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The combination of nasal and sublingual administration of HeberNasvac to subjects and patients during the Covid19 pandemic, demonstrated
safety and local and systemic innate immune-stimulatory properties. With the aim of compare different mucosal administration routes and
methods, an open-label phase Il clinical trial was carried out with 40 elderly volunteers randomized into 4 groups. It was studied the expression
of a, B, and y interferons, and also, the safety of HeberNasvac. It was confirmed that HeberNasvac was safe in the 4 treatment groups. There
was a generalized stimulation of the interferon genes expressions in the PBMC of most volunteers, in samples taken on days 8 and 15 after
immunization, compared with day 0 (not treated). There were no significant differences between the 4 treatments, but interferon gene expression
was greater on day 8 in the majority of the groups. These results shown the ability of the mucosal administration of HeberNasvac (inclusive the
sublingual route alone) to induce an interferon expression stimulation in the systemic compartment of elderly volunteers and suggest its potential
use in epidemics of infectious respiratory diseases. The study was indexed at the Cuban Public Registry for Clinical Trials with the number
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INTRODUCTION

Since 2003 it was proposed that innate immune-activating
compounds based on conserved microbial components
(recognized by toll-like molecules and other receptors) could
be used as broad-spectra anti-infectious agents [Hackett,
2003]. Thisisin line with the fact that innate immunity evasion
is a common event for respiratory and RNA viruses [Kikkert,
2020; Ouyang et al, 2022; Nelemans and Kikkert, 2019; Thorne
et al, 2022], highlighting the rationale of using innate immune
activation for the post exposure prophylaxis and early
therapy of a broad spectrum of viral infections. Thus, post-
exposure prophylaxis approaches as early therapies involving

innate immune stimulation are plausible actions to prevent
or ameliorate respiratory infections like that of SARSCoV2
coronavirus infection [Sheahan et al, 2008; Zhao et al, 2012;
Kumaki et al, 2017; Marx et al, 2022; Tamir et al, 2022].
HeberNasvac, a therapeutic vaccine for Chronic Hepatitis B
(CHB), administered by the intranasal (IN) and subcutaneous
(SC) routes in several clinical trials have been demonstrated
its safety and efficacy [reviewed Aguilar et al, 2022a], and also
may be used as a potential innate immune stimulator, as a
second indication, and/or a dedicated formulation [reviewed
Aguilar et al, 2022b].

The innate immune agonist effect of HeberNasvac depends
on the chemical composition of its antigens since both are
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virus-like particles (VPLs). HBcAg is a nucleoprotein and the
HBsAg is a lipoprotein, both with innate immunity ligands.
Nucleic acid composition associated to HBcAg moiety was
of 20% RNA and 1% DNA from E coli which could trigger an
agonist/receptor activating effect on several TLRs [reviewed
Aguilar et al, 2022a, Aguilar et al, 2022b]. Some of these TLRs
are considered relevant for Covid19 immuno-pathogenesis.
For example, TLR3 stimulation in animal models has been
associated to protection from lethal-challenges of SARS and
Influenza A infection [Zhao et al, 2012; Kumaki et al, 2017].
Although SARSCoV2 coronavirus can infect any age group,
it produces worse clinical conditions in the elderly, leading
to complications and death, thus enhancing morbidity and
mortality [Zhang et al, 2022].

Within the context of the Covid19 pandemic, an exploratory
clinical trial in patients treated with HeberNasvac compared
to untreated was carried out in elderly (60 years or older),
at the risk of a SARSCoV2 infection. The stimulation of the
expression of TLR3, TLR7 and TLR8 genes in oropharyngeal
swabs was detected together with the increase of the HLA-DR
expression levels in PBMC, indicating that the immune system
is better prepared to resist a viral aggression. HeberNasvac
was administered through a nasal spray (0-7-14 days) and
sublingual (SL) drops daily, from day 0 to day 14 [Fleites et al,
2021].In alarger study in elderly volunteers, also evaluating a
treatment schedule similar to Fleites et al, 2021, HeberNasvac
promoted the gene expression in blood of multiple IFN-
stimulated genes (OAS1, ISG15, ISG20, STAT1, STAT3) after
5 days of the immunizations when was compared with the
untreated [Aguiar et al, 2024].

This study is aimed at confirming the safety and the
capacity of HeberNasvac VLPs to induce innate immunity.
Results here show that the induction of innate immunity
was demonstrated by the stimulations of the expression of
several interferons genes in PBMC of elderly volunteers after
the mucosal administration of HeberNasvac, combining nasal
and sublingual routes, and also nasal or sublingual routes
each alone.

MATERIAL AND METHODS

Product

HeberNasvac is a therapeutic vaccine for chronic hepatitis B
administered by the IN and SC routes [reviewed Aguilar et al,
2022a; Aguilar et al, 2022b]. The vaccine comprises the HBsAg
antigen and the HBcAg antigen of the Hepatitis B virus (HBV,
Gen A, Adw2) produced by recombinant DNA technology
as virus-like particles. Specifically, at the Center for Genetic
Engineering (CIGB) the HBcAg is produced in E.coli, and
has unique characteristics: a higher proportion of RNA to
protein, compared to other HBcAg reported in the literature,
as demonstrated by deep sequencing analysis, and further

supporting its immunomodulatory effect [reviewed Aguilar et
al, 2022a]. HeberNasvac was released following strict quality
specifications, obtained under a GCP production system, and
it was registered for the treatment of CHB in Cuba. It contains
100 pg of each antigen in a final volume of 1.0 mL in saline-
phosphate buffer, pH 7.0. No other additives, preservatives
or stabilizers are included. The antigens and the formulation
were produced and released under GMP conditions at the
production facilities of CIGB.

Clinical Trial

A randomized, open and prospective Phase /Il clinical
trial named “Virma”, was carried out with HeberNasvac
administered by different routes and administration methods
to assess immunogenicity against major interferon gene
markers after 8 and 15 days from the start of the study, and
also confirm safety. The study included 40 healthy volunteers
of both sexes, of 60 years of age, or older, which also are
not hepatitis B chronic patients. The study was indexed
at the Cuban Public Registry for Clinical Trials (RPCEC) with
the number RPCEC00000326-Sp. The trial started after the
approval of the protocol by the ethical committee of the CIGB
and with the written authorization of the national regulatory
authority (CECMED). The design and conduction of the study
complied with the principles of the Helsinki Declaration. All
volunteers were enrolled after signing the informed consent.
The working hypothesis was that HeberNasvac only
administered by the mucosal route, is able to stimulate innate
immunity in blood (PBMC) at the level of the interferon gene
markers in at least the positive control treatments (here
group 1 or G1) [Fleites et al, 2021; Aguiar et al, 2022; Aguiar
et al, 2024], keeping its demonstrated safety in several clinical
trials [Fleites et al, 2021; reviewed Aguilar et al 2022a; Aguiar
et al 2024].

Design of the study

The study included elderly willing to participate as confirmed
by their signed informed consent. The exclusion criteria
encompassed the presence of diabetes, cardiovascular
disease, kidney or oncological
diseases, high levels of atherosclerosis, obesity and chronic
inflammatory disorders. The persons infected with SARSCoV2
within 14 days before the recruitment, were also excluded.

autoimmune diseases,

Furthermore, the exclusion criteria comprised subjects taking
immune-suppressors, under chemotherapy or using any of
the products under study 30 days before the recruitment.
Subjects with fever (temperature > 38°C) and those that had
been submitted to throat surgery were not included. Finally,
patients with liver cirrhosis, transplants, allergy to any of the
ingredients of the vaccine, or having any problem that would
prevent them from an appropriate follow-up, were also
excluded.
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The study encompassed 4 groups of 10 volunteers each.
Group 1 (G1) i.e. the positive control group, was submitted to
the previously reported treatment (IN spray on days 0, 7 and
14 and SL drops from day 0 to 14) [Fleites et al, 2021; Aguiar
et al, 2022; Aguiar et al, 2024]. Group 2 (G2) received IN drops
on days 0, 7 and 14 and SL drops from day O to 14. Group 3
(G3) received nasal drops alone (days 0, 7 and 14) and group
4 (G4) was treated with SL drops alone (from day 0 to 14). It
was not possible to have a negative control group because all
the elderly wanted to be treated, so the untreated time was
always the same for the four groups, the day 0 or time 0 (TO)
before the administration of the products.

Evaluations

Safety and adverse events

The study evaluated clinical adverse events occurring during
the first hour and the first 24 hours after administering the
product. The type of adverse event, their duration, intensity,
as well as the procedure followed and the outcomes after
each immunization are described.

Innate immunity assessment

Samples

The blood samples for the innate immunity tests were
obtained before administering the treatments (day 0), and on
days 8 and 15 after starting the treatments. Although there
were 10 subjects per group for the safety study, the blood
samples were extracted from only three or four available
volunteers in each group according to the feasibility of the
elderly and the laboratory. Fourteen blood samples were
taken by venipuncture from the median cubital vein, and
consecutive numbers were assigned to these samples
designated for gPCR analysis (from 1 to 15, sample number
6 was discarded: G1: samples 1,2 and 3/ G2: 4,5,7,8/G3: 9,
10, 11/ G4: 12, 13, 14, 15). They were then distributed in CPT-
heparin tubes for peripheral blood mononuclear cell (PBMC)
isolation (BD 362753).

RNA Purification and cDNA synthesis

PBMC derived RNA was extracted using the “RNeasy
Mini Kit (250)" (Qiagen, Gilden, Germany), following the
manufacturer's instructions. RNA was quantified using
a NanoDrop  spectrophotometer  (Thermo-Scientific,
Waltham, Massachusetts, United States). In the reverse
transcription (RT) reaction for obtaining cDNA we followed
the manufacturer’s instructions from the Quantitect Reverse
Transcription Kit (Qiagen, Gilden, Germany). In agreement
with the RNA concentration, the volume of each RNA sample
was calculated for each RT reaction, so that all samples can
startin a similar way (approximately 100 ng of total RNA) in all
RT reactions. After the RT assay, samples were diluted 1/10
before they were used for qPCR.

Verification of the absence of genomic DNA in the RNA
samples

To verify the removal of genomic DNA from all RNA samples
we also used qPCR, studying the ACT[3 gene (oligonucleotides
obtained from the Origene website do not amplify introns):
sense primer 5 CACCATTGGCAATGAGCGGTTC3 " and anti-
sense primer 5" AGGTCTTTGCGGATGTCCACGT3 . Thus, the
cycle’s threshold (CT) in qPCR of each c¢cDNA sample was
compared with the CT in gPCR of the same amount of its
corresponding RNA (Delta CT = 5) [Laurell et al, 2012].

Selection of reference gene for qPCR normalization

We studied the GusB housekeeping gene asthereference gene
for normalization. The GusB gene was used as a reliable gene
for normalization in qPCR experiments [Guillot et al, 2017].
Moreover, the GusB gene has been used as a constitutive
gene, having a stable expression with the HeberNasvac/
CIGB2020 vaccine treatment during pharmacological studies
[Fleites et al, 2021; Aguiar et al, 2022].

Quantitative polymerase chain reaction (qPCR) designed for
gene expression studies

The “Qgene” software [Muller et al, 2002; Perikles, 2003] was
used to process primary data from gPCR to obtain the mean
normalized expression of the transcripts for each interferon
gene studied.

Quantitative analysis of gene expression using qPCR

gPCR reactions were prepared using the SYBR Green from a
Roche kit (Light Cycler 480 SYBR Green | Master, Germany),
we also added the specific primers (synthesized at the
Primers Synthesis Department of CIGB). The gPCR reaction
was established in a final volume of 15 pL as follows: 7.5 pL
of SYBR Green Master mix from the Roche kit, 1 pyL of each
sense and antisense primers at the concentration of 10 pmol/
pL, and 0.5 pL of water from the Roche kit. Then we added
5uL of each cDNA sample to the gPCR reactions. All gPCR
experiments were conducted in a “Rotor Gene 3000” device
from Corbett Research, Australia, using a 72 well rotor. The
program used for the qPCR assay was as follows: 95°C per 57,
45X (94°C per 10", 60°C per 10” and 72°C per 10").

The results of the CT's from qPCR were used to calculate the
“mean normalized expression” of each interferon gene from
all volunteers included in each one of the 4 groups using the
“Qgene” software. Later, we compared the mean normalized
expressions of each interferon gene between all 4 treated
groups on day O before treatment, vs days 8 and 15 after
the start of the treatment, in order to establish the relative
expression stimulations.

Genes and Primers
Primers were designed in some cases using the Primer
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3 software and in others; we used reports from relevant
scientific papers [Guillotetal, 2017]. For example, the following
oligonucleotides were used to amplify fragments of the
human IFNa gene: (sense: 5'CCCCAGGAGGAGTTTGATGGCA3/,
5'GAGGTCCTCATCCCAAGCAGCA3), IFNB
(sense: 5'CTTGGATTCCTACAAAGAAGCAGC3,
antisense: 5TCCTCCTTCTGGAACTGCTGCA3), IFNy
gene: (sense: 5TCGACCTCGAAACAGCATCT3, antisense:
5 TGTCCAACGCAAAGCAATACS)).
(sense:  5'CGTGGTTGGAGAGCTCATTTGGAA3',
5'ATTCCCCAGCACTCTCGTCGGT3") employed as a
constitutive gene for normalization. [Guillot et al, 20171].

antisense:
gene:

The human GusB gene
antisense:
was

Statistics

To normalize the distribution for the analysis of the relative
expression of the interferon genes, the values of the mean
normalized expression of the interferons were transformed
logarithmically. After their transformation, a test of atypical
values (outliers) was applied to each group on days 0
(untreated samples), and 8 and 15 days after treatment.
Finally, to compare the effects of each treatment and the
effects of the time of evaluation (day 0 =TO, day 8 =T1 and day
15 =T2) a two-way ANOVA was applied. The significance level
used was 0.05. Calculations were performed with Minitab
17.1.0 (Trademark of Minitab Inc).

RESULTS

Safety and adverse events

According to the results of this Phase I/Il clinical trial, the
administration of HeberNasvac was safe and well tolerated in
the elderly. The retention of patients in the trial was very high.
Out of the 40 volunteers included, 39 received the complete
number of doses. One volunteer, from G2 voluntarily
interrupted the treatment after the third dose.

There were 31 adverse events recorded in the four treatment

groups. According to their intensity, the events were mostly
mild (87.09%), or moderate (12.9%). Local adverse events
consisted in runny nose (0.6%), sneezing (0.3%), and otalgia
(0.3%). Systemic adverse events were also reported: fever
(0.2%) and asthenia (0.3%). No serious events or deaths
occurred. According to their causality, the events were
classified as unrelated (45.2%), probable (32.2%) and possible
(22.6%). Most of the adverse events disappeared without
any treatment (83.9%). At the end of the follow-up, 100%
of the adverse events were completely resolved. No major
differences between groups were detected.

Type | and type Il interferon gene expression

The study demonstrated the capacity of HeberNasvac to
increase the interferon expression stimulations in the majority
of the elderly that we could evaluated in the 4 groups (Figure
1) at days 8 (T1) and 15 (T2) after treatment, when compare
to day 0 (or TO).

For the IFNa and IFN the results patterns were very similar
in the 4 groups, the main difference was the intensity of the
expression, higher for IFNa than for IFNB. In the case of the
IFNy, all groups at TO started with some activation of the
expression of this gene (principally in group 3 (G3)), and the
subsequent evaluations at days 8 (T1) and 15 (T2), although
shown an increase comparing to the TO, they do not show
a great increase of the expression stimulation with values
similar to the IFN.

In general, the highest interferon expression stimulations
were observed when the administration were only
sublingual (G4). Nevertheless, when compare the effects of
the “treatment” variable on the relative expression of each
interferon gene, the two-way ANOVA showed no significant
differences among the 4 treatment groups. The levels of
significance were a=0.05: IFNa (p=0.461), IFNB (p=0.186) and
IFNy (p=0.780), presumably because of the poor sample size
per group (Figure 1).

Open Access, Volume 14, 2025

Page - 4



Jorge Agustin Aguiar Santiago Directive Publications

IFN-o

0.25
0.20 PN

0.15
0.10 i O\ —-—G2
0.05 . - G3
0.00 / . /= : .

™ == G4

\
/

G1

In(Alpha Interferon relative
expression)

0.015
0.010 N ——G1
0.005 / \ —=—G2
0.000 m LoTe

In(Beta Interferon relative
expression)

TO T1 T2 —eGa
Time
IFN-y
g —_
S § 0.020
T v
2 ¢ 0.015 L -
£g =——G1
© 3 0.010
£ v G2
€ 2 0.005
(O —h—G3
£ - 0.000 T T 1
T0 T1 T2 =G4
Time

Figure 1. The graph represents the gene expression over time of type | and Il interferons. To compare the effects of each
treatment and the effects of the time of evaluation on days 8 and 15 a two-way ANOVA was applied. One sample (G4.12)
was not included in this study because it was considered an outlier. There are no statistically significant differences when
comparing the variable “treatment” between the 4 groups for the three interferons, with a level of significance a=0.05: IFNa
(p=0.461), IFNB (p=0.186) and IFNy (p=0.780). Conversely, there are statistically significant differences when comparing the
variable “time”, for the three interferon genes studied (a=0.05, p=0.026 for IFNa, p=0.000 for IFN(3 and p=0.020 for IFNy). Group
1(G1) i.e. the positive control group, was submitted to the treatment (IN spray on days 0, 7 and 14 and SL drops from day 0 to
14) [Fleites et al, 2021; Aguiar et al, 2022; Aguiar et al, 2024]. Group 2 (G2) received IN drops on days 0, 7 and 14 and SL drops
from day 0 to 14. Group 3 (G3) received nasal drops alone on days 0, 7 and 14 without the SL administration and group 4 (G4)
was treated only with SL drops every day from day 0 to 14. TO: (time before the treatments). T1 and T2: (8 and 15 days after the
start of immunization, respectively).

On the contrary, when study the “time” variable, the two-way ANOVA showed significant differences for the three interferons
studied (a=0.05, p=0.026 for IFNa, p=0.000 for IFN and p=0.020 for IFNy) (see Figure 1). In general, these results indicate
that the administration of HeberNasvac under the conditions described in the present work, induced the stronger interferon
responses as of day 8 after the treatment.
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DISCUSSION

In general, HeberNasvac was safe and well tolerated in the
four immunization groups, regardless of the inoculation
route or method. Results are consistent with the safety of
the product demonstrated in previous clinical trials with
HeberNasvac as an innate immunity stimulator, administered
here as a positive control G1 [Fleites et al, 2021, Aguiar et al,
2022, Aguiar et al, 2024], or when HeberNasvac was used as a
therapeutic vaccine against Hepatitis B [Al-Mahtab et al, 2013;
Al-Mahtab et al, 2018; reviewed Aguilar et al, 2022a].

Some elderly volunteers of the study were not available for
blood extraction, because they don't go to the clinic at the
appointment day. For this reason, final sample size for the
interferon expression experiments is relatively small, which
might interfere with the reliability of the results affecting the
potency of the ANOVA. As a consequence, certain effects
could not be detected. However, the probability obtained for
aleatorydifferencesarestillvalid. So, when the two-way ANOVA
detects significant differences for a significant level this must
be considered a valid result, even if the group size is small.
The generalized increase of gene expression of interferon
genes from the PBMC of elderly observed in this study is
consistent with the results of HeberNasvac in the same
setting for the stimulation of innate immunity receptors in
oropharyngeal swabs on days 4 and 8 after immunization
[Fleites et al, 2021; Aguiar et al, 2022], or for the stimulation
in blood of several interferon stimulated genes (ISGs) after
5 days of the treatment [Aguiar et al, 2024]. Stimulation of
the expression of the ISGs also suppose a previous interferon
gene expression stimulation [Aguiar et al, 2024]. Taking into
account the results of these previous studies [Fleites et al,
2021; Aguiar et al, 2022; Aguiar et al, 2024], the stimulation of
IFN expression in the present clinical trial should be analyzed
before day 8. We believe that there may be peaks of IFN
expressions stimulation on day 4 or 5 or later, but before day
8, as previously reported for the innate immunity receptors
[Fleites et al, 2021; Aguiar et al, 2022], or for the ISGs [Aguiar
et al, 2024] expression stimulation, respectively.

The present results also contribute to the optimization of
HeberNasvac administration favoring the innate immune
stimulation. For example, although no significant differences
were observed among the 4 treatment groups in relation to
the relative expression of each interferon gene, the use of the
sublingual route alone (G4), at the dose and schedule used
here, produced a higher stimulatory effect on day 8 after
treatment compared to the day 0, when volunteers have
received only seven sublingual doses. Hence, the use of the
sublingual route alone may produce a similar effect in the
intensity of the interferon gene expressions during the time
required in the cases of post exposure prophylaxis or early
therapy.

Overall, the current

HeberNasvac, indicate two potential uses. One is the use of its

and previous experience with
immunomodulatory properties for the early therapy or post
exposure prophylaxis of infections in elderly subjects [Zhao
et al, 2012, Fleites et al, 2021; Aguiar et al, 2022, Aguiar et al,
2024] and patients susceptible to developing severe disease.
Its other potential use is that of an agent that can induce
innate immunity training relevant for oncologic diseases [van
Puffelen et al, 2020; Lérias et al, 2020; Singh et al, 2022; Wang
et al, 2024]; allergies [Wanka and Jappe, 2021; Martin-Cruz et
al, 2023] or susceptibility to infections in order to reduce the
use of antibiotics in immune-suppressed patients including
those at high-risk settings, for example patients on cancer
therapy [Ochoa-Grullon et al, 2021; Owen et al, 2022].

CONCLUSIONS
In conclusion, these
HeberNasvac VLPs with immunostimulatory properties, to
induce ageneralized stimulation of interferon responses at the

results confirm the capacity of

systemic compartment of elderly volunteers after sublingual
and intranasal administration by separate, or combination
of both routes, on day 8 after treatment. Additional clinical
and formulation studies are required with increasing of
the sample size to further develop a rational, cost-effective
and industrially acceptable product, with a broad-spectrum
antiviral effect, based on the stimulation of innate immunity
with pure and safe formulations of VLPs. Such a product
would be useful in the setting of post exposure prophylaxis
or early therapy of acute respiratory or febrile infectious
diseases as well as with the scope of training innate immunity
responses for the control of chronic diseases.
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