showed the average and + standard deviation from five independent experiments in triplicate
for each condition. Adherence level of untreated T. vaginalis were normalized to 100% for
comparative propose. As showed in Figure 6B, after removal of the drug treatment the number
of trophozoites reached log growth phase and maintained the integrity and viability (Figure 6B)
as well as it could be observed that the adherence ability was restored, except among isolates

treated with metronidazole, as expectedly.
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Cytoadherence (%)

3.5 Trichomonas vaginalis cytodherence to HMVII after chemical treatment

To analyse the role of LPG, cytoskeletal parasite compounds, and surface
molecules, the T. vaginalis isolates were pre-treated with chemical compounds before
the cytoadherence assay. When the TV-LACMG6 isolate was pre-treated with colchicine,
trypsin, cytochalasin B and meta-periodate the cytoadherence reduction was 46.8, 58.1,
61.8, and 67%, respectively (Figure 7). In addition, there was little difference in the
profile reduction when the TV-LACM14 was subjected to the same treatment;
moreover, there are not statistical difference in these results. The cytoadherence
reduction was 70, 44, 65, and 81% for colchicine, trypsin, cytochalasin B and meta-

periodate, respectively (Figure 7).
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Figure 7. Comparison of cytoadherence between untreated T. vaginalis and treated with
colchicine, trypsin, cytochalasin B, periodate and metronidazole (MTZ) by TV-LACM6 and
TV-LACM14. The blue bars showing the mean level of cytoadherence by T. vaginalis TV-
LACMEG after chemical treatment. The gray bars showing the mean level of cytoadherence by
T. vaginalis TV-LACM14 after chemical treatment. Adherence levels of untreated T. vaginalis
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were normalized to 100% for comparative propose. The results were expressed by percentage
of cytoadherence when compared with untreated trophozoites, the bars showed the average and
+ standard deviation from five independent experiments in triplicate for each condition.
Statistical analyses using one-way ANOV A were performed; the level of significance
was also determined by the Bonferroni method comparing all groups versus control. An

asterisk above the bars (*) indicates the P values were less than 0.05.

3.6 Trichomonas. vaginalis cytodherence to HMVII versus adherence after chemical

treatment

In summary, the percent reduction of T. vaginalis adherence to plastic and
epithelial cells by the chemical treatments results showed that only in the chemical
treatment using meta-periodate it was possible to observe a clear pattern of reduction in
adhesion to plastic. For both isolates studied, TV-LACMG6 and TV-LACM14, the LPG
oxidation significantly inhibited the adherence to plastic, condition that lead to a
reduction in the number of attached parasites to less than 3.0 %. The inhibition of
adhesion to VECs was lower when compared to the inhibition of adherence to plastic
when the trophozoites were pre-treated with meta-periodate, especially for TV-LACM6
isolate. Considering all chemical treatments used it was observed a wide variability
(31.7 to 98.8 %) in the percentage of reduction for both cell attachment and adhesion to

plastic.

3.7 Relative gene expression of four adhesins genes using gRT-PCR analysis

We utilized gRT-PCR to evaluate the relative expression of four adhesins genes
(Ap33, Ap51, Ap65 and Ap120) in two isolates classified by us as strong adherent to
plastic. All four adhesins were more expressed when the cytoadherence process was
evaluated (Figure 8) in both isolates TV-LACM®6 (Figure 8A) and TV-LACM14 (Figure
8B) (P < 0.005). The opposite phenomenon was observed in adhesins genes expression

in adhered trophozoites in plastic, for all adhesins genes the relative expression level
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was lowest than found in cytoadherence process. These findings suggest that adhesins

proteins were involved only in cytoadherence process and not in the adhesion to plastic.
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Figure 8. The relative gene expression of Ap33, Ap51, Ap65 and Apl20 in attached T.
vaginalis trophozoites in plastic and VECs. (A) The relative expression of four adhesion genes
by TV-LACMSG in trophozoites adhered in plastic represented by blue bars and trophozoites
adhered in VECs represented by orange bars; (B) The relative expression of four adhesion genes
by TV-LACM14 in trophozoites adhered in plastic represented by blue bars and trophozoites

adhered in VECs represented by orange bars. The gray bars represent the not adhered control.
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The bars represent the average + SD of three biological replicate samples that were analyzed in
three technical replicates to each experimental condition. The relative change in gene
expression was analyzed using the 2-AACt method using Actin gene as internal control.
Statistical significance in the expression changes of adhesins proteins between attached
and unattached T. vaginalis in both processes of adherence to plastic and cythoaderence
was calculated using one-way ANOVA; the level of significance was also determined

by the Bonferroni method comparing all groups versus control (P < 0.05).

4. Discussion

Our results indicate that the capacity of T. vaginalis isolates to adhere in plastic
IS widespread, since most of isolates, more than 50 percent, were able to adhere to
polystyrene microplates. This is an interesting result, considering that little is known
about behaviour of adherence to plastic from large collections of T. vaginalis isolates.
Previous studies have evaluated only one (GOLD and OFEK 1992) or two isolates
(SILVA-FILHO, ELIAS, SOUZA, 1987; BASTIDA-COURCUERA, 2005) regarding
this ability. Furthermore, another important result showed herein was the capacity of T.
vaginalis to adhere to IUD-thread and vaginal ring. As expectedly, the strongest
adherent isolates to plastic, TV-LACM®6 and TV-LACMZ14, were also adherent to the
medical devices tested, and in the other hand, the ATCC 30236 isolate, a non-plastic
adherent, was unable to adhere to IUD-thread and to vaginal ring. Interestingly, these
results agree with previously published data that showed one positive association
between women using IUD and trichomonosis cases. Although somewhat speculative,
T. vaginalis infection could be facilitated by the prolonged use of these devices, since
the trophozoites may adhere to them in the vaginal cavity. (KAZEROONI and
MOSALAEE, 2002). Therefore, we believe that the usage of these devices facilitates
the establishment of T. vaginalis infection; however, other aspects are also important to
be considered such as the modification of vaginal microbiota when IUD or vaginal ring
are used, as well as women that use these devices as contraceptive methods probably

use less condom.
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We next hypothesized that metronidazole covered device had profound effects
on the adherence to gynecological devices. Our findings showed that when the IUD-
threads and vaginal ring were covered with metronidazole a significant adhesion
inhibition occurred, since in confocal microscopy the trophozoites absent was observed.
It is important to highlight that these two contraceptive approaches (IUD and vaginal
ring) are popular in contraception planning. The IUD is the second most popular
contraceptive method used in world and this medical dispositive use may increase the
risk of STD acquisition. (TRUSSELL, 2012; STEINER, TRUSSELL and JOHNSON
2007). Likewise, the use of vaginal rings has been preferred due to efficacy and
adherence to therapy while potentially decreasing toxic side effects when compared to
daily pill oral administration (Valenta, 2005). Our investigation opened the question on
whether covered devices with metronidazole or others molecules could be used as
auxiliary tools for T. vaginalis control.

Adherence of T. vaginalis to host cells is a major factor in host-parasite
relationships; in addition, surface proteins are likely to play important roles in the initial
adherence to mucosal tissue as well as the long-term survival of the parasite on mucosal
surfaces. Thus, our research group attempt to understand the role of different molecules
in adhesion to plastic and to cytoadherence in fresh clinical isolates using the chemical
treatment and the analysis of adhesins gene expression.

Our initial approach was to evaluate the trophozoites behavior after chemical
treatment, and we observed that meta-periodate treatment dramatically reduced the
number of adherent parasites in the plastic surface. The effect of periodate in T. vaginalis
adhesion suggests that the involvement of the major cell surface glyconjugate, the
lipophosphoglycan (LPG), in plastic adhesion is essential. Bastida-Courcuera et al
(2005) have demonstrated the important role of LPG in adhesion to plastic. However,
treatment with drugs that affect cytoskeletal function in trichomonads (colchicine and
cytochalasin B) were also able to reduce significantly the adherence to plastic,
indicating, not unexpectedly, that the perturbation of cytoskeletal structures also
efficiently impaired plastic adherence. As expected, the metronidazole-treated T.
vaginalis trophozoites reduced dramatically the adherence to plastic, showing that

parasites metabolic integrity is essential for the attachment.
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The absence of adherence or cytotoxic effect of parasites treated with periodate
in VECs was found by Gilbert et al (2000). These authors suggested that the adherence
to human host cell is modulated by LPG. The same study affirms that the periodate
treatment abolished the binding of T. vaginalis to human host cells, VECs and HelLa.
On the other hand, Alderete and Garza (1985), stated that the periodate treatment had
no effect on host cell parasitism using HeLa cells. Our findings, using HMVII cell line
showed that periodate treatment significantly reduced the adhesion to epithelial cells,
however, did not completely abolish the binding between the parasite and host cell. In
addition, we observed that the reduction in cytoadherence seems to be associated with
the isolate, since TV-LACM®6 had a lower cytoadherence reduction rate than TV-
LACM14, when they were pre-treated with periodate.

In the same manner as occurred in adherence to plastic, the chemical treatments
with colchicine, cytochalasin B and trypsin were also able to reduce significantly the
cytoadherence, consequently, this perturbation of cytoskeletal structure and changes in
the surface molecules lead to inefficient host-parasite interaction. We also observed that
there were differences among the isolates in response to chemical treatments; therefore,
it was not possible to determine the main mechanism involved in cytoadherence using
only chemical treatment. However, it was observed that in the cytoadherence LPG also
plays an important role.

Considering the involvement of adhesins for both adhesion to plastic and
cytoadherence processes, our data suggest that the four-adhesins protein studied herein
play important roles only in the cytoadherence. In opposite, in the plastic adherence the
adhesin proteins appear to be not essential. These findings are very interesting, since
these results are in agreement with previous study that showed that LPG play a important
role in adherence to plastic (Bastida-Courcuera et al,2005). In the same way, our finding
suggest that cytoadherence of the parasite is thought to be mediated by trichomonad
surface proteins, studied here, AP33, AP51, AP65, and AP120, and the role of these
proteins in cell adherence has been characterized, although the receptors in the host cell
have not yet been identified (ALDERETE and GARZA, 1985; Engbring and Alderete,
1998; Alderete et al 1995; Moreno-Brito et al 2005). In a different way, the LPG was

showed as main molecule in the adherence and cytotoxicity of parasites to human cells
112



(BASTIDA-COURCUERA et al, 2005), and the receptors for LPG, galectin 1 and 3 on
vaginal and cervical epithelial cells was characterized. (OKUMURA et al, 2008;
FICHOROVA et al, 2016).

Overall, our results reaffirm the importance of T. vaginalis as an important
pathogen among women in reproductive age, since the trophozoites were able to adhere
in gynecological devices and this fact could facilitate the parasite infection in the vaginal
cavity. Furthermore, our chemical treatment data also suggest that for both adhesion to
plastic and cytoadherence processes more than one factor is involved, and this has
amplified the difficulty in the search for human host cell molecules involved in parasite
attachment. Finally, our results indicate some differences between cytoadherence
process an