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Abstract

New adjuvant formulations, based on proteoliposor#8 nm and cochleates <100 nm,
without AI(OH); adjuvant, were evaluated regarding their abildygenerate Thl immune
response through a Delayed -Type Hypersensitivagt,Tat the mouse model, by using a
Neisseria meningitidis B protein complex as antigen. The formulationseasdministered by
intramuscular (IM) (2 inoculations - at baselinedaafter 14 days) and intranasal (IN) (3
inoculations at 7 days) immunization pathways. Wl immunized groups were able to
induce similar response to these formulations a$ ageto VA-MENGOC-BC® vaccine -
containing Al(OH) adjuvant (used as positive control of the trild)all groups, the induced
inflammation (IP) rate was statistically higher nhan the negative control group (CN)
(p<0.05). Immunogenicity, measured by HSR and Qphocyte increase was equivalent
to the control vaccine and most important, granalaeactogenicity at the site of injection
was eliminated, fact demonstrated by histologitadly. All groups of animals immunized by
IN route showed HSR reactions and statisticallyificant differences with respect to the CN
group. However, IP values were lower, with statatidifferences (p<0.05) for the same
adjuvant formulation IM administered, except theF2InCh formulation that generated
statistically similar induction (p>0.05) by bothnmunization pathways, suggesting it to be the
best candidate for the next IN trial. Proteoliposoamd cochleate formulations tested were
able to mount potent Th-1 immune response, equivatethe original vaccine formulation,
with the advantage of less reactogenicity in the sf the injection, caused by the toxicity of

Al(OH)3 adjuvant gel.

Key words. Delayed-Type Hypersensitivity; NanoproteoliposgmeNanocochleates;

adjuvant; anti-meningococcal vaccine B; TCD4
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1. Introduction

The rational design of vaccines constitutes org®imain strategies to fight against complex
diseases that beset humanity. However, the scastigdjuvants with immune-potentiating
capacity, which at the same time provide a suitatdiease of antigenn vivo, has

considerably limited the development of new effextraccines (Singh et al., 2007).

The Cuban anti-meningococcal vaccine VA-MENGOC-B@@&s been one of the most
efficient approaches to protect against B and Cimgecocci, with over 60 million doses
administered in humans (Vermikos and Medini, 201%his vaccine is formed by
proteoliposomes (PL) derived from tiNeisseria meningitidis serogroup B (NMB) external
membrane, which are the main antigenic componeuititae purified capsular polysaccharide
of serogroup C, whose components are absorbedumiraim hydroxide gel (Sierra et al.,
1991; 2000). The latter has been a broadly usedappdoved adjuvant for more than one
century in human vaccines. However, its immuno-piééing capacity directs the immune
response toward a predominating type-Th2 pattema, @& is useful only in parenteral
applications, fundamentally by the intramusculauteo (Pérez et al., 2007). It has
demonstrated in general a good safety record andgsaintibody induction, but because it is
not suitable for inducing optimal type-Th1 or cyteic (CTL) responses, its use is appropriate
when the antibody systemic response is sufficientptovide immunity (O’Hagan and
Valiante, 2003) but inappropriate when a potenetypl or CTL response is required to
provide immune protection. Another of its disadea@s is reactogenicity due to the
formation of granulomas resulting from the persiste of alumina in the injection site
(Kurella et al., 2000). Studies focusing on vacsisbow the paramount importance of the
connection between immunogenicity and reactoggni@racho et al., 2006; Girard et al.,
2007; Lastre at al., 2006). For this reason, paldgte vaccine formulations have been

designed which do not require the additional usthisftype of aluminum-derived adjuvant.
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At Finlay Institute, Cuba, structures have beeraioletd with PL and adjuvant properties
starting from NMB external membranes, as well asht@ates (Ch) derived from the

interaction of the anionic lipid vesicles of the Rith divalent cations such as calcium, inter
alia (Pérez et al., 2008). This type of structuas kemonstrated immune-potentiating and
immune-modulating properties, as well as capaadityatt as slow-release systems that
transform them into good adjuvant candidates (Péteal., 2007). Previous studies have
demonstrated the capacity of the PL to induce egepabf cellular immune response (Pérez et
al., 2006), as well as their potential to be use@djuvant in anti-allergy vaccines (Lastre et

al., 2006).

Furthermore, a PL derivates was obtained, which thas used in anti tumoral immune
therapies, increasing the immunogenicity of higolgrated gangliosides (Mesa et al., 2006).
Its strong capacity to activate dendritic cells amécrophages has been demonstrated
(Rodriguez et al., 2005). The Ch have also beenodstrated to have immune-stimulant
properties comparable with PL, although the latt@anifests inherent properties of this
structure type regarding antigen release (Zayasd.eP006). Results reveal that the Ch also
stimulate a pattern of cell-type immune responses @allowing them to be used as immune-
modulating and release systems for the developmientucosa vaccines, particularly nasal
ones (Del Campo et al., 2010); a promising appbeator this was tested in an anti-malaria
vaccine (Bracho et al., 2009). The incorporatiomedv antigens into this structure suggests
its use as an immunization adjuvant, with a wideeta of pathogen derivative antigens and
through different administration paths (Bracho let 2006). In particular, the Ch have been
shown to be more potent as a mucosal adjuvantngive increase of their stability in the

mucosa (Pérez et al., 2006).

During the past decade there have been many exangpl@re-clinic studies that reveal

promising results of this PL, and of the Ch derifexin them, indicating that they can work



97 as an adjuvant both in parenteral and mucosal nesaoivhen inducing a type-Thl immune
98 response (Acevedo et al., 2009; Del Campo et @062Rodriguez et al., 2005), as well as
99  both systemic and mucosal antibody responses (Cah@b., 2009). However, the major
100 drawback of these adjuvants is that the antigen tmnhes incorporated during the
101  manufacturing process (Pérez et al., 2007). Thigli@s certain limitations including the
102  decrease in homogeneity during antigen distributorCh and the poor efficiency of the
103  process in which the mentioned structures are iitkeoht (Pérez et al., 2004). These
104 inconveniences are minimized when PL and Ch arenddr starting from purified
105  phospholipids in specific quantities, to which aadded specific molecules considered
106 necessary for designing a formulation. On the othand, when building ad libitum
107  nanoparticles, more convenient sizes can be dasigased on their immune-pharmaceutical
108  properties, such as those that spontaneously ffesoitre-conformation, of reordered protein

109 membranes.

110  Considering the importance of inducing protectivemiune responses, stress has been placed
111  on its polarization toward a Thl lymphokine pattéPerez et al., 2008). This explains the
112 importance of evaluating the cellular immune resgom the study of the new vaccine
113 candidates, especially if they concern the eraidicadf intracellular pathogens and of tumor
114  cells (Abdel-Daim et al., 2018). The functionalay activated Th1 clones as a result of the
115 immunization and the immunity mediated by cells bantestedn vivo, using the pattern of
116  delayed-type hypersensitivity response (HSR). Taiter constitutes an expression of the
117  activation of specific and unspecific protection am@nisms and of immunologic memory
118 induction, a process similar to the cell-mediat@dnhunity characterized by the expansion of

119  specific T cells (Kobayashi et al, 2001).

120 The activation of T cells for the antigen cellulpresentation releases cytokines and

121 chemokines, which stimulate the vascular endothekds to increase permeability and
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induce phagocyte infiltration and the accumulatadnbody fluid in the HSR reaction site
(Kraneveld et al, 1995). The HSR assay is an uregalin vivo indicator of Th1l response
driven by cell-mediated immunogenicity. HSR is Uguapplied to determine latent infection
by tuberculosis (Walsh et al., 1995), and it israbterized by induration in the antigen
intradermic injection site with a lapse of 48 to&urs after its administration, reflecting the

infiltration of memory mononuclear cells that argigen specific (Stewart et al., 2006).

This study evaluated new adjuvant formulationsetdasn PL and Ch, of smaller sizes than
previously reported, and without aluminum hydroxide antigen (NMB external membrane
proteins, extracted without forming vesicular stawes) was used for this purpose. Through
the HSR response pattern study, we showed thetyakali stimulate an immune cellular

response both via intramuscular and intranasabilation routes in BALB / ¢ mice.

2. Materials and methods

2.1. Adjuvant formulations

The adjuvant formulations were designed using,raardigen, a complex of NMB proteins
extracted from bacteria (the extraction was cardgatdusing a mild DOC detergent method
and the detergent was removed with ethanol; therlatas in turn removed using the gel
filtration method) (Bracho et al, 2006) and pudfigvithout forming vesicular structures,
which in this article are identified as differenéd proteins (PD). They are combined with
immune-modulating components of a defined molecstiarcture, to produce two formulation
groups (1 and 2) that are structured in neo-prggesbme (nPL) and neo-cochleate (nCh)
forms. The obtained formulations were named AIFL;nRIF1-nCh, AIF2-nPL and AlF2-

nCh, (AIF: Adjuvant IFAL - “Finlay”). Liposomes were developed starting framl.2-

dioleoylphosphatidylserine (DOPS) mixture and cht@eol (Sigma Aldrich Co.), using the

procedure of dehydration-rehydration (Kirby and gameadis, 1984). The Ch were obtained



146 by slow addition of calcium chloride (0.1 M) to tlseispension of pre-formed liposomes
147  (Zarif and Mannino, 2000). Both liposome and coatdepreparations were stored at 4°C and
148  protected from light. A suspension buffer of the ptein complex (Tris 2mM, NaCL 150
149  mM, n-Octyl$-D-Thyoglucopiranoside (nOG) SIGMAand detergent pH 7.4) was used as
150  control-denominated PD-Tp, a preparation of NMBicles of external membrane (VME), in
151  a similar buffer solution using as detergent Sodide@oxicholate (DOC) and the Cuban anti-

152  meningococcal vaccine, VA-MENGOC-BC® from Finlaystitute.

153  The 4 formulations to be tested and the 3 containfilations are described in detail as

154  follows:

155 1. Type: PL as immunomodulator: AIF1nPL- P protein PD (VME) in 25uL buffer
156 Tris 2 mM, NaCL 150 mM, n-Octyp-D-Thyoglucopiranoside (nOG) SIGMA® as
157 detergent, pH 7.4 + integral LPS 1%.

158 2. Type: cochleate as immunomodulator: AIF1nGig%rotein PD (VME) in 251L
159 buffer Tris 2 mM, NaCL 150 mM, n-Octyl-D-Thyoglucopiranoside (nOG)
160 SIGMA® as detergent, pH 7.4 + integral LPS 1%.

161 3. Type PL as immunomodulator: AIF1nPL- i protein PD (VME) in 25uL buffer
162 Tris 2 mM, NaCL 150 mM, n-Octyp-D-Thyoglucopiranoside (nOG) SIGMA® as
163 detergent, pH 7.4, without integral LPS.

164 4. Type cochleate as immunomodulator: AIF2nCied Pprotein PD (VME) in 25uL
165 buffer Tris 2 mM, NaCL 150 mM, n-Octyl-D-Thyoglucopiranoside (nOG)
166 SIGMA® as detergent, pH 7.4, without integral LPS.

167 5. Type Control (soluble): PD-Tp-15g protein PD (VME) in 2 pL buffer Tris 2 mM,
168 NaCL 150 mM, n-OctyB-D-Thyoglucopiranoside (nOG) SIGMA® as detergerd, p

169 7.4, without integral LPS and without forming coedile or PL.
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6. Type Control for intra muscular applications: VB@Wlengoc-BC (Bracho et al,
2006).
7. Type Control for intra nasal applications: VME-Vakpgoc-BC, as recommended by
Bracho et al, 2006, but without Al(O&ijel.
2.2. Characterization of the nanoproteoliposomes and nanocochleates using electronic

micr oscopy

Electronic Transmission Microscopy

The electronic images were obtained by Electromen3$mission Microscopy with a CM12
Phillips microscope. The samples were processedelgative staining using the traditional
drop method. After the adsorption of 5 puL of the_r@dd nCh formulations on a grill covered
with coal, the samples were tinted with phosphastingacid at 2% and observed at 100,000X

magnification.

Scanning electron microscopy

A drop of each different formulation was appliedaglass microscope slide and put to dry at
room temperature for a period of 12 hours. Latertbay were covered with a fine layer of
gold-palladium and loaded in a LEICA 440 scannifegion microscope. The images were

observed with magnification ranging from 15X to ZHIDX and a 4.5 nm resolution.

2.3. Animals used in the experiment

The number of animals (BALB/c mice) required wakgkated before the study, taking into
account all the tests we were considering at theg;tthe mice were brought from the Center
for the Production of Laboratory Animals, Cuba (GENLAB, breeding-production facility)

and had approximately identical characteristictenrms of isogenic origin, sex (males), age

(6-8 week old) and, implicitly, weight, etc. To ass complete homogeneity, random lists
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were generated, with the formulations assignedapenal according to the order of extraction
of each animal from the cages. Care to mice wasir@ds according to established
institutional norms set in the Guide for the Canel &se of Laboratory Animals"&dition,
2011, from the Institute for Laboratory Animal Rasgh, Division on Earth and Life Studies,
National Research Council, of the National Acaden{lgtp://www.nap.edu) under free-of-
pathogen micro isolation conditions. These expemisievere carried out with authorization
and approval from the Ethics Committee of Laboratnimals of CENPALAB. The design,
implementation and evaluation of research that lires using experimentation animals
abided by the general bioethics principles of imfient, replacement and reduction (RRR), as

well as by laboratory and laboratory-animal-hargligjood practices (Hernandez, 1997).
2.4. Study description

A total of 65 animals were used, which were randodi$tributed into 13 groups (5 animals
per group). Formulations were administered boththiy intramuscular (IM) as well as
intranasal (IN) immunization routes. The IM immuatibn schedule consisted of two
inoculations, the first one at the beginning of $twedy and the second after 14 days. Aud5
dose corresponding to the protein concentration a@ministered in 25QiL of saline
phosphate buffer (PBS). Mice were inoculated usinlgep intramuscular puncture in the left
quadriceps of the hind limb. The IN immunizationnsisted of three inoculations, with
intervals of 7 days. The animals received a (b dose corresponding to the protein
concentration in 2pL of PBS (12.5uL in each nasal fossa). Each experimental group was
immunized with a trial formulation. The VA-MENGOCE&® vaccine was IM administered
(25 ug/ dose), while the VME of NMB was IN administer@d ng/ dose), both as controls. A
negative control group was also included to whi@#8Rvas administered,; it is identified as

CN.
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2.5. Delayed-type hyper sensitivity trial

After 21 days, all the animals received, by theadérmal immunization route, 1&g of PD in

30 uL of PBS (0.5 mg/mL in PBS) in the left hind foothand 3QuL of PBS in the right one,
the latter used as control. The absence of inflarorpareaction at 4 and 24 hours was
confirmed. The width of the paws was measured ifim@ters (mm) using a digital Vernier
caliper, 0-150 mm (OMNI - TECH), between the thanad fourth pulp-protuberances of both
hind limbs, in order to measure the inflammatiomduced at 48 hours. The percent of
induced inflammation (%IP), as a criterion of HS#ation, was calculated according to the
bellow formula (Lincopan et al., 2009), with resuétxpressed as % IP+ the standard error of

the mean (SEM).

% fs=100[ (Ieft hind footpad thickness)-(right hind footpad thickness)]/(mean thickness un-

injected left hind footpad).

2.6. Histological study of hind extremities

The animals were dispatched by cervical dislocatantwo days after the HSR trial.
Macroscopic analysis of the right and left hindremtities was performed, and these were
collected for the histological study. Tissues waztin 10% neuter formaldehyde for 24 hours
and later on decalcified using the Lilies decadeifi For tissue cuttings, a horizontal
microtome (Histoside200) was used with a thickreds$-6 um. The samples, once extended
in laminate, were tinted using hematoxylin-eosid &arere observed in a simple microscope

(Carl Zeiss). For each animal on which a necropay performed, 5 cuts were observed.

2.7. TCD4" Lymphocytes analysis by flow cytometry
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The analyses were carried out using a FACScalibaw ftytometer (Becton Dickinson,
Mountain View, CA, USA). The TCD4lymphocyte subpopulations were analyzed using the
anti CD4 mouse rat monoclonal antibody, marked with PE-C§D Bioscience
Pharmingen). The samples were characterized aocpiti the intensity of fluorescence
radiated by the fluorochrome used in the markirgya/@ll as by rugosity and size of the cells.

The obtained data were analyzed using the Cell {RRregram for Mcintosh.
2.8. Statistical analysis

The statistical processing of the results was peréd using the Statistica program, version
6.0, on Windows. The Kolmogorov-Smirnov test wasdufor assessing the normality of the
distribution and the Levene test used to evaluh&e Homogeneity variance. A one-way
variance analysis was used (ANOVA) by means of arletand Duncan test. In all the cases

a x<0.05 significance level was used.
3. Results

The images of the PL and Ch used in formulatiobsaioed by both electronic transmission
and scanning electron microscopy, are presentedjure 1. It is possible to see the spherical
shape of the PL (in images A and B of Figure 1)akhis characteristic of this type of

structure, as well as its homogeneous size. Irtiaddcertain determination values of particle
sizes are shown, which ranged from 10 to 40 nm.thiea Ch that were formed by

transformation of previously obtained liposomesotiyh the addition of calcium salts, a
cylindrical particle (figure 1C) can be observedisl elongated and continuous, similar to a
cigarette, with multiple layers. An example of thienensions of the diameter of the cochlear

structures obtained is shown: it is inferior to 100 on average.

With the aim of verifying the induction of cellulammune response when stimulated by

immunization with the new anti-meningococcal adptvéormulation variants via systemic
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and mucosal pathways, an HSR trial was carried dbe non-presence of immediate
hypersensitivity reactions was examined at 4 antdd#s, finding induction of inflammatory
processes after 48 hours, time at which the inflatron was measured (induration), caused
in the hind limbs. A photo of the hind limbs of ooé the animals vaccinated with the
adjuvant formulations under study is presenteligure 2. Increase in volume and reddening
of the footpad in the left hind limb, which had hemoculated with the antigen, can be
observed. In the right footpad, injected with a gfttate saline pH=7.4 (PBS) buffer, these

inflammation symptoms did not appear.

The volume of the induration was determined meaguthe width of the paws, using a digital
Vernier caliper; the values obtained from these suess were correlated with the volume
data (mL) of the inflammation taken from the limlosing an automatic Plesthysmometer,

(Ugo Basile, Italy), (data on comparison not shawn)

Both formulations based on nPL and nCh administénedugh each of the immunization
routes generated HSR respongagyre 3). All groups IM immunizedKigure 3A) were able
to induce a similar response among them and wépee to the VA-MENGOC-BC® vaccine
used as the trial positive control. In all groughge %IP was statistically higher than the CN
group (p<0.05). In the group inoculated with PD-Time %IP values were higher (p<0.05),
not only with regard to CN, but also compared @ itbst of the groups. Likewise, all groups
of IN immunized animals (Figure 3B), showed HSRctems and statistically significant
differences with regard to the CN group. Howevére €olP values were smaller, with
statistical differences (p<0.05) for the same aaivformulation, intranasal administered
with regard to the intramuscular one, except Alirformulation that induces a similar

induration from the statistical point of view (p86), through both immunization routes.
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The afore mentioned results were verified with thstological studies of the anatomical
regions closer to the inoculation site of the amigtimulus. A sample coming from the hind
limb against lateral where PBS was administered used for control purposes. It was
possible to confirm an abundant generation of mftaatory cells infiltrated at 48 hours of
said stimulus which consisted, fundamentally, afradant lymphocytes, other mononuclear

cells such as macrophages, and some polymorph@nuaetrophils and eosinophils.

When comparing the hind limbs in each animal, dlanmmmatory reaction was observed only
in the limb inoculated with the antigen, and nottie one inoculated with the vehicle
substance. In all groups the observed inflammatias related to an increase in the measured

volume that, in turn, served as base for the detetion of the %lP.

In each of the groups studied by both immunizati@utes, the intensity of the
hypersensitivity reaction is similar to the %IP-m@ad values of the limb, and it also was
equal to the degree of inflammation observed inhiséological exam at the footpad level.
The latter was classified according to the sevesitgfhe damage found in the tissue, with
signs allocated (+ for slight level, ++ for modexat++ for strong, and ++++ for severe) that
took into consideration the presence of edemaltratiobn of inflammatory cells in the
subcutaneous tissue, the appearance of thickeemgting from the activation of vascular
endothelium, fibrin deposits, necrosis focuser alia.

The determination of delayed type hypersensitiviggpectively, the classification of DTH-R
inflammation (according to the observation of difiet experimental groups), based on the
degree of inflammation and infiltration (observat@ding to histopathology studies of foot
lesions) is depicted imablel.

The results of the HSR study, despite the fact ithdbes not show a statistical correlation,
present a general tendency to correspond withritrease in the TCD4ymphocyte clones.

This is observable when using a flow cytometerrialyze these cell subpopulations in the
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sub-ingual and cervical lymph nodes of animals imiped via the IM and IN pathways. If
analysis is limited to cochlear formulations, therespondence is stronger: the formula
AIF2-nCh through IN shows the highest values of H&RI the highest values of TCD4
clones. The relative percentage of TCD¥mphocytes was calculated in relation to total
cells. We indicate that HSR results are statidticsliperior to negative control, p<0.05 and

TCD4" are in the normal classification of this type radilt
4. Discussion

Leaving aside the mathematical correlation, we cay that there is an interesting
correspondence between the results of the HSRipflaenmation due to the Th-1 immune
response pattern and the increase of the T@Qy¥phocyte clones that are essential elements
in its establishment and that correspondence ismasily distinguishable in the route of
nasal immunization and with the formulation of Gthat was also corroborated with the

histopathologic studies.

The HSR is an inflammatory reaction mediated byscaimong them effector and memory T
lymphocytes infiltrated in the inoculation siteasf antigen, against which the immune system
has already been previously sensitized. It can bleus very valuable marker for functionality,
as well as for cell-mediated immunogenicity. Th#ammatory reaction is characterized by

the reddening and swelling in the site of the aartig challenge (Kraneveld et al., 1995).

The Thl lymphocyte clones have the capacity of geimgy inflammatory processes which
mediate this type of reactions when faced with & aatigenic challenge. The HSR is an
immunologic response mediated by memory T lymphexyhat implies the recruitment of
macrophages and other cells that, once activasdete pro-inflammatory cytokines. The
activated cellular immune response increases thantiqu of produced cytokines and

chemokines, which favor monocyte, eosinophil andtmephil recruitment at the site where
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the antigen has been inoculated, against which itt@une system has already been

challenged (Posadas et al., 2007).

It is a beneficial response from the host that tturies an adaptive protection mechanism or
its maturation as immunologic memory. However, ah @also cause tissue damage due to
granuloma formation, depending on the intensitthefreaction (Kobayashi et al., 2001). The
HSR response is a very convenient model to evaltegteeffectiveness ah vivo cellular

immune response induction.

In this study, the fact that the inflammatory réactwas visible as of 48 hours is very
significant, since it is indicative of a late respe, resulting from the recruitment of
previously activated cells T at the time of thestfirmmunization (vaccination) toward the
challenge site, and therefore it confirms the dgwelent of the immunologic memory and the

T cell response.

The %IP analysis demonstrated that, in each ofirtireunization routes, the formulations
were always able to generate this type of responbe reaffirms results from previous
studies, with either vesicular or proteoliposomitcugtures (Lastre et al., 2006). The
histological confirmation resulted in a mobilizatioof immune-competent cells, and its
intensity or severity was related to the activatiewel of specific lymphocytes for the said
antigen (PD proteins). The inflammation degree hedcin all cases corresponded to the
prospective immunologic response pattern, in a@uéd with the design of each of the

formulations.

When analyzing the behavior of the formulations thee intramuscular pathway, it can be
observed that they were able to induce, in animatker treatment, a similar response to VA-
MENGOC-BC®, even at a lower dosage than that usethis experiment for the VA-

MENGOC-BC® immunization group. This vaccine hasrbesed in millions of children in
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several countries, with a high safety profile, desteating its protection capacity (Sierra et
al., 1991; 2000). The results of the present rebearight be very useful, as they indicate
possibilities for clinical applications of the neadjuvant formulations in the treatment of
many diseases not only meningococcal meningitis, but also caraset infections caused by
intra-cellular pathogens. Indeed, these formulati@mould, in the future, improve anti-
meningococcal vaccine and also be used in vacdhesrequire induction of this type of

immune-response pattern, avoiding at the samettimase of aluminum adjuvant.

The PD-Tp group immunized through the IM route sedwignificant differences with the
rest of the groups, which was to be expected, dinedormulation pertaining to this group
has a 100% antigenic identity with the immunogeat thas used in this trial. There are no
statistically significant (p>0.05) differences betm the response of HSR induced by the
formulations with proteoliposomic structure and tthaduced by the same formulation
wherein liposomes have adopted a cochlear strucflines suggests that by the IM

immunization route both structures induce a cellutanune response.

In the case of the IN immunized animals, it canobserved that all the groups showed a
similar HSR reaction. The lower values obtainedhy immunization group compared with

the IM group are a logical result, obtained bagycdue to the anatomical distance and the
immunological compartment that separates the dierevthe second antigenic challenge took

place with regard to the immunization site.

Nevertheless, the IN group immunized with AIF2-n€hows the highest inflammation
percentage and differs from the rest of the grolipss formulation is similar to the particles
in cochleate form, which suggests its use as algesadjuvant candidate highly promising in
mucosa vaccines. Other researchers have obtaingtarsresults using different Ch as an

adjuvant (Del Campo et al., 2006; 2010), includingyr alia, Ch elaborated on a VME of
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NMB basis, IN and intragastric administered, indit®R reactions. Our results therefore
coincide with that reported by Lycke (2004), whenutlines that both Ch and PL applied by

the IN route are an effective strategy to stimuiateunity, in both a systemic and local way.

In this trial, the analysis of the relative pereage of TCD4+ lymphocytes in lymph nodes
draining to each one of the administration sitesalestrates the activation of cooperating T
cells resulting from immunization, and it confirrtiee results of the HSR trial. The TCD4+
lymphocytes play a very important role in effectesponses, differentiated in different
subsets, depending on the cytokines producedtaftegintigenic stimulation (Thl, Th2, Th17
and T regulatory). All these cells play a decisigke in the defense against pathogens or in
the pathogenesis of several diseases. The induatidnprevalence of any of these cellular
patterns deserve thorough study and identificattben dealing with the evaluation of a new
adjuvant or vaccine immune-modulator, keeping indrthe desired effect to be obtained. In
other research performed by our group, to be poudtissoon, we demonstrated the TCD4+
lymphocyte pattern of Thl type, stimulated by tdaimulations, regarding the cytokine

profile elicited after immunologic activation byaaformulation.

In all the groups, the values are above the negatmtrol, which demonstrates the expansion

of these subpopulations for the effector immuneaoase.

In this research, the adjuvant properties of the Ré and Ch formulations used in this study
are acknowledged to generate an immune cellulgnrorse. Other experiments, soon to be
published, show the induction of specific antibgdiith a functional effecter phase, which

are able to produce bactericidal activity, as veslthe corresponding lymphokine pattern
(data not shown) and its potentiality as good veaEaandidates. The obtained results in the

present research indicate, first of all, their @ayato induce a Thl type of immune cellular
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response, and to generate immunological memory amesims when responding to the

antigenic challenge.

The Thl type immune response is a very appropmaiéxer to measure the adjuvant capacity
and the effectiveness of the vaccines (Stewarlt,2@06). The results of our experiments are
similar to those obtained by other pre-clinicalastigations, carried out by Finlay Institute,
which indicate the generation of a Thl and immuglanemory immune cellular response.
Among them, the evaluation of Ch derivative from BEL Neisseria meningiditis B
denominated (AFCol), as powerful Thl adjuvant incasa and parenteral vaccines, other
studies ensure the power and safety of this adjugmacho et al., 2006; 2009). Both the PL
for nasal immunization as the base material foseh@h are the original vesicles obtained by
self-assembling of the external membrane protéié aeningitidis B extracted with sodium
dexosicholate, as part of the productive procesthefCuban anti-meningococcal vaccine,
with a mean size of 80 nm (Sierra et al., 2000) Tirectly obtained Ch from those PL
acquire a size that can be measured in microngliBrat al., 2006). In this research, we have
demonstrated that PL with the same antigens hawingccine interest but obtained through
other procedures and with a smaller size in therod 10-40 nm, and Ch that derivate from
them which reach a mean size below 100 nm, arecpable of inducing a Thl response
both by systemic and mucosal routes, which is wenyenient given the fact that in other
research we have detected productive and immunenalcautical advantages in mentioned

formulations.
Conclusion

The capacity of the tested formulations in PL adl as in Ch types to produce a potent
systemic immune response, measured by the generafioan HSR response and its

immunologic consequences at the hind limb of theisepas well as the increase of TCD4
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lymphocytes detected, strongly suggests that ath@itations evaluated in this work are able
to stimulate a cellular pattern of immune respo@nparison with the well-known controls
of the anti-meningococcal vaccine (Va-Mengoc-BC)pbké us to better understand the
potency and mechanism of immunogenicity of the m@wnulations tested. Despite the fact
that the new formulations did not contain the knoa{OH)3; adjuvant, they were able to
mount a strong Th-1 immune response equivalerteaamtiginal formulation of the vaccine.
A plus benefit of a lower injection site reactiatye to lack of adjuvant gel Al(Ok)was
observed; this has been demonstrated by our hisipgical studies. Particular attention is
paid to the formulation of AIF2-nCh via IN, with@h-like structure, which reveals superior
Th-1 pattern compared to the rest of the formutatiand indicates it as a possible better
candidate for further studies on mucosal vaccidas. results demonstrate that, for all the
studied variants, the percentages of induratiorevegatistically higher (p<0.005) compared
with the negative control and become evident asulas congestion, cellular infiltrate and

other observations in histological cuts.
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List of figures

Figure 1. Electron Microscopy Micrographs, A1 andC: Transmission (TEM), Microscope
PHILIPS CM-12, magnification: 500,000X and voltaggOkV. MicrographB: Scanning
Electron Microscope (SEM) LEO-440 VP, magnificatid®0,000X. Micrograph#, A1 and
B: nanometric structures are observed with the sb&pposomes. Micrograp@ nanometric
structures with the shape of cochlealdse numbers inserted in figure indicate the sizthef

structures.

Figure 2. Footpad inflammationThe footpad inflammation of the left posterior exiity in

comparison with the right one is shown.

Figure 3. Delayed Type Hypersensitivity Reaction (DTH-R)akated by the differential

swelling of the footpad of both posterior extremstiof Balb/c mice. The magnitude of the
DTH-R was measured at 21 days after the last impation dose; challenging intradermally
with 15ug PD in the left posterior footpad, (PBS) phosplmtifered saline was injected as a
control in the right footpad of each animal. Thegmtude of the inflammation in both

extremities was measured 48 hours after the clydlamsing an electronic caliper. The
magnitude of the induced DTH-R has been presers¢deapercentage of mean inflammation
of the extremity + Standard Deviation of the Me&blR + MSD). A) Experiment on

intramuscular route of inoculation. B) Experimemt iotranasal route of inoculation. Every
value represents the mean of five determinationSlean Standard Deviation. Different

symbols indicate statistically significative diféarces with *p<0.05 (ANOVA+ Duncan Test).
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Figure 4. Microphotographs of histological sections of fmed of posterior extremitie&d:
Right posterior extremity, control inoculated witRABS. Ei: Left posterior extremity
inoculated with PD antigerA: grade +;B: grade ++;C: grade +++,D: grade ++++ (HE

150X). White ovals indicate zones of inflammatoeyl accumulation.

Figure 5. Representativlistograms from the data analysis using the CebQ(&F) program
for the quantification of TCD4lymphocytes in terms of percentage of the totHlaminting

in sub-inguinal lymph nodes of the different experntal groups A(AIF1-nPL), C(AIF1-
nCh), E(AIF2-nPL), G(AIF2-nCh), I(PD-Tp), ST(VA-MEGIOC-BC®) and CNR1 (Control
Group immunized with PBS) by intramuscular routbe Tspecific labeling was performed
with the anti CD4 PE-Cy5 monoclonal antibody. The gray histogram esents the non-
labeled cells; the red line represents cells |labeligh the specific antibody. Range of values

of not immunized animals: 50-60% of TCD¢mphocytes.
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Table|. Delayed Type Hypersensitivity Assay. Classifioatby inflammation degree of the
DTH-R observed in the different experimental grqupssed on the degree of inflammation
and infiltration observed according to histopatlggistudies of foot pad lesions

PD-Tp | VBC®: VME

Formulations AlF1-| AlF1- AlF2- AlF2-
nPL nCh nCh nCh

IM +++ +++ +++ +++ ++++
ROUTE
IN +++ ++ ++ +++ +++ -

+++ -

+: slight; ++: moderate; +++: strong; ++++: serious
VBC®: Cuban antimeningococal Vaccine VA-MENGOC- BC®

VME: Outer Membrane Vesicles froleisseria meningitides Group B.
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All formulations in the trial stimulate type-Th1 cellular immune response, similar to positive
control, which corroborates the potentiality of the formulations as vaccine adjuvants.
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