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Resumen.

Las diferencias entre las poblaciones de linfocitos de los compartimentos nasales,
NALT y pasajes nasales (NP) no estan bien establecidos, por lo que el propoésito de
este estudio contribuye a su caracterizacion. Se distinguieron claramente dos
poblaciones de células B220+hi and B220+low en NP. Estas dos poblaciones
fueron CD19+ pero so6lo una fraccién de B220low fue CD138+. En ambos tejidos
se encontrd: mayor células B que T, méas células CD4+ que CD8+, una pequefia
fraccion de células NK (CD3-DX5) y una gran cantidad de células T CD4-CD8-
CD3+DX5-. Como era de esperarse en un sitio efector, los NP tuvieron
proporciones mayores de células B220+, T CD4+ y T CD8+ que expresaron CD25
y CD69 en comparacion con el NALT. La proporcion de células T que
espontaneamente producen I1-2, IFN-y e IL-4 fue mas alta en NP que en el NALT.
Estos datos indican que existen diferencias fenotipicas y funcionales en las
poblaciones de linfocitos que residen en el NALT y NP. CrylAc es un potente
inmunodgeno y adyuvante de mucosas. Por la via intranasal CrylAc protege contra
la infeccidn de Naegleria fowleri, pero sus efectos sobre los linfocitos del NALT y
NP no han sido determinados. La inmunizacion i.n. con CrylAc: i) incremento la
proporcion de linfocitos que expresan los marcadores de activacion CD25 y CD69
en ambos tejidos nasales; ii) aumentd la proporcion de células T que
espontaneamente producen IL-4, IL-5 e IL-10, y el efecto fue mayor en NP que en
el NALT; iii) indujo respuestas especificas de celulas IgA e 1gG en NP; vy iv)
modifico la expresion de los receptores de homing en las células T y B y de las
moléculas de adhesion del NALT. Estos datos contribuyen a explicar la potente
inmunogenicidad de CrylAc administrada por la via i.n., ademas de sustentar que
CrylAc es una herramienta valiosa para caracterizar la induccién de las respuestas

inmunes.
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Abstract.

The differences among lymphocyte populations of the nasal compartments NALT
and nasal passages (NP) have not been clearly established, so here we contributed
to their characterization. Two populations of B cells, B220+" and B220+"" were
clearly distinguished only in NP. Both ™ and " B220" cells were CD19+, but only
a fraction of B220"" were CD138+. In both nasal compartments were found: more
B than T cells, more CD4+ than CD8" T cells, a small fraction of NK cells (CD3"
DX5") and a great amount of CD4'CD8CD3'DX5 T cells. As expected for a
mucosal effector site, NP contained major proportions of B220+, T CD4+ and T
CD8+ cells expressing CD25 and CD69 in comparison to NALT. Likewise, the
proportion of T cells spontaneously producing IL-2, IFN-y and IL-4, was higher in
NP than in NALT. These data indicate that distinctive phenotypic and functional
features exist in the lymphocyte populations residing at NALT and NP.

CrylAc is a potent mucosal immunogen and adjuvant. Via intranasal (i.n.) route
CrylAc improves vaccination against Naegleria fowleri infection, but their effects
on nasal lymphocytes from NALT and NP have not been determined. Here we
found that i.n. immunization with CrylAc i) increased the proportion lymphocytes
expressing the activation markers CD25 and CD69 in both nasal tissues; ii)
Increased the proportion of T cells spontaneously producing IL-4, IL-5 and IL-10,
and the effect was higher in NP than in NALT; iii) Induced significant specific IgA
and 1gG cell responses, especially in NP; and iv) Modifies the expression of
homing receptors on T and B cells and endothelial adhesion molecules on NALT.
These data contribute to explain the potent immunogenicity of CrylAc via i.n.
route, in addition they sustain that CrylAc is a valuable tool to characterize the

induction of nasal immune responses.
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Introduccion.

El sistema inmune comun de mucosas

El sistema inmunitario de las mucosas estd compuesto de los tejidos linfoides
vinculados con las superficies mucosas de los aparatos digestivo, respiratorio y
urogenital. Las superficies mucosas constituyen la ruta de entrada de la mayoria de
los agentes infecciosos. Por lo tanto, este sistema ha evolucionado dentro de un
ambiente antigénico muy diferente del existente en el interior del cuerpo y por tal
motivo, presenta varias caracteristicas que lo diferencian del sistema linfoide
sistémico.

El sistema inmune comdn de mucosas se divide en sitios inductores, donde el
antigeno se capta, endocita, procesa y se presenta a los linfocitos T y B, mientras
que en los sitios efectores se lleva a cabo la respuesta inmune (1).

En cuanto a su organizacion el sistema inmune asociado a mucosas puede dividirse
en tres compartimentos: 1) linfocitos intraepiteliales (IEL), 2) tejido linfoide difuso
(lamina propia, LP) y agregados linfoides organizados como las placas de Peyer
(PP). Se piensa que la induccién de la inmunidad en las superficies mucosas ocurre
en los agregados especializados de tejido linfoide denominados colectivamente
como tejido linfoide asociado a las mucosas (MALT), formado principalmente en
el: a) tracto respiratorio por el tejido linfoide asociado a los bronquios (BALT) y a
la nasofaringe (NALT), por ejemplo, amigdala palatinal, lingual y nasofaringe; b)
en el tracto gastrointestinal por el tejido linfoide asociado al intestino (GALT), por
ejemplo, las PP, apéndice, nodulos linfaticos mesentéricos, nddulos linfoides

aislados y linfocitos intraepiteliales (1).
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Tejido linfoide asociado a la nariz (NALT).

Como se menciono, el MALT en el tracto respiratorio no se restringe a los
pulmones. Desde la boca y nariz se pueden observar varios grupos de células
inmunocompetentes. En los humanos, las amigdalas son el tejido linfoide mas
conspicuo de la naso y orofaringe. En roedores se ha identificado un tejido linfoide
asociado a la nasofaringe (2), que representa los tejidos linfoides orofaringeos de
las vias respiratorias altas, que se denomina NALT Yy se considera analoga al anillo
de Waldeyer en los humanos (3, 4) (Fig. 1.1).

NALT
ANILLO DE WALDEYER
VISTA VISTA
ANTERIOR POSTERIOR
i el Amigdala
g v \i‘ ~z faringea
Amigdala faringea 5 5 y 4
Amigdalas palatinas .- b )
7 ]/ {  Amigdalas
VA (. 7 alatinas
Amigdalas linguales” " S . ;
sy @ -~ Amigdalas

linguales
(en la raiz de la lengua)

Fig. 1.1. En roedores se ha identificado un tejido linfoide asociado a la nasofaringe, se denomina NALT y
representa los tejidos linfoides orofaringeos de las vias respiratorias altas. Esta estructura se considera analoga al
anillo de Waldeyer en los humanos (anillo de tejido linfoide, que comprende las amigdalas linguales las
amigdalas palatinas, y amigdalas nasofaringeas, también llamadas adenoides).

El tejido linfoide asociado a la nariz (NALT) es un érgano que esta situado en el
piso de la cavidad nasal justo a la entrada del ducto nasofaringeo. Al igual que el
BALT y las PP, el NALT esta inmediatamente debajo del epitelio, en este caso el
nasal. El epitelio del NALT consiste en un gran numero de células ciliadas, pocas

celulas caliciformes y numerosas células M. Las células M se presentan solas o en
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grupos y microscépicamente son idénticas a las que se presentan en PP y BALT
(5). El epitelio anterior al NALT esta infiltrado principalmente con linfocitos T,
donde la mayoria pertenecen a los cooperadores. Ocasionalmente se encuentran
células dendriticas (DC).

El NALT estd compuesto por una red reticular poco definida, donde los linfocitos,
macrofagos y DC estan presentes. Los linfocitos estdn organizados en areas
foliculares (area de células B) e interfoliculares (area de células T). Existen vasos
linfaticos y sanguineos. La mayoria de los vasos linfaticos estan en la base de las
areas de células B y T. Se presentan numerosas vénulas endoteliales altas (HEV)
estan presentes en el area de células T (5).

Aungue el NALT no debe ser el Unico sitio que contribuye significativamente a la
estimulacion de los precursores mucosos efectores de las vias aéreas, su
importancia se debe probablemente a su proximidad a la lamina propia nasal, lo
que fortalece la idea de que esta estructura Unica es un tejido importante para
estudiar procesos inmunoldgicos con antigenos introducidos por via intranasal (6).
A pesar de su importante funcion desde el punto de vista inmunolégico de esta
mucosa, poco se sabe sobre el sistema inmune nasal. Tanto el fenotipo como las
funciones de las diferentes poblaciones de linfocitos nasales ain no estan bien
caracterizadas. Por lo que es importante la generacidon de conocimiento sobre este
tejido para comprender la respuesta inmune bajo condiciones normales o
patologicas (por ejemplo, la resistencia y susceptibilidad a infecciones, alergias,
anergia y autoinmunidad) asi como para el disefio de nuevas inmunoterapias y/o
intervenciones profilacticas.

Por otra parte, pocos estudios se han dedicado a la caracterizacion de la poblacion
de linfocitos localizada en el tejido difuso alrededor del NALT, que se ha
denominado como linfocitos de los pasajes nasales (NP). Los NP incluyen el tracto

nasal y varias partes de la nariz tales como los cornetes nasales, tabique y paredes
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laterales, ademas de linfocitos de estructuras linfoides menos organizadas a lo largo
del ducto lagrimal, 1amina propia y el epitelio nasal (7).

El NALT y los NP se consideran como sitio inductor y efector respectivamente, a
pesar de que las diferencias fenotipicas y funcionales de las poblaciones
linfocitarias entre estos compartimentos nasales no estan establecidas claramente.
La inmunizacion intranasal es muy eficiente para inducir respuestas inmunes
humorales y celulares en la mucosa respiratoria y en sitios mucosos distantes tales
como el tracto genital y el intestino (8-15). También se ha demostrado que esta ruta
de inmunizacion es mas efectiva que la oral y la vaginal para inducir respuestas
generalizadas a nivel de mucosas y sistémicas (16-20), ademas de requerir una
menor cantidad de inmundgenos (13).

Se considera que el NALT es un tejido importante para la generacion de la
inmunidad mucosal hacia antigenos inhalados, capaces de diseminar células
efectoras a sitios mucosales distintos.

Por tal motivo, se considera que una mayor comprensién de las diferencias
fenotipicas y funcionales entre los sitios inductores del NALT y de los sitios
efectores, como los pasajes nasales podria facilitar el desarrollo de vacunas nasales.
Aungue la inmunizacion intranasal puede lograr la induccién de respuestas
inmunes antigeno especificas a nivel local y sistémico, ademas de conferir
inmunidad protectora, generalmente se requiere emplear alguna estrategia para
incrementar las respuestas en mucosas, como el uso de diversos sistemas de entrega

de antigeno o el uso de adyuvantes.
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Adyuvantes en mucosas.

Existen pocos adyuvantes de la inmunidad de mucosas (21). Las toxinas de célera
(CT) (22, 23) y la termolabil de Escherichia coli (LT) (24) tienen efectos
adyuvantes cuando se coadministran o se conjugan con proteinas solubles que por
si solas no son inmunogénicas para las mucosas (25). Sin embargo, la aplicacion de
estas toxinas en humanos no es conveniente por su toxicidad y alto costo de
produccion. Las formas mutantes no toxicas de LT y CT que mantienen
parcialmente la adyuvanticidad también son excesivamente costosas (25-28). En
estudios previos, hemos reportado que la inmunogenicidad y adyuvanticidad de
CrylAc recombinante tanto a nivel sistémico como de mucosas son tan potentes
como las de la toxina del célera. La administracion oral e intraperitoneal intranasal
y rectal de la protoxina CrylAc induce altas respuestas de anticuerpos a nivel
intestinal y sistémico (29-35). CrylAc incrementa la inmunidad protectora hacia la
meningoencefalitis experimental, por Naegleria fowleri en raton, una enfermedad
infecciosa aguda fatal iniciada en la mucosa nasal, CrylAc increment6 al 100% la
sobrevivencia en ratones retados con una dosis letal de amibas, mientras que los
lisados amibianos indujeron hasta un 60% de proteccion. Interesantemente la
administracion intranasal de CrylAc sola también tuvo efectos protectores contra la
infeccion por N. fowleri ya que incrementd los niveles de sobrevivencia de manera
similar a la inmunizacién con lisados amibianos solos (60%) (32). Estos resultados
indican que CrylAc podria ser una herramienta Util para mejorar las vacunas

mucosas.

Por lo tanto consideramos importante caracterizar los efectos de la inmunizacion

intranasal con CrylAc en las poblaciones de linfocitos nasales.
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Este trabajo estd estructurado en cuatro capitulos. El capitulo I, comprende una
introduccién general. El capitulo Il, se refiere a las diferencias fenotipicas y
funcionales de las poblaciones de linfocitos tanto del NALT como de los NP, en
ratones normales BALB/c. En el capitulo Ill, se analiza el efecto de la
inmunizacion intranasal con la protoxina CrylAc en las poblaciones linfocitarias de
ambos tejidos nasales. Por ultimo, el capitulo IV, trata sobre la caracterizacion del
efecto de la inmunizacion intranasal con la protoxina CrylAc en la expresion de
receptores de homing en linfocitos del NALT y NP, y sobre el analisis de la

expresion de moléculas de adhesion endotelial en NALT.
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Objetivos.

1) Caracterizar las diferencias fenotipicas y funcionales de las poblaciones de
linfocitos tanto del NALT como de los NP, en ratones normales BALB/c.

a. Establecer los porcentajes de las poblaciones de linfocitos B220+, CD4+
y CD8+ del NALT y NP, mediante citometria de flujo.

b. Determinar el porcentaje de expresion de los marcadores de activacién en
la superficie de linfocitos B220+, CD4+ y CD8+ del NALT y NP,
mediante citometria de flujo.

c. Determinar el porcentaje de expresion intracelular de IL-2, IL-4, IL-5, IL-
10, IFN-y y TNF-a de los linfocitos T CD3+ del NALT y NP, mediante
citometria de flujo.

2) Caracterizar el efecto de la inmunizacion intranasal con la protoxina CrylAc en
las poblaciones de linfocitos tanto del NALT como de los NP, en ratones
BALB/c.

a. Establecer los porcentajes de las poblaciones de linfocitos B220+, CD4+
y CD8+ del NALT y NP de ratones inmunizados por la via intranasal con
CrylAc, mediante citometria de flujo.

b. Determinar el porcentaje de expresion de los marcadores de activacion en
la superficie de linfocitos B220+, CD4+ y CD8+ del NALT y NP de
ratones inmunizados por la via intranasal con CrylAc, mediante
citometria de flujo.

c. Determinar el porcentaje de expresion intracelular de IL-2, IL-4, IL-5, IL-
10, IFN-y y TNF-a de los linfocitos T CD3+ del NALT y NP de ratones
inmunizados por la via intranasal con CrylAc, mediante citometria de

flujo.
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3) Caracterizacion fenotipica de los linfocitos del NALT y NP, en cuanto a la
expresion de receptores de homing y moléculas de adhesion, asi como el efecto
de la inmunizacién intranasal con la protoxina CrylAc en la expresion de
dichas moléculas.

a. Establecer el porcentaje de expresion de L-selectina y de las integrinas
adfB1, a4p7 y LFA-1 en la superficie de linfocitos B220+, CD4+ y CD8+
del NALT y NP de ratones control e inmunizados con CrylAc, mediante
citometria de flujo.

b. Determinar la expresion de las moléculas de adhesion MAJCAM-1,
VCAM-1, ICAM-1y PNAd en el NALT mediante inmunohistoquimica.
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CAPITULO II

DIFERENCIAS FENOTIPICAS Y FUNCIONALES DE LINFOCITOS DEL
NALT Y NP DE RATON.
(PUBLICACION)
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Introduction

Abstract

Nasal-associated lymphoid rissue (NALT) and nasal passages (NP) are consid-
ered as inductive and effector sites, respectively. The differences among lym-
phocyte populations of these nasal compartments have not been clearly
established. The aim of this work was to contribute to the characterization of
NALT and NP lymphocytes in mice. We isolated lymphocytes from both
compartments, determined the frequencies of B220" cells as well as CDS8",
CD4" T cells; and analysed the expression of CD69 and CD25. Besides we
analysed the proportion of T cells producing IL-2, IL-4, IL-5, IL-10, IFN-y
and TNF-o. We found differences between NALT and NP. Two populations
of B cells, B220+"™ and B220+'"" were clearly distinguished only in NP, but
not in NALT. Both ™ and ' B220" cells expressed CD19, but only a fraction
of the B220+'""" population, expressed the plasma cell marker CD138". More
B than T lymphocytes, as well as higher frequencies of CD4" than CD8" T
cells were found in both compartments. A small fraction of NK cells
(CD3 DX57) along with a significant proportion of double negative
CD4 CD8 CD3'DX5 T cells was detected in both nasal tissues. Further-
more, as expected for a mucosal effector site, NP contained major proportions
of B220", T CD4" and T CDS8" cells expressing CD25 and CD69 in compar-
ison to NALT. Likewise, the proportion of T cells spontaneously producing
IL-2, IFN-y, and IL-4, was higher in NP than in NALT. These data provide
furcher evidence indicating that distinctive phenotypic and functional features
exist in the lymphocyte populations residing at NALT and NP.

critical to understand immune responsiveness under nor-
mal or pathologic conditions (e.g. resistance and suscepti-

The nasal mucosa, is an important site for host defense
against invading pathogens, as it is the first site of con-
tact with inhaled anrtigens [1]. In addition to its role in
the defense of the upper and lower respiratory tracts, the
the systemic
immune system and affects immune reactions at distanc

nasal lymphoid system cooperates with

mucosal sites, such as the urogenital tract and the gut
[2, 3]. Consequently, new vaccination strategies based on
nasal application have been designed and proven to be
effective procedures for induction of antigen specific
immunity in respiratory and reproductive tissues. How-
ever, despite its central role in mucosal immunity, little
is known about the nasal immune system. Indeed the
phenotype and functions of the different nasal lympho-
cyte populations are not fully characterized [4]. Thus the
generation of an adequate base of knowledge would be

276

bility to infection, allergy, anergy and autoimmunircy) as
well as for the design of new immune therapeutic and/or
prophylactic interventions.

The paired lymphoid cell aggregates of the rodent
upper respiratory tract, named nasal-associated lymphoid
tissue (NALT), have been recognized as the only well
organized mucosal-associated lymphoid tissue in the
upper respiratory rodents [l, 5-7], and is
believed to be the equivalent of the Waldeyer’s ring of
humans. NALT, is located at the floor of the nasal cavity
just underneath che ciliated respiratory epithelium and
consists of a reticular network filled with various types of
lymphoid and non-lymphoid cells. Several evidences sug-

tract  of

gest that NALT may has an important role in the induc-

tion of mucosal immune responses after nasal

immunization [8]; however relatively little attention has
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focused on the mechanisms involved in the induction and
expression of immune responses in the nasal mucosa.
Besides given the intensity of antigenic exposure at the
nasal mucosa, it is clear thar local T cell activation events
require strict concrol to mainrain rissue homeostasis.

Nasal-associated lymphoid rtissue seems rto be an
important site in lymphocyte recirculation as lympho-
cytes migrate back to NALT and cervical lymph nodes
(CLNs) in far greater number than cells from Peyer’s pat-
ches and, reciprocally, cells from the CLNs home more
successfully to NALT than to Peyer’s patches [1, 4, 5, 9].
Furthermore, lymphocyte homing to the NALT seems to
be mediated primarily through i-selectin (1-Sel)-periph-
eral node addressin (PNAd) interactions.

Few studies have characterized the lymphocyte popula-
tion located in the diffuse tissue around the NALT which
has been called nasal passages (NP) lymphocytes. The
nasal passages include nasal ctract and various parts of the
nose such as turbinates, septum and lateral walls and
include the lymphocytes from less organized lymphoid
structures along the lacrimal duct, lamina propria and
the nasal epithelium [1].

Nasal-associated lymphoid tissue and nasal passages
lymphocytes are considered as inductive and effector sites,
respectively. Despite only few works have systemartically
characterized NALT
lymphocytes. So the phenotypic and functional differ-

lymphocytes along with NP
ences in lymphocyte populations berween these mucosal
compartments have not been clearly established.

Thus the aim of this work was to contribute to the
phenotypic and functional description of the lymphocyte
populations of NALT and NP. We isolated lymphocytes
from both compartments from BALB/c mice, and using
flow cytometry we determined the frequencies of B220"
cells as well as those of CD8", CD4", on CD3" T cells;
in addition we analysed the expression of CDG6Y9 and
CD25 on these lymphocyte populations. Besides, we ana-
lysed the proportion of T cells producing IL-2, IL-4,
IL-5, IL-10, and IFN-y and TNF-a by intracellular cyto-
kine staining.

We found striking differences between the cell surface
phenotype of lymphocytes from NALT and NP. Furcher-
more, the proportion of activated lymphocytes as well as
the percentage of T cells spontaneously producing IL-2,
IFN-7p, and IL-4, were higher in NP than in NALT.
Altogether these data provide further evidence indicating
that distinctive phenotypic and functional features exist
in the lymphocyte populations residing at the different
nasal compartments.

Materials and methods

Animals, Male BALB/c mice used in this study were
6-8 week old; housed in filter-top cages and provided
sterile food and ad libitwm. All procedures with animals

© 2007 The Authors
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were carried out in accordance with institutionally
approved prorocols.

Isofation of NALT. Nasal-associated lymphoid tissue
and pooled NALT cell suspensions were prepared using a
dissection procedure. Blood was withdrawn by cardiac
puncture of ether anesthetized mice, then they were killed
by cervical dislocation and decapirared, and the lower jaw
and tongues were removed. After rinsing with ice-cold
sterile phosphate-buffered saline (PBS) to remove blood,
the heads were immobilized wicth pins on a wax dissection
slab to reveal the upper palate. Using a zoom stereo
microscope (total magnification: 63xX; Model SZ6045;
Olympus Melville, NY, USA), palates were excised as
[10] using a No. 11 scalpel blade (Lance Blades, Shetfield,
UK). After che incisions, palates were gripped behind the
incisor teeth with fine forceps and gently pulled toward
the molar teeth while using the scalpel to gently release
tissue between the palates, jawbones, and nasal seprum.
Palates were placed immediately into a 24-mm Pecri dish
containing 3.0 ml of ice-cold RPMI-1640 medium sup-
plemented with 5% heat-inactivated fetal bovine serum,
1% penicillin-screptomycin, 1% L-glucamine at pH 7.4,
(Sigma Chemical Co., St Louis, MO, USA) and the NALT
(visible under low angle illumination) was teased gently
into the medium to release cells. NALT cell suspensions
from individual animals were pooled and cells were
washed twice with RPMI-1640 medium by centrifuga-
ton (500 g for 10 min ac 4 °C) and resuspended in
RPMI-1640 medium.

Nasal  passage  lymphocyte  preparvation. Nasal
lymphocytes were prepared from the portion of the nasal
cavity remaining after isolation of the NALT (nasal tur-

passage

binates, septum and lateral walls). In order to avoid the
contamination with circulating blood lymphocytes, the
components of the isolated nose were placed in a Petri
dish and rinsed thoroughly with RPMI-1640 medium
thereafter they cut up into small pieces and rinsed again
twice with RPMI medium. The pieces of nasal tissue
were transferred into a 15 ml conical cencrifuge tube con-
taining 3 ml of RPMI-1640 with 440 U/ml of type IV
collagenase (Sigma Chemical Co.), and incubated horizon-
tally at 37 °C for 30 min in a shaker incubator at
180 rpm/min. After incubation, the released cells were
centrifuged 10 min at 500 g and washed with RPMI-
1640 medium. Then cells were suspended in 4 ml of
40% Percoll (Pharmacia Fine Chemicals, Piscataway, NJ,
USA) and overlaid onto 4 ml of 70% Percoll. Discon-
tinuous 40%/70% Percoll gradients were centrifuged at
600 g for 25 min at room temperature. Nasal lymphoid
cells from the interface were collected, washed and resus-
pended in complete RPMI medium supplemented with
1% FCS and prepared directly for staining with monoclo-
nal antibodies (mAb).

Flow cytomerry. All the phenotypic assays of NALT
and NP were performed in parallel. Pooled NALT and

Journal compilation © 2007 Blackwell Publishing Led. Scandinavian Journal of Inmnnology 65, 276-288



278 Differences between Lymphocytes from NALT and NP

NP cells from seven untreated mice isolated as des-
cribed above were suspended in 0.5% bovine serum
albumin (BSA) that had been dissolved in PBS at a
concentration of 10° cells/ml followed by incubartion ac
room temperature in the dark wich 10 pl of properly
diluted mAb for 30 min. Cells were washed with 0.5%
BSA-PBS, suspended in 400 gl of 1% p-formaldehyde
in PBS and stored in the dark at 4 °C until analysed.
The surface phenotype of cells was analysed using anti-
mouse mAb (Becton Dickinson Technologies, Gaithers-
burg, MD, USA) purchased from PharMingen (San
Diego, CA, USA). The mAb used in this study inclu-
ded anti-CD45R/B220° phycoerythrin (PE) (RA3-6B2),
anti-CD3" fluorescein isothiocyanate (FITC) (molecular
complex 17A2), anti-CD3 " peridinin chlorophyll protein
(PerCP) (CD3& chain) (145-2C11), anti-CD4" FITC
(L3T4) (6K1.5), and anti-CD8a” PE (Ly-2) (53-6.7).
For further analysis of B220" cells we used the mAb
anti-CD19 (PE), Biotin anti-CD138 (Syndecan-1) (281—
2) and R-(PE)-conjugated Streptoavidin. For analysis of
NK cells, we used anri-Pan-NK cells (DX5) (FITC) and
anti CD4 (APS) for four colour analysis of DX5 expres-
sion on DN CD4 CD8 CD3" cells. For analysis of acti-
vation marker expression the mAb used were anti-CD25
(FITC) (IL-2Ro chain, p55) (7D4), ant-CD25 (PE)
(IL-2Ra chain, p55) (7D4), anti-CD69 (FITC) (very
early activacion antigen) (H1.2F3) and anti-CDG69 (PE)
(H1.2F3). To perform flow cytometric analyses relative
fluorescence intensities were measured using a FACSCal-
ibur cytometer (Becton Dickinson, San Jose, CA, USA)
and BD Cell Quest Pro v.5.1.1 software (Becton Dick-
inson). For each phenotypic characteristic data were col-
lecced for 20,000 events. Lymphocyte phenotypes were
determined by two, three or four-colour or immunofluo-
rescence. The percentage of cells labelled with each
mAb was calculated in comparison with cells stained
with isotype control antibody. B and T-cells were ana-
lysed within a lymphocyte gate defined by forward and
side light scatter. Equivalent gates were used in analyses
of cells derived from NALT and NP tissues for compar-
ison. Background staining was controlled by labelled
isotype controls (Pharmingen) and never exceeded 1.0%
of cells. The results represent the percentage of posi-
tively stained cells in the total cell population exceeding
the background staining signal. Each analysis was per-
formed at least three times for verification, and the data
represent the mean = standard deviation from chree to
five experiments using cells of a given tissue from seven
mice.

Detection of intracellular cytokines: 1L-2, IFN-7y, IL-4, IL-5,
IL-10 and TNF-o. The production of cytokines was
measured through intracellular staining. Briefly, capped
polystyrene Falcon tubes (Becton Dickinson) were used to
incubate (1 x 10° cells) lymphocytes of the NALT and
NP with 25 ng/ml phorbol myristate acetate (PMA)
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(Sigma), 1 ug/ml ionomycin (Sigma) and 10 pg/ml
Brefeldin A (BFA) (positive control) or BFA only, for 4 h
at 37 °C and 5% CO..
markers, anti-CD3 PerCP, were added to aliquors of rhe

Antibodies to cell surface

stimulated and non-stimulated lymphocytes and then
incubated 30 min at 4 °C in the dark. After incubation,
the cells were then centrifuged for 5 min at 3000 g and
supernatants were aspirated without disturbing the pellets.
FACS permeabilizing solution (Becton Dickinson) was
added to the pellets and incubated for 10 min ar room
temperature in the dark, cell suspensions were then washed
with PBS containing 0.1% BSA and 0.01% sodium azide
(PBA), and centrifuged for 5 min at 500 g, the superna-
tants were removed. The following anti-cytokine mono-
clonal antibodies used in this study For intracellular
staining were rat anti-mouse anti-IL4 (PE), anti-ILS (PE),
anti-IL-10 (PE), anti-TNF-alpha (PE), anti-IL2 receptor
(f receptor) (FITC) and anti-IEN-y (FITC) (Becton
Dickinson Technologies) purchased from PharMingen (San
Diego, CA). mAb were added to the pellets and cell sus-
pensions were incubared at 4 °C for 30 min in the dark.
The samples were washed with PBA and fixed with PBS
containing 1% p-formaldehyde. Intracellular cytokine in T
cells were characterized using a FACSCalibur cytometer
(Becton Dickinson) and BD Cell Quest Pro software
v.5.1.1 (Becton Dickinson). A minimum of 20,000 cells
were analysed.

Statistical analysis. The statistical analysis was per-
formed using Mann—Whitney U-test, taking P < 0.05 as
significant.

Results

Characterization of NALT and NP lymphocytes

Lymphocytes from isolated NALT were obtained as des-
cribed above. The number of lymphocytes recovered from
isolated NALT BALB/¢ was 7.2
(= 0.7) % 10° cells for a single mouse. In contrast, the
number of cells recovered from nasal passages after NALT
removal and following Percoll density gradient separation

of normal mice

was higher 1.4 (= 0.5) X 10° cells per mice. The pheno-
type of NALT and NP lymphocytes analysed by flow
cytometry is shown in Fig. 1.

In both NALT and NP B cells were more abundant
than T cells. But whereas the percentage of B cells was
not notably different between these nasal compartments,
a notably differential characteristic in the expression
B220" was observed, as two populations of B cells,
B220+" and B220+'"" were clearly distinguished only in
NP; while NALT contained only B220™" cells (Fig. 1).
The percentage of B cells was slightly higher in NP than
in NALT, since little more than half (55%) of the
lymphocytes in NALT were B220" and rthis population
represented 47% of the lymphocytes in NP. In contrast,
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Figure 1 Lymphocyte composition of nasal- CDS:
associated lymphoid tissue (NALT) and nasal
passages (NP). NALT and NP lymphocytes
were isolated from normal BALB/c mice. Sin-
gle cell suspensions (1 X 1()(’/:sample) were
stained with fluorochrome-labelled mAbs and
analysed by flow cytometry. Plots shown are
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Table 1 Surface phenotype of freshly isolated lymphocytes from nasal-
associated lymphoid tissue (NALT) and nasal passages (NP).

NALT NP
Cell markers % Rartio % Ratio
B220" 472+ 29 55.2 + 1.48
CD3" 37.6 £ 2.1 17.6 = 4.45
B2207/CD3"
B2207CD3™ 15.2 + 3.56 1.3 27.2 £ 5.72 3.1
cD4" 48.0 + 2.0 49.0 + 3.54
CDS”" 11.0 = 3.2 7.6 + 241
CD4"/CDS"
CD4 CD8 CD3" 41 + 4.24 4.4 43.4 + 4.83 6.4

Lymphocytes isolated from NALT and NP of normal BALB/c mice were
stained with fluorochrome-labelled mAbs and analysed by flow cytome-
try. Data represent the mean percentage of expression = standard devi-
ation from five independent experiments using pooled cells of a given
tissue from seven mice. Values of CD4 and CD8 expression indicate the

percentages of gated CD3” cells within the lymphocyte gate.

the proportion of T cells in NALT and NP was markedly
different (Table 1). Since NALT contained a much higher
percentage of T CD3" cells than NP (37% versus 17%
respectively). As a resulc the B/T cell ratios were higher
in NP chan in NALT (3.1 versus 1.3 B/T ratios respect-
ively).

© 2007 The Authors

Besides in both nasal tissues was detected a population
of cells that did not express nor B220" either CD3", but
whose size and granularity corresponded to that shown
by lymphocytes. The proportion of this population was
lower in NALT than NP (15% and 27% respectively)
(Fig. 1, Table 1).

On the other hand a similar proportion of CD4" cells,
which represented almost a half of total T CD3" cells,
were found in both NALT and NP (48% and 49%
respectively) (Table 1). Even so, the percentage of CD8"
NP NALT,
consequently the CD4"/CD8" ratio was higher in NP
than in NALT (6.4 versus 4.4 respectively). In addi-
tion, we found that both NALT and NP contained a
significant proportion of double negative (CD4~, CD8")
T CD3" cells; this population was similar in NALT
and NP (41% versus 43% respectively) (Fig 1 Table 1).

cells was slightly lower in than in

Only a fraction within B220+ '°% CD19* B cells
predominantly found in NP express CD138

The finding of the two populations of B220° cells
among the NP cells were interesting, therefore in order
if both B220+" fow
belong to the B cell lineage, they were further charac-
terized by analysing the expression of CD19, CDI138

to determine and populations
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and IgA. We found that the majority of either ™ or

B220" cells expressed CD19 indicating that they are B
cells (Fig. 2). Whereas a fraction (representing about
15% of B220" cells) within the B220+'Y population,
which was observed only in NP, expressed the plasma
cell marker CDI138, it was not detected within the
B220 ™ populations nor in NALT neither in NP.
Despite IgA+ cells recorded after intracellular staining
did not represent clearly defined populations, their pro-
portions were higher in NP than in NALT. Altogether
these data indicate that a fraction of cells within the
B220+'°Y population, which was predominant in NP
but undetected
plasma cells, which as expected are more abundant in

NP than in NALT.

in NALT, seems to correspond to

Low numbers of NK cells (DX5*) are detected in NALT and
NP but DN CD3* cells do not express DX5

Given that we detected in both nasal tissues relatively
high numbers of double negative CD4 CD8 CD3" cells
as well as a considerable proportion of cells that were
negative for B220, and CD3, we analysed DX5 expres-
sion in these populations to determine if some of them
could be either NKT or NK cells. We used the pan-NK
cell marker DX5 mADb, which recognize CD49b (very
late Ag-2, 2 integrin), because it stains NK cells from

CD138+

IgA+ intracellular
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Figure 2 Flow cytometric analysis of the
expression of CD19, CD138 and intracellular
IgA in B220" cells, in nasal-associated lym-
phoid tissue (NALT) and nasal passages (NP)
lymphocytes isolated from normal BALB/c
mice. The representative plots shown were
gated on B220" cells within lymphocyte
gate. Numbers represent the mean percentage
values of expression from three independent
B220"  cells
expressed CD19, while only a fraction within

experiments.  Almost  all

the predominant B220"* population found
in NP expressed CD138.

all mouse strains examined and can also be used to define
functionally distinct subsets of NK cells [11]. Despite
the DN CD4 CD8 CD3" cells do not appear to be
NKT cells as they did not express the NK surface marker
DXS5S, both NALT and NP contained a similar small frac-
tion of NK cells CD3 " DX5" (Fig. 3)

Flow cytometric analysis of activation marker expression on
NALT and NP lymphocytes

As NALT and nasal passages are considered as inductive
and effector mucosal sites respectively, we thought that it
was important to examine whether there were differences
in the number of lymphocytes expressing activation
markers at both nasal sites. So we analysed by flow
cytometry in lymphocytes isolated from NALT and NP,
the proportion of B220", T CD4", and T CD8" lympho-
cytes expressing the activation markers CD25" and
CDG69".

The data shown in Fig. 4 indicate the mean percent-
age values of B220", CD4" and CD8" cells expressing
either CD25" or CDG9" in the total lymphocyte popula-
tion of NALT and NP. While the mean percentage val-
ues indicating the frequency of either, CD25" or CDG69"
cells, shown in Table 2 were calculated individually for
each gated lymphocyte population expressing the corres-
ponding surface marker (CD4", CD8" or B220").

© 2007 The Authors
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Figure 3 Expression of the NK cell marker
DX5 in total lymphocytes and in CD3”

DNCD4-CDS8- cells from nasal-associated (B)
lymphoid tissue (NALT) and nasal passages
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where can be appreciated that both NALT
and NP contain a small proportion of NK
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expression on gated CD3" DNCD4-CDS-
cells; illustrating that they did not express

this NK cell marker.
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Figure 4 Flow cytometric analysis of activa-

tion marker expression on nasal-associated

lymphoid tissue (NALT) and nasal passages

(NP) lymphocytes. The frequency of B2207,
CD4* and CD8™ cells expressing either
CD25" or CD6Y9" was determined within the
NALT and NP lymphocyte population isola-
ted from normal BALB/c mice. Cells were
stained with fluorochrome conjugated mAbs

and analysed by flow cytometry. Dotplots

shown are from representative experiments.
Numbers represent the mean percentage val-
ues of expression of five independent experi-
ments (using pooled cells of six mice per
each tissue). The values were calculated for

the entire population within lymphocyre

gate.

CD25

As expected for an effector mucosal site we found that
NP contained higher numbers of B220", T CD4" and
T CDS8" cells expressing CD25" than NALT. The

© 2007 The Authors

percentages of B cells expressing CD25 recorded in NP
were thrice higher rchan rthose recorded in NALT
(25.5 + 1.17 versus 8.2 = 2.28 respectively)(Table 2).
Indeed in NP B cells comprise the lymphocyte popula-
tion which registered the highest percentages of CD25
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Table 2 Activation marker expression on NALT and NP lymphocytes
from BALB/c male mice.

% of activation marker

expression

Lymphocytes Tissue CD25 CD69
CD4” NALT 20.5 = 251 29.8 = 3.11
NP 38.4 + 3.4 38.3 + 3.31
CDS8" NALT 11.5 + 1.53 17.1 + 2.67
NP 58.8 + 2.17 64.4 = 0.96
B220° NALT 8.2+ 2.28 2.3 = 094
NP 255 = 1.17 129 = 3.14

Percentage of expression of activation markers CD25 and CDG69 on
gated CD47, CD8" and B220" lymphocytes of NALT and NP from
normal BALB/c mice. Numbers represent the mean percentage of
expression + SD of five independent experiments (using pooled cells of
six mice per each tissue). The mean percentage values indicating the fre-
quency of either, CD25" or CD69" cells, were calculated individually
for each gated lymphocyte population expressing the corresponding sur-
face marker (CD4", CD8" or B220").

expression (17%) (Fig. 4). Likewise the proportion of T
CD4" cells expressing CD25" in NP doubled that found
in NALT, as its expression was detected in 38.4% of T
CD4" lymphocytes in NP wversus 20.5% in NALT.
Finally, although T CD8" expressing CD25" cells repre-
sented a minor lymphocyte population in these nasal tis-
sues, its percentages detected in NP were five times
higher than in NALT (58.8 + 2.17 versus 11.5 + 1.53
respectively) (Table 2).

CD69

Sustaining that NP are effector sites, we found that they
contained higher proportions of activated T and B
lymphocytes expressing CD69” than NALT. T CD4~
cells were the lymphocyte population which registered
the highest percentages of CDG9 expression in both NP
and NALT (Fig. 4). The percentage of T CD4~ CD69"
cells was higher in NP than in NALT, alcthough this dif-
ference was not too accentuated (38.3 = 3.31 versus
29.8 + 3.11% respectively). In contrast NP contained
thrice higher percentages of T CD8" cells expressing
CDG69" in comparison with NALT (64.4 + 0.96 versus
17.1 + 2.67 respectively) (Table 2). Alcthough low num-
bers of B cells expressing CD69 were recorded in NP
(12.9 + 3.14%), these were six times higher in compar-
ison with those detected in NALT (2.3 + 0.94) (Fig. 4).

Proportion of cytokine producing T lymphocytes in NALT and
NP by intracellular cytokine detection

Although cytokine expression by lymphocytes from

murine NALT and NP has been examined in immunized
mice, in terms of protein secretion [12] and by RT-PCR
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[13], in normal unstimulated mice, it has only been
studied at the transcription level by RT-PCR analysis of
mRNA [13]. In present work we analysed by flow cytom-
etry the proportion of T cells spontancously producing
IL-2, IFN-y, IL-4, IL-5, IL-10 and TNF- in NALT and
NP lymphocytes (Fig. 5). Spontaneously cytokine produ-
cing T cells were detected in both nasal compartments.
Even so, higher proportions of T cells spontaneously pro-
ducing TL-4, and IL-10, were derected in NP chan in
NALT,; reinforcing the notion that NP is an effector site.
Despite the proportion of TNF-o producing T cells
detected in NP was very low (3.6%), it was higher to
that found in NALT, where its frequency was almost
insignificant (0.5%). Most spontaneously cytokine produ-
cing T cells recorded in NALT and NP, expressed a Th2
profile. 1L-4 producing T cells represented the cytokine
producing population which registered the highest per-
centages; its frequency in NP was one-third higher than
in NALT (14% versus 10% respectively). Likewise the
proportion of IL-10 producing cells in NP was more than

16

14,

- -
e _n

Percentage of intracellular
cytokine expression
(]

6
44
21
° 3553

Figure 5 Percentage of T CD3" cells producing intracellular cytokines
in nasal-associated lymphoid tissue (NALT) and nasal passages (NP)
lymphocytes from normal BALB/c mice. Cells isolated from NALT and
NP were culcured wich 10 mg/ml brefeldin A for 3 h and stained with
mADb anti CD3 PerCP. Thereafter intracellular cytokine staining was
performed using fluorochrome conjugated mAbs on fixed permeabilized
cells and analysed by Flow cytometry. Dara represent mean percent-
ages =+ SD of spontaneous cytokine producing CD3" cells, of five inde-
pendent experiments (using pooled cells of six mice per each tissue).
#indicates Significant differences (P < 0.05) in the percentage of CD3"
cells expressing the corresponding cytokine in NP in relation to NALT.
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twice higher than in NALT (139 versus 5% respect-
ively). Wich regard to IL-5 producing cells similar low
percentages were recorded in NALT and NP (around
5%). In contrast similar percentages of T cells spontane-
ously producing IL-2 and IFN-y were registered between
NALT and NP. Alchough the percentages of cells produ-
cing these cytokines at both nasal tissues were low, (less
than 2.5% for IL-2 and not more than 0.5% for IFN-y),
these data indicate that at least a small number of nasal
T cells produce Thl cytokines.

Discussion

The mucosal immune system can be divided into induct-
ive and effector compartments. The NALT is a typical
inductive region, and the nasal passages are considered as
effector sites. However, the phenotype and functions of
the different cellular subpopulations residing at these
nasal compartments are not fully characterized.

Present study provides additional knowledge regard-
ing the phenotypic and functional differential properties
between NALT and NP lymphocytes. In agreement with
the assercion chat nasal passages are effector sices, the data
achieved, show that NP contain major proportions of
activated lymphocytes and cytokine producing T cells
than the NALT, the well defined inductive site. Besides
we show evidence indicating that distinctive phenotypic
characterisctics exist bertween NALT and nasal passages on
their B and T lymphocyte proportions. The new informa-
tion presented here is important, as it is necessary to have
a thorough understanding of the unique molecular and
cellular propercies of the nasal immune system for the
development of successful nasal vaccines.

Regarding the phenotypic features of nasal lympho-
cytes, two main differences were found between NALT
and NP. First, although the percentage of B2207 cells
was similar at both nasal compartments, (approximately
50% of total lymphocytes), a notably distinctive charac-
teristic in the expression B220" was observed, as two
populations of B cells, B220+" and B220+"Y were
clearly distinguished only in NP, while NALT contained
only B220™™ cells.

In order to determine che nature, of the two popula-
tions B220" found in NP they were further characterized,
because alchough CD45R/B220 is commonly used as a
pan-B cell marker in the mouse, not all B220" cells
belong to the B cell lineage. For example murine plasma-
cytoid dendritic cells which represent a unique DC subset
able to promptly release large amounts of type I inter-
feron (IFN-zf3) upon viral encounter also express
B220+'°Y [14]. Therefore we analysed CD19 expression
in B220" nasal populations since CD19 provides a more
lineage-restricted marker iw vivo, as it is a direct target
gene of the transcription factor pax-5, which is critical
for commitment to the B cell lineage [15]. In view of the

© 2007 The Aurhors
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fact thac almost all B220" derected in NALT and NP

low

also expressed CD19 we consider that both the B220+

i populations, belong to the B cell lineage and do

and
not seem to be plasmacytoid dendritic cells, because one
characteristic of the surface profile of plasmacytoid DC
(B220"CD19 CD11c+Gr-1.) is the absence of expression
of CD19. In the mouse, B-lineage cells express the high
molecular weight form of the common leucocyre antigen
CD45, termed B220, on their cell surface, which is
already present on the earliest identified CD43" pro-B
cells and expression is continued in pre-B, immature B
and mature B cells, and is only downregulated at the lace
plasma cell stage [16]. Therefore our data showing that

low

only a fraction of the B220+ population expressed
CD1387, while this plasma cell marker [17] was not
detected in B220+"E" populations, suggest that within
the B220+"" population, which was only found in NP,
are contained plasmablasts or plasma cells. B cells con-
taining IgA did not represent clearly defined populations,
although they were more abundant in NP than in NALT
and seemed to display low expression of B220. Alto-
gether these data indicate that only a fraction of the
B220+'™ population, which was predominant in NP but
undetected in NALT, seem to correspond to plasma cells,
which as expected are more abundant in the nasal effector
site NP chan in NALT.

The second distinctive phenotypic difference found
between NALT an NP was thart, although more B cells
than T cells were found in both nasal tissues, NALT
contained a much higher percentage of T CD3" cells
than NP (37% versus
both nasal tissues we detected a population of cells, that
did not express B220" neither CD3", but whose size
and granularity corresponded to that shown by lympho-
cytes, and represented about 20% of them. On the
other hand we found that in both NALT and NP, half
of the total T CD3" cells were CD4" while less chan
10% of T cells were CD8'. Hiroi e «/. [8] also have
found that the frequency of CD4" T cells was always
higher than the CD8" T cells in both NALT and NP.
However, in contrast, they recorded higher frequencies
of CD4™ T cells in NALT (75%) than in NP (50%);
and higher frequencies of CD8 cells in NP than in
NALT (30% versus 23% respectively). Although it is
important to consider that Hiroi e «/. [8] used in their
study C57BL/6 mice, while we used BALB/c mice, since
it has been observed that the proportions of B and T

17% respectively). Besides in

cells recorded in mice vary depending on the strain of
mice. For instance, coinciding with our results it has
been observed that B cells are the most abundant cell
population in NALT but the frequency recorded in dif-
ferent mice strains varies from 47 to 78%; likewise the
ratio of B:T diverges from 4 rto 1, where as the
CD4:CD8 ratio varies from 3 to 1.6 [18]. Other diver-
gences in the frequencies of B and T cells recorded by
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different researchers in NALT may also be atcributable
to species and sex differences.

We found that both NALT and NP contained a signi-
ficant proportion of double negative (CD4™, CD87) T
CD3" cells; this population represented approximately
40% of CD3" cells in both tissues and was more abun-
dant than the proportion of CD4" and CD8" cells. Atyp-
ical cells have been previously described in association
with NALT and NP, but at rather different proportions
to those recorded by us. Hiroi e al [8], reported in
CS7BL/6 mice that NP contained higher percentages of
CD4™ CD8™ DN T cells (approximately 20% of CD3" T
cells) than NALT (2%). Whereas Rharbaoui ¢t a/. [19]
found in female BALB/c mice chat a large fraction of
NALT cells (approximately 45% of the total cells) corres-
ponded to CD3VB220"VCD4 CDS8™ cells. Based on
their results they postulated that the immune responses
in NALT may be in part modulated by this unconven-
tional double-negative B220"" cell subpopulation, that
maintains a tolerogenic milieu by its proapoptotic status
and suppressive activity, which can be reverted through
stimulation of a TLR signalling cascade. The unconven-
tional B220'YCD3" T cell subpopulation detected by
Rharbaoui ez al. [19] partially resembles the phenotype of
the double negative T cells recorded by us in NALT an
NP, however we did not observed low expression of
B220 in this T subpopulation, as they did. On the other
hand in markedly contrast with our results and with
other reports [3, 10], Rharbaoui et «/ [19] found that
instead of B cells, the B220"°YCD3'"" subpopulation con-
stituted the majority of cells from NALT.

Whereas some of the CD4~ CD8 DN CD3" cells
registered by us in both NALT and NP might be related
with one of the various described populations of regula-
tory T cells, and thus may play an important role in the
regulation of the immune response to nasal antigens, we
consider that, another part may comprise naive cells with
potential to differentiate into either Thl or Th2 cells
upon antigenic stimulation.

In support to this notion, several different regulatory
cell populations have been identified, including (xfiTCR +
double-negative, DN CD4 CD8 NK1.1-) regulatory T
cells (Tregs) which are able to downregulate immune
responses /n vitro and in vivs, and thus might play a very
important role in controlling che development of autoim-
mune diseases, transplant rejection, malignancy, and
infectious diseases as has been demonstrated in general
for various regulatory T cells. [20, 21]. Based on the
expression of NK cell markers, DN T cells can be divi-
ded further into two subpopulations: NK'DN T cells
referred to as NKT cells and NK DN T cells referred to
as DN Tregs. Accordingly with this concept the DN T
cells detected by us in NALT and NP might be related
with DN T regs instead of with NKT cells as they did
not express the NK marker DX5), however, further
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analysis on these cells is required using additional NKT
cell surface markers to rule out that they did not belong
to any NKT cell population. Because although using anti
DX5 antibody we detected clearly in both NALT and
NP, a small proportion of CD3™ cells that appear to be
NK cells [11], it has been shown that NKT are pheno-
typically diverse as different subsets of NKT cells have
been identified which differ in their expression of a range
of cell surface molecules (V g 8, DX5, CD69, CD45RB,
Ly6C) [22] and are differentially distributed in a tissue-
specific fashion. For example DX5 is expressed only by
approximately one-third of DN NKT in spleen [23].

It has been recently shown that the development of
functional DN Tregs does not require the thymus [20].
Although currently, the specific location for the marur-
ation of DN Tregs remains unclear, studies have also
suggested that some DN T cell populations may develop
extrathymically in the appendix, female genital tract,
NALT, or the liver [19, 24-26]. Moreover, it has been
suggested that the non-regulatory DN T cell subsets
develops and matures through the thymus, whereas regu-
latory DN T cells may preferentially develop outside the
thymus [20]. However considering that further studies
are still needed to identify cellular markers to differenti-
ate between regulatory DN T cells and non-regulatory
DN T cells, along with the fact the numbers of DN T
cells found in NALT and NP were too high in compar-
ison with its proportion recorded in other sites, it is rea-
sonable to propose that not all of them serve regulatory
functions. In support to this belief the intranasal route is
perhaps the most effective for the induction mucosal and
systemic immune response [27, 28], indicating that
NALT must contains a vast population of naive cells. In
agreement it has been shown that the majority of B cells
in NALT were unswitched B cells and that helper T cells
were in relatively state  as they expressed
(CD45RB+hi) [13].

Much less information is available concerning the

naive

nasal immune system in comparison with the intestinal
immune system. NALT has been compared with other
mucosal secondary lymphoid tissues such as PP and
BALT as well as with cells found in mucosal intestinal
effector sites [13, 28]. NALT and PP share structural and
functional properties, although they should not be con-
sidered equivalent ctissues since they have substantial dif-
ferences that make to these mucosal-associated lymphoid
tissues, unique structures due to the particular adapta-
tions that their anatomically and environmentally distinct
locations have conferred them [10, 27]. For example
NALT and Peyer’s patches had been thought to have
and biological
tuncrions, as well as to contain the same type of resi-

similar immunological characteristics

dent  immunocompetent  cells.  However compared
with cells obrained from Peyer’s patches, NALT cells

contains a higher proportion of T cells, especially naive
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(CD45RB+hi) T-helper cells, and fewer surface (s)IgA+
cells [13]. In addition recent evidences indicate that the
tissue organogenesis and biological functions of NALT
and Peyer’s patches are different [27, 29]. Emphasizing
that more efforts should be aimed at elucidating the dis-
tinct cellular, molecular and functional characteristics of
the nasal immune system.

Evidence from several sources support the assertion
that secondary lymphoid organs contain mostly naive
lymphocytes whereas it has recently emerged that at
extralymphoid cissues reside effector as well as effector/
memory lymphocytes [30]. The activation of naive T
cells, with either specific Ag or polyclonal stimuli, resules
in the differential regulation of a series of cell adhesion/
activation molecules. Cells transiently upregulate a range
of activation markers, such as CD25 (IL-2R), CD40 lig-
and (CD40L)2, LFA-1, phagocytic glycoprotein-1
(CD44), and CDG69 [31, 32]. In contrast, CD45RB and
L-selectin (CDG2L) are chought to decrease on T cell acti-
vation [33-37].

Given the intensity of antigenic exposure, extremely
complex mechanisms are though to be operating at the
level of the nasal immune system to regulate highly spe-
cialized processes, such as immune reactivity and mucosal
tolerance. In view of the fact that NALT and NP are
considered inductive and effector sites respectively, it
would be predictable that their lymphocyte populations
should exhibit distinct levels of expression of activation
markers as well as different proportions of cytokine pro-
ducing cells.

As expected for an effector mucosal site we found that
nasal passages contained major proportions of B2207, T
CD4" and T CD8" cells expressing CD25" and CD69”
in comparison with NALT. It has recently became appar-
ent that memory T cells persist, not only in secondary
Ilymphoid organs but also in a variety of extralymphoid
peripheral tissues including the lungs [30, 38, 39], con-
sistent with the idea that peripheral memory T cells play
a major role in combating mucosal infections. Indeed it
has been recently shown that substantial numbers of
virus-specific CD4 and CD8 T cells can be recovered
from the lung airways more than 1 year after resolution
of either an influenza or Sendai virus infection [38, 40,
41]. These lung-derived T cells are distinct from lym-
phoid memory T cells in that they express markers char-
acteristic of highly activated T cells, including CD25 and
CD69 [38, 40] and some constitutive effector functions.
As they produce anriviral cyrokines and rapidly acquire
cytolytic activity in response to Ag similar to the effector
memory cells described by Sallusto er /. [42]. Thus it
has been speculated that these Ag-specific memory T
cells in the lung airways provide a first line of defense
against subsequent infection [43].

Despite we performed the characterization of NP
lymphocytes in untreated mice, and thus we did not

© 2007 The Authors
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evaluate any specific immune response, our results show-
ing that NP contains major proportions of lymphocytes
expressing the activation markers CD25 and CDG9, along
with more T cells producing cytokines in relation to
NALT, are in agreement with previous studies demon-
strating that lymphoid and extralymphoid memory T
cells are phenotypically and functionally different [30,
39].

Indeed analysis of surface Ags after Sendai virus infec-
tion have indicated that a large majority of the virus-spe-
cific CD4" T cells in the lung airways retained a highly
activated phenotype and expressed high levels of the
acute activation markers CD69 and CD25 on day 41
after infection [44]; chis was similar to the activated phe-
notype of virus-specific CD8 T cells in the lungs des-
cribed in earlier studies [40]. However, a notably
different pattern of surface Ags was detected on CD4 T
cells from che parenchymal rtissues of the lungs. Since
like the BAL cells, the tetramer-speciic CD4 T cells
from the lung parenchyma expressed CD69 and CD44 at
high levels, with reduced CDG2L and CD45RB expres-
sion. However, these cells were distinct from the BAL
cells in that CD25 was absent, and CD11a was expressed
at high levels as in the other tissues [44].

Likewise it has been showed that the majority of cyto-
kine-producing memory T cells, are enriched in extra-
lymphoid racher than in lymphoid sites. Despite cyrokine
expression of murine NALT and NP T lymphocytes had
been examined in immunized mice in terms of protein
secretion [11, 12], in untreated mice it has only been
studied at the transcription level using single cell reverse
transcription (RT)-PCR analysis [8], instead of measuring
the protein expression. In present work using intracellu-
lar cytokine staining and flow cytometry analysis we
detected spontaneously cytokine producing T cells in
both nasal compartments. In accordance wich Hiroi ef a/.
[8] we found that NP contained higher proportions of T
cells spontaneously producing cytokines in comparison
with NALT, as their frequencies of IL-4, IL-10, and
TNF-o producing cells were greater in NP. Most sponta-
neously cytokine producing T cells recorded in both
NALT and NP, express a Th2 profile; as higher percent-
ages of IL-4, IL-10 and IL-5 producing T cells were
registered in relation to the proportion of IL-2 and IFN-
7 producing cells. Following analysis of cytokine-specific
mRNA, Hiroi et a/. [8] also observed a higher frequency
of Th2 cell in NP. However, since mRNA for both IFN-
7+ and IL-6 was detected in 12% of che S0 T CD4" cells
assayed from NALT rthey concluded that this rissue was
composed of ThO and very few Th2 CD4" T cells (4%).
The differences in the cytokine profile reported by Hiroi
et al. [8] in NALT and NP with respect with the results
recorded by us, maybe due to the different mouse strain
used, since BALB/c is known to elicite Th2 biased
Alternatively, the

responses. discrepancy may be
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accributed  to  che distinct  methodological approach

employed. Because whereas rthey used a single-cell
RT-PCR assay to analyse at the transcription level IFN-7,
IL-4 and IL-6 cytokine-specific mRNA in isolated CD4"
cells, we analysed by flow cytometry the frequency of
cytokine producing cells in the entire CD3” lymphocyte
population. Besides it must be considered chat despite we
included in our analysis additional cytokines, such as
IL-2, IL-5, IL-10 and TNF-2, we did not analysed IL-6,
and thus we were not able to register the described ThO
population producing both IFN-y and IL-6.

Both Thl and Th2 cells develop from naive T cells
through the same T cell precursor (ThO) phase. ThO cells
can differentiate into Thl or Th2 cells, depending on the
identity of the administered antigens [27]. Accordingly
following intranasal immunization or infection polarized
Thl or Th2 or even mixed Thl/Th2 cell mediated
responses can be attained depending on the identity of
the nasally administered antigen [4, 27, 45]. For example
intranasal administration of recombinant Mpycobacteriun
bacillus  Calmette-Guérin  led to Thl cell-mediated
responses  [46].  Similarly, ovalbumin-specific
CD4" T-cell responses in the NALT, draining lymph
nodes, and spleen have been reported following infection

primary

with group A streptococcus expressing an ovalbumin epi-
tope on its cell surface [47]. In contrast, nasal delivery of
protein antigens, given together wicth cholera rtoxin,
enhances specific Th2 or mixed Th1/Th2 type responses
[12, 48, 49].

Despite we found higher numbers of T cells spontane-
ously expressing a Th2 than a Thl cytokine profile in
both NALT and NP cells, this not exclude the potential
of nasal compartment for the induction of Thl cell
responses. Since nasal T cell populations might also com-
prise naive T cells. Indeed we observed that the greater
part of T cells, were not spontaneously producing any
cytokine. Besides the majority of T cells found in both
NALT and NP appear to be DN T cells. Thus DN
CD37 cells may possibly include terminally differentiated
T regulatory lymphocytes in addition to cells with pre-
cursor potential for CD4" or CD8 T CD3" lympho-
cytes. Considering that the ability of the NALT to
respond eliciting either Thl or Th2 immune responses
seems to be dependent on antigen type and the presence
of mucosal adjuvants, then following stimulation wich
some microbial antigens, such as cerrain TLR ligands,
nasal DC and macrophages will produce IL-12 and thus
might promote that some naive T cells in NALT can
become Thl cells [45, 50]. However, it rest to be deter-
mined if DN CD4 CD8  CD3" cells which constituce
the predominant T cell population found in NALT and
NP display spontaneous cytokine production. Given that
it has been reported that cytokine production exhibited
by thymocyte subsets or CD3™ DN CD4 CDS8™ spleen T
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cells is discrete, although it is increased upon stimulation
[51].

Indeed it has been reported that upon stimulation,
murine DN CD4 CD8  CD3" TCR 7/é peripheral T
cells are able to proliferate and to produce IL2 and IFN-y
but not IL4, resembling conventional CD4" TH1 cells in
this regard [52]. Besides upon stimulation the cytokine
production profile of human aff TCR CD4 CDS8™ T cell
clones with anti-CD3 was predominantly ThO-like [53].
Moreover, it has been reported that 40-60% of the
CD3" cells infilerating the lung during the immune
response in mice were CD3" CD4~ CD8™ TcR-uff bear-
ing cells, which upon ConA stimulation, synthetized
mRNA for IL-2, IL-3, IL-4, IL-5, IL-6, IFN-y, TNF-x,
GM-CSF, and TGF beta [54]. In addition unconventional
DN TCRafi+ T cells which appear to differentiate extra-
thymically, seem to participate in early response against
Listeria  monocytogenes  and infections
through IFN-y production but lacked expression of IL-4
[55, 56].

In summary present scudy provide further evidence
indicating that distinctive phenotypic and functional fea-

cytomegalovirus

tures exist between NALT and NP in cheir lymphocyte
populations contained. As expected for an effector mucos-
al site we found that nasal passages contained major pro-
portions of activated lymphocytes along as
numbers of T cells spontaneously producing cytokines in

comparison to NALT.

higher
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CAPITULO I

EFECTOS DE LA INMUNIZACION INTRANASAL CON LA PROTOXINA
CRY1AC SOBRE LAS DIFERENCIAS FENOTIPICAS Y FUNCIONALES
DE LINFOCITOS DEL NALT Y NP DE RATON.
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Introduccion.

La mucosa nasal es un sitio importante para la defensa del huésped contra
patdgenos que invaden esta via, asi como el primer sitio de contacto con los
antigenos inhalados (5). Ademas del papel que juega en la defensa de las vias
respiratorias altas y bajas, el sistema linfoide nasal coopera con el sistémico y tiene
que ver con las reacciones inmunes en sitios distantes, tales como el tracto
urogenital y el intestinal (8, 15). Tomando en consideracién esta caracteristica, se
han disefiado nuevas estrategias de vacunacion basadas en la aplicacion nasal, y se
ha demostrado que son procedimientos efectivos para la induccion de inmunidad
especifica a antigenos en los tejidos respiratorio y reproductivo. Sin embargo, a
pesar de su papel en la inmunidad mucosal, poco es lo que se sabe sobre el sistema
inmune nasal.

Existen varias evidencias que sugieren que el NALT puede tener un papel
importante en la induccion en la respuesta inmune de la mucosa después de la
inmunizacion intranasal (36), sin embargo, no se han determinado los mecanismos
involucrados en la induccidn y expresion de la respuesta inmune en la mucosa
nasal.

El NALT y los NP son considerados como el sitio inductor y -efector,
respectivamente, a pesar de esto, son pocos los trabajos que han caracterizado
sistematicamente a las poblaciones de linfocitos de estos dos tejidos nasales. En un
trabajo previo (37) caracterizamos las diferencias fenotipicas y funcionales
existentes en linfocitos del NALT y NP mientras que el objetivo principal de este
estudio es caracterizar el efecto de la inmunizacion intranasal con la protoxina
CrylAc en la activacion y en la produccion de citocinas en linfocitos del NALT y
NP.

La inmunizacion intranasal es una ruta efectiva para estimular la inmunidad de

mucosas hacia una variedad de patdgenos (12, 38, 39) y proteinas solubles, (8, 40).
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La inmunizacion intranasal es muy eficiente para inducir respuestas inmunes
humorales y celulares en la mucosa respiratoria y en sitios mucosos distantes tales
como el tracto genital y el intestino (8-15). También se ha demostrado que esta ruta
de inmunizacion es mas efectiva que la oral y la vaginal para inducir respuestas
generalizadas a nivel de mucosas y sistémicas (16-20), ademas de requerir una
menor cantidad de inmundgenos (8, 13, 41-43).

Existen pocos adyuvantes de la inmunidad de mucosas (21). La toxina de colera
(CT) (22, 23) y la toxina termolabil de Escherichia coli (LT) (24) tienen efectos
adyuvantes cuando se coadministran o conjugan con proteinas solubles que por si
solas no son inmunogeénicas para las mucosas (25). Sin embargo, la aplicacion de
estas toxinas en humanos no es conveniente por su toxicidad y altos costos de
produccion. Las formas mutantes no toxicas de LT y CT que mantienen
parcialmente la adyuvanticidad también son excesivamente costosas (25, 26, 28).
Por lo anterior se infiere que es necesario descubrir y estudiar nuevos adyuvantes
de mucosas y proteinas u otras moléculas que pudieran utilizarse como
acarreadoras de epitopes vacunales que sean capaces de estimular la respuesta
inmune en las superficies mucosas al mismo tiempo que sean innocuas para
vertebrados, estables, de bajo costo de produccidn y que puedan aplicarse por vias

mucosas.

CrylAc como adyuvante mucosal.

CrylAc es una proteina producida por la bacteria Bacillus thuringiensis que se ha
utilizado desde los afios 1930°s como bioinsecticida. Esta proteina es producida por
las bacterias como protoxina (130 kDa) y se solubiliza y procesa proteoliticamente
por proteasas intestinales de insectos para producir la toxina (75 kDa). Se ha

demostrado que CrylAc, como toxina o protoxina, no es toxica para vertebrados
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(44). Aunque los estudios con CrylAc se han enfocado principalmente en
cuestiones vinculadas a la agricultura, se ha demostrado que es una proteina muy
inmunogénica, capaz de generar respuestas potentes en suero y mucosas, incluso
con una sola aplicacién (29). Mas aln, la coadministracion de CrylAc por rutas
mucosales con antigenos como albumina sérica bovina, el antigeno de superficie
del virus de hepatitis B y polisacaridos de neumococo ha aumentado la respuesta
inmune hacia éstos, a niveles similares a los obtenidos cuando se usé la toxina de
célera como adyuvante (31, 34). CrylAc incrementa la inmunidad protectora hacia
la meningoencefalitis experimental por  Naegleria fowleri en ratdén, una
enfermedad infecciosa aguda fatal iniciada en la mucosa nasal (32).

Asi pues, dado que la pCrylAc es altamente inmunogénica y tiene propiedades
adyuvantes a nivel sistémico y de mucosas; en este trabajo se determind si la
inmunizacion intranasal de la pCrylAc modificaba la activacion y produccién de
citocinas en linfocitos tanto del NALT como de los NP, ademéas de analizar las

respuestas de células productoras de anticuerpos en ambos tejidos.

Material y métodos.

Obtencidn de la protoxina CrylAc.

El plasmido pCrylAc (CrylAc clonado en el vector pKK3322), donado por el Dr.
Donald Dean (Ohio State University, Columbus, USA), se introdujo en células
competentes TOP10 de Escherichia coli por medio de un shock térmico. Se
seleccionaron las cepas resistentes a la ampicilina y se cultivaron en medio LB
suplementado con 100 pg/ml de este antibidtico a 37°C con agitacion constante
(~300 rpm). A las 48 h de cultivo las bacterias se cosecharon por centrifugacion
(7000 g por 7 min), se resuspendieron en buffer TE (10 mM TrisCl, 1 mM EDTA,
pH 8), se incubaron durante 30 min a 37°C con 1 mg/ml de lisozima (Sigma, MO)
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y se lisaron por sonicacion (Fisher Sonic Dismembrator Model 300). La fraccion
insoluble del lisado se lavo dos veces con TE/Tween-20 1%, dos veces con 0.5 M
NaCl y una vez con agua bidestilada. La protoxina CrylAc se solubilizo
disgregando la pastilla en buffer PCB 30 mM Na,CO3, 70 mM NaHCOg, 1 % (v/v)
2-mercaptoetanol, pH 9.6) e incubando durante 30 min a 37°C. Posteriormente se
aclaro por centrifugacion a 16 000 g durante 10 min, se determind la concentracion
de proteina por el método de Bradford y se analiz6 la pureza por SDS-PAGE en un
gel al 7.5%. Una vez obtenida la pCrylAc se eliminaron los restos de endotoxina
que pudiera tener al pasarla por una columna de Polimixina (Affi-Prep®
Polymyxin Matriz BIO-RAD 156-0010) para posteriormente verificar la ausencia
restos de endotoxina con la prueba de deteccién semicuantitativa de endotoxina
Sigma E-TOXATE® (Limulus amebocyte lysate). La proteina se almacend a 4°C

hasta ser usada.

Ruta y esquema de Inmunizacién.

Se emplearon ratones BALB/c machos de 6 - 8 semanas de edad. Se administraron
50 ug del antigeno pCrylAc por via intranasal. Los grupos experimentales
consistieron de siete animales que recibieron tres dosis de 50 ug de la pCrylAc

(una cada semana) y se sacrificaron 7 dias después de la ultima inmunizacion.

Prueba de ELISPOT.

Se utilizaron placas de 24 pozos, donde se coloco papel de nitrocelulosa en cada
pozo. Los pozos se recubrieron con la protoxina CrylAc disuelta en PBS (10
Kg/500ul por pozo), posteriormente se incubaron las placas por 24 h a 4°C. Las
placas se lavaron 3 veces con PBS-T (0.05%) para posteriormente ser blogueadas
con albumina 1% en PBS-T durante 2 h a temperatura ambiente. Se realizo

nuevamente el proceso de lavado (3 veces con PBS-T vy tres veces con PBS). Se
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agregaron 5 X 10° linfocitos por pozo en 500 pl de medio RPMI-1640 y se
incubaron a 37°C con CO, 5% por 4 horas. Las placas con linfocitos del NALT y
NP se lavaron 5 veces con PBS-T, y se agregaron los anticuerpos monoclonales
anti-inmunoglobulinas conjugados a peroxidasa (1:1000) anti-IgA, 1gG e IgM. Se
incubaron por dos horas a temperatura ambiente, a continuacion, se lavaron 3 veces
con PBS-T y se reveld con 4-cloronaftol. La membrana de nitrocelulosa se observo
en un microscopio estereoscopico para contar el nimero de células productoras de
anticuerpo (AFC) anti-CrylAc de linfocitos aislados del NALT y NP de ratones

BALB/c inmunizados con la protoxina.

La obtencion de los tejidos (NALT y NP) y las células de estos asi como los
anticuerpos utilizados para determinar los efectos de la inmunizacién intranasal con
la protoxina CrylAc, sobre estas poblaciones celulares, son exactamente los

mismos que los descritos en el capitulo 1.

Analisis estadistico.
El analisis estadistico fue realizado con la técnica no paramétrica Mann—Whitney

U-test, con una P < 0.05 de significancia.

Resultados.

CrylAc modifica las poblaciones de linfocitos del NALT y NP.

Los linfocitos del NALT y NP se obtuvieron como se describio anteriormente (37).
El nimero de linfocitos recuperados del NALT de ratones normales BALB/c, fue
de 7.2 (+ 0.7) X 10° células y de 1.4 (+ 0.5) X 10° células para los NP. En el grupo
inmunizado con CrylAc, se observa un incremento en el nimero obtenido de
células tanto para el NALT (1.2 + 0.3 X 10° células) como en los NP (1.6 + 0.1 X
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10° células). El fenotipo de los linfocitos del NALT y NP analizados por citometria
de flujo, de ambos grupos (control e inmunizado) se muestra en la Fig. 3.1. Tanto
en el grupo control como en el inmunizado, las células B fueron mas abundantes
que las T, en ambos tejidos nasales (NALT y NP). Al inmunizar con CrylAc, los
porcentajes de células B son muy similares y no existe diferencia significativa en
los valores observados en el NALT del grupo control (46.8 % + 2.39y 47.2 % +
2.9 respectivamente). Sin embargo, hay un aumento significativo de linfocitos B en
los NP del grupo inmunizado (69.2 % + 5.93) con respecto al control (55.2 % *
1.48) (Fig. 3.1, Tabla 3.1). En contraste, las células T presentan porcentajes muy
similares entre ambos grupos, 37.6 % + 2.1 para el NALT del grupo control y 36.8
% + 3.11 para el inmunizado; en los NP, se observé un 17.6 % + 4.45 en el grupo
control, mientras que en el inmunizado el porcentaje fue de 16.8 % + 2.28 (Fig. 3.1,
Tabla 3.1). Las células T CD4+ disminuyen en el NALT al inmunizar con CrylAc,
de 48.0 % + 2.0a 35.8 % £ 5.36 y los T CD8+ de 11.0 % + 3.2 a 5.2 % + 1.79,
estas disminuciones de células T CD4+ y CD8+ en el NALT de ambos grupos son
significativamente diferentes. Sin embargo, en los NP se puede observar un cambio
importante en las proporciones de estas células, hay un aumento significativo en
células T CD4+ del grupo inmunizado (67.8 % * 3.03) con respecto al control (49.0
% £ 3.54), de igual forma, los linfocitos T CD8+ se ven aumentados en el grupo
inmunizado (16.6 % + 2.7) con respecto al control (7.6 % % 2.41) (Fig. 3.1, Tabla
3.1).
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Tabla 3.1. Caracterizacion fenotipica de la superficie de linfocitos del NALT y NP
en ratones control e inmunizados intranasalmente con CrylAc.

Marcadores NALT NALT+CrylAc NP NP+CrylAc
celulares

B220" 472+29 46.8 +2.39 55.2+1.48 69.2+593*
CcDh3* 37621 36.8 +3.11 17.6 £4.45 16.8 +£2.28
B/T 1.3 1.3 3.1 4.2
CcD4* 48.0+ 2.0 35.8+5.36 § 49.0 + 3.54 67.8+3.03*
CcD8* 11.0+3.2 52+£1.798 7.6+241 166 +£2.7*
CD4"/CD8" 4.4 6.9 6.4 4.1
CD3'CD4'CDS8 41.0+4.4 59.0+3.08 434+3.0 156+32*

Tabla 3.1. Los linfocitos aislados del NALT y NP de ratones normales e inmunizados se tifieron con mAbs acoplados con
fluorocromos y analizados por citometria de flujo. Los datos representan la media de los porcentajes de expresion + la desviacion
estandar de 5 experimentos independientes usando un conjunto de células de 7 ratones. § sefiala las diferencias significativas
(p<0.05) de los porcentajes de las poblaciones celulares entre el NALT del grupo control e inmunizado. * sefiala las diferencias
significativas (p<0.05) de los porcentajes de las poblaciones celulares entre los NP del grupo control e inmunizado.

NALT NALT+CrylAc NP NP+CrylAc
p20 | 472 882 T2
[ % 37.6 216,47 36.8 176 4.0 7 16.8]
CD3+
cos+] | T11.0 152 176 )
¢ £e £
(LO°1 480 2/50.0° " W 358 49.0] 56 | 618
CD4+

Fig. 3.1. Porcentaje de las poblaciones de linfocitos del NALT y NP. Los linfocitos de ambos tejidos nasales fueron aislados
de ratones BALB/c normales e inmunizados con CrylAc. 1 X 10° células fueron tefiidas con mAbs con fluorocromos y
analizados por citometria de flujo. Los dotplots son representativos de 5 experimentos independientes y los valores representan
la media de los porcentajes.



Pagina |39

CrylAc induce respuestas de células secretoras de anticuerpos especificas en
NALT y NP.

Se inmunizaron siete ratones BALB/c por la via intranasal con 50 pg de CrylAc,
las poblaciones de células del NALT y NP se analizaron para determinar la
presencia de células formadoras de anticuerpos (AFCs) especificas a CrylAc. La
inmunizacion intranasal con CrylAc provocd un aumento considerable de AFCs
productoras de IgA e 1gG especificos a CrylAc en el NALT, IgA fue el isotipo con
mayor nimero de células (1245 /10° + 185) con respecto a 1gG (801 /10°+ 97
células). En NP el ndmero de celulas fue mucho mayor, sobre todo en lo que
respecta al isotipo IgA, en el que el numero fue aproximadamente tres veces mayor
que en el NALT (NP, 3456 /10° + 237 células) y el nimero de células especificas a
CrylAc productoras de 1gG también fue mucho mayor (1233 /10° + 85 células) que
en el NALT (Tabla 3.2).

Tabla 3.2. Deteccidn de células secretoras de anticuerpos especificas para CrylAc
mediante el ensayo de ELISPOT.

No. Células secretoras de anticuerpos/10° + DS

NALT NP
IgA 1245 + 185 * 3456 £ 237
1gG 801 + 97 * 1233 £ 85
IgM <10 <10

Tabla 3.2. Linfocitos del NALT y NP de grupos de 7 ratones BALB/c inmunizados. Las células fueron incubadas
para evaluar la presencia de células formadoras de anticuerpos (AFC) IgA-CrylAc especificas, I1gG e IgM, a través
de la prueba de ELISPOT. Los valores representan la media del nimero de AFC CrylAc-especificas por 1 X 10°
células + la desviacion estadndar de 3 experimentos independientes. § sefiala los grupos con diferencias significativas
(p<0.05) del nimero de AFC CrylAc-1gG especificas por millon de células entre el NALT y NP. * sefiala los grupos
con diferencias significativas (p<0.05) del nimero de AFC CrylAc-IgA especificas por millon de células entre el
NALT y NP.
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La inmunizacion intranasal con CrylAc incrementa la expresion de
marcadores de activacion CD25 y CD69 en linfocitos del NALT y NP.

Para estudiar el efecto de la inmunizacién intranasal con CrylAc sobre la expresion
de marcadores de activacion en linfocitos nasales, se analiz6 por citometria de flujo
la proporcion de linfocitos B220+, T CD4+ y T CD8+ que expresaron los
marcadores de activacion CD25 y CD69. Los datos en las Fig. 3.2 y 3.3 muestran
las medias de los porcentajes de células B220+, T CD4+ y T CD8+ que expresan
CD25 y CD69 en las poblaciones totales de linfocitos del NALT y NP de los

grupos control e inmunizados.

CD25

Como era de esperarse para un sitio efector, en los NP se encontré un mayor
numero de células B220+, T CD4+ y T CD8+ que expresan CD25 con respecto al
NALT. Estos valores presentan un aumento significativo ante el estimulo
inmunogénico que provoca la inmunizacion intranasal con CrylAc. Las células B
que expresan CD25 en el NALT del grupo inmunizado es seis veces mayor que en
el grupo control (52.6 % £ 3.92 y 8.2 % + 2.28 respectivamente) (Fig. 3.2 y 3.3,
Tabla 3.3). De igual forma, se observé un incremento de estas células en los NP de
ratones inmunizados (54.9 % + 4.39) en relacion al grupo control (25.5 % + 1.17)
(Fig. 3.2 y 3.3, Tabla 3.3). En lo que se refiere a las células T CD4+ que expresan
CD25, se observo que tanto en el NALT como NP de ambos grupos, la expresion
de este marcador aumentd al doble después de la inmunizacion con CrylAc,
teniendo un 46.1 % = 4.44 en el NALT de ratones inmunizados contra un 20.55 *
2.51 del grupo control. En NP del grupo experimental se observé un 76.6 % * 3.72
contra un 38.4 % + 3.4 de los NP de ratones normales, siendo esta diferencia
significativa también. Finalmente, aunque los linfocitos CD8 presentan los

porcentajes mas bajos de las poblaciones del NALT y NP en ambos grupos, el
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porcentaje de expresion de CD25 también se incrementd de forma significativa en
los dos grupos y en ambos tejidos (NALT control 11.5 % + 1.53 contra 21.2 % +
1.28 del grupo inmunizado y en NP control 58.8 % + 2.17 contra 73.9 % + 5.38 en
el grupo experimental) (Fig. 3.2y 3.3, Tabla 3.3).

Tabla 3.3. Porcentaje de expresién de CD25 en las diferentes poblaciones de
linfocitos del NALT y NP en ratones control e inmunizados con CrylAc.

NALT NP
control CrylAci.n. control CrylAci.n
B220" 82+228 |526+392*| 255+1.17 |549+439*
CD4" 205+251 |46.1+x444* | 384+34 |766+372%*
CD8" 115+153 | 21.2+128*| 58.8+217 | 58.8+217*

Tabla 3.3. Los linfocitos aislados del NALT y NP de ratones normales e inmunizados se tifieron con mAbs conjugados con
fluorocromos y analizados por citometria de flujo. Los datos representan la media de los porcentajes de expresion + la desviacion
estandar de 5 experimentos independientes usando un conjunto de células de 7 ratones. § indica los grupos con diferencias
significativas (p<0.05) del porcentaje de expresion de CD25 entre las diferentes poblaciones de linfocitos del NALT del grupo
control e inmunizado. * indica los grupos con diferencias significativas (p<0.05) del porcentaje de expresion de CD25 entre las
diferentes poblaciones de linfocitos de los NP del grupo control e inmunizado.
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Fig. 3.2. Porcentaje de expresion del marcador de activacién CD25 en las poblaciones de linfocitos del NALT y NP.
Los linfocitos se aislaron de ratones BALB/c normales e inmunizados con CrylAc. 1 X 10° células se tifieron con
mAbs acoplados a fluorocromos y los resultados se adquirieron por citometria de flujo. Los valores representan la
media de los porcentajes + la desviacion estandar de 5 experimentos independientes. § indica los grupos con diferencias
significativas (p<0.05) del porcentaje de expresion de CD25 entre las diferentes poblaciones de linfocitos del NALT del
grupo control e inmunizado. * indica los grupos con diferencias significativas (p<0.05) del porcentaje de expresion de
CD25 entre las diferentes poblaciones de linfocitos de los NP del grupo control e inmunizado.
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Fig. 3.3. Porcentaje de expresion del marcador de activacion CD25 en las poblaciones de linfocitos del NALT y
NP. Los linfocitos se aisalron de ratones BALB/c normales e inmunizados con CrylAc. 1 X 10° células se
tifieron con mAbs con fluorocromos y se analizaron por citometria de flujo. Las graficas son representativas de 5
experimentos independientes y los valores representan la media de los porcentajes.

CD69

Es importante mencionar que tanto en el NALT como en los NP del grupo
inmunizado con CrylAc se presentaron incrementos significativos en la expresion
de CD69. En el NALT las células B220+ del grupo control, registraron los
porcentajes mas bajos de expresion de CD69 (2.3 % = 0.94) pero después de la
inmunizacion, la expresion de CD69 aument6 a 29.2 % + 5.27 (Fig. 3.4 y 3.5,
Tabla 3.4). De forma muy similar, se registrd el aumento de células B220+ CD69+

en NP de ratones inmunizados (40.6 % + 2.61) con respecto al grupo control (12.9
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% + 3.14) (Fig. 3.4 y 3.5, Tabla 3.4). Las células T CD4+ del NALT, en ambos
grupos, si bien es cierto que tienen un alto porcentaje de expresion, no se
registraron cambios significativos con o sin inmunizacion (29.8 % +3.11 contra
28.6 % + 2.9 respectivamente) (Fig. 3.4 y 3.5, Tabla 3.4). Algo muy parecido
ocurrio con los linfocitos T CD8+. En lo que respecta a los NP, CrylAc aumentd la
expresion de CD69 tanto en células B220+ como T CDA4+, para las células B,
aumentan de 12.9 % + 3.14 (control) a 40.6 5 + 2.61 (inmunizado) y en T CD4+ el
aumento va de 38.3 % £ 3.31 en ratones normales a 56.2 % + 4.23 en el grupo
experimental (Fig. 3.4y 3.5, Tabla 3.4).

Tabla 3.4. Porcentaje de expresion de CD69 en las diferentes poblaciones de
linfocitos del NALT y NP en ratones control e inmunizados con CrylAc.

NALT NP
control CrylAci.n. control CrylAci.n
B220" 23+094 |292+527*| 129+3.14 | 406+261*
CD4" 29.8 +3.11 28.6 +2.9 38.3+3.31 |56.2+4.23*
CD8" 171+2.67 | 135+£3.71 | 644+£096 | 63.2+5.38

Tabla 3.4. Los linfocitos aislados del NALT y NP de ratones normales e inmunizados se tifieron con mAbs conjugados con
fluorocromos y se analizaron por citometria de flujo. Los datos representan la media de los porcentajes de expresion + la
desviacién estandar de 5 experimentos independientes usando un conjunto de células de 7 ratones. § indica los grupos con
diferencias significativas (p<0.05) del porcentaje de expresio