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RESUMEN.

Las células del sistema inmune son capaces de producir y secretar prolactina asi como de
expresar su receptor. Se ha demostrado que la PRL es necesaria para, la maduracion de
células LAK, la expresion de receptor de IL2 en ratas ovariectomizadas, y para la
proliferacion de linfocitos T. Las interleucinas 1 y 6 son capaces de modular la secrecién de
esta hormona a nivel de hipofisis, sugiriendo fuertemente que la prolactina participa en la
modulacion de la respuesta inmune. Sin embargo, no se tienen suficiente informacion sobre
el mecanismo de accion de la prolactina en el proceso de activacion de los linfocitos T y
B. Por lo que nuestro objetivo fue investigar la contribucion de la prolactina en el proceso
de activacion de linfocitos T y B, a través de la expresion de moléculas coestimulatorias,
produccidn de interleucinas y anticuerpos. Se utilizaron células mononucleadas, linfocitos
T CD4" y B provenientes de personas sanas y pacientes con hiperprolactinemia, los cuales
se estimularon con mitdgeno en presencia 0 ausencia de PRL y mitdgeno mas anticuerpo
anti-PRL para bloquear la PRL autocrina. También se determino por citometria de flujo la
expresion de CD69, CD154, CD86, CD40 y produccion de IL2 e IFNy. Los resultados
muestran que la prolactina autdcrina participa en las dos primeras horas de la activacion.
Ademas encontramos la prolactina producida por los linfocitos T contribuye en el proceso
de activacion de estas células ya que la expresion de CD154, CD69 asi como produccién de
IL2 e IFNy disminuy0 al bloquear la prolactina autécrina con anticuerpo anti-PRL. Asi
mismo, la PRL no participa en el proceso de activaciéon de los linfocitos B, ya que al

bloquearla con el anticuerpo la expresion de CD86 y CD40 no se afectd.



ABSTRACT

The evidences about the participation of prolactin in the immune response are indirect such
as the additive effect in the proliferation, an effective immune response in animal model.
Therefore. There is not information related to the trigger signal for lymphocytes activation.
The aim of this research was to explore PRL function in the process of CD4" and B cell
activation measured through co stimulatory molecules expression and interleukins
secretion. Human peripheral blood mononuclear cells, purified CD4" or B cell from healthy
human and idiopathic hyperprolactinemic patients were cultured emulating different
conditions: Cells with different concentration of human PRL only; cells with unspecific
mitogen plus PRL; cells stimulate with unspecific mitogen, were used as a positive testigo,
cells without stimulus in synthetic medium without bovine fetal serum were used as a
negative testigo. The CD69, CD154 expression and IL2, IFNy secretion by lymphocyte
CD4", and CD40, CD86 expression and antibodies production by B cells were measure en
each of the above-mentioned conditions. The results revealed that the PRL is produced by
lymphocytes until it is activated. After that, PRL has predominant autocrine ability. The
expression of CD69, CD154 molecules and interleukins secretions depend partly on the
autocrine PRL. This is based on the secretion of IL2, IFNy and co stimulatory molecule
expression both of which were strikingly reduced when the PRL was blocked with anti-
PRL antibody. Moreover, the PRL activity is during the first two hours after the activation.
In contrast, the PRL appears not to play any role on B cells activation. because CD40 and

CD86 expression do not show any alteration with the addition or blocking of PRL.



INTRODUCCION.

La prolactina (PRL) es una hormona lactogénica sintetizada y secretada por células de la
hipofisis anterior (mamotrofos), su liberacion a este nivel es estimulada por serotonina,
hormona liberadora de tirotropina, péptido intestinal vasoactivo y es inhibida por dopamina
y opiédceos. Se han descrito alrededor de 300 diferentes funciones biologicas, las cuales
pueden agruparse en cinco categorias 1) reproduccion, 2) osmoregulacion, 3) desarrollo y
crecimiento 4) inmunoregulacion y 5) metabolismo de carbohidratos y lipidos [Bole-Feysot
y col., 1998]. En base a sus caracteristicas genéticas, estructurales y funcionales la
prolactina pertenece a la misma familia de la hormona de crecimiento y del lactogeno
placentario; las cuales provienen de un mismo gen ancestral. EI gen que codifica para
prolactina se localiza en el cromosoma 6 y esta compuesto por cinco exones y cuatro
intrones con un tamafio aproximado de 10 Kb [Truong y col., 1984; Bole-Feysot y col.,
1998]. La expresion de este gen se ha confirmado en células epiteliales mamarias, en
células del sistema inmune (linfocitos T y B), cerebro, miometrio, endometrio, timo, bazo,
medula Gsea, fibroblastos, en algunas lineas de células tumorales y glandulas sudoriparas
[Maslar y Riddick, 1979; McMurray y col., 1979; Rosen y col., 1980; Montgomery y col.,
1987; DiMattia y col., 1988; Bole-Feysot y col., 1998 Montgomery, 2001], sugiriendo
claramente que la sintesis y secrecion de esta hormona no se restringe a la hipofisis
[Freeman y col., 2000; Matera, 1996].

La prolactina, es una proteina globular de una sola cadena con 199 aminoacidos (aa) y tres
puentes disulfuro intramoleculares (Cys*- Cys**, Cys®- Cys*™*y Cys'®*- Cys™®), el 50 % de
los aminoacidos en la cadena conforman una estructura secundaria de a-hélice. Aunque la
principal forma de prolactina reportada en hipéfisis y suero tiene un peso molecular de 23
kDa se han descrito otras formas como la glicosiladas (25 kDa) que presenta menor
actividad bioldgica [Nicoll y col., 1986; Matera 1997; Bole-Feysot y col., 1998], la
macroprolactina que puede estar constituida por dimeros y/o polimeros de la misma

hormona o por la union con otras proteinas como los anticuerpos (150 kDa) [Leafios y col.,



1998] y una pequefia de 16 kDa implicada en el proceso de angiogénesis [Freeman y col.,
2000].
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1. Figural. Estructura de la prolactinay su receptor. a) Estructura terciaria de la prolactina,
presenta cuatro alfa hélices y dos sitios de unidn, b) Estructura terciaria del receptor de

prolactina, presenta un sitio de unidén y estructura de beta plegada en antiparalelo c)

Dimerizacion del receptor de prolactina. Bole-Feysto Endocrinol. Rev. 1998. 19:225-268.

El receptor de prolactina (PRL-R) es una proteina transmembranal, su gen se encuentra en

el cromosoma 5 y codifica para tres diferentes isoformas, las cuales difieren en longitud y



composicion de la porcion intracitopldsmica, denominandolas como receptor: corto (42
kDa), mediano (65 kDa) y largo (85-90 kDa). Las tres isoformas exhiben un dominio
extracelular idéntico, con aproximadamente 200 aa que posee analogia con la fibronectina
tipo Ill. Este dominio se divide en dos subdominios (cada uno de ~100 aa) con
caracteristicas conservadas a los receptores de citocinas. El primer subdominio presenta dos
puentes disulfuro (Cys*>- Cys?, Cys®- Cys®) y el segundo un motivo penta péptido
denominado WS (Trp-X-Trp-Ser). ElI dominio transmembranal posee 24 aa, mientras el
intracelular presenta diferente tamafio y composicion dependiendo de la isoforma del
receptor, en esta porcion, existen dos regiones conservadas denominadas caja 1y caja 2. La
region proxima a la membrana se denomina caja 1, presenta una zona rica en prolinas (lle-
Phe-Pro-Pro-Val-Pro-X-Pro) y es importante en la interaccion con JAK2. La region
denominada caja 2 es menos conservada y se pierde en la isoforma corta. La estructura
terciaria del receptor determinada por cristalografia muestra que los dominios
extracelulares contienen siete cadenas 3 plegadas en antiparalelo [Bole-Feysot y col., 1998;
Freemany col., 2000; Yu-Lee 2002].
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Figura 2.Representacion esquematica de las tres isoformas del receptor de prolactina. EI dominio
extracelular idéntico dividido en dos sub-dominios, la porcion intracitoplasmatica difiere en

tamarfio y composicion. Bole-Feysto Endocrinol. Rev. 1998. 19:225-268.



La interaccion PRL —PRL-R activa principalmente la via de sefializacion Jak-Stat, la cual es
usada por diferentes receptores de citocinas. Jak es una familia de proteina tirosina cinasas
que incluye Jakl, Jak2, Jak3 y Tyk2, los receptores de citocinas | y Il trabajan en
combinacion con Jak cinasas transmitiendo sefiales celulares. La region intracelular
préxima a la membrana del PRL-R en su forma inactiva (monémero) se encuentra
constitutivamente asociada a Jak2, la union de la PRL a su receptor induce la
homodimerizacion del mismo activando a Jak2, posteriormente Jak2 fosforila a Stat (Stat1,
Stat3 y Stat5) que presenta cinco diferentes dominios: a) el de unién al DNA, b) el parecido
a SH2, c) el similar a SH3, d) amino terminal y e) carboxilo terminal. Las tirosinas
fosforiladas de Jak2 se unen con el dominio SH2 de Stat el cual es fosforilado por la
asociacion PRL-R - Jak2. Al encontrarse fosforilado, Stat se disocia del receptor formando
un homo o heterodimero que es translocado al nucleo activando el domino de union a
DNA; la secuencia que reconoce el homo o heterodimero de Stat (Statl/Statl, Stat3/Stat3,
Stat5/Stat5 o Statl/Stat3) en el nicleo es GAS (secuencia que activa interferon y), que
consiste en una secuencia palindromica (TTCXXXGAA) presente en diferentes promotores
[Too, 1997; Clevenger y col., 1998; Bole-Feysot y col., 1998; Freeman y col., 2000; Sporri
By col., 2001; Yu-Lee, 2002; Paukku y Silvennoinen 2004.].

Se ha demostrado que la expresion del receptor se encuentra distribuido en células del
sistema reproductivo, cerebro, retina, cartilago, piel, pulmon, corazédn, pancreas, higado,
bazo, timo, rifidn, linfocitos (T,B), macrdfagos etc. [Dardenne y col., 1994; Bole-Feysot y
col., 1998; Clevenger y col., 1998]. El receptor de PRL junto con el de IL-2, IL-3, IL-4, IL-
5, IL-6, IL-7, IL-9, IL-11, IL-13, IL-15, GM-CSF, G-CSF, hormona del crecimiento,
pertenecen a la superfamilia de receptores de citocinas hematopoyéticas [Matera, 1997; Yu-
Lee, 1997; Yu-Lee, 2002, Janeway Yy col 2005].

PRL-R largo PRL-R corto
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Figura 3. Representacion esquematica del camino de sefializacion del receptor de prolactina
de rata (largo y corto). Bole-Feysto Endocrinol. Rev. 1998. 19:225-268.

La relacion entre prolactina y el sistema inmune fue evidente en 1930, cuando Smith
observo que el timo de ratas hipofisectomizadas sufria un proceso de atrofia [Smith, 1930].
Tiempo después Nagy y Berci, publicaron su trabajo clasico acerca de la inmunodeficiencia
en ratas hipofisectomizadas, la administracion de prolactina, hormona de crecimiento y
lactdgeno placentario reestablecid la actividad inmunoldgica [Nagy y Berci, 1978]. En
1983 se repitieron estos experimentos, utilizaron bromocriptina (agonista dopaminérgico)
para inhibir selectivamente la secrecion de prolactina los resultados fueron similares al
trabajo anterior, disminucion en las respuesta inmune tanto celular como humoral,

recuperandose al suspender la bromocriptina [Nagy y col., 1983].

El sistema inmune es capaz de regular la secrecion de prolactina [Matera, 1997]. Las
citocinas IL-1, IL-6, TNF-a pueden actuar como reguladores paracrinos o endocrinos en la
liberacion de PRL hipofisiaria [Spangelo y Leod, 1990; Theas y col., 1998]. Los timocitos
y células mononucleadas sintetizan prolactina de 23 kDa [Matera, 1997, Horiguchi, 2004] o
60 kDa [Larrea y col., 1997] estas proteinas tienen actividad biol6gica medida por

bioensayo con células Nb2 (linfocitos T de rata dependientes de prolactina). Los linfocitos



T y B expresan 360 receptores de PRL/cél, las células NK 660 receptores/cel [Matera,
1997]. Otros resultados que apoyan la participacion de la prolactina en la respuesta inmune
es la induccion de la trascripcion del factor regulador de interferén 1 (IRF-1), el cual se
encuentra relacionado con la diferenciacion de linfocito B y resistencia a virus [Yu-Lee,
1997; Yu-Lee 2002], el incremento en la secrecién de anticuerpos 1gG e IgM en hibridomas
estimulados con prolactina [Bole-Feysot y col., 1998], el incremento en la proliferacion
celular de esplenacitos, timocitos y células mononucleadas al incubarse con prolactina mas
ConA [Yu-Lee 1997; Matera 1997], asi como el incremento en la produccion de superoxido
en macrdfagos estimulados [Bole-Feysot y col., 1998]. Estudios experimentales realizados
en modelos animales muestran que la PRL induce la expresion del receptor de IL-2 en
linfocitos de ratas ovariectomizadas [Mukherjee y col., 1990], incrementa la sintesis de
DNA de células NK asi como su efecto citotoxico [Matera 1996; Matera 1997; Bole-Feysot
y col., 1998]. Los anticuerpos anti-PRL son capaces de inhibir la proliferacion de células
mononucleadas estimuladas con ConA [Hartmann y col., 1989]. En timocitos tratados con
dexametasona se ha demostrado la propiedad anti-apoptdtica de la prolactina [Krishnan,
2003]. La prolactina se ha asociado con enfermedades autoimunes, en el estudio realizado
por Buskila (1995) el 75.7% de mujeres con hiperprolactinemia (HPRL) presentaron uno o
mas autoanticuerpos dirigidos contra componentes nucleares y/o citoplasmicos (anti-ss-
DNA, anti-dsDNA, anti-Sm o anti-SS-A/Ro) caracteristicos de enfermedades reumaticas
autoinmunes, mientras las mujeres con normoprolactinemia no presentaron ningdn
autoanticuerpo. En pacientes con lupus también se han descrito concentraciones sericas mas
altas de prolactina que en personas sanas sin enfermedad autoinmune [McMurray y col.,
1991; Buskila 'y col. 1995; Neidhart 1998], la frecuencia de hiperprolactinemia reportada en
pacientes con lupus, oscila entre 15.3 y 31 % [Blanco-Favela y col., 1999]. En un estudio
realizado en nuestro laboratorio el 15.8% de 259 pacientes con lupus presentaron
hiperprolactinemia correlacionando con la actividad de la enfermedad, el 31.7% de los
pacientes con lupus e hiperprolactinemia tuvieron anticuerpos anti-prolactina. Los pacientes
con anticuerpos anti-PRL presentaron menor actividad de la enfermedad medida por
SLEDAI comparado con los que no presentaron estos autoanticuerpos, sugiriendo que la
actividad bioldgica de la prolactina es atenuada por los anticuerpos [Leafios y col., 1998].



El evento central en la generacion de la respuesta inmune, es la activacion y expansion
clonal de las células T. La activacion in vivo de los linfocitos inicia por la interaccion
célula—célula que se da entre el complejo TCR-CD3 con el péptido del antigeno procesado
y presentado en el contexto de moléculas del complejo principal de histocompatibilidad
(MHC) en la superficie de las células presentadoras de antigeno (CPA) [Bluestone y col.,
1998; Janeway 2005]. Esta interaccion es la primera sefial necesaria pero insuficiente en el
proceso de activacion, lo que inicia una cascada de distintos eventos como la expresion,
principalmente en linfocitos T CD4, de la molécula coestimulatoria CD154, esta molécula
se une a su ligando CD40 presente en las CPA, lo que activa a las CPA e incrementa la
expresion de CD80/CD86 ambas moléculas coestimulatorias se unen a su ligando CD28
expresado en los linfocitos T. La interaccidn entre las moléculas coestimulatorias es la
segunda sefial en el proceso de activacion que previene un estado de anergia en los
linfocitos y genera sefales intracelulares que inducen la expresion de genes para
interleucinas (IL-2, IL-12, IL-5, IL-6, TNFa etc) y quimiocinas (RANTES), asi como la
estabilizacion de los mMRNA de las citocinas [Moreno, 1996; Denfeld y col., 1997; Skov y
col., 2000; Janeway 2005].

T cell B cell

Figura 4. Representacion esquematica de interaccion

entre linfocito T y linfocito B.

La union del TCR con su ligando induce la fosforilacion de los ITAM en la cadena ¢ del
CD3. La proteina citopldsmica ZAP-70 se fosforila y activa al unirse a los sitios ITAM
fosforilados, la proteina ZAP-70 puede fosforilar varias proteinas entre ellas la fosfolipasa

Cyl (PLCLy1) que al activarse hidroliza el fosfatidil inositos bi-fosfato (PIP,) generando



inositol trifosfato (IPs) y diacilglicero (DAG). El IPs induce un rapido incremento de Ca**
libre en el citosol. El DAG activa la enzima proteina cinasa C (PKC). El Ca®* y la PKC
incrementan la proliferacion y secrecion de citocinas en los linfocitos T. La activacion in
vitro de los linfocitos se puede realizar con mitdégenos (concanavalina A, fitohemaglutinina,
lipopolisacarido, PMA etc.) que emulan la cascada de activacion de los linfocitos, lo que
termina en sintesis de DNA y division celular pero de forma inespecifica. La combinacion
de PMA vy ionomicina imitan la via del la PLCyl debido a que el PMA activa a PKC
mientras la ionomicina incrementa los niveles de Ca®* citoplasmicos [Abbas, 2000;
Janeway, 2005], la lectina concanavalina A (proteina que une carbohidratos) interacciona
con el complejo CD3, asociado al TCR, transmitiendo sefiales que inducen la activacion de
los linfocitos T [Licastro y col., 1993].

Una de las primeras caracteristicas que aparecen en las células activadas es el cambio en el
patron de expresion de algunas moléculas de superficie. La subunidad o del receptor de IL-
2 (CD25), el receptor de transferrina (CD71), CD154 y CD69 son algunos ejemplos. A
estas moléculas se les han denominado marcadores de activacion celular. CD69 es un
homodimero de 28 kDa, su gen se encuentra localizado en el cromosoma 12 y es una
proteina de membrana tipo Il con un dominio C-tipo lectina, aparece a las pocas horas de
activacion de los linfocitos T , B, macréfagos, células NK,. Promueve el flujo de Ca®*, asi
como la induccion de proto-oncogenes como c-myc y c-fos. La rapida expresion de CD69
en linfocitos T ha sugerido que esta molécula podria incrementa la activacion y/o la
diferenciacion como ocurre con otras moléculas (CD40L, CD25). [Testi y col., 1994,
Sancho y col., 2005]. Esta molécula se encuentra aumentada en las células provenientes de
pacientes con lupus y correlaciona con la actividad de la enfermedad [Su y col. 1997,
Ishikawa y col., 1998].

CDA40, es una proteina integral de membrana tipo | de 48 kDa, presenta cuatro dominios
ricos en cisteina (con 45 aa cada uno), pertenece a la familia del receptor del factor de
necrosis tumoral-o. (TNFa), se expresa en linfocitos B inmaduros y maduros, células
dendriticas, endoteliales y macrofagos activados. Su regién intracitoplasmica se encuentra

asociada a moléculas de la familia de segundos mensajeros TRAF (Factores Asociados al

10



Receptor del TNF), especificamente a TRAF-2 y TRAF-3, que modulan la actividad de
tirosina cinasa y tirosina fosfatasa en el ciclo celular y el aumento de los factores bcl-2 y
bcl-x, que protegen al linfocito B de entrar en apoptosis. La union a su ligando en presencia
de citocinas induce expansion clonal. El ligando de CD40 es la molécula CD154 (CD40L)
que es un homotrimero de 39 kDa, pertenece a la familia de TNF. Se expresa en linfocitos
T CD4" activos, algunos CD8" activos, células NK y basofilos, es inducible y su expresion
méaxima se presenta entre las 4 o 6 horas después de la activacion disminuyendo con el
tiempo. Es importante en el cambio de isotipo de las inmunoglobulinas en los linfocitos B,
mientras que en los linfocitos T genera una sefial coestimulatoria que aumenta la regulacién
de IL4 y moléculas de adhesion (ICAM). [Abbas y col., 2000; Fernandez-Gutierrez y col.,
1998, Quezada, 2004]. En ratones NZB/W F1 (ratones con una enfermedad parecida a
lupus) tratados con anticuerpos anti-CD154 se observa una disminucién en: a) produccion
de anticuerpos anti-DNA, b) problemas renales y su tiempo de sobrevida es mayor en
comparacion con los ratones sin tratamiento [Early col., 1996]. La interaccion CD40-
CD154 es importante en la respuesta inmune, incrementa la expresion de moléculas
coestimulatorias como CD80 y CD86, moléculas de adhesion en células endoteliales,
produccion de citocinas y quimiocinas, activa las células presentadoras de antigeno (como
linfocito B) y es importante en el cambio de isotipo de las inmunoglobulinas. [Ding y col.,
1995; Bluestone y col., 1998; Wesemann y col. 2002, Quezada, 2004]

CD86 es una glicoproteina homodimérica que pertenece a la superfamilia de
inmunoglobulinas, presenta dos dominios extracelulares, uno transmembranal y una cola
citoplasmica que contiene tres sitios potenciales para fosforilar PKC. Al igual que CD80 se
expresa constitutivamente en células dendriticas; en macrofagos y linfocitos B su expresion
es inducible. La densidad de moléculas CD86 en las CPA es mayor que la de CD80, su
expresion se observa a las 18 h mientras que la de CD80 es a las 48 h; es el ligando
principal de CD28 y presenta una menor afinidad por CTLA-4 en comparacion con CD80.
La interaccion CD86-CD28 produce un aumento en la secrecién de inmunoglobulinas del
linfocito B asi como en la produccién de citocina, induciendo una respuesta de tipo Th2.
CD86 se ha involucrado en enfermedades autoinmunes, el tratamiento con anticuerpos anti-

CD86 disminuye la actividad de la enfermedad. [Damle y col., 1991; Lenschow y col.,
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1996; Thompson 1995; Perrin y col., 1997; Bluestone y col., 1998; Abe 1999; Greenwald,
2005, Keir, 2005].

Durante el proceso de activacion los linfocitos T secretan citocinas que modulan la
intensidad y duracion de la respuesta inmune, amplificando o inhibiendo: proliferacién,
activacion, diferenciacion celular y/o secrecion de anticuerpos u otras citocinas. Algunas de
estas citocinas actuan de forma autocrina, regulando la respuesta de la propia célula

productora y de una forma paracrina en células que se encuentran cerca de ella.

La interleucina 2 (IL-2) es sintetizada y secretada por los linfocitos CD4" y en menor
cantidad por los CD8" activados. Es una proteina glicosilada globular y estructura de o-
hélice. El reconocimiento del antigeno por el receptor del linfocito T induce la transcripcion
de diferentes factores, uno de estos es el NF-AT (factor nuclear de activacion en células T),
gue se une a la region promotora del gen de IL2, comenzando el proceso de transcripcion.
Es necesaria la sefial coestimulatoria CD28/CD86, que incrementa la transcripcion del
MRNA aproximadamente 3 veces y permite la estabilizacion del mismo (el mRNA de las
citocinas es muy inestable), incrementa la sintesis de IL-2 de 20 a 30 veces, estos dos
efectos incrementan la produccion de IL-2 100 veces [Abbas y col, 2000; Janeway Y col.,
2005]. La produccion de IL-2 es transitoria, con una secrecion maxima alrededor de 8-12
horas después de la activacion. La secrecion de IL-2 y la unidn a su receptor de alta
afinidad (IL2-R), que pertenece a la familia de receptores hematopoyéticos y consta de tres
proteinas (alfa, beta, gamma) asociadas de forma no covalente, fosforila a Jak1 y Jak3. Jak1l
se encuentra asociada a la cadena beta y Jak3 a la cadena gamma, la activacion de Jakl y
Jak3 da como resultado la fosforilacion de Satatba, StatSb y Stat3 que forman homo o
heterodimeros los cuales sé translocan al nicleo donde se unen a secuencias promotoras e
inducen la transcripcion de genes, la activacion, proliferacion y diferenciacion de células T,
incrementan y mantienen la expresion de la molécula coestimulatoria CD154; ademas,
estimulan el crecimiento de células NK aumentando su funcion citolitica produciendo las
células LAK (Zhu y col. 1999; Abbas y col. 2000; Skov y col. 2000, Sporri, 2001].
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Interferon y (IFN-y) 6 interferon tipo 11, es una glicoproteina con dos subunidades (21 y 24
kDa), es producida por linfocitos CD4*, CD8" activados y células NK. Tiene cierta
actividad anti-virica y actia como una citosina efectora de la respuesta inmune. El
reconocimiento del antigeno por el TCR inicia el proceso de transcripcion del IFN-y el cual
es aumentado por IL-2 e IL-12. El receptor de IFN-y pertenece a la superfamilia de
receptores de citocinas tipo Il. La interaccion receptor - IFN-y induce la fosforilacion de
Statl, Stat2 y Stats. EI IFN-y activa a macrofagos incrementando su actividad microbicida,
incrementa la expresion de moléculas del MHC clase | y clase II, regula la expresién de la
molécula coestimulatoria CD40, promueve la diferenciacion de los linfocitos Th0 a Tyl e
inhibe Ty2, activa a los neutréfilos regulando el estallido respiratorio y estimula la
actividad citolitica de células NK [Abbas y col., 2000; Wesemann y col., 2002; Paukku,
2004 ].

En base a lo anterior nuestro objetivo fue investigar el papel de la prolactina en el proceso
de activacion de las células del sistema inmune a través de la expresion de moléculas como
marcadores de activacion (CD69) y coestimulatorias (CD154, CD40, CD80). Ademas de la

secrecion de interleucinas (IL-2 e IFNYy).
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JUSTIFICACION.

La activacion de linfocitos depende de una serie de sefiales intracelulares. La primera es
aquella establecida por el complejo TCR/CD3 en linfocitos T al reconocer a péptidos del
antigeno procesado y presentado en el contexto de moléculas del MHC clase Il expresado
en CPA. La segunda sefal es la interaccion entre moléculas coestimulatorias, las cuales
participan induciendo la trascripcion de genes. La ausencia de cualquiera de estas sefiales
ocasiona un estado de anergia. Actualmente se cuenta con informacion en la cual se
atribuye a la prolactina una funcion de inmunoregulacion. Sin embargo, no se tienen
suficientes datos para establecer el mecanismo de accién de esta hormona en el proceso de
activacion de los linfocitos T y B. Por lo que nos parecidé importante investigar si la
prolactina participa en la expresion de algunas moléculas coestimulatorias y en la
produccion de interleucinas que intervienen en el proceso de activacion de los linfocitos Ty
B.

PLANTEAMIENTO DEL PROBLEMA

Se ha demostrado que la prolactina participa en la modulacion de la respuesta inmune. Las
células de este sistema expresan receptores para la prolactina, incluso son capaces de
producirla. Es bien conocido que la PRL es necesaria para la maduracién de células LAK,
la expresion de receptor de IL-2 en ratas ovariectomizadas y que las interleucinas 1y 6 son
capaces de modular la secrecion de esta hormona a nivel de hipofisis. Sin embargo, no hay
reportes que mencionen cual es el mecanismo de accion de la prolactina en el proceso de
activacion de los linfocitos T y B. La activacion de los linfocitos (puede ser medida a través
de la expresion de CD69), requiere del contacto celular entre el antigeno expresado en el
contexto de MHC en las CPA y el complejo TCR-CD3 en los linfocitos T, que induce la
expresion de CD154 principalmente en los linfocitos T CD4",su ligando CD40 se encuentra
expresado en la CPA. Esta interaccion activa a las CPA y regula la expresion de CD80 y
CD86 su ligando CD28 se encuentra expresado en linfocitos T (CD86 tiene mayor afinidad
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por CD28 y se expresa mas rapido que CD80). Las interacciones entre las moléculas
coestimulatorias son importantes para activar los linfocitos y evitar un estado de anergia.
Asi, el propdsito del presente trabajo es determinar el papel de esta hormona en la
expresion de moléculas de activacion y coestimulatorias asi como en la produccion de

interleucinas por linfocitos provenientes de personas sanas.

HIPOTESIS.

1. La prolactina participa en el proceso de activacion celular incrementando:
a. laexpresion de las moléculas: CD69, CD154, CD40 y CD86.
b. la produccién de IFNy e IL-2 en linfocitos T CD4.

2. Laprolactina participa en la produccion de anticuerpos.
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OBJETIVO GENERAL.

Determinar la contribucion de la prolactina en el proceso de activacion de linfocitos T y B,
a través de la expresion de moléculas coestimulatorias, produccion de interleucinas y
anticuerpos.

OBJETIVOS PARTICULARES.

1. Identificar la expresion de las moléculas de superficie CD86, CD40, CD154, CD69 en

cultivos de linfocitos (con y sin PRL).

2. ldentificar la produccion de interleucinas IL2, e IFNy por linfocitos T en cultivos (con 'y
sin PRL).

3. Determinar si la prolactina tiene la capacidad o no de inducir la produccién de

inmunoglobulinas por los linfocitos B.
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MATERIAL Y METODOS.

Sujetos:

Se incluyeron 10 personas sanas de sexo femenino con un promedio de edad de 34 + 10
afios, eumenorreicas, sin galactorrea y con niveles séricos de prolactina dentro de los
limites normales (menos de 20 ng/ml). Ademas cinco pacientes con hiperprolactinemia de
sexo femenino con edad de 35 + 7 afios sin adenomas hipofisiarios ni manifestaciones

clinicas de autoinmunidad utilizando los siguientes criterios de inclusion y exclusion.

Tamarfio de muestra:

Para la determinacion del tamarfio de muestra utilizamos una diferencia de 17,000 de MESF
(namero de moléculas de equivalentes del fluorocromo) determinada por citometria de flujo
[Matera y col. 2000a], un valor de poder de prueba de 90% y un valor de 1-a de 0.95, con
lo cual el tamafio de muestra es de 5 paciente. No contando con mayor informacion se
decidi6 realizar una prueba piloto con un tamafio de muestra de 10 personas sanas y 5

pacientes.

Criterios de inclusion:
a) Personas sanas :
Edad entre 18 y 45 afos
Niveles séricos normales de prolactina entre 1 ng/mly 20 ng/ml
Sin galactorrea
Eumenorreicas
Que acepten participar en el estudio donando sangre
b) Pacientes con hiperprolactinemia:
Diagnostico clinico de hiperprolactinemia
Edad entre 18 y 45 afios
Niveles séricos de prolactina mayores de 20 ng/ml y menores de 100 ng/ml
Sin adenomas hipofisiarios

Sin enfermedad autoinmune
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Que acepten participar en el estudio donando sangre.

Criterios de exclusion.
Todas aquellas personas que estén tomando medicamentos como bromocriptina o

inmunosupresores.

Hormona:
Se utilizé prolactina hipofisiaria humana (NIDDK-hPRL-SIAFP-B3), donada por el
National Hormone & Pituitary Program (USA).

Determinacion de PRL en suero.

Se utilizo la técnica de IRMA utilizando un kit comercial (RIA-gnost Prolactin [CIS bio
international, Francia]), con especificidad alta y capaz de detectar 0.1 ng/ml de prolactina.
En tubos sensibilizados con anticuerpo monoclonal anti-PRL se agregd 50 ul de suero o
estandar de prolactina, posteriormente se incubaron 30 min a temperatura ambiente con
agitacion. Los tubos se lavaron con 2 ml de regulador de lavado. Se colocaron 100 ul de

anticuerpo monoclonal anti-PRL marcado con '*I,

se incubaron 30 min a temperatura
ambiente en agitacion y lavaron con regulador de lavado. Las muestras se leyeron en un

contador gamma, la concentracion de prolactina se report6 en ng/ml.

Separacion de células:

La sangre proveniente de personas y pacientes se diluyé en PBS (regulador de fosfatos
0.01M, NaCl 0.15M, pH 7.4) en una relacion de 1:3, se adiciond 4 ml de Lymphoprep
(Nycomed, Norway) por cada 7 ml de sangre diluida, se centrifugd a 2000 rpm por 30 min.
Las células mononucleadas (CMN) se colectaron de la interfase, se lavaron dos veces con PBS
y una con medio AIMV [Gibco BRL, USA] (2mM L-glutamina 50 1U/ml penicilina y 50
ug/ml estreptomicina [Gibco BRL, USA]). La viabilidad celular se determind por exclusion

de azul tripan (Bio Whittaker, USA), utilizando las células con viabilidad mayor del 90%.
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Ensayos de proliferacion:

Los ensayos de proliferacion se realizaron por triplicado en placas de microcultivo de 96
pozos (Nunc, Denmark). A cada pozo se adicionaron 100 pl de células mononucleadas (2.0 x
10° células /100 pl) se utilizé medio como testigo negativo y como testigo positivo
concanavalina A (ConA 2 pg/ml) [Sigma, USA] y diferentes condiciones: a) concentraciones
crecientes de PRL, b) distintas concentraciones de ConA més PRL y c) ConA maés anticuerpo
(Ac) anti-PRL diluido 1:50 (el anticuerpo anti-PRL no presento reaccion cruzada con hormona
de crecimiento ni lactogeno placentario). Las células se mantuvieron en cultivo a 37°C/72 h
con 5% de CO,. Dieciocho horas antes de cosechar se marcaron con 1 uCi/pozo de timidina
tritiada con actividad especifica de 63.4 mCi/mg (Amershan Pharmacia Biotech, UK). Las
células se cosecharon con un cosechador multiple (Cell Harvester, Brandel M-24R, USA) en
papel filtro (Whatman, England). El papel filtro se colocé en viales con 3 ml de liquido de
centelleo (EcoLume, ICN, USA) y se leyeron en un contador de radiacién beta (Packard, 1900
TR). Los resultados se expresaron como indice de estimulacion (la media en cpm de los

cultivos estimulados / la media en cpm de los cultivos sin estimular [incubados con medio]).

Purificacion de linfocitos B:

Los linfocitos B se purificaron utilizando “B cell isolation kit” (Miltenyi Biotec, Germany).
Las células mononucleadas se lavaron con regulador (PBS 0.01 M, BSA 0.5%, EDTA
2mM, 10% suero autdlogo); 40 ul de bloqueador del receptor Fc (Ig humana) mas 40 ul de
cocktail de anticuerpos (anti- IgE, CD2, CD4, CD11b, CD16, CD36) se adicionaron a
2X10" células resuspendidas en 120 ug/ml de regulador. Se incubaron a 8°C durante 10
min., se lavaron dos veces con regulador, 60 ul de perlas magnéticas conjugadas a Ac anti-
Inmunoglobulina (Ig) de raton se incubaron con las células resuspendidas en 140 ul de
regulador 15 min a 8°C. Las células lavadas y resuspendidas en 500 ul de regulador se
pasaron por una columna de separacion MACS MS+ (Miltenyi Biotec, Germany), la pureza

se verificd por inmunofluorescencia directa.
Purificacion de linfocitos T:

Los linfocitos CD4" se purificaron utilizando “CD4" T cell isolation kit (Miltenyi Biotec,

Germany). Las células mononucleadas se lavaron con regulador (PBS 0.01 M, BSA 0.5%,
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EDTA 2mM), 1X10’ células en un volumen de 80 pg/ml de regulador més 20 ul del
cocktail de anticuerpos (anti- CD8, CD11b, CD16, CD19, CD36, CD56) se incubaron a
8°C por10 min. Se lavaron dos veces con regulador; 20 ul de perlas magnéticas conjugadas
con Ac anti-l1g de raton se incubaron con las células resuspendidas en 80 ul de regulador 15
min a 8°C. Las celulas lavadas y resuspendidas en 500 ul de regulador se pasaron por una
columna de separacion MACS MS+ (Miltenyi Biotec, Germany) la pureza se verifico por

inmunofluorescencia directa.

Ensayo de activacion:

Las células mononucleadas y linfocitos B (pureza >90 %) se incubaron en placas de cultivo
(Nunc, Denmark) de 24 y 96 pozos respectivamente. A cada pozo se agreg6 500 ul de la
suspension de células mononucleadas (5 X 10° células/pozo) o 100 ul de linfocitos B (70 X
10° células/pozo) se incubaron a 37°C durante 4 h para CD154, 18 h para CD69, 24 h para
CD86 y CD40, en las siguientes condiciones: a) medio (testigo negativo), b) PRL (50 ng/ml),
) mitdgeno como testigo positivo (ConA 2 ug/ml para CD69, PMA 5 ng/ml — ionomicina 0.2
ug/ml para CD154, CD86, CDA4Q]), d) mitdgeno mas PRL (50 ng/ml) y e) mitdgeno mas Ac
anti-PRL (1:50). Posteriormente se cosecharon y lavaron con PBS-BSA-Az (PBS pH 7.2,
BSA 0.2 %, NasN 0.2 %). Se incubaron con distintos anticuerpos (anti-CD69-FITC, CD4-PE,
CD19-PE, CD86-FITC, CD154-PE, CD40-FITC [BD, PharMingen, USA]). Todas las
incubaciones se realizaron a 6°C durante 20 min, entre cada incubacion las células se lavaron
dos veces con PBS-BSA-Az. Las células se leyeron por citometria de Flujo (FACSCalibur,

Becton&Dickinson, USA.) y analizaron con el programa Cell Quest.

Identificacion de citocinas intracelulares:

Linfocitos CD4" (pureza > 90%) provenientes de personas sanas se cultivaron en placas de
96 pozos en una concentracion de 1 X 10° linfocitos/pozo, se incubaron con PMA (5 ng/ml
[Sigma, USA]) ionomicina (400 ng/ml [Sigma, USA]) y brefeldina A (BD, PharMingen,
USA) por 4h a 37°C. Se cosecharon y lavaron con Perm/wash buffer (BD, PharMingen,
USA), las células se permeabilizaron con cytofix/cytoperm solution (BD, PharMingen,

USA) 20 min a 4°C, se lavaron e incubaron con los distintos anticuerpos (anti IFNy-FITC,
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IL-2-FITC [BD, PharMingen, USA]) 20 min a 4°C. Se fijaron y leyeron por citometria de
flujo.

Pruebas de inhibicion:

En las pruebas de inhibicion se mantuvo una concentracion constante de anticuerpo anti
prolactina y se pre-incub6 con concentraciones crecientes de prolactina (10, 25, 50 y 100
ng/ml) por 1 h a 37°C. El anticuerpo anti-prolactina pre-incubado se centrifugo y agregoé a
las células mononucleadas estimuladas con mitogeno (ConA para CD69 y PMA-
ionomicina para CD154), las células se cosecharon marcaron y leyeron por citometria de
flujo; la expresion de CD69 y CD154 se compar6 con las células incubadas con mitégeno
mas anticuerpo anti-prolactina sin pre-incubar con prolactina. El anticuerpo anti-prolactina
se agrego a distintos tiempos (0, 1, 2 y 3 h) en las células activadas con mitdgeno, las células
se cosecharon marcaron y leyeron por citometria de flujo; la expresion de CD69 y CD154

se compard con las células incubadas con mitégeno.

Determinacion de PRL con células Nb2:

Las células Nb2 (linfocitos T inmaduros de rata y dependientes de prolactina) se crecieron a
37°C en medio de mantenimiento (medio Fischer [Sigma, USA], 10% suero de caballo,
10% suero fetal de bovino, 10* M 2-B-mercaptoetanol, 2mM L-glutamina 50 1U/ml
penicilina y 50 pg/ml estreptomicina [Gibco BRL, USA]), las células en confluencia se
incubaron 24 h en medio estacionario (medio Fischer, 10 % SC, 1 % SFB), se centrifugaron
(1200 rpm/10 min) y colocaron en medio de bioensayo (medio Fischer, 10% SC). En placas
de 96 pozos se colocaron 100 pl de las células ajustadas a una conc. de 2X10° cél/ml, para
la realizacion de la curva se colocaron concentraciones crecientes de PRL (de 0 a 8 ng/ml),
para la determinacion de prolactina en las muestras se colocaron 50 ul de sobrenadantes
provenientes de la incubacion de células mononucleadas con el mitégeno a distintos
tiempos (30 min, 1, 2, 3, 4y 18 h) o 50 ul de los sobrenadantes anteriores mas anticuerpo
anti prolactina. Las células Nb2 se incubaron 72 h a 37°C, 6 h antes se marcaron con 1 uCi
de timidina tritiada, se cosecharon y contaron en un contador beta. Se realizaron los

calculos necesarios para expresar la concentracion de PRL en un ml de sobrenadante.
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Extraccion de RNA:

Células mononucleadas (6 X 10°) se incubaron con PMA 5 ng/ml — ionomicina 200 ng/ml,
se cosecharon a las 0, 1, 2, 3, 4, 5, 6 y 24 h, se adicion6 1 ml de TriPure (Roche, USA). Las
células se homogeneizaron e incubaron 5 min a temperatura ambiente, se adicioné 200 ul de
cloroformo, se mezcld vigorosamente e incubdé 15 min a temperatura ambiente. Se
centrifugd (12,000 rpm durante 15 min) y separ6 la fase incolora, de la cual se precipito el
RNA al agregar 500 ul de isopropanol, se incub6 por 15 min a temperatura ambiente y
centrifugd (12,000 rpm durante 10 min). El sobrenadante se decantd y coloc6 1 ml de

etanol al 75%, se centrifugd, decanto y resuspendio el RNA en H,0O tratada con DEPC.

RT-PCR:

Cuatro pug de RNA més 0.5 ug de Oligo dT en un volumen de 12 ul, se incubaron durante
10 min a 70°C, se adicion0 8 ul de la siguiente mezcla: 4 pl buffer 5X, 1 ul dNTP (10
mM), 2 ul DTT (0.1 M) y 1 ul de Superscript Il transcriptasa (200 U/ul) (Gibco BRL,
USA). Se incubd 50 min a 42°C y 15 min a 70°C, obteniéndose asi el cDNA. Para la
identificacion de PRL el cDNA se incub6 5 min a 94°C, se adicionaron 80 ul de la
siguiente mezcla: 66.7 ul agua, 8 ul Buffer 10X, 1.8 ul MgCl, (50mM), 1 ul dNTP (10
mM), 1 ul primer (50 pM) 3'GCA GTT GTT GTT GTG GAT GAT TCG GCA, 1 pl
primer (50 pM) 5 CAA GAA GAA TCG GAA CAT ACA GGC TTT, 0.5 ul Taq
polimerasa (2.5 U/ul), se incubd con el siguiente protocolo: 94° 1 min, 65° 2 min, 72° 2

min, 30 ciclos, 72° 10 min.

Para el PRL-R el cDNA se incubd a 94°C/5 min, se adicionaron 80 ul de la siguiente
mezcla: 66.7 ul agua, 8 ul Buffer 10X, 2.8 ul MgCl, (50 mM), 1 ul dNTP (10mM), 0.5 ul
(25 pM) primer 3'CAC TTG CTT GAT GTT GCA GTG AAG TTG, 0.5 pl (25 pM) primer
5GTC TGG GCA GTG GCT TTG AAG GGC, 0.5 pl Taq polimerasa (2.5 U/ul), se

incubé con el siguiente protocolo:

94° 2min. 94° 30s 94° 30s.
65° 1min 65° 1min 30 ciclos 65° 1min.
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72° 1.5min. 72° 1.5min 72° 10min.

Dot Blotting:

En membranas de nylon cargadas positivamente (Roche, USA) se colocaron 4 pl del
amplificado de prolactina, se secO a temperatura ambiente y se lavé con 0.5 M NaOH/1.5
M Na CI por 5 min, el DNA se fijo a la membrana al exponerla por 3 min a luz U.V,, la
membrana se prehibridizé 1 h a 42°C en regulador de hibridizacion (SSC 6x, regulador de
blogueo 1 %, SDS 0.5 %; se hibridizd 1 h a 42°C con la sonda marcada con digoxigenina (1
pmol/ ml de regulador) las membranas se lavaron dos veces por 15 min con 5xSSC y 20 min a
53°C con TMAC (TMC 3 M, Tris pH 8 50 mM,EDTA 2 mM, SDS 0.1 %), se incubaron 30
min con regulador de blogueo y 30 min con el conjugado anti-digoxigenina (1:5000 [Roche,
USA]), se lavaron e incubaron con el sustrato (CSPD 1:100 [Roche, USA]). Las membranas
se lavaron y se expusieron a peliculas de rayos X durante 3 h.

Tincién intracitoplasmica de PRL.:

Un millén de células mononucleadas/tubo se permeabilizaron con 100 pl de cytofix/cytoperm
(BD, PharMingen, USA) por 20 min a 4°C, se lavaron con 1 ml. de perm/wash (BD,
PharMingen, USA) e incubaron con el anticuerpo anti-PRL o no relacionado (Zymed, USA)
durante 30 min a 4°C, se lavaron e incubaron con el anticuerpo anti-lgG-FITC (Zymed, USA)
30 min a 4°C, se lavaron y centrifugaron en citocentrifuga a 1,300 rpm durante 5 min, se

prepararon en el porta objeto y observaron por microscopio confocal.

Andlisis estadistico:

Los datos de nuestro modelo de trabajo presentaron una distribucién normal de acuerdo con
la prueba de normalidad realizada (Shapiro Wilk), por lo que la medida empleada fue la
media. Los datos fueron analizados utilizando la prueba paramétrica ANOVA y t de
student. El nivel de significancia en todos los casos fue una p<0.05. El andlisis estadistico
de los datos se realizo utilizando el programa de computo SPSS 10.0 para WINDOWS.

23



RESULTADOS

a) Estandarizacion

Previo a los experimento para determinar la participacion de la prolactina en el proceso de
activacion se confirmé la presencia de mRNA de prolactina y su receptor en células
mononucleadas a través de RT-PCR y Dot Blotting. La figura 5a muestra la expresion del mRNA
de prolactina con sondas (Dot blotting) que se encontr6 tanto en las células en estado basal como
en las estimuladas con PMA-ionomicina. El testigo positivo fue mRNA de células Jurkat y testigo
negativo el amplificado de [ actina. La figura 5b muestra el amplificado del mRNA
correspondiente al receptor de prolactina con un peso de 1094 pares de bases (pb), el cual también

se encontro en las células inactivas como en las activas.

a)
Oh 1h 2h 3h 4h 5h 6h Testigo
Bactina
PRL

b) 2h 3h 4h 6h 24h  Testigo

L S——— R i - ; : RPRL
250 _ S * Sesmet Bactina

Figura 5. Presencia del mRNA de prolactina y su receptor en células mononucleares. Las células se
incubaron con PMA-ionomicina a distintos tiempos (0 a 6 h) se realizo RT-PCR para PRL y bactina, los
amplificados se hibridizaron con sonda marcada para prolactina, el tiempo de revelado fue de 3 h (a). El
amplificado del receptor de prolactina por RT-PCR se realizo en células que se incubaron con PMA-
ionomicina a distintos tiempo (0 a 24 h) (b). En ambos experimentos se utilizd6 como testigo positivo
mRNA de células Jurkat.
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Confirmada la presencia del mRNA de prolactina fue necesario determinarla en el citoplasma de
células sin activar (en reposo), para lo cual se permeabilizaron e incubaron con anticuerpo anti-
prolactina encontrando fluorescencia por microscopia confocal (figura 6¢). En contraste, el testigo

negativo; células incubadas con un anticuerpo no relacionado (figura 6a) no mostré fluorescencia.

— —"
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Figura 6. Presencia de prolactina en células mononucleares. Las células en reposo se permeabilizaron,
se incubaron con un anticuerpo no relacionado (ac de conejo) (a,b) o con anticuerpo anti-PRL (c,d), se
lavaron e incubaron con anticuerpo anti IgG de conejo unido a FITC, las células se observaron por
microscopia confocal
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En el modelo in vitro utilizado para determinar la participacion de la prolactina en la activacion
celular, se utilizaron linfocitos T CD4" y B puros. Los linfocitos B al igual que los T utilizados
mostraron una pureza de mas del 90 %. La pureza de los linfocitos B se comprobd por la
expresion de CD19" (marcador de linfocitos B) y CD4" para los linfocitos T. La figura 7 muestra

el porcentaje de células CD19" en dos experimentos diferentes.
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>

Figura 7. Caracterizacion fenotipica de los linfocitos B purificados. Las células B se purificaron
utilizando perlas magnéticas. La pureza de mas del 90 %, se verificd al marcar las células con anticuerpo
anti-CD19-PE y determinaron por citometria de flujo.
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b) Resultados

Las células mononucleadas presentan prolactina intracitopldsmica, la cinética de secrecion de
prolactina por las células activadas con ConA o PMA-ionomicina se muestra en la figura 8. El
sobrenadante de células estimuladas con mitdgeno se cosechd a distintos tiempos y agregd a
cultivos de la linea celular Nb2 para determinar la concentracion de prolactina en los
sobrenadantes. La concentracion de prolactina fue de 185 pg/ml (PMA-ionomicina) y 99 pg/ml
(ConA) a los 30 min. La curva de concentracion de prolactina presentd una meseta en la secrecion
de prolactina durante las cuatro primeras horas de incubacion. La secrecion de prolactina
incremento6 a 356.9 pg/ml (PMA-ionomicina), 335.4 pg/ml (ConA) a las 18 h. Las células Nb2 no
presentaron proliferacion al incubarlas con los sobrenadantes mas anticuerpo anti-PRL (Figura 8).

El medio de cultivo (AIMV) no indujo proliferacion (datos no mostrados).
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Figura 8. Cinética de secrecion de prolactina por células mononucleares. Los sobrenadantes de células
mononucleadas activadas con PMA-ionomicina o ConA a diferentes tiempos se incubaron con células Nb2
(dependientes de prolactina), en presencia o ausencia de anticuerpo anti-PRL. El ensayo se realizo con tres
muestras cada una por triplicado. El grafico representa la media mas una desviacion estandar.
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Para comprobar si la prolactina tenia la capacidad de inducir proliferacion celular, las células
mononucleadas se estimularon con distintas concentraciones de prolactina hipofisiaria (0 a 1000
ng/ml) [Viselli y col., 1991] como se muestra en el cuadro 1. Los resultados estan presentados por
indice de estimulacion. El testigo positivo (incubadas con mitégeno) mostré una respuesta
adecuada con un indice de proliferacion de 80, sugiriendo células viables y con capacidad de
proliferar ante un estimulo, mientras que la PRL a distintas concentraciones no fue capaz de

inducir una respuesta.

Estimulo Concentracién Indice de
estimulacion

Medio(testigo negativo) 0 1

PRL 10 ng/ml 1

PRL 50 ng/ml 1.5
PRL 100 ng/ ml 1.5
PRL 250 ng/ml 1.5
PRL 500 ng/ml 1.5
PRL 1000 ng/ml 1.7
ConA (testigo positivo) 2 Mg/ml 80

Cuadro 1. Ensayo de proliferacién. Las células se incubaron con concentraciones crecientes de
prolactina, como testigo positivo se incubaron con ConA (2 pg/ml) a 37°C/72 h, la proliferacion celular se
midio por incorporacion de timidina y reporté como indice de estimulacion [CPM del problemas / CPM del
testigo negativo (medio)]. Los ensayos se realizaron por triplicado en diez muestras diferentes.
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Con el fin de comprobar si la prolactina era capaz de actuar como co-mitdgeno en el proceso de
proliferacion de las células mononucleadas, estas se co-incubaron en presencia de distintas
concentraciones de un mitdégeno inespecifico (ConA) mds concentraciones crecientes de
prolactina. La figura 9a muestra un incremento en la proliferacion celular al estimular con 2 pg/ml
de ConA mas 50 ng/ml de prolactina. El proceso de proliferacion celular disminuy6 al co-incubar
con anticuerpo anti-prolactina mostrando diferencias estadisticamente significativas (p<0.05). La
figura 9b muestra un efecto sinérgico de la prolactina en el proceso de proliferacion celular,

mostrando diferencias estadisticamente significativa (p<0.05).
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Figura 9. Proliferacién de células mononucleadas. a) Las células se incubaron (37°C/72 h) con diferentes
concentraciones de ConA mas 50 ng/ml de prolactina o anticuerpo anti-PRL (1:50). La proliferacion celular
se reporto en C.P.M. b) proliferacion de células provenientes de 7 personas sanas incubadas cada
experimento se realizé por triplicado con ConA o ConA mas prolactina. Las graficas muestran la media
mas una desviacion estandar.
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A fin de determinar la participacion de la prolactina en la expresion de moléculas coestimulatorias.
Se utilizaron: a) células mononucleadas para medir CD154 y CD69 (en CD4") y b) linfocitos B
para CD86 y CD40 provenientes de personas sanas. En nuestro modelo in vitro las células se
incubaron en las siguientes condiciones: a) con medio como testigo negativo, b) con PRL (para
observar si era capaz de inducir activacion), ¢) con mitdogeno como testigo positivo, d) mitdégeno
mas PRL (para observar efecto sinérgico en la activacion celular) y e) mitdgeno mas anticuerpo
anti-PRL. No encontramos diferencia en la expresion de moléculas de superficie de los linfocitos
estimulados solo con PRL al compararlo con nuestro testigo negativo (CD69 en 0.3 %, CD154 en
0.4 %, CD86 un 18 % y CD40 en un 91 %, semejante al testigo negativo: CD69 en 0.3 %, CD154
en 0.3 %, CD86 en 22 % y CDA40 en 86 %). En contraste, las células estimuladas con mitégeno
inespecifico (testigo positivo) presentaron un aumento en la expresion de CD69 (34 %), CD154
(56 %), CD86 (43 %), la molécula CD40 se mantuvo constante (92 %). Estos porcentajes no se
modificaron al co-incubar con PRL: CD69 (32 %), CD154 (57 %), CD86 (40 %) y CD40 (91 %).
Sin embargo, al comparar las células incubadas con mitdgeno mas anticuerpo anti-prolactina con
el testigo positivo se observd una disminucion estadisticamente significativa (p<0.05) en la
expresion de CD69 (15 %) y CD154 (34 %). La expresion de CD86 (39 %) y CD40 (91 %) en los

linfocitos B no se modific6 al incubar con el mitdgeno mas el anticuerpo ( Cuadro 2. Figura 10).

Molécula Medio PRL Mitogeno Mitogeno Mitégeno mas
(testigo negativo) % (testigo positivo) mas PRL anticuerpo
% % % anti-PRL %
CD69'CD4" 0.3+0.1 0.3+0.1 34" £ 10 32+9 15*°+5
CD154" 0.3+0.1 0.4+0.3 56" +7 57+6 34°+ 14
Linfocitos B 22+6 18+5 43+ 10 40+9 39+8
CD86"
Linfocitos B 86+9 91+4 92+5 91+6 91+5
CD40

a y b presentaron una diferencia estadisticamente significativa con una p< 0.05

Cuadro 2. Porcentaje de expresion de moléculas de superficie en células provenientes de personas
sanas. Células mononucleadas (CD69, CD154) o linfocitos B (CD40, CD86) provenientes de 10 personas
sanas se incubaron en distintas condiciones: a) medio, b) PRL (50 ng/ml), c) mitégeno, d) mitdogeno mas
PRL y e) mitégeno mas Ac anti-PRL. Las células se incubaron, se cosecharon lavaron y marcaron con los
respectivos anticuerpos, las muestras se determinaron por inmunofluoresecencia (FACS). El cuadro
muestra la media mas desviacion estandar de cada grupo.
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Figura 10. Porcentaje de células provenientes de personas sanas gue expresan moléculas de superficie. Fara CD6Y,
CD134 ze utilizaron mononucleares v para CD40, CD86 linfocitos B, En las siguientes condiciones: a) estado hasal, b
medio, ¢) FEL (50 ng/nl), d) mitdgeno (Cond 2 podnl [CDAF] o PMA & ngénl - ionomicina 0.2 wginl [CD1 54, CD40,
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Utilizando otro marco de referencia para determinar la intervencion de la prolactina en el proceso
de activacion, se utilizaron células provenientes de pacientes hiperprolactinemicos (sin
enfermedad autoinmune). La expresion de las moléculas CD154, CD69 CD86 y CD40 mostro: en
el testigo negativo (medio): 0.1 % (CD69), 0.2 % (CD154), 24 % (CD86), 88 % (CD40), similar a
aquellos estimulados solo con PRL: 0.1 % (CD69), 0.2 % (CD154), 20 % (CD86), 88 % (CD40),
el testigo positivo mostro: 29 % (CD69), 56 % (CD154), 50 % (CD86), 89 % (CD40), el estimulo
de mitdogeno mas PRL no mostrd efecto sinérgico 29 % (CD69), 57 % (CD154), 49 % (CD86), 90
% (CD40) y finalmente el mitdgeno mas anticuerpo anti-PRL: 18 % (CD69), 24 % (CD154), 46 %
(CD86), 89 % (CD40). El comportamiento fue semejante al encontrado en las células provenientes
de personas sanas, no hubo aumento en la expresion de las moléculas al co-incubarlas con
mitdgeno mas prolactina. Sin embargo, existid una disminucion de CD69 y CD154 al co-incubar
con anticuerpo anti-prolactina. No se encontr6 diferencia estadisticamente significativa al
comparar la expresion de las moléculas en los dos grupos (sanos contra hiperprolactinemicos) en
las distintas condiciones. Aunque la expresion de CD86 en linfocitos B aumento6 en los pacientes

hiperprolactinémicos sin diferencia estadisticamente significativa (Cuadro 3, Figura 11).

Medio Mitogeno Mitogeno Mitogeno
Molécula (testigo PRL (testigo mas PRL % mas
negativo) % % positivo) % anticuerpo
anti-PRL %
Sano | HPRL | Sano | HPRL | Sano | HPRL|| Sano | HPRL | Sano | HPRL
CD69'CD4"[0.3£0.1 |0.1£.04] 0.3£0.1 [ 0.2+0.07 | 34£10 | 2946 || 329 | 29+9 | 15+5 | 18+-4
CD154" 0.3£0.1|0.2+0.2] 0.4+0.3 | 0.2+0.1 | 56+7 | 56+6 || 57+6 | 57+5 |34+14| 24+7
Linf. B 2246 | 2444 | 1845 2143 |43£10| 516 || 40+9 | 49+£8 | 3948 | 46+6
CD86"
Linf. B 86+9 | 88+8 | 91+4 | 8810 | 92+5 | 8949 || 91+£6 | 90£11 | 91£5 | 8949
CD40"

Cuadro 3. Comparacion de porcentajes de expresion de moléculas de superficie entre células
provenientes de 10 personas sanas y 5 pacientes con hiperprolactinemia (HPRL). Células
mononucleadas (CD69, CD154) o linfocitos B (CD40, CD86) se incubaron en distintas condiciones: a)
medio, b) PRL (50 ng/ml), c) mitégeno , d) mitdgeno mas PRL y e) mitdgeno mas Ac anti-PRL. Las células
se incubaron, se cosecharon lavaron y marcaron con los respectivos anticuerpo, las muestras se
determinaron por inmunofluoresecencia (FACS). El cuadro muestra la media mas desviacion estandar de
cada grupo.
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Figura 11. Comparacion de porcentajes de expresidn de moléculas de superfice entre células provenientes de personas sanas v
pacentes con hiperprolacinemia (HPEL). Células mononucleares (CD6%, CD134% o linfocitos B (CD40, CDEE), se mcubaron en
distintas condiciones: a) estado hagal 3, b)Y medio &c) PRL (50 ngdml) & d) Mitdgeno (Cond 2 pgdnl [CDEY] o PMA 5 ngiml -
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incubaron a 37°C por4 b (CD154), 180 (CD6E% o 24 h (CD40, CDEE). Se cosecharon, lavaron e incubaron con los respechivos
anticuerpo, las ruestras se detenninaron por intmunofluoresecencia (FACS) El experimento se realizdn con 10 personas sanas, 5
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La figura 12 muestra los experimentos con células mononucleadas co-incubadas con ConA mas un
anticuerpo no relacionado (suero de conejo), mostrando un porciento en el nimero de células
positivas a CD69 semejante al testigo positivo, En contraste, al co-incubar las células con ConA
mas anticuerpo anti prolactina (en suero de conejo) se encontrd una disminucion en la expresion

de CD69. Los mismos resultados se observaron en la expresion de CD154.
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Figura 12. Expresion de CD69 en células incubadas con distintos anticuerpos. Cé¢lulas mononucleares
se incubaron con ConA (2 pg/ml) mas anticuerpo anti-PRL o anticuerpo no relacionado (suero de conejo) a
37°C/ 18 h, las células se cosecharon, marcaron y determinaron por inmunofluorescencia (citometria de
flujo).
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La figura 13 muestra los resultados del experimento donde previamente se bloqued el sitio activo
del anticuerpo anti-prolactina con concentraciones crecientes de prolactina. La expresion de CD69
en células incubadas con mitégeno mas anticuerpo anti-prolactina disminuy6 con diferencia
estadisticamente significativa (p<0.05) con respecto al testigo positivo (ConA), diferencia que dejo
de ser significativa cuando se agregd el anticuerpo previamente bloqueado con distintas

concentraciones de prolactina. Los mismos resultados se observaron en la expresion de CD154 .
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Figura 13. Bloqueo del anticuerpo anti-PRL con prolactina. Células mononucleares se incubaron en
presencia ConA (2 mg/ml) mas anticuerpo anti-PRL previamente bloqueado (sitio activo) con
concentraciones creciente de PRL (0, 12, 25, 50 y 100 ng/ml 1 h a 37°C, las células se cosecharon marcaron
y determinaron por inmunofluorescencia (citometria de flujo). La grafica muestra la media mas desviacion
estandar de 6 muestras provenientes de personas sanas.
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A fin de determinar el momento en que la prolactina actiia en el fendmeno de activacion las
células mononucleadas se incubaron con mitégeno agregando anticuerpo anti-prolactina a
diferentes tiempos posterior al estimulo con el mitdégeno. La expresion de CD154 en células
incubadas con mitdgeno mas anticuerpo anti-prolactina adicionado al tiempo cero y a la hora de
incubacion disminuyd con respecto al testigo positivo (incubadas solo con mitdégeno) mostrando
una diferencia estadisticamente significativa (p<0.05). En contraste, la expresion de CD154 a la 2°
y 3 hora dejo de ser estadisticamente significativa. Los mismos resultados se encontraron en la
expresion de CD69. Sugiriendo que la prolactina secretada (figura 8) durante las dos primeras
horas después del estimulo participa en la activacion de los linfocitos T medida por la expresion de

CD69 y CD154 (Figura 14).
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Figura 14. Expresion de CD154 en células incubadas con mitégeno mas anticuerpo anti-PRL
agregado a diferentes tiempo. Células mononucleadas se incubaron en presencia de mitogeno (PMA-
ionomicina) mas anticuerpo anti-PRL el cual se colocé en el cultivo a diferentes tiempos 0, 1, 2 y 3 h, las
células se cosecharon marcaron y determinaron por inmunofluorescencia (citometria de flujo) la expresion
de CD154 se compar6 con el de las células incubadas solamente con mitégeno. La grafica muestra la media
mas desviacion estandar de 6 muestras provenientes de personas sanas.
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La participacion de la prolactina en la produccién de IL-2 e IFNYy se realizo en linfocitos T CD4".
La produccion de interleucinas no se afectd al incubar las células en presencia de prolactina,
mostrando un comportamiento semejante al testigo negativo (células incubadas con medio). La
prolactina co-incubada con el mitdgeno no mostr6 un efecto sinérgico en la secrecion de IL-2 (47
%) e IFNy (17 %) al comparar los resultados con nuestro testigo positivo (IL-2 [47 %] e IFNy [14
%]). En contraste, se observd una disminucion estadisticamente significativa (p<0.05) en la
produccion de 1L-2 (12.3 %) e IFNy (6.3 %) al co-incubar las células con prolactina y anticuerpo

anti-prolactina (Figura 15), similar al de la expresiéon de CD69 y CD154.
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Figura 15. Secrecién de interleucinas en linfocitos provenientes de 10 personas sanas. Linfocitos T
CD4+ se incubaron en distintas condiciones: a) tiempo basal, b) medio, c) PRL (50 ng/ml), d) PMA-
ionomicina (5 ng/ml - 0.4 mg/ml), e¢) PMA-ionomicina mas PRL, f) PMN-ionomicina mas anticuerpo anti-
PR, durante 4 h a 37°. Las células se cosecharon, permeabilizaron, marcaron y determinaron por
inmunofluorescencia. La grafica muestra la media mas desviacion estandar.
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A fin de determinar si la disminucion en la produccion de interleucinas se debi6 al bloqueo de la
PRL y no a la adicion de un anticuerpo, este fue previamente bloqueado con concentraciones
crecientes de prolactina y posteriormente agregado a los linfocitos CD4" estimulados con
mitégeno. La secrecion de IFNy en los linfocitos incubados con mitdgeno mas anticuerpo anti-
prolactina sin bloquear y bloqueado con 10 ng/ml disminuy6 con diferencia estadisticamente
significativa (p<0.05) al comparar con el testigo (estimuladas con mitégeno) la diferencia dejé de

ser significativa al bloquear el anticuerpo con 25 ng/ml o mas de prolactina. Estos mismos

resultados se observaron en la secrecion de IL-2 (Figura 16).
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Figura 16. Secrecion de IFNy en linfocitos incubados con mitégeno mas anticuerpo anti-prolactina
bloqueado. Linfocitos T CD4+ se incubaron en presencia de anticuerpo anti-PRL, previamente bloqueado
con concentraciones creciente de PRL 1h a 37°C mas PMA-ionomicina, las células se cosecharon,
permeabilizaron, marcaron y determinaron por inmunofluorescencia. La grafica muestra la media mas
desviacion estandar de 6 muestras provenientes de personas sanas.
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La cinética de tiempo mostr6 que la produccion de interleucinas por linfocitos incubados con
mitdgeno mas anticuerpo anti-prolactina adicionado al inicio (0 h) y a la hora de incubacion
disminuyd con respecto al testigo positivo (incubadas con PMA) con una diferencia
estadisticamente significativa (p<0.05). En contraste, la diferencia entre la secrecion del testigo y
las células con mitdgeno mas anticuerpo adicionado durante la 2 y 3* hora de incubacion dejo de

ser estadisticamente significativa (Figura 17).
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Figura 17. Cinética de secrecion de IFNy. Linfocitos T CD4+ se incubaron en presencia de PMA-
ionomicina mas anticuerpo anti-PRL el cual se coloco en el cultivo al tiempo Oh, 1h, 2h y 3h, las células se
cosecharon, permeabilizaron, marcaron y determinaron por inmunofluorescencia (citometria de flujo). La
grafica muestra la media mas desviacion estandar de 6 muestras provenientes de personas sanas.
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En la figura 18 se muestra la presencia de inmunoglobulinas en sobrenadantes de células
mononucleadas. La produccion de inmunoglobulinas al incubar con mitégeno mas prolactina no
presentd diferencia estadisticamente significativa con respecto a las incubadas con mitdégeno
(testigo). Sin embargo, se puede apreciar una tendencia a aumentar la produccion de

inmunoglobulinas al co-incubar con prolactina (Figura 18).
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Figura 18. Presencia de anticuerpos en sobrenadantes de células mononucleares Células
mononucleares se incubaron durante 7 dias con ConA o ConA mas prolactina, la determinacion de
anticuerpos se realizo en los sobrenadantes por la ténica de ELISA. La grafica muestra la media mas
desviacion estandar
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DISCUSION.

La respuesta inmune presenta diferentes mecanismos de regulacion entre los que se encuentran los
propios a través de factores de comunicacion celular como las interleucinas o bien el externo como
el sistema nervioso y endocrino (neuroendocrino). El sistema endocrino puede ser regulado a
través de interleucinas, por ejemplo; se ha demostrado que las células de la hipdfisis expresan
receptores para citocinas que directa o indirectamente testigoan la secrecion de varias hormonas,
en particular; prolactina, hormona del crecimiento, ACTH, a su vez las células del sistema inmune
expresan receptores para hormonas, neurotrasmisores y neuropéptidos. La expresion varia entre
los distintos tipos celulares presentando pleiotropismo, estableciéndose asi una comunicacidon
directa entre el sistema inmune y el neuroendocrino [Roitt y col., 1996; Berczi 1997] que se
manifiesta en los trabajos realizados por Berczi y Nagy (1978; 1983) que proporcionaron las
primeras evidencias de la intervencion de la prolactina en la respuesta inmune de roedores.
Actualmente se sabe que los linfocitos expresan el receptor de prolactina el cual pertenece a la
familia de receptores hematopoyéticos y la produccion de prolactina que originalmente fue
identificada en la hipéfisis, también es sintetizada y secretada por otros érganos como la glandula

mamaria, prostata, células epiteliales y del sistema inmune entre otras.

Basados en reportes previos donde el mRNA de prolactina y su receptor se expresa en lineas
celulares derivadas de células T como Jurkat, Molt 4 y Hut [Sabharwal y col., 1992; Wu y col.,
1996; Montgomery 2001], nosotros confirmamos la presencia de la prolactina en células
mononucleadas de forma constitutiva, ya que células en estado basal (sin activar) presentan
prolactina intracitoplasmica, al igual que la expresion del mRNA. El presente trabajo demostrd
que la prolactina intracitoplasmica (prolactina constitutiva) es secretada por las células
mononucleadas al ser estimuladas con un estimulo inespecifico (mitdégeno). Apoyado con nuestros
resultados que muestran la presencia de prolactina en los sobrenadantes de las células

mononucleadas estimuladas a diferentes tiempos.
Nuestros resultados muestran que distintas concentraciones de prolactina sola no estimulan a las

células mononucleadas a proliferar o activarse, lo cual concuerda con resultados obtenidos por

otros autores como Jurcovicova (1997) quien no encontr6 proliferacion en linfocitos humanos con
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prolactina no glicosilada (23 kDa) y/o glicosilada (25 kD) o Viselli (1991) quien tampoco fue
capaz de inducir proliferacion en esplenocitos de ratas sanas y ratas ovariectomizadas tratadas con
estradiol. A pesar de que en lineas celulares de linfocitos T inmaduros como las células Nb2 y
timocitos se ha reportado que la prolactina induce proliferacion [Lin y col., 1997; Horiguchi
2004]. Lo anterior sugiere que la prolactina no tiene la capacidad de inducir proliferacion en
linfocitos maduros o bien que la diferencia entre inducir proliferacion celular o no en lineas
celulares, timocitos y células mononucleadas se puede deber al grado de madurez celular. Sin
embargo, nuestros resultados muestran que existe un efecto sinérgico en los ensayos de
proliferacion al estimular las células mononucleadas con ConA mas PRL con respecto al grupo
testigo (solo estimuladas con mitdgeno), este incremento fue estadisticamente significativo lo que
también concuerda con lo reportado previamente [Mater 1996]. Este fendmeno pudiera explicarse
por los hallazgos de Montgomery (1998) quien encontrd una rapida fosforilacion del complejo
TCR/CD3 al incubar las células con ConA mas PRL y Alfonso (2001) quien descubrid6 un
incremento en la entrada de calcio al estimular con DMS a linfocitos T pre-incubados con
prolactina incrementando la proliferacion celular. Estas dos evidencias: a) el incremento en la
entrada de calcio y b) fosforilacion de complejo TCR/CD3 pudiera ser la causa del efecto
sinérgico de la prolactina en la proliferacion celular. Lo cierto es que al bloquear la prolactina
autocrina con un anticuerpo anti-PRL se encontré una disminucién de la proliferacion celular

similar a lo reportado por Hartmann (1989).

Ademas de tener un efecto sinérgico en el proceso de proliferacion la prolactina puede incrementar
la secrecion de anticuerpos, Richards (1998) reportdé un aumento en la secrecion de anticuerpos y
proliferacion en hibridomas estimulados con prolactina, nuestros resultados demuestran que existe
una tendencia al incremento de la produccion de anticuerpo por células estimuladas con ConA mas
prolactina. Sin embargo, este aumento no fue estadisticamente significativo. Estas evidencias
demuestran que en lineas celulares la prolactina induce proliferacion celular y secrecion de
anticuerpos. En contraste, en las células mononucleadas humanas la prolactina no tiene la
capacidad de inducir proliferacion celular pero si de potencializar este efecto, ademas de intervenir

en el proceso de proliferacion celular.

El proceso de activacion tanto de linfocitos T como B es diferente al de proliferacion . A pesar que
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ambos inician de manera similar, la primer sefal, es la union TCR-MHC, la segunda es la
interaccion entre moléculas coestimulatorias como CD40-CD154 y CD28-CD80/CD86 lo que se
manifiesta con cambios en las moléculas de superficie, incrementdndose la expresion de CD69,
CD25, CD154, FAS-L y CD44 que son necesarios para iniciar el ciclo celular [Moreno, 1996;
Janeway, 2005].

Se sabe que la prolactina interviene en el proceso de proliferacion, sin embargo, no existe
suficiente evidencia de la participacion de la prolactina en el proceso de activacion, por lo que
decidimos investigar si la prolactina participa en este proceso mediante la expresion de marcadores
de activacion y moléculas coestimulatorias. La expresion de CD69 se considera un marcador de
activacion temprana, su expresion comienza a las 4 h y su expresion maxima es a las 18 h [Testi y
col. 1994, Sancho, 2005]. Nuestros resultados prueban que la prolactina no tiene la capacidad de
inducir o actuar como co-mitdgeno en el proceso de activacion celular (expresion CD69), ya que al
estimular los linfocitos T CD4" con prolactina o ConA mas prolactina no se afecté la expresion de
CD69. Sin embargo, la prolactina autdcrina interviene en el proceso de activacion celular ya que al
bloquear la prolactina (linfocitos con ConA maés anticuerpo anti-prolactina) la expresion de CD69
disminuy6. Para comprobar que esta disminucion es debida a la falta de prolactina en el proceso de
activacion (PRL capturada por el anticuerpo), se bloqued el sitio activo del anticuerpo lo que
restablecid la expresion de CD69 (la activacion celular), ademds de que la expresion de esta

molécula no se modifico al incubar con un anticuerpo no relacionado.

CD154 es una molécula coestimulatoria que pertenece a la familia del factor de necrosis tumoral
(TNF) se expresa principalmente en linfocitos T CD4" y es inducida por la interaccion TCR-MHC,
su regulacion depende de las sefiales dadas por IL-2. La interaccion CD154-CD40 regulan la
expresion de CD80/CD86 en las células presentadoras de antigeno, estas interacciones inician la
activacion celular para posteriormente montar una respuesta inmune [Jaiswal y col., 1997; Skov y
col., 2000; Quezada, 2004; Greenwald, 2005]. En este trabajo exploramos la expresion de CD154
en linfocitos estimulados con PMA-ionomicina con o sin prolactina. Aunque la expresion de esta
molécula no se vio afectada al estimular con el mitdégeno mas prolactina con respecto a las
estimuladas con el mitogeno, el bloqueo de la prolactina secretada por los linfocitos con un

anticuerpo anti-prolactina disminuy¢ la expresion de CD154, similar a los resultados encontrados
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con CD69. Nuestros resultados prueban que la prolactina por si sola no induce ni actia como co-
mitégeno en el proceso de activacion celular de las células T CD4". Sin embargo la prolactina
autocrina es importante para que se lleve acabo un adecuado proceso de activacion celular.

La prolactina autdcrina secretada por las células actua dentro de las primeras horas en el proceso
de activacion, ya que la disminucion en la expresion de CD69 y CD154 se encontrd al colocar el
anticuerpo al principio de la estimulacidon o una hora después, mientras que cuando es agregado

dos o tres horas posteriores a la activacion la expresion de las moléculas no se afecto.

La expresion de CD40 o CD86 en los linfocitos B no se modificd al incubar con prolactina o al
bloquear la prolactina autdcrina (por el anticuerpo) concordando con lo obtenido por Gala (1997),
quien no encontrd aumento en la expresion de CD86 con PRL hipofisiaria pero si con la
recombinante, probablemente debido a la contaminacidon con endotoxina la cual induce activacion
celular. Estos resultados aunados a los nuestros indican que la prolactina autocrina no interviene
en la activacion de los linfocitos B. Aunque existen reportes donde la prolactina es importante en

los linfocitos B murinos durante el proceso de maduracion [Morales y col. 1999].

La estimulacion de las células con mitdgeno mas prolactina mostré un efecto sinérgico en la
proliferacion celular. Efecto que no se reprodujo en el proceso de activacion medido a través de la
expresion de CD69, CD154, CD86 y CD40. Sin embargo, la expresion de CD69 y CD154 depende
de la prolactina secretada por los propios linfocitos, lo que es sustentado por el hecho de que se
encontrd prolactina en los sobrenadantes de las células estimuladas, sugiriendo que la prolactina
secretada por las células actiia de forma autdcrina y que la prolactina proveniente de otras fuentes
(hipofisiaria) no es necesaria en este proceso de activacion. Desde el punto de vista clinico es
sustentado por el hecho que los linfocitos provenientes de pacientes hiperprolactinémicos (niveles
séricos de PRL de mas de 20 ng/ml) en estado basal no mostraron aumento en la expresion de
CD69, CD154, CD40, CD86 y su activacion celular fue similar a la de los linfocitos provenientes
de personas sanas. Estos resultados concuerdan con los obtenidos por Leite-de-Moraes (1995) y
Koller (1997) quienes no encontraron cambios en la poblacion de linfocitos T CD4", B y
macréofagos, asi como en el proceso de fagocitosis al comparar estos pacientes con personas sanas.

Los eventos tempranos detectados en el linfocito después de la presentacion del antigeno y union

de moléculas coestimulatorias es la secrecion de citocinas, las cuales modulan las funciones
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subsecuentes de los linfocitos, a través de la transcripcidon de nuevos genes y sintesis de proteinas.
La principal citocina producida por los linfocitos T es la IL-2 que funciona como factor de
crecimiento y diferenciacion [Abbas y col., 2000; Janeway, 2005]. En la literatura existen reportes
de que la prolactina tiene la capacidad de aumentar la actividad de la IL-2 [Jurcovicova y col.,
1997], la produccion de interferén en linfocitos humanos incubados en presencia de PHA [Cesario
y col., 1994] y la secrecion de IFNY por células NK [Matera y col., 1999, Matera y col., 2000].
Estos datos no concuerdan con nuestros resultados, en los cuales al igual que con las moléculas
coestimulatorias la produccién de IL-2 e IFNy, no aumenté en los linfocitos T CD4" incubados
con prolactina o mitdgeno mas prolactina, esta diferencia podria posiblemente deberse a que no
trabajamos con células NK y/o a la utilizacion de prolactina recombinante (contaminada con
endotoxinas) por estos investigadores [Gala 1997]. Al igual que la expresion de CD69 y CD154, la
secrecion de IL-2 e IFNy disminuye cuando la prolactina enddgena es bloqueada por el anticuerpo
anti-prolactina, confirmando que la prolactina autdcrina es importante para que se lleve a cabo un
buen proceso de activacion celular el cual se observa por la expresion de CD69 CDI154 y
produccion de IL-2 e IFNy. IFNy induce la activacion de STATI, iniciando la transcripcion del
gen IRF-1 (factor regulador de interferon 1) el cual regula distintos genes que modulan la
proliferacion, diferenciacion y activacion celular en linfocitos [Zhu col., 1999; Yu-Lee 2001], la
expresion de la cadena alfa del receptor de IL-2 requiere la presencia de STAT5a [Nakajima y col.,
1997; Moriggl y col., 1999; Zhu y col., 1999], se sabe que la prolactina activa a STAT1 y STAT5a
[Clevenger y col., 2001; Yu-Lee, 2002], lo que se pudiera explicar porque es importante la
presencia de la prolactina secretada por las células en el proceso de activacion y secrecion de
interleucinas.

Por lo que sugerimos que el mecanismo de accion de la prolactina en el proceso de activacion de
los linfocitos es el siguiente. La prolactina se encuentra en forma constitutiva en las células
mononucleadas, al ser estimuladas secretan prolactina que se une a su receptor de forma autdcrina.
La union PRL — R-PRL fosforila a JAK2, el cual a su vez fosforila STATS. En forma simultanea
la fosforilacion de JAK1 por la union de IL2 con su receptor termina fosforilando STATS. La
unioén de ambas vias de fosforilacion a STATS, dan como resultado una dptima activacion que se
manifiesta por la expresion de CD69 y CD154 y en la secrecion de IL2 e IFNYy por los linfocitos T
(figura 19).
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Figura 19 Esquena gue representa la propuesta de papel de la prolactina en el proceso de activacion celular. La prolactina
constitutiva que se encuentra en citoplastma es secretada por las células mononucleadas postenior ala estimulacidn, laprolactina se une a
au receptor iniciando la fosforilacidn de JAKZ, que a su vez fosforila STATS el cua se dimeriza, penetra al micleo ¥ se une a promotores
comenzando la expresidn de distintos genes. Laumdn de ILZ a su receptor también iniciala cascada de fosforilacon de STATS: Launidn
de delas dos wias de fosfonlacidn de STATS (IL2 v PRL) dan como resultado un dptimo proceso de achivacidn,



CONCLUSIONES.

La prolactina participa en el proceso de proliferacidn celular con un efecto sinérgico, efecto que se
ve disminuido al bloquear la prolactina secretada por los linfocitos, lo que sugiere que la funcion

de la prolactina linfocitaria es predominantemente autdcrina y como un factor mas de crecimiento.

La prolactina producida y secretada por las células mononucleadas participa en el proceso de
activacion de los linfocitos T CD4" ya que al bloquearla disminuye la expresion del marcado de
activacion CD69 y molécula coestimulatoria CD154. Sin embargo, no participa en la activacion de

los linfocitos B.

La prolactina solo actla una vez que se ha establecido él estimulo que dispara el proceso de
activacion por lo que la prolactina proveniente de diferentes fuentes (origen hipofisiario) a la del
sistema inmune no es necesaria en la activacion celular o bien tendria una funcion redundante, es
por lo anterior que los linfocitos provenientes de pacientes hiperprolactinémicos presentan una

activacion de la respuesta inmune similar a la de los linfocitos provenientes de personas sanas.
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ANEXO
HOJA DE CONSENTIMIENTO INFORMADO
CONSENTIMIENTO PARA PARTICIPAR EN UN ESTUDIO DE INVESTIGACION.
Titulo del estudio: Papel de la prolactina en el proceso de activacion de linfocitos T y
B.

OBIJETIVO.
Determinar el papel de la prolactina en proceso de activacion de linfocitos T y B, a través de la expresion

de moléculas coestimulatorias, secrecion de interleucinas y produccion de anticuerpos

PROCEDIMIENTO.

Si consiento en participar sucedera lo siguiente:

1. Responderé a preguntas sobre mi historia clinica, que duraran aproximadamente 15 minutos.

2. Revisaran mi expediente clinico.

3. Me extraeran sangre (18 ml aproximadamente) del brazo con una aguja, para hacer analisis de
prolactina y otros.

BENEFICIOS Y RIESGOS

Es posible que se produzca beneficio relativo, los resultados de la investigacion se anexaran a su expediente

para uso del médico tratante. La toma de muestra es la habitual para determinar hormonas en sangre (la

aguja a veces produce una molestia que dura menos de un minuto, en ocasiones se produce un hematoma,

pero esto ocurre con muy poca frecuencia), no se haran otros procedimientos mas que la toma de sangre,

por lo que no presenta mayor riesgo.

CONFIDENCIALIDAD.

Los resultados de las pruebas de laboratorio se enviaran a mi médico tratante (a menos que yo manifieste lo

contrario). Con excepcion de esta revelacion, toda la informacion obtenida en este estudio sera considerada

confidencial y sera usada solo a efectos de la investigacion.

DERECHO A REHUSAR O ABANDONAR.

Mi participacion en el estudio es enteramente voluntaria y soy libre de rehusar a tomar parte o abandonarlo

en cualquier momento, sin afectar ni poner en peligro mi atencion médica futura.

CONSENTIMIENTO.

Consiento en participar en este estudio, he recibido una copia de este impreso y he tenido la oportunidad de

leerlo.

NOMBRE (firma)

TESTIGO (firma)

TESTIGO

(firma) FECHA
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HOJA DE RECOLECCION DE DATOS

NOMBRE:

FECHA

MATRICULA

CLINICA DE ADSCRIPCION

EDAD ANOS
DOMICILIO

SEXO: FEMENINO ( )

MASCULINO ( )

TELEFONO

MENARCA ANOS FUM

GESTA PARA ABORTOS
PLANIFICACION FAMILIAR: NO ( ) SI( ) ESPECIFIQUE
EMBARAZO ACTUAL: NO ( ) SI( )SEMANAS DE EMBARAZO
LACTACION: NO( )

SI () TIEMPO

N° PROGRESIVO

ANOS RITMO

X

CESAREAS

MEDICAMENTOS TOMADOS EN LOS ULTIMOS 15 DIAS:

DOSIS

DOSIS

DOSIS

DOSIS

DOSIS

DOSIS

DOSIS

DOSIS

WOk DD

DOSIS

MOTIVO

MOTIVO

MOTIVO

MOTIVO

MOTIVO

MOTIVO

MOTIVO

MOTIVO

MOTIVO
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NOMBRE:

HOJA DE RECOLECCION DE DATOS

FECHA

MATRICULA

CLINICA DE ADSCRIPCION

EDAD
DOMICILIO

ANOS SEXO: FEMENINO ( ) MASCULINO ()

TELEFONO

MENARCA
GESTA

PLANIFICACION FAMILIAR: NO ( ) SI( ) ESPECIFIQUE
EMBARAZO ACTUAL: NO( ) SI( ) SEMANAS DE EMBARAZO
LACTACION: NO( ) SI( ) TIEMPO

ANOS FUM

N° PROGRESIVO

ANOS RITMO X

PARA ABORTOS CESAREAS

MANIFESTACIONES CLINICAS

1. DESARROLLO SEXUAL SECUNDARIO COMPLETO SI( ) NO( )
2.GALACTORREA NO( ) SI( )

3. AMENORREA

NO () SI()

TIEMPO DE EVOLUCION

TIEMPO DE EVOLUCION

4.0TRAS ALTERACIONES GINECOLOGIAS ( ) MIOMAS

() OVARIOS POLIQUISTICOS
( ) CACU
( ) OTROS

MEDICAMENTOS TOMADOS EN LOS ULTIMOS 15 DIAS:

DOSIS

DOSIS

DOSIS

DOSIS

DOSIS

DOSIS

DOSIS

DOSIS

WXk W=

DOSIS

COMENTARIOS

MOTIVO

MOTIVO

MOTIVO

MOTIVO

MOTIVO

MOTIVO

MOTIVO

MOTIVO

MOTIVO
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GLOSARIO.

PRL
PRL-R
aa

IL
CMN
Ac
HPRL
HLA
CPA
IFNy
kDa
mRNA
IRMA
ConA

SLEDAI

Prolactina.

Receptor de prolactina.
Aminodacidos.
Interleucinas.

Células mononucleares.
Anticuerpo.
Hiperprolactinemia.

Antigeno leucocitario humano.

Célula presentadora de antigeno.

Interferon gamma.
Kilodantones

Mensajero de RNA.

Ensayo inmunoradiométrico.

Concanavalina A.

indice de actividad de lupus eritematoso sistémico.
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Abstract

We investigate the immunomodulator role of prolactin (PRL) on CD4" and B cell activation from healthy subjects in comparison
with hyperprolactinemic patients. Peripheral blood mononuclear cells, CD4" or B cells, purified, were cultured under different
conditions, as follows: with mitogen, without stimulus, with different concentrations of human PRL, with unspecific mitogen plus PRL,
or with antibodies against PRL. The results revealed that PRL is produced by lymphocytes, the expression of CD69 and CD154
molecules, and interleukin secretions depend partially on the autocrine PRL, this is supported by the findings that secretions of IL-2,
IFNy, and co-stimulatory molecule expression were markedly reduced when autocrine PRL was blocked with anti-PRL antibodies.
Furthermore, PRL activity was only observed during the first 2 h after activation. In contrast, B cell culture did not show any
alteration by adding or blocking PRL in the expression of CD40 and CD86 in both groups: healthy subject and hyperprolactinemic

patients.
© 2005 Elsevier Inc. All rights reserved.
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Introduction

Communication between cells is mediated by endocrine,
nervous, and immune systems, which constitute an inter-
locking network. Several evidences have shown that the
neuro-endocrine peptide hormone, prolactin (PRL), parti-
cipates in the immune response. PRL is mainly synthesized
by the anterior pituitary. However, the decidua, breast, and
the lymphocytes [1—4] are also capable of synthesizing this
hormone. Structural analysis of the PRL receptor has
demonstrated that it is related to the cytokine/hematopoietin
family, like the growth hormone (GH), erythropoietin,
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granulocyte-macrophage colony stimulating factor (GM-
CSF), and some interleukins (IL), such as IL-2 to IL-7, IL-9,
IL-13, and IL-15 [5]. The receptor for PRL is also present in
T- and B-lymphocytes and macrophages [6—9]. Excess
prolactin (hyperprolactinemia) can be caused by diverse
conditions, which can be divided into three groups:
physiological (pregnancy), drugs (metoclopramide), and
disease (prolactinomas and chronic renal failure). Hyper-
prolactinemia in women can cause irregular menses,
galactorrhea, hypogonadism, and infertility. In contrast,
clinical manifestations in men are widely variable and
include decreased libido, impotence, and infertility [10].
Recently, it has been described that some hyperprolactine-
mic patients develop autoimmune rheumatic diseases [11]
and some women develop natural autoantibodies during
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pregnancy probably due to the hyperprolactinemic state
[12], suggesting a strong PRL participation in immune
system activation.

Other evidences about PRL’s role in the immune system
are: in vitro, PRL acts as a co-mitogen for T, B, and NK
cells in both human [13-16] and mice [17,18], indepen-
dently from stimulation with antigen and/or mitogen. In
NZB/W mice, which display a disease similar to systemic
lupus erythematosus (SLE), implants of syngenic pituitary
glands induce a hyperprolactinemic state, resulting in
accelerated autoimmunity and early mortality [19,20] that
can be improved with bromocriptine treatment [20]. In
humans, clinical trials have shown that a subset of SLE
patients course with hyperprolactinemia during disease
activity [21,22]. In contrast, hypophysectomized rats
decreased responses to both red blood cells and Escherichia
coli lipopolysaccharides, which can be restored by the
administration of exogenous PRL, but not with other
pituitary hormones [23], suggesting that PRL’s low levels
are associated with immunodeficiency.

The adaptive immune response is a complex process,
in which activation of the immune cells is fundamental.
The process is initiated by antigen presentation of
antigenic peptides bound to class I or II MHC molecules
by professional antigen-presenting cells (APC) [24]. Then
the antigen is recognized by the T cell receptor (TCR)
who dictates antigen specificity and plays a central role in
initiating T cell activation [24]. However, this interaction,
by itself, is not sufficient to fully activate naive T cells.
Thus, for virgin T cell activation, subsequent non-antigen-
specific co-stimulatory signals are necessary to trigger
cytokine gene expression. The best-known co-stimulatory
signal for T cells is provided by the interaction of CD28
on the T cell with the members of the B7 family (CD80
and CD86) on the APC. On the other hand, B cells and
other antigen-presenting cells are also targets of co-
stimulatory signals, mainly received through the CD40
receptor after engagement by its ligand CD154 (CD40L)
on activated T cells. This signal promotes growth,
differentiation, survival, and isotype switching on B cells.
A third type of signal with a crucial role in T and B cell
activation is mediated through binding of soluble cyto-
kines to their respective receptors [25,26]. To further
define the participation of prolactin in the mechanism of
immune cell response activation, cells from two different
sources were studied: (a) from hyperprolactinemic patients
with high serum levels of prolactin at the moment the
samples were taken and (b) from healthy humans with
normal serum levels of PRL. Cells were in vitro
cultivated under different stimuli to recreate different
levels of PRL at the moment that cell activation is
achieved. The markers for CD4" T cell activation were
the expression of co-stimulatory molecules, such as
CD69, CDI154, and cytokine secretions; CD86, CDA40,
and immunoglobulin production were used as markers of
B cell activation.

Materials and methods
Patients

The criteria of five idiopathic hyperprolactinemia
patients were high PRL serum level (>20 ng/ml) plus
menstrual disorder and galactorrhea without any evidence of
conditions otherwise associated with elevated PRL, such as
pregnancy, PRL-secreting pituitary adenoma (prolacti-
noma), intracranial tumors compressing the pituitary stalk
or hypothalamus, drugs, hypothyroidism, chest wall di-
seases, or hepatorenal disorders. The criteria of ten healthy
subjects were to be disease-free, women without menstrual
disorders, and normal PRL serum levels (<20 ng/ml).
Venous blood samples were drawn between 8:00 AM and
10:00 AM.

Cells

Human peripheral blood mononuclear cells (PBMNCs)
were isolated by density gradient centrifugation (Lympho-
prep, Nycomed Pharma AS, Oslo, Norway). PBMNCs were
recovered from the interface, washed in PBS, and resus-
pended in serum-free culture medium (AIM-V medium, Life
Technologies, Grand Island, NY), which is a synthetic
medium without prolactin. Cell viability was determined by
trypan blue exclusion, it was always above 95%.

The used human PRL (hPRL) and polyclonal antibodies
against prolactin were kindly donated by Dr. A.F. Parlow
from the National Hormone and Pituitary Program Harbor-
UCLA Medical Center (batch # AFP3855A). The non-
related antibody was obtained through serum precipitation
from normal rabbits.

T and B cell isolation

Isolation of human CD4" T cells from PBMC was
achieved by depletion of non-CD4+ cells. PBMCs were
reacted with a cocktail of hapten-conjugated monoclonal
antibodies (mAb) against CD8, CDI1b, CD16, CDI19,
CD36, and CD56. B cells (95% CDI19+) were negatively
selected after reacting PBMC with hapten-labeled mAb to
non-B cells, including anti-CD2, CD4, CDI11b, CDI16,
CD36, and anti-IgE. These cells were exposed to magnetic
beads coupled to an anti-hapten monoclonal antibody
(Miltenyi Biotec, Auburn, CA). The magnetically labeled
cells were depleted on a MACS column (Miltenyi Biotec,
Auburn, CA) with the magnetic MidiMACS field (Miltenyi
Biotec, Auburn, CA).

Cell proliferation assay

PBMNCs were plated at 2 x 10° cells/ml, 0.1 ml/well, in
96-well plates and cultured in synthetic serum-free medium
with 0, 0.5, 1, and 2 pg/ml of concanavalin A (conA, Sigma,
St Louis, MO). For the rest of the experiment, we decided to
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use 2 pg/ml of conA because it optimally enhanced cell
proliferation. For the conA plus hPRL cultures (10, 50, 100,
250, 500, 1000 ng/ml), we chose 50 ng/ml of hPRL because
it yielded the best additive effect. *H-TdR (1.0 pCi) was
added during the last 18 h of culture. The *H-TdR
incorporation was determined in a liquid scintillation
analyzer (Packard 1900 TR).

Activation assay

Cells from hyperprolactinemic patients and from normal
subjects were cultured in 24-well plates (5 x 10° PBMNC/
well) and 96-well plates (1 x 10° cells/well) at 37°C. Cells
were stimulated under different experimental conditions, as
follows: (a) medium alone as a negative control, (b) hPRL
alone, (c) unspecific mitogen as a positive control (PMA-
ionomycin for CD154, CD40, CD86, or conA for CD69),
(d) mitogen plus hPRL, (e) mitogen plus antibody anti-
hPRL (1:50), and (f) mitogen plus non-related antibody
(1:50). IRMA and Nb2 bioassay were performed as quality
control for AIMV medium.

Flow cytometry analysis

After the aforementioned different experimental condi-
tions, cells were re-suspended in PBS-BSA-AZ (PBS, pH
7.4, 0.2% bovine serum albumin, 0.2% sodium azide) and
stained with varying FITC-labeled mAb, including anti-
CD4, anti-CD69, anti-CD154, anti-CD19, anti-CD40, and
anti-CD86 (PharMingen, San Diego, CA) for 20 min at 4°C,
after which cells were fixed in 1% paraformaldehyde for
further analysis. Fluorescence analysis was performed in a
FACScalibur flow cytometer (Becton Dickinson). A mini-
mum of 10,000 lymphocyte-gated events were acquired in
list mode and analyzed with Cell Quest Software.

Intracellular cytokine analysis

Purified T cells were cultured in 96-well plates (1 x 10°
cells/well) for 4 h at 37°C under one of the following
conditions: (a) hPRL (50 ng/ml), (b) PMA (5 ng/ml) and
ionomycin (0.4 pg/ml), (c) PMA-ionomycin and hPRL (50
ng/ml), and (d) PMA-ionomycin and antibody anti-hPRL
(1:50). Brefeldin A (1 pg/ml) was added 4 h before the end
of culture time. Cultured cells were washed in PBS-BSA-
AZ, fixed, and permeabilized with cytofix/cytoperm solu-
tion according to manufacturer’s instructions (PharMingen,
San Diego, CA). Permeabilizations of cells were FITC-
labeled with mAb specific for IL-2 or IFN-y (PharMingen,
San Diego, CA) and examined in a flow cytometer as
described above.

Competitive test

In separate assay tubes, a constant concentration of anti-
hPRL was pre-incubated (at 37°C for 1 h) with increasing

concentrations of hPRL in order to obstruct the binding site
of the antibodies. The cells were then incubated with PMA-
ionomycin and the complex (anti-PRL antibody with PRL
in the binding site) was added to the culture. Then, the cells
were washed, incubated, and fixed. Fluorescence analysis
was performed using a FACScalibur cytometer to show that
the inhibition observed in the experiment was due to PRL
uptake by the antibodies, since the antibodies with the
binding site engaged with prolactin did not display
inhibition.

PRL assays using Nb2 lymphoma cells

PRL bioactivity was measured using Nb2 lymphoma cell
assay as described by Tanaka et al. [27]. Briefly, cells were
kept at 37°C in Fisher’s medium containing 10% FBS as a
source of lactogen, 10% horse serum, 10~* M 2-mercaptoe-
thanol, 50 IU/ml penicillin. After that, cells were arrested in
the early G, phase of the cell cycle by 24 h of pre-incubation
in lactogen-free medium. In order to obtain the standard
curve, we add increasing concentrations of purified human
pituitary PRL (NIDDK hPRL) (from 0 to 8 ng/ml). PRL-like
bioactivity was assayed in (a) aliquots of culture medium
from PBMNC stimulated with conA at different times (0, 1, 2,
3, and 4 h) and (b) supernatant plus antibody anti-hPRL at
different dilutions to ascertain parallelism with the standard
curve. To inhibit the lactogenic effect of human growth
hormone (hGH), rabbit antiserum to hGH (NIDDK-anti-
hGH-IC-3 A.S., CYTO [AFPC11981A]) was added to a final
dilution of 1:4000. Cultures per triplicate were further
maintained in an atmosphere of 95% air—5% CO, at 37°C
for 72 h. The effects of hPRL on cell proliferation were
analyzed by the incorporation of [*’H] thymidine (1 uCi) into
Nb2 cells. The sensitivity of this assay for PRL was 3 pg/ml.

Results

The population in study consisted of five hyperprolacti-
nemic female patients (mean = SD of age, 35 + 7 years). All
patients showed clinical manifestations, such as irregular
menses and galactorrhea, only one with an infertility status.
The mean of PRL serum levels was 44.4 + 8.4 ng/ml. All
hyperprolactinemia cases were classified as idiopathic
because no one showed any of the associated conditions
for elevated PRL. The ten healthy women studied had a
mean age of 34 + 10 years and displayed less than 20 ng/ml
of serum PRL levels.

In proliferation assay of the PBMC from hyperprolacti-
nemic patients and healthy subjects, the hPRL by itself was
unable to induce proliferation at concentrations ranging
from 10 to 1000 ng/ml. However, the hPRL displayed an
additive effect on PBMC proliferation produced by unspe-
cific mitogen (conA) stimulation, showing a statistically
significant difference (P < 0.005) compared with those
cultures without hPRL. In contrast, the addition of anti-



K. Chavez-Rueda et al. / Clinical Immunology 116 (2005) 182—191 185

bodies against hPRL to PBMC cultures showed a 30%
decrease in *H-TdR incorporation in response to conA with
statistically significant difference (P < 0.005) (Fig. 1). The
addition of not related antibodies does not induce inhibition,
suggesting that PRL is produced locally during cell
proliferation (data not shown).

In the activation assay, the PBMCs from five hyper-
prolactinemic patients and ten healthy subjects were tested
for CD69 expression under different conditions. We found a
similar pattern of cell activation in both groups studied as
can be seen in Fig. 2a. The addition of hPRL alone to the
cell culture did not induce changes in CD69 expression on
CD4" cells from either patients or healthy subjects. ConA
stimulation revealed that 34.8% of CD4" cells expressed
CD69 in healthy subjects and 28.5% in hyperprolactinemic
patients; these expressions were used as a positive control
for each group. In cells from both groups, the addition of
hPRL to conA-stimulated cells did not affect CD69
expression (33% and 29%, respectively). However, addition
of antibodies against hPRL to the unspecific-stimulated
culture resulted in a striking reduction (about 52%) of CD69
expression in cells from healthy subjects. Meanwhile, the
cells from hyperprolactinemic patients display an inhibition
with anti-hPRL antibodies around 38%. However, in both
cases, statistically significant differences were found (P <
0.05). In contrast, the addition of not related antibodies to
the culture did not induce changes in CD69 expression in
both groups (Fig. 2b).

In order to determine whether the inhibition was due to
anti-hPRL antibody activity, the binding site of the anti-
hPRL antibodies was engaged with hPRL. In different assay
tubes, a constant concentration of antibodies against hPRL

120 1

z S

CPM (X 10%)
=

40 1

0 0.5 1
Concanavalin A (pg/ml)

Fig. 1. PBMNC proliferation measured by T*H-TdR incorporation. Line a,
cells stimulated with different concentrations of ConA (0, 0.5, 1, and 2 pg/
ml); line b, cells stimulated with ConA plus PRL; and line c, cells with
ConA plus anti-PRL antibodies. The values represent the mean plus one
standard deviation of healthy human subjects. Statistically significant
differences were found (P < 0.005) among the three groups.

was pre-incubated with increased concentrations of hPRL,
varying from 12 ng/ml to 100 ng/ml. Fig. 3a shows that the
blocking of antibody binding site with hPRL reduces the
inhibition of CD69 expression. As we engaged the antibody
binding site with increased amount of hPRL, the CD69
expression returned to mitogen response levels, indicating
that the reduction in CD69 expression was due to blockage
or deletion of prolactin and not due to the Fc antibody
portion, also indicating that addition of the antibody-hPRL
complex to the culture did not play any role in the cell
activation process.

In order to determine at what time hPRL exerted its
activity during in vitro PBMC activation, the anti-hPRL
antibodies were added at different moments after ConA
activation. Fig. 3b shows that prolactin exerts its effect
during the first hour after the immune response was
triggered. In contrast, addition of antibodies against hPRL
2 h after stimulation did not exert an inhibitory effect on
CD69 expression.

The autocrine PRL production was measured by Nb2
assay in the supernatant from stimulated cell cultures
collected at 0, 1, 2, 3, and 4 h, the concentrations were 0,
121, 157, 110.7, and 96 pg/ml of PRL, respectively. In
contrast, no PRL was detected in cultures from non-
stimulated cells or in those cultures to which anti-hPRL
antibodies had been added to the supernatant to block the
lymphoid prolactin (data not shown), demonstrating that
PBMCs are capable to produce and secrete PRL.

To examine whether hPRL had an effect on the
expression of CD154, PBMCs from five hyperprolactinemic
patients and ten healthy individuals were cultured in the
presence of PMA-ionomycin (5 ng/ml and 0.2 pg/ml),
which in preliminary experiments had been found optimal
response, with 54% of PBMCs expressing CD154. Addition
of hPRL alone or the addition to PMA-ionomycin-stimu-
lated cells had no effect on CD154 expression. However,
addition of anti-hPRL antibodies resulted in a reduction of
CD154 expression in PBMC of around 47% in cells of
either patients or healthy individuals (Fig. 2a). The
inhibitory activity of anti-hPRL antibodies was also ablated
by absorption with hPRL. Fig. 4a shows the results of
adding anti-hPRL antibodies at different times during in
vitro PBMC activation with PMA-ionomycin; their addition
at time 0 and 1 h later reduced CD154 expression in 29%. In
contrast, the addition of antibodies after 2 and 3 h had no
effect on CD154 expression.

Another possibility to explore was whether hPRL could
perpetuate CD154 expression after the initial stimulus,
which could result in an enhanced B—T cell interaction.
The cells were cultured with PMA-ionomycin and with
PMA-ionomycin plus hPRL, harvested at 2, 4, 6, and 18 h,
finding a similar pattern of CD154 expression in both
conditions (Fig. 4b), suggesting that prolactin does not
perpetuate CD54 expression. Likewise, addition of anti-
hPRL antibody decreased CD154 expression throughout the
18 h of culture.
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Fig. 2. Percentage of CD69 expression on lymphocytes CD4" and CD154 on PBMNC from ten healthy subject and five hyperprolactinemic patients. Panel a
compares cell behaviors from healthy subject with patients. Panel b displays a sample of the distribution of CD69 on CD4 under ConA stimulus, mitogen plus

antibody against to PRL, and mitogen plus one antibody not related.

Using the same model of activation, we explored CD40
and CD86 expression on purified B cells from five
hyperprolactinemic patients and ten healthy individuals.
Figs. 5a and b show that CD40 expression was not affected
by any of the culture conditions (hPRL alone, unspecific
mitogen [PMA-ionomycin], mitogen plus hPRL, mitogen
plus anti-hPRL antibodies, and non-related antibodies). In
contrast, PMA-ionomycin was able to induce CD86
expression in 38.6% of the B cells, but its expression was
not affected by the addition of hPRL or anti-hPRL
antibodies, suggesting that PRL does not participate in the
expression pathway of these two molecules.

The effect of hPRL on IFNy secretion by CD4'
lymphocytes was also examined in both groups. The hPRL
alone did not induce IFNvy release. Also, hPRL plus PMA-
ionomycin did not show additive effects (data not shown).
However, when anti-hPRL antibodies were added to
cultures, a 60% decrease in IFNvy -stained cells was found.
This decrease was due to hPRL, since blocking the anti-
hPRL antibody binding site with hPRL displayed a dose-

dependent inhibition (Fig. 6a). Similar results were obtained
in those experiments designed for IL2 expression on
lymphocyte CD4" (data not shown). Kinetic studies showed
that the inhibitory activity of anti-hPRL antibodies on the
IL-2 expression decreased progressively with time, support-
ing our previous results. The inhibitory effect found with the
addition of anti-PRL antibodies after 1 h of activation was
55%, and 40% after 2 h; it was no longer present after 4 h
(Fig. 6b). The same results were found in the experiment
designed for IFNvy, as can be seen in Fig. 6b, the addition of
anti-hPRL antibodies at time cero showed almost 60% of
inhibition in [FNvy expression. In contrast, addition of the
antibodies after 1 or 2 h of activation induced less
inhibition.

Finally, we examined in vitro antibody production by B-
lymphocytes stimulated in the presence or absence of hPRL.
As seen in Fig. 7, B cells from healthy subjects were
stimulated with mitogen and with mitogen plus the addition
of hPRL; the antibody productions were measured in the
supernatant using ELISA method. We found that the
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anti-PRL antibodies added at different times after the cells were activated
with conA.

cultures with PRL had an additive effect on antibody
secretion that was not statistically significant.

Discussion

The clinical features (galactorrhea and hypogonadism) of
patients with hyperprolactinemia are due to the effects of the
hormone in the target organ. However, the immune system
alterations reported in hyperprolactinemic patients, such as
autoimmune rheumatic diseases [11], and the fact that some
women have developed natural autoantibodies during
pregnancy, probably due to the hyperprolactinemic state
[12], are difficult to associate to PRL. We explored the
immune response in cells from patients with hyperprolacti-
nemia, because a large number of evidence suggest PRL
contributes in immune responses activity like: (a) additive
effect in lymphocyte proliferation [17,18], (b) immunode-
ficiency observed in animal models with hypoprolactinemia
[14,23]; (c) association of hyperprolactinemia with auto-
immune diseases both in animal models and humans [19—

21]; (d) regulatory feedback exerted by some cytokines on
serum PRL levels [28]; and (e) the fact that lymphocytes
and other immunocompetent cells express PRL receptor
besides being able to release PRL [7—9]. All this evidence
strongly suggests that prolactin could participate in trigger-
ing the immune response; this action could be exerted
through the secondary signal, such as the expression of co-
stimulatory molecules and/or interleukin secretion.

The current study was performed in vitro using cells from
hyperprolactinemic patients and healthy individuals in order
to determine differences in cell activation. Our model
emulates different concentrations of PRL (low or high) in
the medium, where the activation takes place, as it has been
suggested that the hyperprolactinemic state elicits the
immune response [19,20] and the hypoprolactinemia has
been associated with a deficient immune response [23]. We
found, however, that lymphocytes obtained from healthy
subjects and from hyperprolactinemic patients had a similar
pattern of response, suggesting that the amount of prolactin
in the microenvironment does not affect the immune
response. But when immune cells start the activation
process (by mitogen or antigen), the levels of PRL affect
the quality of lymphocyte activation through three probably
mechanisms: the first by an additive effect on PBMC
proliferation, as revealed our results and previous works
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positive control compared with those culture with antibody at time cero and
1 h after the stimulus. Panel b displays the expression of CDI154 on
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[17,18]. In contrast, depletion of PRL by the addition of
anti-hPRL antibodies decreased the proliferation in about
~30%, indicating that PRL plays, at least, an accessory role
in the proliferation. The second one, as shown by our
results, could be through the expression of co-stimulatory
molecules like CD69 and CD154 expression on CD4 " cells.
Here we found that the depletion of PRL using anti-hPRL
antibodies decreased the expression of activation marker
molecules in about ~50% and the third one could be by
affecting IL-2 and IFNvy secretion, our results showing a
markedly reduced IL-2 and IFNy when depleting PRL in
the culture.

The presence of prolactin in the microenvironment could
act as a growth factor in cell proliferation. However, the
PRL that participates in the immune response activation
process is secreted by the lymphocyte, as evidenced by the

finding that no additive effect was exerted when PRL was
added to the culture, and a striking reduction in the key
indicators of successful T cell activation was observed with
the deletion of PRL. These results are in concordance with
those obtained in a knockout mouse model for PRL, in
which no evident abnormalities in the anatomy and
development of B and T cells were found and the innate
immunity was normal [29]; however, the adaptive immune
response was not studied, where most of the effects of PRL
have been demonstrated.

T cell activation is a fundamental step for the onset of
adaptive immune response. This is characterized by altera-
tions in cell surface expression molecules: increased CD69,
CD25, CDI154, FAS-L, and CD44 expression, and
decreased CD62L and CD45R expression. Some of these
changes are necessary for T cells to start and progress in the
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Fig. 6. IL2 and IFNvy secretion by CD4+ cell. Panel a shows the inhibition
of IFNy stained on lymphocyte CD4" stimulated with PMA-ionomycin:
increasing concentrations of PRL were added to a solution containing
predetermined quantities of anti-PRL antibody, then added to stimulated
culture. The IFNy stain decreased in about 70%, it was statistically
significant different using ANOVA (P < 0.005). Panel b illustrates a kinetic
of IL2 and IFNy production: here the anti-PRL antibodies were added at
different times (0, 1, 2, and 3 h) after cell activation with PMA, statistically
significant differences were found at time cero and 1 h after the stimulus
using ANOVA (P < 0.005).

cell cycle [24]. Here, we explored the expression of CD69
on human CD4" lymphocyte as an early activation indicator.
Addition of hPRL to the culture did not affect CD69
expression. In contrast, the addition of anti-hPRL antibodies
decreased CD69 expression, this was supported by the
finding that engagement of the binding site of the antibody
against hPRL by increasing concentrations of hPRL restored
CD69 expression and the addition of non-related antibody
did not affect its expression. Besides, PRL is necessary to
initiate T cell activation, as revealed by the experiment in
which anti-hPRL antibodies were added at different times
after the stimulus.

CD154 is a member of the tumor necrosis factor (TNF)
family with a number of essential functions in the immune
response after binding to its receptor, CD40. Activated

CD4+ cells, also some CD8+ T cells, dendritic cells, NK
cells, human mast cells, platelets, and basophiles express
mainly CD154. An important function of CD154—-CD40
interaction is its relationship with the CD28 co-stimulatory
pathway. Thus, CD154—CD40 interaction signals APC to
up-regulate CD80 (B7-1) and, to a lesser extent, CD86 (B7-
2), which in turn enhances the co-stimulatory activity of
antigen presenting cells, including B cells, dendritic cells,
and macrophages. CD28-CD80/86 and CD40-CD154
interactions synergize to initiate and amplify T cell-
depended immune responses [25,26]. Here, we explored
both CD154 and CD40 expression in cells activated with
PMA-ionomycin in culture with or without prolactin.
Although expression of CD154 in response to PMA-
ionomycin did not change with the addition of hPRL, we
found that blocking lymphoid prolactin with antibody
exerted an inhibitory effect on CD154 expression by PBMC,
indicating that, most likely, T cell-derived PRL acts as an
autocrine mediator on T cell activation leading to CD154
expression. Results are similar to those observed for CD69.

The PRL did not alter the expression of CD40 or CD86
in purified B cells. However, it induced a slight increase in
antibody production by these B cells, suggesting that the
mechanism of action of PRL in B cells could be different.
Our model worked properly since the positive control
displayed an increased expression of CD86 on stimulated
cells, suggesting that PRL does not play any role in the co-
stimulatory function through the induction or up-regulation
of CD40 and B7 (including CD86) molecules on the surface
of B cells (functioning as APC) for an appropriate activation
[26,30].

The PRL role as a growth factor is supported by the
additive effect in the proliferation assay and reduction of the
proliferation by blocking the prolactin in synthetic medium.

0.7
0.6 4

—_— L]
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Fig. 7. B cell activation measured through antibody production by ELISA
methods. B cells from healthy subject were stimulated with mitogen or
mitogen plus PRL. Then the antibody production was measured in the
supernatant. The PRL had an additive effect on antibody secretion, but that
was not statistically significant.
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In contrast, in the activation assay, addition of hPRL to the
cell culture does not modify the activation process measured
through CD69, CD154, CD40, and CD86 expression.
However, the CD4" activation measured through CD69
and CD154 expression depends mostly on the secretion of
PRL by the lymphocyte, as supported by our results from
the Nb2 assay in which PBMC from both hyperprolactine-
mic patients and healthy subjects produced and released
PRL. Production of PRL correlated with both cell number
and the degree of proliferation and the addition of anti-
hPRL antibodies to the supernatants blocked the Nb2
proliferation, suggesting that the prolactin used by the
PBMC is produced by themselves and that the Nb2
proliferation was not an effect of a nonspecific mitogen in
the supernatants.

The secretion of IL-2 and IFNv is strikingly reduced by
blocking the prolactin. Besides, no additive effect was
observed with the addition of hPRL to the culture. IL-2 is
rapidly and potently induced after antigen presentation to
resting T cells, the results of transcription and synthesis of
IL-2 are often used as a key indicator of successful T cell
activation [31]. In the same fashion, IFNvy could be an
indicator of T cell activation [32,33]. Several questions
remain to be answered, especially those related with the
magnitude and type of immune response, because the
antigen determines the specificity of the immune response,
but the interaction of IL-2 with high-affinity IL-2 receptors
regulates the magnitude and duration of the response. Cells
from mouse and human in vitro models show that the
presence of IFNvy in priming culture resulted in the
outgrowth of Thl but not Th2 clones [33]. We present
evidence that in vitro blockage of PRL does not induce an
appropriate T cell activation, as measured through the 1L-2,
IFNwy secretion, and CD69, CD154 expression.

In conclusion, it is evident that prolactin alone is unable
to initiate an immune response in lymphocytes from patients
and healthy subjects in spite of some clinical evidences
[11,12]. In the same fashion, it is clear that PRL takes part in
the trigger of T cell activation and that PRL is produced and
secreted by the same cells acting predominantly in autocrine
form collaborating in the expression of co-stimulatory
molecules (CD69, CD154) and the IL-2, IFN+ secretion.

Further studies are needed in order to dissipate if the
hyperprolactinemic condition in SLE patients is the result of
cell activation of the immune system instead of the high
levels of prolactin that trigger the immune response or the
fact that some individuals develop autoimmune rheumatic
disease after hyperprolactinemic state, it must address
research about PRL participation just in auto-reactive clones.
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Abstract

Objective: The aim was to explore the role of prolactine (PRL) in the lymphocyte
activation process in active and inactive systemic lupus erytematosous (SLE) patients in an

in vitro model.

Methods: Peripheral blood mononuclear cells (PBMNC) were isolated from SLE patients
and healthy individuals. The mRNA for prolactine and its receptor obtained by standard
techniques, with an appropriate primer, were subjected to PCR and visualised. The PBMC
were cultured with: a) medium alone as a negative control, b) unspecific mitogen as a
positive control (PMA-ionomycin for CD154 or concanavalin A for CD69), c) PRL alone,
d) mitogen plus PRL, e) mitogen plus antibody anti-PRL (1:50) and f) mitogen plus a non-
related antibody. Then by flow cytometry analysis were determined CD69 and CD154.

Results: Twelve inactive and 15 active SLE patients were studied. 25% of the active
patients displayed hyperprolactinemia. Under basal conditions CD69 expression was
associated with disease activity. In contrast, CD154 did not show this association. The
PBMNC activated in vitro were capable of producing and secreting prolactine as measured
by mRNA and Nb2 assay. In the same fashion the mRNA for prolactine receptor was
visualized. Cells from SLE patients cultivated with PRL alone did not display increased
CD69 and CD154 expression. The addition of PRL to the unspecific stimulated culture
does not have an additive effect. In contrast, the addition of antibodies against PRL in order
to block the autocrine prolactine resulted in a striking reduction of CD69 and CD154

expression.

Conclusions: PRL is produced and secreted by the immune cell and act just after the first
trigger signal of activation an in autocrine way. The expression of CD69 and CD154

molecules depend partially on the prolactine.



Introduction

Systemic lupus erythematosus is an autoimmune rheumatic disease characterized by
widespread inflammation and most commonly affects women. Virtually every organ and/or
system may be involved. The course of the disease is characterized by remissions and
exacerbation. The exacerbation of the disease has been linked to the activity of the immune
system (1-4). The activation process of the immune system cells must be initiated by
antigenic peptides bound to class I or Il MHC molecules by antigen-presenting cells (APC)
which is recognized by T cell receptor (TCR) (5). Its signal determines antigen specificity
and plays a central role in initiating T cell activation. However, this interaction, by itself, is
not sufficient to fully activate naive T cells. Thus, subsequent non-antigen-specific co-
stimulatory signals are necessary to trigger cytokine gene expression. The best known co-
stimulatory signal for T cells is provided by the interaction of CD28 on the T cell with
members of the B7 family (CD80 and CD86) on the APC. On the other hand, B cells are
also targets of co-stimulatory signals, mainly received through the CD40 receptor after
engagement by its ligand CD154 (CD40L) on activated T cells. This signal promotes
growth, differentiation, survival and isotype switching on B cells. A third type of signal
with a crucial role in T and B cell activation is mediated through the binding of soluble
cytokines to their respective receptors (6, 7). The expression of these molecules is a marker
of activated cells (8); this plus the increased expression of CD69 is a common association
in active SLE patients (9, 11).

Another association described in active SLE patients is the high serum level of prolactine
(PRL) (12). Although the clinical trials have yielded conflicting information because some
studies have found an association between serum levels of PRL and the disease activity
(12-15) but others could no confirm this relationship (16-19). Regarding the frequency of
hyper-prolactinemia in SLE patients these is a consensus that 15 to 30% of SLE patients
display hyper-prolactinemia (12). In spite of this information other evidences support the
participation of the prolactine in the SLE disease activity through the immune system
activity like the hyper-prolactinemia patients without autoimmune disease showed an

increased frequency of autoantibodies compared with healthy people (20); physiological



hyper-prolactinemia states such as pregnancy and lactancy trigger lupus flares (21);
elevated frequencies of hyper-prolactinemia in male SLE patients (14, 22); the finding in
the mouse model for SLE where implants of syngeneic pituitary glands, induce a hyper-
prolactinemia state, resulting in accelerated autoimmunity and early mortality (23, 24) and
the treatment with bromocriptine improves the survival (24); or the experiment where PRL
infusion induced a dramatic improvement in the survival of bromocriptine treatment mice
after intra-peritoneal injection of Listeria monocytogenes (25) and those studies in vitro
where the aim was to show that the PRL has action as a co-mitogen for T, B and NK cells
from both human (26-28) and mice (29, 30). Moreover, recently we describe that SLE
patients with auto-antibodies against prolactine display less activity compared with those
patients without this antibodies (31, 32).

In spite of this information even is tiny the knowledge about the participation of the PRL in
the phenomenon of activation of the cells from the immune system, based in that the
address of this research is to explore the participation of prolactine in the lymphocytes
activation process from active or inactive SLE patients using in vitro approach; the
lymphocytes from patients and their controls were stimulated under different conditions in
order to determine if the prolactine that has participation in the immune response is from
pituitary or lymphoid origin. As a marked of activation cells CD69 and CD254 expression
were measured. In the same fashion, we explore the prolactine production at RNA and

protein level.



Material and Methods.

The human Ethical Committee and Medical Research of the Instituto Mexicano del Seguro
Social (IMSS) approved the study protocol, and written informed consent was obtained

from all subjects who participated voluntary in this study.

Patients: Twenty-seven SLE patients attended at the lupus clinic at the Hospital de
Especialidades en el Centro Medico Nacional “Siglo XXI”” del IMSS for long-term follow-
up were studied, all of them fulfilled four or more of the American College of
Rheumatology (ACR) revised criteria for the classification of SLE (1). Recent medications
as well as those taken on the day of the evaluation were recorded. Any conditions
associated with elevated PRL were noted include pregnancy, PRL-secreting pituitary
adenoma (prolactinoma), intracranial tumours compressing the pituitary stalk or
hypothalamus, drugs, hypothyroidism, chest wall diseases, hepatorenal disorders. All the
hyperprolactinemic patients were classified as idiopathic because no one showed any of the

associated conditions for elevated PRL.

Disease activity was graded according to a previous published index (SLEDAI) (2). For the
purpose of this study, any value above 0 was considered as disease activity. Twelve of the
SLE patients were inactive and fifteen were actives. At the time than the sample were taken
the treatment were with cloroquine (2.5 mg/Kg) and prednisone (10-20 Mg) none of the
SLE had immuno-suppressor drug. In the case of active patients the samples were taken
just at the moment of hospitalisation before standard treatment for active disease were used.
As a control cells and serum from twelve healthy subjects were used. The criteria for
healthy was the knowledge of not disease, not menstrual disorder and normal serum level
of prolactin (normal levels of PRL are 5 to 20 ng/ml). Venous blood samples were drawn
between 8:00 AM and 10:00 AM after an overnight fast.

Cells: Human peripheral blood mononuclear cells (PBMNC) were isolated by density
gradient centrifugation (Lymphoprep, Nycomed Pharma AS, and Oslo Norway). PBMNC

were recovered from the interface, washed in PBS, and resuspended in serum-free culture



medium (AIM-V medium, Life Technologies, Grand Island, N.Y.) it is synthetic medium
without prolactine. Cell viability, was determined by trypan blue exclusion, it was always
above 95%.

PRL: Human PRL (hPRL) and polyclonal antibodies from rabbit against to prolactin used
were kindly donated by Dr. A.F. Parlow from the National Hormone & pituitary program
Harbor-UCLA Medical Center (lot # AFP3855A). The antibody non-related was obtained
through the serum precipitation from normal rabbit.

RNA for prolactine and its receptor: Four microliter (4ug) of cellular RNA, obtained
from PBMN (6 X 10°) stimulated with PMA 5ng/ml-lonomicina 200 ng/ml, for 0, 1, 2, 3, 4,
5 6y 24 h, was used for cDNA strand-Synthesis reaction. Twenty microclines of the
cDNA was added to PCR mixture (final volumen, 100 ul) containing Tag polymerase (2.5
unit; GIBCOBRL) for prolactine we used 5’CAAGAAGAATCGGAACATACAGGCTTT
and JI’GCAGTTGTTGTTGTGGATGATTCGGCA primers (25pM) and
5GTCTGGGCAGTGGCTTTGAAGGGC 3 CACTTGCTTGATGTTGCAGTGAAGTTG
for prolactine receptor in a PCR Buffer (1.5 mM MgCL,, 50mM KCI, 20mM Tris HCI, pH
8.4, GIBCOBRL) and dNTP (0.2mM, GIBCOBRL). Reaction mixture were subjected to 30
cycles of PCR (each consisting of denaturation at 94°C for 1 min, annealing at 65°C for 2
min and extension at 72°C for 2 min for prolactin. For prolactin receptor we used 94°C for
30 seg, 65°C for 1 min and 72°C for 1.5 min. In gel amplification was then performed in
1.5% remelted low-melting-point agarose (GIBCO/BRL). Double-distiller water served as
a negative control for amplification.

Activation assay. Cells were cultured in 24 (5 X 10° PBMNC/well) and 96-well plates (1
X 10° cells/well) at 37°C. under follows conditions: a) medium alone as a negative control,
b) hPRL alone, c) unspecific mitogen as a positive control (PMA-ionomycin for CD154, or
concanavalin A for CD69), d) mitogen plus hPRL, e) mitogen plus antibody anti-hPRL
(1:50) and f) mitogen plus antibody non-related (1:50). As quality control for the AIMV

medium IRMA and Nb2 bioassay were performed.



Flow cytometry analysis: After different experimental conditions mentioned above the
cells were re-suspended in PBS-BSA-AZ (PBS pH 7.4, 0.2 % bovine serum albumin, 0.2 %
sodium azide) and were stained with varying FITC-labelled mADb, including anti-CD4, anti-
CD69, and anti-CD154 (PharMingen, San Diego, CA) for 20 min at 4°C, after which cells
were fixed in 1% paraformaldehyde for further analysis. Fluorescence analysis was
performed in a FACScalibur flow cytometer (Becton Dickinson). A minimum of 10,000
lymphocyte-gated events were acquired in list mode and analysed with Cell Quest

Software.

Nb2 assay: PRL bioactivity was measured using Nb2 lymphoma cell assay as described by
Tanaka et al. (33). Briefly, cells were kept at 37°C in Fisher’s medium containing 10 %
FBS as a source of lactogen, 10 % horse serum, 10* M 2-mercaptoethanol, 50 IU/ml
penicillin. Those cells were arrested in the early G; phase of the cell cycle by 24 h of pre-
incubation in lactogen-free medium. Resumption of the cell cycle was achieved by the
addition of increasing concentrations of purified human pituitary PRL (NIDDK hPRL).
PRL-like bioactivity was assayed in: a) aliquots of culture medium from PBMNC
stimulated with concanavalin A at different times (0, 1, 2, 3 h), b) supernatant plus antibody
anti-hPRL, at different dilutions to ascertain parallelism with the standard curve. To inhibit
the lactogenic effect of human growth hormone (hGH) rabbit antiserum to hGH (NIDDK-
anti-hGH-I1C-3 A.S., CYTO [AFPC11981A]) was added to a final dilution of 1:4000.
Cultures per triplicate were further maintained in an atmosphere of 95 % air-5% CO, at 37
C for 72 h. The effects of hPRL on cell proliferation were analyzed by the incorporation of

[3H] thymidine (1uCi) into Nb2 cells. The sensitivity of this assay for PRL was 3 pg/ml.

The competitive test: In separated tubes a constant concentration of anti-PRL was pre-
incubated (at 37°C for 1 h) with increasing concentrations of PRL in order to obstruct the
binding site of the antibodies. The cells were then incubated with PMA-ionomycin and the
complex (anti-PRL antibody - hPRL) was added to the culture. Then, the cells were
washed, incubated and fixed. Fluorescence analysis was performed using a FACScalibur
cytometer. In was done in order to show that the inhibitions observed in the experiment

were due to the capture of PRL by the antibodies.



Statistical analysis. The significance of differences between variables in two independent
groups was determined by the non parametric statistic Mann Whitney U and for the tree
groups was Kruskal Wallis.



Results

The study population consisted in 27 SLE patients (mean + SD age 36 + 7 years) similar
than the control twelve healthy subjects with mean of age of 31 + 10 years old. The patients
were divided using SLEDAI in twelve inactive (42 + 8 years) and fifteen actives (34 £ 9
years). The clinical feature a long the history of the disease in both groups of patients
(actives and inactive) are in the table 1. The mean of serum levels of prolactine in non-
active SLE patients was 12 + 1.9 ng/ml, similar than the mean in the healthy control group
11.1 + 1.2 ng/ml. In contrast, the mean of sera levels of PRL was higher 16.8 + 2.9 ng/ml.
Moreover, 25% of the active SLE patients had hyperprolactinemia (Figure 1). The mean of
SLEDAI in the group of active SLE patients was 14.5 compared with the zero from the

non-active patients.

At the moment that sample was taken and before the realization of culture the expressions
of CD69 and CD154 by CD4" cells from SLE patients and controls were analyzed. We did
not find statistically significant differences in the expressions of CD154 among the active,
inactive, and healthy groups (Figure 2). In contrast, the CD69 expressions was higher in
CD4+ from patients with the disease activity (1 £ 0.45 %), it was statistically significant
different (p< 0.05) compared with the percentage of CD4" from inactive SLE patients (0.29
+ 0.09 %) and healthy group (0.07 £ 0.02 %). CD69 is early cell activation marked that
could show the quantity of active immune cells in the disease activity.

To confirm that the cells of the immune system are capable to producing and secreting
PRL: PBMNC from healthy people were activated in vitro using unspecific mitogen then
supernatant was collected at time 0, 1, 2, and 3 h. finding concentrations of 0, 45.8, 26.2
and 63.4 pg/ml respectively measured by Nb2 assay. In contrast, we did not find Nb2
activation in those cultures with supernatant without stimulus and in those where anti-PRL
antibody was added to the supernatant (data not shown). In the same fashion, the mRNA
for PRL was obtained at: 0, 1, 2, 3, 4 and 5 h. after the PBMNC stimulated with unspecific
mitogen. Then RT-PCR and Dot Blotting was done as can be seen in the Figure 3a. We

found mMRNA for PRL at time cero. In the measure of time spends after the cells activation



an increased amount of mMRNA for PRL was observed. In the same way, the mRNA for
PRL receptor was found in activated PBMNC. The amount of mRNA for receptor appears

without changes throughout the time Figure 3b.

The cells culture conditions were synthetic medium, non-supplemented with foetal bovine
serum (FBS), in order to do not have interference due to growth factors in the foetal serum.
Before each experiment the synthetic medium culture was tested for PRL in an Nb2 assay
as a quality control. In the same fashion, the antibodies against to PRL were capable to
block the biological activity of PRL on the Nb2 cells (data not shown). The figure 4 shows
the behaviours of PBMC from SLE patients in culture with human pituitary PRL or without
prolactine (depleting with anti-PRL antibodies): The CD69 expression in the negative
control (cells with medium) was similar that the CD69 expression in culture with only
hPRL, meaning that hPRL alone is not capable to activate cells from active or inactive SLE
patients. The positive control; PBMNC stimulated with unspecific mitogen shows high
levels of CD69 expression: In the healthy group 30% of CD4+ display CD69 close similar
to the 40% finding in the inactive SLE patients. Inexplicably, just 15% of cells from active
patients display expression of CD69. To find the effect additive described in the assays of
proliferation with PRL the experiments were realized adding hPRL to the cultures
stimulated with mitogen unspecific, but we do not find this effect, the expression of CD69
does not change. In contrast, the addition of antibodies against to PRL resulted in a striking
reduction of CD69 expression in about 50% in patients and controls with statistical
significance differences (p<0.05); the addition of no related antibody did not affect the
CD69 expression.

In spite of the control with non related antibody do not show changes in the CD69
expression, we decide to prove that the inhibition of CD69 expression was due to anti-PRL
antibody activity: for that, the binding site of the anti-PRL antibody was engaged with
hPRL. Different concentrations of hPRL were pre-incubated with a constant concentration

of antibody against PRL then were added to the culture.
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In the measurement in which the binding site of the antibody anti PRL is blocked, the
inhibition in the expression of CD69 returns to the levels of the response to the mitogen, we
found statistically significant differences (p< 0.005) between the inhibition of CD69
expression with the antibody alone against the complex of antibodies with 12 ng/ml of
PRL. In contrast, not statistically significant differences were found in the CD69 expression
with the addition of the complex formed by anti-prolactine antibodies and 25, 50 and 100
ng/ml. It demonstrated that the reduction of the CD69 expression was due to the blocking
of prolactine produced by lymphocyte and not for another reason like the activity of the Fc

antibody portion or by the complex formed between antibody and the PRL (Figure 5).

In PBMNC from SLE patients and healthy subject the hPRL alone was not capable to
induce CD154 expression. By contrast, PMA induced CD154 expression in about 50% of
PBMNC in SLE patients and controls. The addition of hPRL to PMA-stimulated cells had
no effect on CD154 expression. However, the supplement with anti-PRL antibodies
resulted in a reduction of CD154 expression on PBMNC in about 59 % as can see in the
Figure 6. The responses to unspecific stimulus display a similar pattern in both SLE
patients and healthy subject. However, the cells from SLE patients display less CD154
expression than the cells from healthy control. In fact cells from active SLE patients display
a weak response to unspecific mitogen, but display a higher reduction of the CD154
expression with anti-PRL antibodies compared with the inactives and healthy control
group. In the same fashion, in the three groups studied the inhibitory activity of anti-PRL
antibody was ablated by absorption with PRL.
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Discussion.

The information about the relationship between PRL and lupus activity in SLE patients has
been inconsistent (12). The SLE patients in our research showed a similar pattern than
previous trials: 25% of active SLE patients showed hyperprolactinemia, which is similar
with the ranges in the previous reports (12, 13, 14, 31). The group of active SLE patients
showed higher serum levels of PRL compared with the non-active patients and healthy
group similar than previous results from our laboratory (31). In fact, we did not find
hyperprolactinemia in any inactive SLE patients supporting the idea that PRL is playing a
role in the disease activity. We found as well an association between CD69 expressions
with disease activity in the SLE patients probably as reflection of the immune system
activity; similar than previous report (9, 11). Surprising the amount of active immune cells
measured through CD69 and CD154 expression in SLE patients at moment than the
samples were taken (basal) were less than 2% of the cells, it probably denote amount of

auto-reactive immune cells in the disease.

Previous research suggests that the hyperprolactinemic state could activate the immune
system (23, 24). In contrast, a low level of PRL has been associated with deficient immune
response (34). The current study was carried out using cells from active and inactive SLE
patients emulating a micro-environment with or without PRL in order to discriminate the
activity of pituitary and lymphoid prolactine in the immune cells activation process. The
original expectation was that the human PRL (pituitary) could trigger the lymphocyte
activation especially in inactive SLE patients or perpetuate the immune cells activation in
cells from active SLE patients. In contrast, we found that the hPRL by itself is not capable
to induce activation in cells from SLE patients and healthy subject. The hPRL activity was
found just after the trigger the immune response (in this case with unspecific mitogen). In
the performed experiments the PRL has autocrine and paracrine comportment similar to
those previous reported in the literature (28, 29). Moreover, the cells from the immune
system were capable to produce and secreted PRL similar than previous research’s (28, 29).
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The observation that suggest that the PRL through its receptor play a role as grow factor are
the hybridomas proliferation and the additive effect in the proliferation assay using mitogen
or antigen in immune cells from both human and mice (35, 36). Our results validate that the
immune cells are capable to produce and secrete prolactine and this production is related
with the amount of activation because we found doses response between PBMNC
proliferation with the amount of PRL in the supernatant and at the mRNA levels. In the
supernatant we found a correlation among the time of collection after the cell activation (0,
1, 2, and 3 h.) with PRL concentrations (0, 45.8, 26.2 and 63.4 pg/ml respectively),
supported by the result obtained with RT-PCR and Dot Blotting where the amount of
mRNA from PBMNC stimulated with unspecific mitogen increase along the time.
Moreover, the mMRNA for prolactine and its receptor were found in cells without stimulus
suggesting that the PRL is constitutive of the lymphocyte and in the measure that the cell

acquire activation his production and secretion is increased

The central axle in the immune response is the trigger, which is initiated normally antigen
presentation of antigenic peptides bound to class | or Il MHC molecules to the T cell
receptor, by professional antigen-presenting cells (6, 7). This interaction is not enough to
fully activate naive T cells a subsequent non-antigen-specific co-stimulatory signal are
necessary to produce an adequate activation. Both moments are relevant because is when
the specificity and the magnitude of the immune response is determined. Here the objective
was to explore the role of PRL in the immune cells activation, using in vitro model
described above. The status of activation was measured through the expression of CD69
and CD154. These molecules provided the second signal in the cell activation process by
the interaction of CD28 on the T cell. This signal promotes growth, differentiation, survival
and isotype switching on B cells. Our results shown that human prolactine added to cells
from SLE patients (active or inactive) do not increase the expression of CD69 and CD154.
Likewise, the lymphocytes obtained from SLE patients and healthy subject had a similar
patter of immune response. In contrast, the depletion of prolactine produced by the
lymphoid with anti-PRL antibodies shows a decreased expression in the activation mark
molecules in about ~50%, indicating that PRL has participation in a step between the

trigger (antigen presentation) and co-stimulatory signal in the immune cells activation and
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it could be the explication why the SLE patients with autoantibodies against prolactine has
less disease activity (31). Moreover, clearly show that PRL used in the activation process is
secreted by the lymphocyte itself. This result is comparable to those experiment carry out
with tirocytos where PRL stimulus alone does not change the HLA-DR and CD40
expression (37). These findings are difficult to understand in the context of the literature
information because in knockout mouse for PRL not shows any evident abnormalities in
the anatomy, in the development in B and T cell and the innate immunity (38). However,
adaptive immune response, where most of the effects of PRL have been demonstrated
including our results was not studied in the knockout mouse (38). Moreover, in our
laboratory we have found that the deletion of PRL with anti-PRL antibody also produces a
striking reduction in the secretion of IL-2 and IFNy by CD4" supporting this results
(submitted).

T cell activation is a fundamental step for the onset of the adaptive immune response. This
is characterized by profound alterations in cell surface expression of activation and
adhesion molecules: increased CD69, CD25, CD40L, FAS-L and CD44 and decreased
CD62L and CD45R expression. Some of these changes are necessary for T cells to enter
and progress in the cell-cycle (5); these alterations in the outer membrane are observed in
lymphocyte from SLE patients probably as a mirror image of the immune system
activation. Moreover, some of these changes are related with the disease activity as CD69
expression (9, 11). In fact we found an increased CD69 expression in active SLE patients
compared with no active patients and healthy subject before the culture. In the stimulated
culture decreased the CD69 expression with the addition of anti-PRL antibody was
observed, this reduction was due to PRL depletion and no for another causes because when
the binding site on antibody against PRL was engaged with PRL a restored expression of
CD69 was observed. In the same fashion, the addition of non-related antibody no affect
CDG69 expression demonstrating at list that in our model the reduction of the CD69
expression was due to the blocking of prolactine produce by the lymphocyte and not for the

possible activity of the Fc antibody portion or immune complex of antibody-PRL.
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Further studies are necessary in order to determine the steps and signal where the PRL have
action in T cell activation. This model display clearly that the hPRL do not trigger the
immune response in resting human cells. However, after the initial stimulus the PRL appear
to play a role in order to continue the event of activation like co-stimulatory molecule
expression and interleukin secretion necessary for fully response. In addition, the PRL that
take effect in the immune response is produced and secreted by the lymphocytes. It could
suggest that the hyperprolactinemic states in lupus patients could be secondary in part by
the immune cell activation like has been suggested for other hormones (39). In contrast, in
agreement with our model the hyperprolactinemic state is not capable initiate the immune
cells activation. Moreover the SLE patients with autoantibodies against PRL that display a
less clinical manifestation than those without antibodies, could be probably because it

antibodies are blocking the prolactine in a similar manner than our in vitro model (31, 32).
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Legends

Table 1. Demographic data and clinic characteristic of 27 patients with SLE. The clinical
data are those that the patients display in some moment a long the history of the disease in
both groups of patients (actives and inactive). At time than the sample were taken the
treatment of 100% of the patients were with cloroquine (2.5 mg/Kg) and prednisone (10-20
Mg) none of the SLE patients had immuno-suppressor drug.

Figure 1: Serum prolactine levels measure by Nb2 assay in inactive and active SLE patients
compared with a group of healthy individuals. The concentration is represents in ng/ml.

Figure 2: The percentage of CD69 and expression CD154 in cells from SLE patients and
healthy controls for the moment in which the sample was taken. The expression of CD69
was in CD4" whereas CD154 were stained on PBMNC. We find statistically significant
differences (p <0.05) between the active patients with SLE compared it with inactive
patients and healthy controls.

Figure 3: mRNA for prolactine visualized by Dot Blotting in the figure 3a; the expression
of RNA was found in cells at baseline time (without stimulus). After the stimulus appear to
increase the amount of mRNA for prolactine. The figure 3b display the mRNA for PRL
receptor here the amount of RNA do not increased after the stimulus.

Figure 4: PBMNC from actives, inactive SLE patients and controls culture under different
conditions: culture with synthetic medium, with human pituitary PRL, with mitogen, with
hPRL plus mitogen or with mitogen plus anti-PRL antibodies in order to block the
prolactine produced by the lymphocytes. Statistically significant differences were found in
the response to mitogen between active patients compares with inactive SLE patients and
healthy individuals (p< 0.005). The performance was close similar in the three groups
studied, statistically significant differences were found between the responses to mitogen
compared with those cultures were prolactine was block (p< 0.005).

Figure 5a: Inhibition test where the binding site of anti-PRL antibody was engaged with 12,
25, 50 and 100 ng/ml of hPRL. Statistically significant differences were found in the
inhibition of CD69 expression with the antibody alone and with the complex of antibodies
plus 12 ng/ml hPRL (p< 0.005). In contrast we did not find statistically significant
differences with the complex formed by anti-prolactine antibodies and 25, 50 and 100
ng/ml hPRL. The Figure 5b: is an example of the Flow cytometry analysis with double
staining CD4/CD69 stimulating with mitogen, blocking the prolactine with anti-PRL
antibody and with non related antibodies.

Figure 6: PBMNC from actives, inactive SLE patients and healthy subject culture under
different conditions: with synthetic medium, with hPRL, with mitogen, with hPRL plus
mitogen or with mitogen plus anti-PRL antibodies in order to block the lymphoid
prolactine. Statistically significant differences were found in the response to mitogen
between cells from inactive SLE patients and healthy controls compared with the response
found in cells from active SLE patients (p< 0.005). In the three groups statistically
significant differences were found (p< 0.005) between the responses to mitogen compared
with those cultures where the prolactine was blocked.
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