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Abstract: Immunization is a procedure that trains and strengthens host immunity against harmful
foreign agents from damaging and taking the host life. Immunization, also termed vaccination, has
opened the era of modern medicine, not only contributed to the independence of the USA but also
the health of the citizens and the prosperity of the nation. Resonating with the USA growth,
vaccinology as a scientific discipline studying vaccine and immunization needs to take a leap
forward. Generating the next generation vaccine and eliciting newly defined host immunity are
imperative to boost the immunity of we the people and the strength of the nation.
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Introduction

It appears to be the time for Vaccinology to take a leap, since a mandatory smallpox variolation
bolstered the troops of Washington and won the War of Independence. Nobel laureate Theiler and
his team at the Rockefeller Foundation provided safe and affordable protection against yellow fever
by a single dose offering long-term immunity. Then, polio vaccines not only have had a profound,
positive impact on societies, drastically reduced polio cases and prevented paralysis and death, but
also have led to the establishment of robust health systems and infrastructure for disease surveillance,
prevention, treatment and cure.

Footsteps of Trailblazers in Immunization

Immunization and its impact on national independence and societal prosperity can be traced
back to the American Revolution. George Washington mandated inoculation (a precursor to
vaccination) for his troops to combat the deadly threat of smallpox, a decision that significantly
boosted health and the fighting strength of the Continental Army during the War [1,2]. This deed,
too, paved a way for Edward Jenner’s discovery of the smallpox vaccine and its usage: vaccination
or immunization. Jenner studied applying cowpox to prevent smallpox, revolutionized medicine and
laid a cornerstone for immunology, vaccinology, and a combination of both, vaccination or
immunization [3,4].

The research programs aiming to protect national strength and health, specifically development
of vaccines, have made significant contributions to medicine throughout the history of the USA. In
particular, military research programs on immunization have not only benefited the health and
strength of the US army but also that of the general public.

Yellow fever was a serious problem for US troops in 1898 [2]. In response, the army created a
Yellow Fever Commission, headed by physician Walter Reed. The Commission members traveled
abroad and, after extensive experiments and observation, validated a theory presented by Cuban
physician Carlos Finlay two decades earlier: mosquitoes were responsible for the spread of the
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disease. The researchers showed that a virus was the cause of yellow fever, transmitted from one
person to another using mosquitoes as vectors.

The American physician William Gorgas then organized collaborative programs, which allowed
for the completion of the Panama Canal by the Americans after French efforts were abandoned due
to the difficulties of both yellow fever and malaria. Gorgas then joined the Rockefeller Foundation’s
Yellow Fever Commission as director of its work on the eradication of yellow fever. Years later,
Harvard instructor Max Theiler also joined the Commission and developed the 17D vaccine against
yellow fever. Theiler, a virologist, eventually won the Nobel Prize for his efforts, and the 17D vaccine
remains in use today [5].

The majority of acute respiratory disease cases among US military trainees were the result of
adenovirus infections after World War II, so an adenovirus vaccine was created at Walter Reed Army
Institute of Research (WRAIR). After extensive military studies, adenovirus vaccines were given to
new military trainees “within hours after their arrival” at basic training beginning in 1971.

The vaccine’s manufacturer, however, ended the vaccine production in 1994, and all stocks were
depleted by 1999 as well. Outbreaks of acute respiratory disease caused by adenoviruses rose among
military trainees following discontinuation of the vaccination program. So in 2001, the Army
provided funds to re-establish an adenovirus vaccine, and the government contracted with a
manufacturer to restore a production line for adenovirus type 4 and type 7 vaccine tablets. The
vaccine was licensed in 2011, and the US military deployed it to training facilities in the same year.
Surveillance of adenovirus illness since then shows a marked decrease in incidence of all serotypes
of adenovirus after re-introduction of the vaccine [6].

Today, military researchers remain heavily involved in efforts to develop treatments and
vaccines for human immunodeficiency virus (HIV) infection and malaria. The US Military HIV
Research Program (MHRP) at the Walter Reed Army Institute of Research studies not only care and
treatment of HIV but prevention as well. MHRP scientists, collaborating with the National Institutes
of Allergy and Infectious Diseases (NIAID), developed a HIV vaccine candidate that has reached
human clinical testing in combination with another vaccine product. Separately, US military
researchers have also contributed to the testing of the leading vaccine candidate for malaria.

Vaccinology Today

Since the War of Independence, our knowledge on vaccinology — vaccine and immunization, has
developed with the Nation. Vaccines now consist of preventive and therapeutic vaccines, to prevent
and treat both acute infections and chronic diseases. The immunization has proceeded into
immunotherapy to accommodate the vaccines of different types with multiple functions. For
example, infusion of antibodies to prevent HIV infection is an immunotherapy derived from passive
immunization. Applying stem cells to treat type I diabetes is an immunotherapy to correct an
immune disorder and allow insulin-producing beta cells to grow and be functional.

Although the advancement of immunotherapy is impressive, developing effective vaccines
against current diseases remains a challenge, for example, in developing effective HIV, malaria,
COVID [7-12], or cancer vaccines. If there are no effective vaccines, there will be no effective
immunizations nor immunotherapies. In this context, immunogens and vaccines are equivalent and
with the same meaning.

After the War of Independence to now the era of precision personalized medicine, vaccinology
is on the cusp of a leap, derived from our efforts in exploring the basic principles of vaccine
manufacture and host intrinsic immunity. This is the foundation to generate new antimicrobial drugs
and novel immunotherapies.

We have proposed to apply a chromatin vaccine (cVacc) to elicit the immunity of our DNA — the
epigenetic immunity for production of effective HIV vaccines. The concept and process can be tuned
to develop other vaccines or immunogens to generate new antimicrobial drugs and novel
immunotherapies. Here, we outline how to apply a cVacc to elicit the host epigenetic immunity.
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A Leap Forward in Immunization by cVacc Elicited Epigenetic Immunity

Nothing can stop an idea whose time has come. In an era of modern medicine, we maneuver
cutting edge science to treat diseases. Prophylactic and therapeutic vaccines and vaccinations are
among them. Vaccination comprises two parts: immunogen and immunity. An immunogen needs to
target the immunity to produce results. Knowing the immunogen and its targeted immunity lies at
the heart of a successful vaccination.

We will apply a cVacc to target the epigenetic immunity — the immunity of our DNA. We will
elicit the power of our genome’s immunity to control the HIV infection by targeting its lifecycle. We
aim to force HIV to be the latest member of the ancient human endogenous retroviruses (HERVs),
and succumb HIV DNA into a new enhancer or promoter or transposon in our genome, enriching
our DNA'’s function. We will do this like our body has done to the HERVs.

This study will provide three deliverables, embodying how our DNA’s immunity — epigenetic
immunity can be enhanced, which may not only benefit our generation but also generations to come.
Furthermore, we hope the knowledge and techniques applied and developed in this research will
facilitate advancement of virology, immunology, vaccinology, and also other disciplines.

The NIH human genome project and the epigenomics roadmap consortia have provided a large
amount of data that revolutionized our understanding of disease and treatment. Specifically, 8% of
the human genome consists of the sequences of HERVs. The epigenetic silencing and memory are the
main sources to control gene expressions, specifically HERVs [13-20].

Empirical studies further unveil that our genome has an intrinsic immunity that protects the
integrity of our DNA from pathogen invasion and insult, which is underpinned by epigenetic
regulation. We have named the immunity of our DNA as the epigenetic immunity [7,21-23]. Studies
further show that the immune surveillance is built on the epigenetic silencing and memory. Viruses,
or other pathogens, hijack host epigenetic machinery and impair such immune responses [24-37].

Epigenetic immunity occurs in every cell with DNA but not in the cell without it, such as
erythrocytes (red blood cells). It protects our DNA against pathogen infection via DNA methylation,
histone modification, and noncoding RNA (ncRNA) function. Note that the same molecular
mechanism of DNA immunity confers an immune phenomenon that is studied in innate immune
cells, firstly in myeloid cells and is termed as trained immunity. The immune phenomena, however,
are revealed and studied further beyond the innate immune cells to lymphocytes, and up to the
hematopoietic stem and progenitor cells (HSPCs) [38-51].

We aim to study the same molecular mechanism to improve our understanding of human
immunity. We propose to define the biomarkers, a relevant immune signaling pathway, and immune
effector differentiation that embody the function of epigenetic immunity to prevent, control, and treat
viral infections by three deliverables. We focus on HIV as an example due to the historical and
scientific reasons [52-60].

The first deliverable of this research is the generation of chromatin vaccines (cVacc) (Figure 1).
cVacc is a functional gene transcription unit with an enhancer in a nucleosome format that resists
nuclease degradation while mediating epigenetic silencing of viral RNA by ncRNA function and the
enhancer decommissioning process [7,21-23].
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Figure 1. How to make cVacc.

e  Exposing the 2-/1-LTR circles to cell cultures

¢  Colony formation assay for CD4 T-cells

o  Testing CD4 T-cells antigen specific function and memory in vitro and in vivo

e  The tested 2-/1-LTR circles being the cVacc, and the tested CD4 T cells as a therapeutic for autologous or
allogenic vaccination [7,23]

HIV infects naive CD4 T-cells that have the property of stem cells for self-renewal and
multipotency to differentiate into lineage effector cells. The naive CD4 T-cells mimic stem cell
asymmetric division upon an antigen stimulation and differentiate into memory and effector immune
cells. Enhancer decommissioning processes occur routinely in hematopoietic stem and progenitor
cells (HSPCs) when differentiating into linage cells. The same genomic DNA of a naive CD4 T-cell
that is in a progenitor status and after enhancer decommissioning, asymmetrically, differentiates into
daughter immune memory and effector cells. A process mimics that of a HSPC.

cVacc functions as an immunogen and acts to prime the naive CD4 T-cell enhancer by triggering
signaling transduction pathways of Toll like receptors (TLR), DNA/RNA sensors, interferon, and
NFKkB to load transcription factors (TF)/RNA polymerase II (RNAPII) to the CD4 T-cell enhancer [61—
72]. This primed cell enhancer allows CD4 T-cells to rapidly differentiate into memory and effector
cells upon encountering HIV.

In other words, the vaccinated CD4 T-cells, specifically the CD4 T memory cells, counteract the
HIV proviral enhancer not only by competitively loading TF/RNAPII on their enhancers, but by
enhancer RNA (eRNA) and other ncRNA function as well. Both converge to silence the HIV RNA
expression while allowing CD4 T-cells to differentiate into a spawn of new daughter anti-HIV
memory and effector cells to establish a long lasting anti-HIV immunity. Such a mechanism bestows
durability on an anti-HIV vaccine.

Molecularly, taking away the TF and RNAPII, the transcription complex/machinery, from a
promoter or enhancer is named decommissioning. Priming the CD4 T-cell enhancer with the rationed
transcriptional complex/machinery in a cell and competitively taking away from that of the HIV
promoter if the virus comes later, underpins the molecular mechanism of cVacc to prevent HIV
infection and reconstitute patient immunity. Cellularly, such a vaccine strategy regenerates the
normal function of CD4 T-cells that are destined to execute in human immunity being a commander-
in-chief, allowing CD4 T-cells to launch effective immunities protecting host from numerous
infections of viruses, bacteria, fungi, etc., while keeping host in an immune homeostasis state.

Moreover, cVacc is made from the aborted, unintegrated 1-LTR and 2-LTR circles that are
wrapped with histones and resist the nuclease degradation [73-76]. This feature, differing from an
mRNA vaccine that needs a cold-chain to maintain its function, allows cVacc to be managed and
administered wider via ordinary methods to prevent and treat viral infections. cVacc can be applied
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to the routes of viral entry up to the target cells without jabbing, and aiming to elicit IgA, IgM, IgG,
and innate, adaptive, as well as epigenetic immunity in a systemic manner. Such a strategy not only
stimulates local, mucosa, or tissue specific immunity but the entire host immunity as well.

These features, specifically silencing the viral mRNA expression and cutting off downstream
mutagenesis, allow cVacc to be the next generation vaccine compared to COVID mRNA vaccines.
Additionally in COVID, mRNA vaccines work better than the adenovirus-vector vaccines, and are
reported to have engaged in the epigenetic responses in inhibition of the viral infections [7-12]. The
stimulation of epigenetic immune responses, however, differs from eliciting the epigenetic immunity.
cVacc elicits the epigenetic immunity [7,21-23].

To summarize, the strength of cVacc stems from its formats and components in priming the
TF/RNAPII transcriptional complex to bind to the CD4 T-cell super-enhancers. Such immunization
strategy not only decommissions the HIV promoter and silences the HIV RNA production, but also
develops antigen specific CD4 T-cells in multi-lineages to reconstitute patient immunity.

Sequentially, immunization by cVacc generates the 2nd deliverable of the study, which are the
recombination-activating gene 2 protein (RAG2) regulated antigen specific CD4 T-cells. In mammals,
RAG2 is a far more evolved immune machinery than the CRISPR-Cas in bacteria, since RAG2 directs
the specific antigen binding receptor formation of both T and B cells after an antigen or immunogen
stimulation [77-83].

The essence of vaccination is to generate antigen specific CD4 T-cells, including memory CD4 T-
cells. The primed naive CD4 T-cells differentiate into antigen specific CD4 T-cells with their specific
antigen-binding receptors, i.e., T cell receptors (TCRs). Based on the known and emerging knowledge
of T and B lymphocytes, a class switch recombination process occurs in the maturation of both cells,

specifically in formation of specific antigen binding receptors [77-83].

Studies show that RAG2 plays a pivotal role in the T and B lymphocyte maturation and their
antigen binding receptor formations after stimulation by immunogens. The function of RAG2,
however, is cell cycle dependent [77-83]. Ours and others experimental results have shown that
p21ciptwaflsdil (p21), a single cell checkpoint protein, not only restricts HIV infection in HSPCs, CD4 T-
cells, and macrophages, but controls immune cell cycle status as well [53,84-93]. Through regulating
the p21-signalosome pathway, we can regulate the function of RAG2, generate antigen specific CD4
T-cells for immunotherapy, and reconstitute patient immunity (Figure 2). This differs from CAR T
cells that are TCR indirectly specific and with significant side effects [94-98].

lincRNA-p21

Figure 2. Developing HIV specific T-cells & B-cells via the p21 signalosome pathway ‘PRR: pattern recognition
receptors consisted of sensor like receptors - Toll like receptors, DNA/RNA sensors, etc. TCR: T cell antigen
receptor. RAG2: recombination activating gene 2 protein. LSD1: lysine specific demethylase 1. "The posited
pathway elicited by cVaccis derived from our preliminary, unpublished studies. These can be further confirmed

with new lab resources.

With the same molecular mechanisms and a technological tweaking, immunization via cVacc
produces a third deliverable — generation of RAG2 regulated antigen specific CD4 T follicular helper
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cells (Tfh) and B cells. B lymphocytes generate antibodies and play important roles in host antiviral
immunities. From the HIV/AIDS model, we understand that the CD4 (Tth) cell is indispensable for B
cell function, specifically in producing antibodies [84-88,99-103]. This CD4 (Tth) cell helped B cell
function is, however, governed by the p21-signalsome-RAG2 pathway also (Figure 2) [54,84-93,99—
103]. In addition to generating the antigen specific CD4 (Tth) cells and using tuned techniques, we
will generate antigen specific B cells that exert humoral immunity against the viral infection.

Note that RAG2, along with RAG]1, is a key player in B cell antigen receptor (BCR) formation by
initiating V(D)J recombination, a process that reshuffles the immunoglobulin gene segments to
generate a diverse range of BCRs in responding to pathogens [83,104-107]. The function of RAG2 in
formation of BCRs that bind to pathogenic antigen or immunogen differs from other B cell surface
receptor formation or the antibody maturation regulated by activation-induced cytidine deaminase
(AID) [77-83,104-107].

In the above study, we will apply technologies including but not limited to Chromatin
Immunoprecipi-tation Sequencing (ChIP-seq), ChIP and lambda exonuclease digestion (exo)
followed by high-throughput sequencing (ChIP-exo), Multi-omics analyses, Methylation-specific
PCR, Cell colony formation assay, Flow cytometry, Stem cell culture, Organoid culture, Humanized
mouse model, and Artificial intelligence (Al) simulated clinical testing of effective HIV vaccines. We
aim to follow in the footsteps of pioneers, continue on a national journey, to make a scientific progress
and fulfill a duty that the era has bestowed on our generation.

Discussion, Conclusion, and Future Direction

The vaccinology needs a leap forward based on the knowledge from the NIH human genome
project and the epigenomics road map consortium. Notably, the achievements on the human
genome’s research occur at the same time as that of HIV/AIDS research [13-20]. The research on
HIV/AIDS, a naturally occurring module for loss-of-function in human immunity, has greatly
facilitated studies on human immunodeficiency at a scale of DNA sequencing to epigenetic immunity
that may lead to an HIV cure.

Specifically, cVacc elicits a kinetic replenishment of antigen specific immune cells, and sets a
foundation of vaccine durability that serves as a remedy against “vaccine breakthrough”. Vaccine
breakthrough is a recent emerging phenomenon occurring to vaccination/immunization [7-12].
Using a cVacc to elicit the immunity of our DNA — the epigenetic immunity, not only generates an
effective HIV vaccine but other vaccines preventing and treating a variety of diseases to benefit
generations yet to come.
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