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Abstract
Trained immunity (TI) involves foam-cell formation in M1-like macrophages, relies 
on glycolysis for energy and is associated with epigenetic changes that improve 
accessibility to innate immunity genes. However, the mechanisms by which TI 
reduces all-cause mortality remain poorly defined. This review provides novel insights 
into the role of the protector foamy retrovirus, human endogenous retrovirus K102 
(HERV-K102) located at 1q22, in generating M1-like foamy macrophages (FM) and 
creating TI. Remarkably, the involvement of HERV-K102 particles can help explain 
how TI activation can resolve or prevent infections and chronic diseases resulting 
in negative excess all-cause mortality. This is possible since the failed release of 
HERV-K102 particles from FM indicates the dysfunction of M1-like macrophages, 
a condition known to cause chronic diseases termed the immunosenescence of 
macrophages (ISM). Firstly, HERV-K102 particle production in activated macrophages 
causes the accumulation of high levels of these particles in vacuoles, generating the 
foam intrinsic to TI. These particles are then released on day 6/7 by lysis. Released 
protector particles launch a multi-faceted protection systemically within the host, 
including the all-important interferon response and the activation of innate T and 
B cells against the HERV-K102 envelope protein (Env). This review reveals for the 
first time that TI memory involves genomic modification (integration of HERV-K102) 
associated with protection.  It also explains how HERV-K102 particles released from 
FM may contribute not only to sterilizing immunity and herd immunity, but also to 
the reversal of ISM associated with TI induction, which improves all-cause mortality. 
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1. Introduction
The term “trained immunity (TI)” was first coined by Netea et al.1 in 2011 to describe 
the enhancement of a secondary innate immune response after a primary infection 
or vaccination. Unlike adaptive immunity, TI lacks specificity for pathogen-specific 
antigens and thus invariably provides heterologous protection or cross-protection 
against unrelated pathogens. TI was initially invoked to explain how vaccination with 
the live Bacillus Calmette–Guérin (BCG) vaccine (attenuated Mycobacterium bovis) 
in West Africa decreased childhood mortality from several pathogens, including 
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that of tuberculosis. The protection furnished by the 
BCG vaccine was mediated by macrophages. Since 
macrophages in humans cannot replicate (unlike in mice) 
and have short half-lives, this has led to the concept of 
central TI in the hematopoietic stem and progenitor cells 
(HSPCs) in the bone marrow.2-5 Accordingly, TI involves 
peripheral (monocytes in the blood that differentiate into 
macrophages in the tissues) and central (myeloid HSPCs) 
compartments. Most notably, the memory aspect of TI 
involves metabolic and epigenetic changes. These include a 
switch to glycolysis enabling cholesterol synthesis, changes 
in histone methylation and acetylation in chromatin, 
and DNA methylation changes, providing improved 
access to macrophage lineage and inflammatory genes.4 
Newer evidence also implicates long non-coding RNAs 
(lncRNAs) in epigenetic modifications.5 TI refers to a 
short-term enhancement (usually lasting 3 to 12 months) 
in the release of core inflammatory cytokines (such as 
tumor necrosis factor-alpha [TNF-α], interleukin [IL]-1β, 
IL-6) from M1-like macrophages upon rechallenge, which 
is associated with enhanced heterologous anti-pathogen 
and anti-tumor activity in vivo. Epigenetic changes 
have also been described in other innate immune cells, 
including neutrophils, dendritic cells, natural killer (NK) 
cells, various innate lymphoid cells, and microglia, as 
well as non-immune cells. However, how TI in M1-like 
proinflammatory macrophages relates to enhanced 
pathogen and tumor control in vivo remains unclear and is 
yet to be fully elucidated. 

This review attempts to explain key mechanisms 
conferring TI-mediated protection, including mechanisms 
that may lead to sterilizing immunity, and to examine 

how TI may be critical to human survival. It also explores 
the possibility that immunosenescence of macrophages 
(ISM) induced by alpha-fetoprotein (AFP)—potentially 
triggered by the SARS-CoV-2 spike protein or associated 
with hypertension, insulin resistance, and many, if not 
most, age-associated chronic diseases—may impair TI 
induction, potentially leading to devastating outcomes for 
the host. A recent review proposed that TI may promote 
disease in an undefined, nebulous manner: “... induction 
of trained immunity can play a role both in maintaining 
health if activated at the right time and in the right place 
or promoting disease if inappropriately induced.”5(p173) This 
statement highlights the current lack of a clearly defined 
molecular basis that can adequately explain both the 
protective and potentially deleterious effects of TI.

2. Implication of HERV-K102 particle 
production in trained immunity, foam cell 
formation, and heterologous protection
In an attempt to understand the molecular basis of TI in 
protection and dysregulated TI (ISM by AFP) in disease, a 
novel, potent, virus-antiviral innate defense system based 
on HERV-K102 particles produced in M1-like foamy 
macrophages (FM) has been described, helping explain 
how TI mediates pathogen and/or tumor clearance.6 
HERV-K102 is a non-pathogenic foamy retrovirus 
encoded on chromosome 1q22 that initiates replication 
in proinflammatory M1-like macrophages and renders 
them foamy. The foam refers to high levels of HERV-K102 
immature particles, about 100 nm in size, that accumulate 
in vacuoles, giving the cells a foamy appearance (Figure 
1).7-8 The induction of lysis needed for the release of the 

Figure 1. Morphological characterization of human endogenous retrovirus (HERV)-K102 particle production and replication in vitro in cord blood (CB) 
mononuclear cells. (A) Hematoxylin and eosin staining of day 7 CB cytospins showing highly vacuolated, foamy macrophages with diameters of 15–25 
mm amongst normal small lymphocytes (magnification: 400×). Note the presence of a rare multinucleated giant macrophage. (B) Electron microscopy 
(EM) of vacuolating CB cells on day 11 at 1,500×. Note the lacy appearance. (C) At 100,000×, immature particles typical of foamy viruses (FV) can be 
seen in the vacuoles, which averaged about 100 nm ± 30 nm. Env spikes are also noted as critical for FV particle formation. No cell surface budding was 
observed by EM. Particle release was by lysis early on day 7. Media used was Iscove’s Modified Dulbecco’s Media (IMDM) with 10% fetal calf serum. In 
traditional Roswell Park Memorial Institute (RPMI) medium, the induction of vacuolation and HERV-K102 polymerase messenger RNA was blocked. 
Reprinted from Laderoute et al.8
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protective foamy particles appears to be mediated by a novel 
lysosomal DNase2 released into the cytoplasm, associated 
with the disappearance of lysosomal-associated membrane 
protein 1 (LAMP1), as described by Fischer et al.9 in 
murine sebocytes. Although generally underappreciated, 
sebocytes are highly specialized M1-like FMs in the 
sebaceous glands that line the mucosa.6 Here, for example, 
in the upper respiratory tract (URT), HERV-K102 particles 
are released into the external environment via sebum. 
Sebum coats the mucosa and acts as a first line of defense. 
It is thought that this natural shedding of HERV-K102 
particles from sebocytes in the URT may contribute to 
herd immunity, for example, by exhalation (see Section 2.9 
for more discussion and evidence). 

2.1. HERV-K102 is a non-pathogenic foamy 
retrovirus located at chromosome 1q22 and is 
considered uniquely replication competent

The HERV-K102 is a human protective foamy retrovirus 
and the only known HERV-K human mouse mammary 
tumor virus-like 2 (HML-2) group member to demonstrate 
natural replication competence both in vitro and in vivo.7,8 
The claim that only HERV-K102 is naturally replication 
competent is corroborated by the finding that there are 
two entries for the amino acid sequence of the HERV-K102 
envelope protein (Env). One sequence is produced when 
the full-length proviral sequence is transcribed (P63135 
polymerase-envelope region [pol-env]), which is related 
to HERV-K102 replication, and another represents the 
protein produced from the spliced envelope messenger 
RNA (mRNA; P61567), which is related to HERV-K102 
envelope expression in tumors and/or on virally infected 
cells.6 None of the other HML-2 group members showed 
this distinction. 

2.1.1. HERV-K102 HML-2 envelope expression and 
significance to trained immunity

As assessed in peripheral blood mononuclear cells (PBMCs, 
which represent immune cells that circulate in the blood), 
three dominant HML-2 envelope transcripts were all type 
1 HML-2 sequences that have a deletion in pol-env,10 and 
all contained the long terminal repeats (LTRs), referred to 
as human-specific LTR5 (LTR5Hs).11 

The 292-nucleotide deletion in pol-env for type 1 
HERV-K HML-2 group members, which distinguishes 
them from type 2, results in the presence of an alternative 
transcript NP9, which is smaller than the Rec transcript.11 
The Rec protein is an accessory protein thought to be 
analogous to the orthoretroviral proteins Rev (from 
human immunodeficiency virus type 1 [HIV-1]) and 
Rex (from human T-cell leukemia virus type 1 [HTLV-
1]), which facilitates the nuclear export of viral mRNAs 

to the cytoplasm. This finding has led to the false 
assumption that type 1 HERV-K HML-2 elements are not 
replication-competent or capable of producing particles. 
However, non-pathogenic foamy retroviruses have unique 
properties that distinguish them from the pathogenic 
orthoretroviruses, as established for the well-characterized 
prototype foamy virus (PFV). PFV, although derived from a 
human nasal carcinoma from Africa and mistakenly called 
the human foamy virus, was later discovered to originate 
in chimpanzees and was renamed. PFV does not use a 
Rec-like domain; instead, it uses a cellular protein, human 
antigen R (HuR), that binds to foamy virus RNA to export 
mRNA to the cytoplasm for translation.12 Subramanian 
et al.11 also suggested that no HERV-K HML-2 particles 
(that bear RNA genomes) could be isolated from HIV-1 
patients. However, from another study,13 there were 
about 8,300 DNA-bearing HERV-K HML-2 particles on 
average presented in 73% of HIV-1 patients. This finding 
was nearly identical to the post-hoc calculation of 8,200 
complementary DNA (cDNA)-bearing HERV-K102 
particles found in 72% of HIV-1 patients.14 From these 
analyses, it appears that the type 1 HERV-K HML-2 may 
be more closely aligned with the functions and replication 
mechanisms of non-pathogenic foamy retroviruses in host 
protection. Importantly, this includes the fact that the 
genomes in HERV-K102 particles are almost invariably in 
cDNA form.7,14

The three RNA envelope transcripts (env) detected 
in PBMCs by Brinzevich et al.,10 in descending order of 
frequency, referred to HERV-KII (3q12.3), HERV-K102 
(1q22), and HERV-K18 (1q23.3), of which the first 
and last are shared with gorillas and thus existed for a 
longer time. HERV-K102 is unique to humans, having 
been acquired in the past 2 million years6,11 and perhaps 
as recently as 700,000 to 800,000 years ago.6 The older 
sequences had multiple deletions, stop codons, and 
insertions, while HERV-K102 displayed a single stop 
codon in the gag region.11 Phylogenetically, a potential 
source of HERV-K102 may have been chimpanzees, when 
the common ancestor of humans and other hominins was 
still living in Africa, and a lentivirus challenged the Homo 
species.6 Brinzevich et al.10 determined that only two HML-2 
envelope RNA nucleotide sequences were translated into 
Env, namely HERV-K102 and HERV-K18. Interestingly, 
both of these type 1 HERV-K HML-2 proviruses are 
located on Chromosome 1, the largest chromosome in 
the human genome, that encode genes involved in human 
development and cellular maintenance. It was determined 
that only HERV-K18 could pseudotype HIV-1 virions, 
but, interestingly, not simian immunodeficiency virus,10 
potentially implying co-evolution of HERV-K HML-2 
elements in defense against lentiviruses of the host species. 
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Pseudotyping means that the HERV-K18 Env could 
become part of the HIV-1 virion and alter its targeting, 
perhaps away from macrophages and/or CD4-positive T 
cells. If so, it would be consistent with a role of HERV-K18 
envelope expression in helping to protect the host against 
HIV-1 and other orthoretroviruses more generally. 

Another important aspect of the expression of HML-2 
envelope was the finding by Morozov et al.15 that the 
transmembrane region of the HML-2 envelope (shared by 
both type 1 and type 2 HML-2) suppressed the adaptive 
immune response while polarizing macrophages toward the 
M1 pro-inflammatory phenotype, thereby promoting TI. 
In other words, the HML-2 transmembrane Env drives TI 
over adaptive immunity. This is quite significant, given that 
the HERV-K102 envelope is strongly upregulated in virally 
infected cells6 and in various cancers.6,16 HERV-K102 Env 
expression on the surface of these abnormal cells acts as a 
surrogate marker for cells that need to be eliminated from 
the host; i.e., allowing innate T cells and immunoglobulin 
G (IgG) to HERV-K102 Env to trigger apoptosis and 
mediate cell killing. For example, in 2012, Wang-Johanning 
et al.17 demonstrated that a monoclonal antibody specific 
to HERV-K102 Env could trigger apoptosis in vitro and in 
vivo in human breast cancer cells. However, in 2017, this 
same research group showed various lines of evidence 
that the expression of HERV-K102 Env or very similar 
HML-2 Env sequences appeared to mediate the malignant 
phenotype, largely by affecting the RAS-ERK-RSK 
pathway during pancreatic tumor progression. They also 
reported detecting HERV-K HML-2 particles produced 
by some pancreatic cell lines.18 As discussed below, the 
malignancy-conferring pathway, epidermal growth factor 
receptor (EGFR)/ERBB2/phosphoinositide 3-kinase 
(PI3K)/Akt/mechanistic target of rapamycin (mTOR) 
pathway, is used to generate HERV-K102 particles in 
macrophages, leading to the formation of foamy M1-like 
macrophages. In this regard, it is essential to understand 
that human macrophages do not replicate, unlike those 
in rodent models. AFP, a tumor progression factor that 
confers the malignant state, is also required to generate 
the foam/glycolysis needed to establish TI, as discussed in 
Section 2.6. Accordingly, the correlation between HERV-K 
HML-2 Env expression and malignant potential indicates 
that the more malignant the tumor, the greater the need for 
HERV-K102 envelope expression and/or the production of 
HERV-K102 particles to prolong survival.19

Nevertheless, Nguyen et al.20 provided evidence that 
HERV-K HML-2 Env expression reverses chemoresistance 
in ovarian tissues and cultured cells and may correlate 
with CD8+ T cell cytotoxicity. Others reported that 
HERV-K102 transmembrane Env upregulated the immune 

checkpoint markers programmed cell death protein 1 (PD-
1) and programmed death-ligand 1 (PD-L1) in the alpha-
beta T cell receptor-bearing (adaptive immunity) Jurkat T 
cells.21 They suggested this would lead to immune escape 
from adaptive immune mechanisms. However, they did 
not consider that this immunosuppression of adaptive 
immunity may favor innate immunity. Additionally, the 
transmembrane region of the HERV-K Env bound to the 
immunoreceptor tyrosine-based activation motif (ITAM) 
of CD3e, thereby inhibiting adaptive T cell signaling.22

However, the claim that shed HERV-K102 Env serum 
levels correlated with tumor progression in cancer patients 
and with carbohydrate antigen 19-9 (CA19-9) and AFP 
levels21 suggests that certain malignant tumors may cleave 
HERV-K102 Env from the surface of tumor cells, thereby 
limiting the ability of innate T cells and IgG antibody 
to bind to HERV-K102 Env to clear tumors. Soluble 
circulating HERV-K102 Env would also tend to neutralize 
any circulating antibody specific to HERV-K102 Env, again 
defeating innate TI. However, for the sandwich Enzyme-
Linked Immunosorbent Assay (ELISA) results for the levels 
of HERV-K102 Env detected in serum in cancer patients, 
the variance greatly exceeded the means. This exceptional 
variance could have been due to the detection of variable 
levels of HERV-K102 particles in the blood along with 
shedding of envelope from HERV-K18 cross-reactive 
envelope which also known to be found in blood.10 Thus, 
further research is needed to resolve this discrepancy. 

It is important to realize that, unlike HIV-1, in which 
virus-like particles can form in the absence of envelope 
expression, in non-pathogenic foamy retroviruses, 
envelope expression is an absolute requirement for 
particle production and cannot be pseudotyped by 
orthoretroviruses (the disease-causing retroviruses).23 In 
Figure 1, electron micrographs show spikes of HERV-K102 
Env on immature particles, consistent with the known 
replication competence of HERV-K102.7,8 

2.1.2. The concept that HERV-K102 integration is 
needed for replication, and that HERV-K102 can 
replicate to very high levels

For retroviral replication, including that of foamy 
retroviruses, integration into genomic DNA is an obligate 
requirement,23,24 which can be monitored by proviral copy 
number. PFV, a foamy virus of chimpanzees, displayed up 
to 20 integrated copies in individual erythroid leukemia 
cells.24 Similarly, HERV-K102 was identified to exhibit 
increased copy number (an average five-fold increase in 
vivo compared to healthy controls)8 in a famous cohort 
resistant to HIV-1 acquisition reported by Fowke et al.,25 
but not in patients with HIV-1 acquisition (Figure 2). 
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This exceptional finding not only validated the replicative 
activity of HERV-K102 in vivo but also strongly implied its 
high replication in generating sterilizing immunity against 
RNA pandemic viruses. It also validated that HERV-K102 
may naturally replicate to exceptionally high levels in vivo 
in response to viruses. 

The 109 quantitative polymerase chain reaction 
(PCR) real-time delta-delta cycle threshold (ddCt) ratios 
commonly obtained in viremic patients (excluding HIV-
1, which antagonizes HERV-K102)7,14 corresponded to an 
estimated 1012 HERV-K102 particles per mL of plasma. If 
we consider that there are about 5 L of blood in an adult 
(and about 60% is plasma), this means when HERV-K102 
is fully induced, in the circulation, there would be about 
3 × 1015 particles induced, representing an 83-fold higher 
level of particles than the number of cells in an adult (about 
3.6 × 1013 cells per adult). Thus, the levels of HERV-K102 
particles, which may be readily detectable in blood, may be 
at least 10-fold higher than the total number of cells in the 
body. When one also considers the number of HERV-K102 
particles constitutively produced in sebocytes, which coat 

the mucosa,26 the HERV-K102 replicative response in the 
body is more than enough to protect most, if not all, cells. 

2.1.3. A potential role of HERV-K102 in human 
survival warrants fast memory responses 

It has been argued that HERV-K102 activation may have 
played a role in human survival over other hominin species 
that went extinct. The other hominins, Neanderthals and 
Denisovans, lost HERV-K102 at 1q22.6 Furthermore, we 
know that progeny from admixtures of Neanderthal and 
human only produced viable offspring when the female 
was human. This might be taken as an argument that 
humans had better host defenses than other hominins due 
to the maintenance of HERV-K102 at 1q22. If HERV-K102 
activation with particle release represents the quintessential 
mechanisms for launching potent TI-mediated protection 
against emerging pathogens, it would be imperative that 
HERV-K102 induction and particle release occur rapidly. 
The question is, how fast is fast? 

A patient with chronic fatigue syndrome (CFS; 
considered a post-viral syndrome) voluntarily interrupted 

Figure 2. Increased proviral copies of human endogenous retrovirus (HERV)-K102 pol may be associated with resistance to HIV-1 acquisition. DNA was 
extracted from plasma, and the HERV-K102 pol delta-delta cycle threshold (ddCt) ratio was performed relative to 18S RNA as previously described7,8 using 
a uracil N-glycosylase (UNG)-containing polymerase chain reaction (PCR) buffer to digest any complementary DNA (cDNA) from particles, ensuring 
genomic DNA rather than particle-associated cDNA was assessed. Individual ddCt ratios were plotted: Light blue = 16 Canadian HIV-1 patients on 
antiretroviral therapy (HIV-1 T) with a mean genomic copy ratio of 1.07 ± 0.14. Dark blue = 10 Canadian HIV-1 patients not on antiretroviral therapy 
(HIV-1 NT) with a mean of 1.16 ± 0.21. Note there was no statistical difference in the genomic copy ratios of HERV-K102 pol between the Canadian HIV-1 
infected patients, whether or not they were on therapy, and neither group alone or together was statistically different from normal. Pink = Commercial Sex 
Workers (CSW) who had shown at least three years of HIV-1 resistance to transmission despite daily exposures to HIV-125 with a mean genomic copy ratio 
of 4.21 ± 0.73. This was significantly elevated above normal (0.88 ± 0.37; p < 0.0005) and above the two-standard-error cutoff of 1.62 (n = 30). Reprinted 
from Laderoute et al.8 
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her St. John’s wort therapy (in the name of science) for 
84 h, during which she developed severe insomnia, post-
exertional malaise, debilitating fatigue, and extensive brain 
fog by 24 h (and which persisted for as long as she did not 
take St. John’s wort). At 84 h, the number of HERV-K102 
particles induced from a baseline of 0 particles per mL 
of plasma (i.e., when she was on St. John’s wort therapy) 
was 2.55 × 1011 particles per mL of plasma.7,14 Particles 
were isolated from plasma, and only DNA, but not RNA, 
could be detected in these particles using regular PCR and 
reverse transcription PCR. Through a special quantitative 
ddCt PCR (a qPCR that controls for genomic equivalents) 
performed in the presence versus absence of the enzyme 
AmpEraseTM uracil N-glycosylase in the PCR buffer (which 
digests cDNA but not genomic DNA), it was confirmed 
that 100% of the HERV-K102 particles induced by 84 h in 
the CFS patient were all cDNA, as expected for a foamy 
retrovirus.7,23 It should be appreciated that this induction of 
high levels of HERV-K102 particles would be considered a 
memory response. 

Not surprisingly, the strong short-term induction 
of HERV-K102, which would greatly increase plasma 
viscosity, was associated with a high erythrocyte 
sedimentation rate of about 22 mm/h and an elevated 
CD4/CD8 ratio of 2.1 (laboratory results), indicating an 
absolute loss of CD8+ T cells in the blood. Notably, these 
values matched the median values obtained by Diaz-
Mitoma et al.27 for CFS patients undergoing a clinical 
trial. The erythrocyte sedimentation rate, which is a 
measure of inflammation and correlates with fatigue, can 
be elevated in a wide variety of other diseases, including 
viral infections and malignancies, autoimmune diseases, 
metabolic disorders, and neurodegenerative diseases.28 It 
is tempting to speculate that the fatigue associated with 
strong HERV-K102 activation naturally promotes bed rest, 
ensuring sufficient energy can be devoted to HERV-K102 
particle production and, thus, to the survival of the host 
when needed.

2.2. HERV-K102 is a member of the HERV-K HML-2 
group: Guardians of the human genome 

The HERV-K HML group of endogenous retroviruses 
comprises about 91 almost full-length proviruses across 
the human genome, which are generally inactivated 
by mutations, some including loss of one or more 
LTRs.11 Nevertheless, various mRNAs and/or proteins 
corresponding to these other HML members are variably 
expressed. The HML-2 group of HERV-K members 
represents the most biologically active endogenous 
retroviruses in the human genome and is the most recently 

acquired. This group has coevolved with humans over the 
past 10 million years, and since their arrival, the invasion 
of the human genome by orthoretroviruses has been 
greatly diminished.29 This phylogenetic evidence directly 
implicates HERV-K102 and the HERV-K HML-2 group in 
host defense against viruses.

2.3. HERV-K102 is potentially the elusive (protector) 
foamy retrovirus of humans and undergoes 
clinically significant proviral amplification 

Where examined, most mammalian species carry foamy 
retroviruses that have coevolved with the host over 
millions of years. While the human foamy retrovirus 
has not been truly identified, accumulating evidence 
implies that HERV-K102, although encoded within the 
human genome, may be the elusive foamy retrovirus of 
humans. Notably, HERV-K102 has all the hallmarks of 
(non-pathogenic) foamy retroviruses and shares many, if 
not most, properties with PFV of chimpanzees (see the 
extensive list in the supplemental materials in Laderoute 
et al.8). This includes certain unique properties of foamy 
retroviruses,23,30 such as the telltale sign of induction 
of foam in cells when they replicate in vitro (Figure 1), 
genomes in immature particles being primarily cDNA 
relating to a reversed lifecycle to orthoretroviruses, 
and certain genetic attributes such as integration of 
proviruses starting with “tgtg.” Since foamy retroviruses 
are considered nonpathogenic and are transmitted via 
saliva, it has been observed that upon transmission to a 
new host, integration can be detected in all organs and 
tissues, but expression is detected only in the oral mucosa, 
as studied for simian foamy retroviruses.30 In this regard, 
HERV-K102 RNA expression has been detected in human 
sebocytes (which have identical morphology and the same 
differentially expressed genes [DEGs] common to foamy 
M1-like macrophages),6,26 suggesting that HERV-K102 is 
likely spread by saliva and/or exhalation, as expected for 
foamy retroviruses. Therefore, a role in establishing “herd 
immunity,” especially to emerging pathogens, is plausible 
and will be discussed in Section 2.9. 

Despite being nonpathogenic, PFV paradoxically 
induces apoptosis in some but not other fibroblast cell 
lines.23 Similarly, a strong induction of apoptosis at 24 h 
was observed with HERV-K102 particles when added 
to MRC-5 cells, but not to human fetal lung fibroblast 
(HFL-1) cells.6 It was subsequently discovered that PFV 
is oncolytic, inducing apoptosis upon entry into tumor 
cells,31 and virolytic, inducing apoptosis in virally infected 
cells.32 Accordingly, it is extremely important to address 
whether HERV-K102 also shares oncolytic and virolytic 
properties with PFV, as this would help explain its potency 
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for clearing cells infected with intracellular pathogens and/
or tumors. 

On the other hand, upon entry into healthy cells, 
HERV-K102 likely integrates into open chromatin, and 
these extra copies would create more accessible targets, 
enhancing TI memory for HERV-K102 full-length RNA 
and spliced envelope expression upon host rechallenge. 
This would help explain the significance of the finding of 
increased HERV-K102 copy number in host resistance to 
HIV-1 acquisition (Figure 2)8 and the reported association 
with improved overall survival in patients with lung 
adenocarcinomas (LUADs).19

2.3.1. Upregulated HERV-K102 integration in 
pandemics and cancers

In 2015, we were the first to report the detection of 
significantly increased HERV-K102 proviral copies 
in genomic DNA in an HIV-1-exposed seronegative 
(HESN) cohort that was resistant to HIV-1 acquisition 
while not observed in HIV-1 patients whether or not on 
anti-retroviral therapy.8 Both HIV-1 and SARS-CoV-2 
viruses caused pandemics and both are “enveloped” RNA 
viruses that bud from the cell surface. This means these 
pandemic viruses are amenable to tight control by the 
HERV-K102 defense system, which involves an antibody 
to the HERV-K102 Env expressed on the cell surface of 
virally or tumor-transformed cells. Accordingly, upon 
budding from the cell surface, these “enveloped viruses” 
retain HERV-K102 Env, meaning the corresponding 
antibody can destroy and remove the virions and not just 
the infected cells (Figure 3). This HESN cohort was the first 
of its kind discovered by Fowke et al.25 

It was more recently reported that the HERV-K102 
region around 1q22 at 1q21 often undergoes amplification 
in LUAD tissues.33 Indeed, the study by Ng et al.19 was very 
informative about the important roles of HERV-K102 
envelope expression in LUAD patients, which is associated 
with increased HERV-K102 proviral integration. 
First, HERV-K102 envelope mRNA is the most highly 
expressed HML-2 member or HERV in LUAD. Second, 
the HERV-K102 envelope is expressed at higher levels in 
LUAD than in adjacent normal tissues. Third, HERV-K102 
envelope mRNA expression is correlated with the levels of 
IgG antibodies to HERV-K102 Env. Fourth, the envelope 
mRNA in LUAD is also correlated most strongly with the 
transcriptional signatures of cytotoxic T cells, including 
CD8+ T cells. Fifth, both the HERV-K102 envelope 
mRNA in the tumor and HERV-K102 envelope-specific 
IgG levels are correlated with ploidy-adjusted HERV-K102 
copy number in LUAD. These findings documented that 
increased integration of HERV-K102 in tumor tissues 

(a measure of HERV-K102 replication) was, associated 
with enhanced T and B cell activation to HERV-K102 
envelope. This would be consistent with HERV-K102 
particles directly stimulating their activation, although 
this needs to be directly tested. In a small LUAD sample 
(n = 7), pre-treatment levels of antibodies specific to the 
HERV-K102 envelope predicted responses to immune 
checkpoint blockade, and these antibody levels correlated 
more with overall survival than with progression-free 
survival. The levels of these antibodies are also correlated 
with NK cell-mediated antibody-dependent cytotoxicity. 
In a larger sampling of 68 LUAD patients, it was shown that 
LUAD tissues with higher levels of HERV-K102 envelope 
mRNA before immune checkpoint blockade treatment 
were correlated with favorable responses and overall 
survival.19 Thus, HERV-K102 replicative activity (increased 
integration) was correlated with the activation of T and 
B cell responses linked to HERV-K102 Env expression 
and promoted overall survival in LUAD patients. These 
findings,19 along with those reported earlier for the HESN 
cohort in 2015,8 may be among the first to confirm that 
TI memory involves genetic recombination, putatively 
to amplify HERV-K102 particle production to enhance 
protection. 

2.3.2. Mechanisms by which antibodies specific to 
HERV-K102 Env may neutralize viruses

As detailed previously,6 in addition to defense against 
HIV-1, a pandemic RNA virus, HERV-K102 activation 
was associated with recovery from COVID-19, caused 
by another pandemic RNA virus, SARS-CoV-2. No 
less significantly, HERV-K102 may have contributed to 
human survival over other hominins. Neanderthal and the 
Denisovans lost HERV-K102 at 1q22 and went extinct.6 
RNA epidemics are postulated to at least partially explain 
these extinctions. One manner in which the HERV-K102 
protection system may be particularly valuable to the 
host against emerging pathogens, and RNA viruses in 
particular, is that the HERV-K102 envelope is expressed on 
virally infected cells. Accordingly, for enveloped viruses, 
such as HIV-1 and SARS-CoV-2, that bud from the cell 
surface membrane, the released virions would incorporate 
HERV-K102 Env from the plasma membrane. This means 
IgG antibodies specific to HERV-K102 Env could clear and/
or neutralize the viral particles, preventing infection, host 
acquisition, and transmission to third parties (Figure 3). In 
patients with mild COVID-19 disease, both IgA and IgG 
antibodies specific to HERV-K102/HERV-K18 envelope 
are universally detected in saliva.34 Thus, in mild COVID-
19, innate antibodies specific to HML-2 Env can neutralize 
and clear SARS-CoV-2 virions in the URT before the onset 
of adaptive IgG antibodies specific to the spike protein.35 
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This may be a key mechanism explaining the sterilizing 
immunity associated with HERV-K102 activation and 
resistance to HIV-1 acquisition.8,14 Presumably, it also helps 
explain how the transmission of HERV-K102 particles 
from the URT may generate herd immunity in the new 
host, not only by spreading the type I interferon response 
but also by HERV-K102 activation in the new host. This 
would ultimately induce the activation of innate B cells 
that produce antibodies specific to the HERV-K102 Env, 
as well as innate T cell responses to the Env (i.e., lacking 
major histocompatibility complex [MHC] restriction). 

For more information on this relatively obscure yet 
incredibly potent innate immunity protection system 
involving HERV-K102 particle production in macrophages, 
the reader is referred to a recent comprehensive review 
with supporting data.6

2.4. The current functional definition of trained 
immunity is inadequate

Since TI reportedly occurs in M1-like macrophages, with or 
without induction of inflammatory cytokines, as revealed 
by single-cell sequencing,36,37 this poses a conundrum for 
the functional definition of TI, which defines training as 
a larger and faster recall response involving heightened 
proinflammatory factor release from macrophages. 
This could be easily reconciled, however, by proposing 
that it may well be the mere production and release of 
HERV-K102 foamy retroviral particles in and from M1-like 
macrophages that generate the critical TI heterologous 
protection associated with foam cell formation. Indeed, 
Li et al.37 have indicated that transcription factors critical 
for training in all monocyte subsets, including those 
that lack induction of inflammatory cytokines, such as 
SPI1, CCAAT/enhancer-binding protein beta (C/EBPβ), 

Figure 3. How trained immunity (TI) neutralizes or clears “enveloped” virions that bud from the cell surface. Virus-infected or tumor cells express the 
human endogenous retrovirus (HERV)-K102 envelope protein (Env) on their cell surface, which induces clearance or apoptosis by Env-specific T cells 
and/or antibodies. Antibodies to HERV-K102 Env have been demonstrated in patients with HIV-1 or other viral infections.7 Viruses such as SARS-CoV-2 
and HIV-1, which bud through the cell surface (the so-called enveloped RNA viruses), likely contain the HERV-K102 envelope (or an HML-2 Env that is 
95–97% identical) in their virions, which they acquire during budding. This allows the inactivation and/or clearance of these enveloped pandemic viruses 
through the immunoglobulin G (IgG) antibody to the HERV-K102 envelope. There is no way to select for viral variants with TI, which provides TI with 
a significant advantage over adaptive immunity. Reprinted with permission from Laderoute.6 Copyright 2024 Jaypee Brothers Medical Publishers (P) Ltd.
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interferon regulatory factor 1 (IRF-1), IRF-9, signal 
transducer and activator of transcription 1/2 (STAT1/2), 
RELA/B, and nuclear factor kappa B subunit 1 (NF-
κB1/2), appear to implicate the expression of full-length 
HERV-K102 proviral transcripts as being necessary and 
sufficient for TI.38,39 SPI1 and C/EBPβ are enhancers that 
induce DEGs involved in establishing TI in macrophages.

By examining single-cell RNA sequencing data 
involving the activation of human macrophages with the 
TEcount and Telescope software packages, Russ et al.40 
determined that with M1 polarization in response to 
lipopolysaccharide (LPS), which triggers Toll-like receptor 
4 (TLR4) and interferon (IFN)-γ proinflammatory 
signaling, HERV-K102 activation comprised the vast 
majority of HML-2 transcripts in direct substantiation of 
our in vitro work.7,8,14 Additionally, the transcription factors 
STAT1 and IRF-1 are critical for HERV-K102 induction by 
IFN-γ, bound to a region called “LTR12F,” which resides 
just upstream of the 5’ LTR of HERV-K102. This may help 
explain why the HERV-K102 locus on chromosome 1q22 
was vital for the survival of Homo sapiens, while other 
similar HERV-K HML-2 elements in non-syntenic regions 
of the hominin genome were apparently insignificant to 
prevent the extinction of Neanderthals and Denisovans (as 
discussed by Laderoute et al.6). 

Genes subsequently induced by HERV-K102 expression 
in M1 macrophages included: (i) via cyclic GMP-AMP 
synthase (cGAS; recognizing double-stranded DNA [ds 
DNA]): IRF1, IRF8, SOCS3, and ICAM1; (ii) via interferon 
sensitive response elements (ISREs; triggered by complexes 
of STAT1/STAT2 and IRF-9): MX1, ISG15, IFIT1–3, 
USP18, OAS1–3, OASL, and ISG20; and (iii) via cGAS and 
ISREs: STAT1/2, IRF9, IFITM1, BST2, TAP1, SOCS1, IFI35, 
HLAG, ZC3HAV1, AIM2, and TRIM69.41 Many of these 
genes are type I interferon-stimulated genes that induce 
an antiviral state, demonstrating how IFN-γ (a product of 
adaptive and innate immunity) may boost innate immunity. 
These observations also imply HERV-K102 activation in 
amplifying the critical type I interferon response in vivo.40,41 
Indeed, LTRs from HERV-K proviruses act as enhancers 
for a number of interferon response genes that play major 
roles in innate immunity function, coordination, and 
activation.39-41 Furthermore, in a humanized mouse model 
of mild COVID-19, macrophages were able to amplify the 
type I interferon response, which is critical for recovery.42 
Most probably, it involved HERV-K102 particles. 

Russ et al.40 also reported that vitamin D receptor 
(VDR) response elements and the glucocorticoid receptor 
response elements, along with response elements for 
NF-κβ1 and IRF-1, are contained within the 5’ LTR of 
HERV-K102, in agreement with others.38,39 Notably, this 

also includes estrogen response elements, substantiating 
an important role for HERV-K102 particles in protection 
during human early embryonic development.43

As mentioned, the HERV-K102 particles contain 
double-stranded cDNA genomes,7 a hallmark of non-
pathogenic foamy retroviruses.23,30 This cDNA triggers 
the type I interferon response by alternative means to 
RNA virus invasion, such as through cGAS–stimulator of 
interferon gene (STING) pattern recognition receptors,41 
which may serve as an alternative backup system against 
RNA pandemic viruses.44 HERV-K102 expression/entry 
activates three types of pattern recognition receptors, 
namely TLRs, RIG-1-like receptors (RLRs), and cGAS, 
to promote and enhance the antiviral state caused by the 
type I interferon response.40-42,44 This would be important 
for spreading herd immunity to third parties, for example, 
by shedding HERV-K102 particles, such as those from the 
URT (see Section 2.9). 

Docking and entry of HERV-K102 into cells are 
mediated by heparan sulfate, which is expressed on most 
cell types in the body.45,46 These immature, 100 nm particles 
that resemble exosomes are studded with Env (Figure 
1).6 Accordingly, these particles with spikes of Env may 
preferentially target the HERV-K102 particles to innate 
immunity cells that may have receptors for HERV-K102 
Env. This may involve gamma–delta T cells (γδ T cells) 
and/or innate B cells, and consequently play a role in their 
activation. For example, γδ T cells are activated via the 
cGAS–STING pathway,47 implying that HERV-K102 cDNA 
genomes are potentially involved in their activation. This is 
very significant, as accumulating evidence implicates γδ 
T cells in cancer recovery.48-50 Additionally, during cancer 
therapy, altered DNA leaks into the cytoplasm, triggering 
the cGAS–STING pathway and macrophage polarization 
to M1 via the STING–IRF-3–STAT1 axis.47 Both C–C 
motif chemokine ligand 2 (CCL2; a chemotaxic factor 
for macrophages) and type I interferons can convert M2 
macrophages to M1 macrophages, favoring TI.

2.5. Molecular mechanisms involved in generating 
trained immunity

Commonly used inducers of TI include microbial 
products such as beta-glucan, LPS (also called endotoxin), 
and muramyl dipeptide, as well as oxidized low-density 
lipoprotein (oxLDL), uric acid, the BCG vaccine, other 
live vaccines, and viral exposures.51-52 TI is also potentially 
induced by spike mRNA gene therapy products and spike 
cDNA adenovirus vectors.6 The differences in epigenetic 
marks by the different TI inducers have been reviewed 
elsewhere.52 As already mentioned, the myeloid-specific 
enhancers SPI1 and C/EBPβ are specific enhancers of TI 
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in macrophages.40,41,53

In terms of innate memory responses, LPS has dual 
effects: at a low dose (10 ng/mL), it induces TI in bone 
marrow-derived murine macrophages, whereas at a high 
dose (100 ng/mL), it induces tolerance.54 However, in that 
paper, the authors considered “trained immunity” to be 
a separate entity from “tolerance,” but both are unified 
under the notion of innate immune memory. That they are 
distinct phenomena is further substantiated by the finding 
that the TI targets are linked via p53 (and Foxo3) related 
to apoptosis (presumably involving AFP expression tied 
to both), DNA repair, and polycomb repressive complex 
(PRC2), while the LPS tolerance targets form three clusters: 
(i) histone-modifying enzymes, (ii) cell division involving 
Aurora kinase (probably not applicable to humans as 
macrophages do not replicate in humans but do in mice), 
and (iii) base-excision repair. Agents of tolerance include 
high-dose LPS, Pam3CysSERLys4, and inflammatory 
cytokines, such as TNF-α. The main mechanism for innate 
memory (TI and/or tolerance) is through epigenetic 
“rewiring,” involving histone modification, DNA 
methylation and demethylation, and non-coding RNA 
expression.54 During beta-glucan TI activation, active 
histone marks include acetylation of lysine 27 (H3K27ac) 
and monomethylation and trimethylation of lysine 4 on 
histone H3 at the promoters of targeted genes, which open 
chromatin. In contrast, active histone marks in LPS-tolerant 
macrophages emerged during LPS priming and were 
replaced by repressive epigenetic marks, such as H3K9me2 
and DNA CpG methylation, after restimulation with LPS. It 
is also possible that LPS-induced tolerance could suppress 
NF-κB activation and polarize the macrophages to M2. 
Beta-glucans can reverse trained tolerance. It is presently 
unclear how LPS tolerance relates to ISM by active AFP, but 
emerging evidence does implicate TI in reversing chronic 
diseases, including cancer.54 For example, a study of seven 
integrated health care organizations in the United States of 
America (USA) demonstrated that heterologous protection 
against non-COVID-19 mortality was induced upon the 
administration of the first dose, which was not appreciably 
altered upon receiving the second dose, at least for the first 
7.5 months of the vaccination campaign (basically prior to 
the full dominance of the Delta variant).55

The transcription factor hypoxia-inducible factor-1 
alpha (HIF-1α) plays an important role in TI. The metabolic 
and epigenetic changes in myeloid cells associated with 
TI are generally mediated via the PI3K/Akt/mTOR/
HIF-1α pathway,56-60 although in BCG-induced TI, 
other pathways may also be involved, including EGFR, 
fibroblast growth factor (FGF), and vascular endothelial 
growth factor (VEGF) signaling.5 There are three main 
aspects of metabolic reprogramming: glycolysis and 

glutaminolysis; tricarboxylic acid (TCA) cycle integration, 
where glutamine replenishes the TCA cycle and fumarate 
accumulates; and cholesterol synthesis. The role of cellular 
metabolites, such as fumarate, as cofactors for epigenetic 
enzymes is a new area of interest.61 Fumarate is a key 
metabolite that can induce TI at least partially by creating 
histone modifications similar to beta-glucan, such as 
H3K4Me3 and H3K27Ac. It inhibits the bioactivity of 
lysine demethylase 5 (KDM5), while α-ketoglutarate 
can counteract this effect. Interestingly, fumarate also 
inhibits proteasomal degradation of HIF-1α, an essential 
transcription factor required for TI induction by beta-
glucan.

Glycolysis is necessary to drive the PI3K/Akt/mTOR/
HIF-1α pathway.58 In M1 macrophages, activation leads 
to the accumulation of succinate in the Krebs cycle, 
stabilizing HIF-1α. HIF-1α induces the transcription of 
glycolysis genes.60 In contrast, M2 macrophages primarily 
use oxidative phosphorylation.

Trained immunity involves the formation of foam cells 
and FMs.62 Most notably, the mevalonate (cholesterol) 
pathway is needed for TI in the monocyte/macrophage 
lineage, as statins, which inhibit HMG-CoA reductase 
(HMGCR), block TI induction.63 Trained macrophages 
take up lipids, such as oxLDL, through the oxidized low-
density lipoprotein receptor 1 (OLR1; previously called 
LOX-1) to form foam cells and produce high levels of TNF-
α, IL-6, IL-8, and IL-18 upon secondary challenge,64 which 
is associated with glycolysis.65 Interestingly, SARS-CoV-2 
infection disrupts the mevalonate pathway,66 suggesting 
that it directly targets foam cell formation and thus TI and 
HERV-K102 activation. 

The HIF-1α protein plays a key role in initiating and 
promoting foam cell formation in macrophages.67 NF-κB1, 
which induces the inflammatory response in macrophages, 
is required for HIF-1α transcription.68 A critical role 
of HIF-1α in foam cell formation in macrophages was 
demonstrated by inhibiting foam cell formation with 
HIF-1α-targeting small interfering RNAs.69 Thus, it is very 
clear that TI critically involves the induction of foam in 
proinflammatory macrophages, associated with NF-κB1 
and HIF-1α expression, and the introduction of glycolysis. 

The PI3K/Akt/mTOR pathway plays roles in autophagy, 
apoptosis, metabolism, and cell growth, but is commonly 
hyperactivated in tumors, where it contributes to 
malignant potential.70 It is also hyperactivated upon 
SARS-CoV-2 infection, as in the hepatocellular cell line 
Huh7, which is associated with ERBB2 hyperactivity.71 
Moreover, as might be anticipated, SARS-CoV-2 infection 
significantly elevated AFP mRNA and protein expression 
(Professor Ujjwal Neogi, personal communication, 
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July 22, 2020), which is known to increase malignant 
potential. In macrophages, this malignancy-promoting 
pathway is used by EGFR for foam cell formation.72 For 
example, EGFR deletion in macrophages in murine 
models limits IL-6 and TNF-α production, reduces 
lipid uptake by lowering CD36 expression, reduces 
macrophage accumulation, and inhibits atherosclerosis 
development, which involves FMs.73 Similarly, in human 
macrophages, EGFR is activated by TLR4, and disrupting 
either TLR4 or EGFR reduces inflammation and foam cell 
formation.73,74 Triggering TLR4 activates HIF-1α, IRF-1 
(which induces HERV-K102 proviral transcription6), 
VDR, S100A9, and NR3C1 (the glucocorticoid receptor), 
while downregulating peroxisome proliferator-activated 
receptor gamma (PPARγ) and IFN-γ receptor 1.75 EGFR 
antagonists also blocked oxLDL-induced inflammation 
and foam cell formation in macrophages, downregulating 
IL-6 and TNF-α.74 Again, this provides further proof that 
TI critically involves EGFR and/or TLR4-induced foam 
cell formation in proinflammatory macrophages. 

Indicators or target genes of the transcription factor 
HIF-1α include PLAUR, HK2, NAGK, and CXCR4.76 
While PLAUR (the plasminogen activator urokinase 
receptor) and these other genes strongly correlate with 
the progression of atherosclerosis (a disease related to 
dysfunctional FMs77), PLAUR was expressed only in M0 
macrophages. Curiously, the M1-like macrophages do not 
express markers associated with atherosclerosis, whereas 
the M2-like macrophages express CXCR4 and NAGK. 
This aligns with the new immunosenescence paradigm 
for macrophages, in which dysfunctional macrophages 
in atherosclerosis are M2, not M1.77-78 In CD8+ T cells, 
NK cells, monocytes, and naïve B cells, atherosclerosis 
correlates with pyruvate dehydrogenase kinase 3 (PDK3) 
expression.76 PDK3 is part of a mitochondrial multienzyme 
complex that converts pyruvate to acetyl-CoA and CO2, 
providing a link between glycolysis and the TCA cycle 
(which regulates glucose metabolism). For example, PDK3 
promotes the use of fat as an energy source when glucose is 
insufficient during fasting. 

2.6. Alpha-fetoprotein expression is essential for 
foam cell formation 
In hepatitis B infection, the viral X protein expressed in 
hepatocytes induces AFP, which inhibits phosphatase and 
tensin homolog (PTEN), thereby activating the PI3K/Akt/
mTOR pathway.79 This pathway regulates gene transcription 
via mTOR, which leads to HIF-1α transcription and, as 
mentioned, is needed for glycolysis. In hepatocellular 
carcinoma cells, the phosphorylation of mTOR at serine 
2448 synergizes with HIF-1α to regulate genes such as 
CXCR4, SRC, and RAS. Small-interfering RNA targeting 

AFP (AFP-siRNA), which inhibits the production of AFP 
mRNA and protein, blocks mTOR migration to the nucleus 
and is associated with the downregulation of p-mTOR 
(phosphoserine 2448), HIF-1α, Src, CXCR4, and Ras. 
Thus, TI involving PI3K/Akt/mTOR/HIF-1α activation in 
human macrophages, along with foam cell formation, is 
potentially co-dependent on AFP expression. 

The TLR4 signaling in macrophages induces the 
glucocorticoid receptor, NR3C1.80 AFP expression 
is induced by glucocorticoids in humans, while in 
direct contrast, it is repressed by glucocorticoids 
in rodent models.80 Interestingly, rodents lack 
dehydroepiandrosterone (DHEA), a steroid hormone that 
counteracts the effects of cortisol on AFP. There are many 
ways in which rodent immune systems differ from those 
of humans, especially regarding macrophages, making 
predictions about immunity, pathogenesis, and therapy 
based on murine models unreliable. 

It is noteworthy that DHEA, but not its inactive 
form, DHEA-S, specifically binds and inactivates AFP in 
humans.78 This is important because it is known that DHEA 
levels decline with stress or aging and that chronic disease 
initiation and/or progression correlate with a declining 
DHEA/cortisol ratio. Accordingly, with age or stress, more 
of the AFP induced by cortisol, such as that released by 
macrophages, would be active and able to promote ISM 
and the malignant potential of tumors and infectious 
agents. The well-known immunosuppressive effect of AFP 
on macrophages was confirmed using two AFP agonist 
monoclonal antibodies targeting the 67 kD AFP receptor.81 
More importantly, the fact that AFP confers apoptosis 
resistance was discovered and confirmed with the same 
monoclonal antibodies.81,82 AFP was the first secreted 
apoptosis inhibitor identified in 199181 and was published 
in 1994.82 This added to the historical significance of AFP 
as the first tumor marker/oncofetal antigen (1963), first 
immunosuppressive factor (1975), first secreted protein 
able to generate negative signaling (1991), first secreted 
protein able to confer apoptosis resistance (1991,1994), 
first to unify a theory on cancer of how the malignant 
potential of tumors relates to immunosuppression of the 
host (1994), and, by the latter, led to the first proposal 
that the malignant nature of tumors was not genetically 
determined but a reversible phenotype as early as 1994.83 

The transfection of AFP is known to polarize 
macrophages to the M2 phenotype.84 For example, upon 
triggering of the M1 phenotype by LPS and IFN-γ, AFP 
transfection into M0 macrophages co-induces CD163 and 
IL-10, which are considered markers of M2. However, 
CD163, IL-10, and the M1/M2 hybrid phenotype85 
characterize the normal FMs illustrated in Figure 1, 
exhibiting high levels of vacuoles and HERV-K102 

https://doi.org/10.36922/GTM025370071


Global Translational MedicineGlobal Translational Medicine HERV-K102 mediates trained immunity

Volume 5 Issue 3 (2026)	 12� doi: 10.36922/GTM025370071

particles.6-8 This may further substantiate a role of AFP 
expression in the training of M1-like macrophages 
associated with foam cell formation. 

2.7. Foamy macrophages, trained immunity, and 
glycolysis 

The formation of foam in macrophages displayed in Figure 
1 has been shown to involve high levels of HERV-K102 
particles, which bud into intracellular vacuoles rather than 
through the cell surface membrane.7,8 Instead, particle 
release occurs through lysis of the FMs during a major 
wave in cultured cord blood cells on day 6–7. The foamy 
retrovirus particles and the vacuoles are lipid bilayers 
that require high cholesterol levels. Thus, it seems that 
HERV-K102 particle production (Figure 1) is a critical 
component of “training” in M1-like macrophages, 
requiring elevated cholesterol levels due to foam cell 
formation.62,63 

Trained immunity is associated with the induction 
of glycolysis, similar to the Warburg effect observed in 
tumors. At the risk of being an oversimplification, a reason 
why glycolysis is needed for tumorigenesis (the Warburg 
effect) is so the mitochondria can produce the substrate 
acetyl-CoA/citrate (from glycolysis) needed for cholesterol 
production through the mevalonate pathway.86 It should 
be appreciated that this cholesterol pathway also generates 
vitamin D, DHEA, cortisol, and the steroid hormones, and 
so, is intrinsic to the promotion of health. Replenishing the 
cell surface membrane and other membranes via increased 
cholesterol production would be needed to support tumor 
replication or expansion. Indeed, mevalonate initiates DNA 
synthesis and cell proliferation.86 In human monocyte-
derived macrophages, which incidentally do not proliferate 
(although they do in rodent models), excess cholesterol 
would be required for foam cell formation, as it supports 
the replication of the protective foamy virus HERV-K102. 
Hence, glycolysis is linked to TI to support the generation 
of cholesterol required for the production of vacuoles and 
HERV-K102 particles during M1 macrophage training. 

2.8. M1-like macrophage activation in trained 
immunity and IRF-1 induction of HERV-K102 

As mentioned, the enhancer transcription factors SPI1 
and C/EBPβ drive myeloid differentiation and TI.56-58 As a 
matter of fact, SPI1 is considered a pioneering transcription 
factor (also called a lineage-determining transcription 
factor) that, in this case for macrophage differentiation, 
opens chromatin, enabling inflammation-related 
transcription factors and other TI-associated transcription 
factors to bind to response elements in the appropriate 
genes.87 Macrophage inflammation involves networks 
of STAT factors, IRFs, and NF-κβ transcription factors. 

Monocytes exposed to LPS and IFN-γ undergo classical 
M1-like (pro-inflammatory) macrophage activation with 
upregulation of SPI1, IRF-1, IRF-5, IRF-8, STAT1, STAT2, 
and NF-κβ1. The alternative activation with IL-4 and IL-13 
generates M2-like (anti-inflammatory) cells featuring SPI1, 
IRF-4, STAT6, KDM6B, PPARγ, PPARδ, and C/EBPβ. 
However, PPARγ plays an important role in monocyte 
differentiation into FMs, and C/EBPβ is a TI enhancer. 
Accordingly, macrophages that confer TI express M1- and 
M2-like markers, including C/EBPβ and PPARγ, which are 
associated with foam cell formation. As mentioned, AFP 
expression may also contribute to the expression of M2 
hybrid markers in inflammatory macrophages. 

It is noteworthy that IRF-1 and NF-κβ1 bind to two 
ISREs in the promoter of HERV-K102, which are found 
in the 5’ LTR.38,39 TNF-α is a potent activator of canonical 
NF-κβ1 transcription factor activity, while IFN-γ and 
TNF-α synergize to activate IRF-1. Indeed, newer evidence 
confirms that M1 polarization of macrophages in humans, 
explicitly in response to IFN-γ signaling, is promoted via 
HERV-K102 expression.40 More recently, the key role of 
IFN-γ in TI induction in vivo following BCG vaccination 
was confirmed by single-cell RNA sequencing.37 

In patients with systemic lupus erythematosus (SLE), 
the expression of HERV-K HML-2 env transcripts 
(HERV-K102, HERV-K106, HERV-K18, and the 
polymorphic HERV-K115) was inversely correlated with 
TRIM28 expression in PBMCs.88 The expression of these 
HML-2 envelope mRNAs correlated with increased type I 
IFN signaling in SLE patients. Tripartite motif-containing 
protein 28 (TRIM28) represses endogenous retroviruses in 
part via epigenetic marking of H3K9.89 However, Schmidt 
et al.90 provided evidence that it is SUMOylated (small 
ubiquitin-like modified) TRIM28, which strongly represses 
the expression of endogenous retroviruses, whereas with 
influenza A viral infection, TRIM28 becomes inactivated 
by the loss of SUMOylation. The dsRNA of HERV-K 
HML-2 then triggers the activity of retinoic acid-inducible 
gene 1 (RIG-1), mitochondrial antiviral-signaling protein 
(MAVS), TANK-binding kinase 1 (TBK1), and Janus 
kinase 1 (JAK1). 

Most importantly, Schmidt et al.90 showed, in addition 
to Russ et al.40,41, that endogenous virus activation is 
a protective response because they amplify antiviral/
antimicrobial gene expression, including interferon 
responses. In influenza A infection, the DEGs induced 
by derepression of endogenous retroviruses90 strongly 
induced a plethora of interferon-stimulated genes (ISGs), 
such as IRF1, IRF7, IFNB1, OAS1, ISG15, CD274 (PD-L1), 
and DDX58 (RIG-1, a sensor of double-stranded RNA). 
Other genes, such as CXCL8, IL-6, CCL5, MX1, MX2, the 

https://doi.org/10.36922/GTM025370071


Global Translational MedicineGlobal Translational Medicine HERV-K102 mediates trained immunity

Volume 5 Issue 3 (2026)	 13� doi: 10.36922/GTM025370071

complement-related genes C1R, C1S, and CF1, and CSF2 
(granulocyte-macrophage colony-stimulating factor), were 
also strongly induced. CXCL8 expression, which activates 
and attracts neutrophils, was correlated with HERV-K102 
expression in PBMCs in aged but not young individuals 
in vivo.91 With the induction of the interferon response 
and given that many of these genes have antiviral activity, 
it is clear that the expression of HERV-K HML-2 group 
member sequences helps protect the host through innate 
(non-antigen-specific) mechanisms. 

Others have also validated that HERV-K102 particles 
amplify the IFN type I and inflammatory response 
involved in TI induction, as may be associated with the 
RIG-1/MDA5/MAVS system, TLRs, and the cGAS–STING 
system.92-94 

In other words, the immune system of humans exploits 
the expression of HERV-K102 viral genomic transcripts, 
along with proteins/RNAs corresponding to other HML-2 
members, to greatly enhance the antiviral TI response 
as part of the virus-anti-virus protector “alarm” system. 
However, since the HERV-K102 genomes in the particles 
released from macrophages by lytic infection are reverse-
transcribed into cDNA,7,8 these particles can also induce 
cGAS–STING upon entry into other cells. This provides an 
alternative (back-up) pathway for spreading and triggering 
type I interferon antiviral response. This is particularly 
useful when emerging pathogenic RNA viruses, such as 
SARS-CoV-2, are encountered, which tend to compromise 
the foreign RNA activation of the IFN response. This 

alternative backup response to generate the critical IFN 
host defenses could be lifesaving.44 

Other data, such as a comprehensive single-cell 
sequencing study of bronchoalveolar lavage fluids from 
COVID-19 patients in various stages of disease by Ren et 
al.,95 have clearly implicated the M1-like proinflammatory 
macrophages (WDR74+) in recovery from COVID-
19.6 As well, macrophages mediated recovery (and/or 
prevented the onset of more severe disease) in mild cases 
of COVID-19 in a humanized mouse model by activating 
and amplifying the type I interferon response.42 

This means products that function as activators of TI or 
which can reverse TI inhibition, such as AFP antagonists, 
and not adaptive vaccines producing antibodies against the 
spike protein, would have been the preferred main public 
health intervention to minimize morbidity and mortality 
related to the emergence of SARS-CoV-2, to spread herd 
immunity, and to more quickly end the pandemic.6 In this 
regard, ivermectin has been identified, based on protein–
protein interaction studies, as a potent AFP antagonist96 
and has reportedly rescued or prevented millions of 
humans from severe COVID-19 disease.97

2.9. How mortality rate data of the Pfizer-BioNTech 
spike mRNA gene therapy vaccine in England 
illuminated the role of horizontal spreading of 
trained immunity in generating herd immunity

An important aspect of HERV-K102’s contribution to TI 

Table 1. Temporal changes (%) to COVID-19 and non-COVID-19 mortality rates per 100,000 person years in England by dose for 
the vaccinated and the unvaccinated99

Parameter A: 1st dose B: 2nd dose C: 3rd dose D: 4th dose (75+ years 
of age) E: Control (Omicron)

Change period March to April 2021 June to July 2021 October to November 
2021 May to June 2022 January to February 

2022

Mortality rate 
type

COVID-
19

Non-
COVID-19

COVID-
19

Non-
COVID-19

COVID-
19

Non-
COVID-19

COVID-
19

Non-
COVID-19

COVID-
19

Non-
COVID-19

% change in the 
vaccinated (%) −35 24 156 0 27 20 −32 8 −51 −31

% change in the 
unvaccinated (%) −75 −21 292 −9 31 −1 −19 29 −56 −8

Notes: Dates for doses were based on the approximate date at which 50% of those aged 65 to 74 years received that dose. The percentage change refers to 
the change in mortality rates per 100,000 person-years by the end of the first month indicated. Total monthly mortality rates from the Office for National 
Statistics (ONS) in England for the vaccinated were recompiled (subgroups added up) based on the subgroup data, as the summary monthly totals 
did not add up correctly. Recompiling was not needed for the unvaccinated, as explained elsewhere.98 Monthly mortality rate data (deaths per 100,000 
person-years) by cause are presented in Table S1, from which the changes were calculated. Positive percentages reflect increases in mortality rate, while 
negative percentages reflect decreases in mortality rate. Omicron, which infected both the vaccinated and unvaccinated, served as a positive control, 
showing a pan-decrease in mortality rates for both groups relative to COVID-19 and non-COVID-19 mortality. More details are available at Laderoute98. 
ONS data from https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/datasets/deathsbyvaccinationstatusengland
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concerns the notion that secretion of HERV-K102 particles 
from lysed sebocytes as sebum to the external mucosal 
surfaces,6 which may have led to HERV-K102 shedding 
from the URT, such as by exhalation,98,99 could have 
been instrumental in the generation of herd immunity 
in the unvaccinated in England following the first Pfizer-
BioNTech spike mRNA dose. The first mRNA dose is 
known to stimulate trained innate immunity6 and reduce 
all-cause mortality,55 as shown for COVID-19 and non-
COVID-19 deaths among the unvaccinated. (Table 1, 
column A)

First, in Table 1, column E, Omicron infection is shown 
as a positive control for the induction of TI, with both 
COVID-19 and non-COVID-19 mortality (per 100,000 
person-years) being reduced in both the vaccinated and 
unvaccinated. This establishes that the methodology can 
detect reductions in COVID-19 and non-COVID-19 
mortality among vaccinated and unvaccinated individuals. 

While the first dose was associated with a reduction in 
both COVID-19 and non-COVID-19 mortality rates in 
the unvaccinated (Table 1, column A), upon the second 
dose (Table 1, column B), an extremely large increase 
in the COVID-19 deaths is evident in the unvaccinated 
(292% increase in death rate), which even superseded 
the increased mortality rate found for the vaccinated at 
156%. This may have been due to the recent induction 
of TI by the first Pfizer dose in the vaccinated, which 
could result in more residual protection than in the 
unvaccinated. The worsening of COVID-19 mortality 
following the second dose is thought to be generally due 
to antibody-dependent enhancement (ADE) of SARS-
CoV-2 infection of macrophages, driven by the induction 
of spike-specific IgG1/3.6 However, the generation of spike 
IgG1/3 in the URT, uniquely induced by the spike mRNA 
gene therapy lipid nanoparticles (LNPs),100 was unusually 
pathogenic. This led to two additional death mechanisms, 
namely mRNA gene therapy “shedding” (bioweaponized 
HERV-K102, see Figure 4) unique to Pfizer- BioNTech98,99 
and “bioweaponized SARS-CoV-2.99  Both Moderna and 
the Pfizer-BioNTech spike mRNA gene therapy products 
induced ‘bioweaponized SARS-CoV-2. 

Interestingly, Bowe et al.101 characterized cases of 
SARS-CoV-2 reinfections and breakthrough infections 
but refrained from identifying the problem as SARS-
CoV-2 transmitted from the URT in a complex with spike 
complement-binding antibodies. It should be noted that 
the mechanism of death of the two bioweapons pertains not 
to infection per se, but to microclotting and vasculitis due 
to complement binding in the complex transmitted from 
the URT when the antigen–antibody complex reaches the 
microcirculation deep in the lungs of third parties.99 For 

the most part, immunity per se does not protect against 
clotting/vasculitis-related injuries or deaths, with one 
potential exception related to TI. 

Apparently, IRF-1, such as that generated during 
the induction of HERV-K102 particles that generate TI, 
upregulates PD-L1 (CD274) on vascular endothelial 
cells,102-106 which could protect against vasculitis and 
complement/clotting injuries.103 It is known that high levels 
of testosterone (such as in younger males) block the ability 
of IRF-1 to upregulate PD-L1 on vascular endothelium,105 
leaving them more prone to microclotting, vasculitis, and/
or myocarditis than other sectors of the population. The 
induction of IRF-1 has also been reported to be associated 
with the derepression of endogenous retroviruses.90 It could 
be inferred from the data of Grippin et al.106 and Bowe et 
al.101 (both studies that pertained largely to bioweaponized 
SARS-CoV-2) that IRF-1-mediated upregulation of PD-L1 
on vascular endothelium may also help protect against 
injuries and death associated with transmitted spike IgG1/3 
bioweapon complexes. Accordingly, the unvaccinated 
adult, unlike the vaccinated, may not have had the TI 
memory response recently activated. This would help 
explain why the unvaccinated were more sensitive to death 
induction than the vaccinated related to bioweaponized 
SARS-CoV-2, during the first 30 days following the second 
dose in the vaccinated (Table 1, column B). 

For subsequent doses (Table 1, columns C & D), the shed 
protector HERV-K102 became progressively less potent, 
as illustrated by changes in non-COVID-19 mortality 
rates in the unvaccinated. For example, with subsequent 
doses in the vaccinated, the changes in non-COVID-19 
mortality rates in the unvaccinated were: −21%, −9%, −1%, 
and +29% (for the first, second, third, and fourth doses, 
respectively), showing a progressive loss of protection. This 
means that the use of the Process 2 Pfizer-BioNTech spike 
mRNA technology for vaccination purposes potentially 
compromised the natural spreading of herd immunity, 
prolonging the pandemic and expanding the level of 
carnage.

Figure 4 is a plausible mechanism illustrating how the 
Pfizer-BioNTech Process 2 (but not Process 1 used for 
the clinical trials) could lead to shedding (compromised 
and bioweaponized HERV-K102) that diminished herd 
immunity with each subsequent dose in England (Table 
1, measured by the sequential loss of negative mortality 
changes for non-COVID-19 deaths in the unvaccinated). 
As discussed elsewhere,99 only Pfizer-BioNTech LNPs, 
but not Moderna’s, were inferred to be contaminated 
with spike protein and/or endotoxin based on indirect 
evidence.107,108 For the former, the evidence included 
detection of spike protein on days 0 and 1 after injection, 
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Figure 4. Proposed mechanism by which lipid nanoparticles (LNPs) from Pfizer-BioNTech Process 2, uniquely contaminated with spike protein or 
endotoxin107,108 during manufacturing, may have been targeted to sebocytes in the upper respiratory tract (URT), compromising putative herd immunity.98 
Since Moderna did not use Escherichia coli (E. coli) to generate complementary DNA (cDNA) encoding the messenger RNA (mRNA) for its COVID-19 
spike mRNA gene therapy product, there was no possibility that their LNPs would be contaminated with spike protein or endotoxin. In contrast, for 
Process 2, Pfizer-BioNTech used E. coli transfected with spike cDNA plasmids, which could have generated spike protein, as well as contamination with 
high levels of endotoxin, cDNA, and/or mRNA/cDNA hybrids. The author retained the copyright to the image from a PowerPoint presentation given as 
sworn testimony at the National Citizens Inquiry on June 1, 2024.98

which correlated with the Pfizer-BioNTech spike mRNA 
gene therapy product but not with the Moderna shot.107 
In the second case, only the Pfizer-BioNTech mRNA gene 
therapy LNPs, but not the Moderna mRNA LNPs, directly 
stimulated macrophages in vitro to release IL-10, CXCL8, 
and IL-6,108 consistent with only the Pfizer-BioNTech 
LNPs being contaminated with endotoxin and/or spike 
protein, where either could target the LNPs to sebocytes 
and/or macrophages. However, direct testing of the spike 
mRNA gene therapy product vials for spike protein and 
quantitation of endotoxin has not been reported and is 
clearly warranted to validate this premise. Regardless, 
another group has tentatively determined that the Pfizer-
BioNTech spike mRNA product was associated with a 
substantially increased risk of non-COVID-19 deaths 
and a much smaller increase in COVID-19 deaths 
compared with the Moderna spike mRNA product in 
the Florida population.109 Indeed, the ratio of increased  

non-COVID-19 mortality to increased COVID-19 
mortality over the first 12 months following vaccination 
was 6.6-fold, indicating that the bulk of the excess risk 
of the Pfizer-BioNTech spike mRNA product pertained 
to non-COVID-19 deaths. These non-COVID-19 deaths 
pertaining to and unique to the Pfizer-BioNTech mRNA 
gene therapy product would be consistent with the 
mechanism depicted in Figure 4, referred to as shedding. 

In Figure 4, the HERV-K102 particles, known to be 
produced in sebocytes in the URT26, are targeted by the 
Pfizer-BioNTech spike mRNA LNPs via ADE of infection 
in macrophages by the IgG1/3 spike antibodies.6 However, 
a similar role for antibodies to endotoxin or endotoxin 
itself binding to TLR4 on macrophages in targeting LNPs to 
sebocytes and macrophages in tissues cannot be excluded 
at present. The latter is a very great concern because once 
endotoxin (derived from the cell walls of Escherichia 
coli) is in a product, it becomes impossible to remove. 
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Generally, for good manufacturing processes, there are 
limits on the amount of endotoxin permissible, which in all 
likelihood would have been greatly exceeded here. A less 
likely explanation would be that some spike protein could 
have been produced in the live E. coli bacteria, but since 
the expression vectors would have employed mammalian 
promoters, this would have greatly reduced the risks of 
spike protein production. Once targeted to sebocytes in 
the URT, the mRNA encodes and overexpresses the spike 
protein, which is incorporated into HERV-K102 particles. 
Presumably (and see Section 2.9.1), at least rarely, the spike 
mRNA, or incompletely digested cDNA, or mRNA/cDNA 
hybrids may be incorporated into the modified HERV-K102 
particles. Since the spike mRNA gene therapy products are 
well known to cause the unnatural high production of IgG1 
and IgG3 complement binding antibodies in the URT,99 this 
means the spike complement binding IgG1/3 in the URT 
would also transform the protector HERV-K102 particles 
(which resemble exosomes) expressing spike proteins110 

into bioweapons capable of causing vasculitis and 
microclotting upon transmission to the microcirculation 
deep in the lungs of the recipients. 

Spike protein (at least S2) was detected on CD9 
exosomes (meaning derived from FMs of the same size 
as HERV-K102 particles and potentially representing 
them) from about 14 days after the second dose, and 
this production of contaminated exosomes lasted 3–4 
months.110 A surrogate marker or index of shedding 
was developed, consisting of non-COVID-19 mortality 
rates divided by COVID-19 mortality rates (per 100,000 
person-years) for the English population based on the 
Office for National Statistics (ONS) published data, and 
the results were plotted for the vaccinated in blue and 
the unvaccinated in orange, as shown in Figure 5.98,99 
As anticipated, shedding lasted 3–4 months after the 
second and all subsequent booster doses. However, in 
the unvaccinated in orange, the shedding index showed 
an identical pattern over time to that for the vaccinated 

Figure 5. The ratio of non-COVID-19-to-COVID-19 mortality rate appears to provide an index of deaths putatively due to shedding of the Pfizer-BioNTech 
spike messenger RNA (mRNA) gene therapy product in England.98 As detailed elsewhere and based on released and recompiled totals for mortality rates 
in the vaccinated based on data from the Office for National Statistics (ONS) of the United Kingdom, the Pfizer-BioNTech Process 2 manufacturing of the 
spike mRNA in Escherichia coli likely resulted in contamination of the lipid nanoparticles with spike protein and/or endotoxin which may have uniquely 
promoted shedding for the Pfizer-BioNTech spike mRNA but not for Moderna (also see Vaccine Adverse Event Reporting System [VAERS] data in Table 
S3). Corrected ONS monthly vaccinated and directly quoted unvaccinated mortality rates by cause for England are provided in Table S1 and were used to 
plot this graph for the vaccinated (blue) versus the unvaccinated (orange). Graph by Dr. Jessica Rose. The author retained the copyright to the image from 
a PowerPoint presentation given as sworn testimony at the National Citizens Inquiry on June 1, 2024.98
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from January 2021 to December 2022, but at a 3-fold lower 
frequency, where the scale on the right for the unvaccinated 
was enlarged 3-fold. It is hard to imagine why the ratio of 
non-COVID-19 death rate to the COVID-19 death rate (a 
putative index for shedding) in the unvaccinated should 
precisely mirror that in the vaccinated, unless one invokes 
the notion of shedding from the Pfizer-BioNTech fully 
vaccinated. Nevertheless, with the second dose, shedding 
deaths among the unvaccinated may have occurred slightly 
earlier (April-May) relative to the vaccinated. This may be 
because the second dose would have provoked TI memory, 
which would have protected the vaccinated more so than 
the unvaccinated, potentially for up to 60 days from the 
harms of shedding exposures relating to IRF-1 upregulated 
PD-L1 on vascular endothelium.102-106 The data in Table 1 
Column B show almost a doubling of the risk of COVID-
19 death around the second dose in the unvaccinated when 
compared with the vaccinated, consistent with relatively 
less TI present in the unvaccinated at this time. As well, 
in Figure S1, based on mortality data from VAERS for 
the vaccinated, from day 0 to day 30 following the second 
dose, is when the best induction of TI memory occurs 
(comparing across the 3 doses). 

Overall, the data in Table 1, column A, suggest that 
transmission of putative protector HERV-K102 particles 
to third parties after the first dose provides heterologous 
protection against all-cause mortality, as illustrated for the 
unvaccinated. As such, these data may be the first evidence 
of trained innate immunity transmission contributing 
to herd immunity. With subsequent mRNA doses, the 
potency of the transmitted TI from the URT appears to 
decline (relative to non-COVID-19 deaths), potentially 
due to interference from the Pfizer-BioNTech LNPs, which 
compromise this form of herd immunity. By the 4th dose, it 
appears most of the protective HERV-K102 particles have 
been converted to harmful bioweapons in the URT. These 
observations make it very clear that the formation of IgG1/3 
antibodies to respiratory pathogens in the URT, such as via 
mRNA gene therapy, must be avoided, if not banned, if 
one wishes to preserve the usefulness of immunity during 
pandemics or to end the pandemic sooner. 

2.9.1. Messenger RNA vaccine shedding of the Pfizer-
BioNTech messenger RNA gene therapy product could 
increase the risk of integration

To date, we have not received clarification on whether 
mRNA/cDNA encoding the spike may have contaminated 
macrophage-produced exosomes in vivo.110 Since 
HERV-K102 is a replication-competent foamy retrovirus 
and undergoes amplified integration associated with 
clinically significant protection against infection (Figure 
2)8 or cancer-related death,19 this points to the possibility 

of a higher risk of spike integration associated with the 
shedding of the “bioweaponized HERV-K102.” This 
shedding is a property of the Pfizer BioNTech spike mRNA 
gene therapy product but not the Moderna mRNA product. 
Due to spike and/or excessive endotoxin contamination, 
as shown indirectly107,108 for the Pfizer-BioNTech product, 
these LNPs may preferentially target sebocytes, which are 
specialized M1-like FM cells constitutively expressing 
HERV-K102 and known to express FCGR2A for binding 
activated IgG1/3.26 

Indeed, recent evidence by Catanzaro et al.111 showed 
that a 20-base-pair (bp) sequence identical to that reported 
for the Pfizer-BioNTech spike mRNA was found to be 
integrated at 19p12 in an advanced bladder cancer of a 
31-year-old female who, interestingly, had only received 
the Moderna spike mRNA gene therapy products (3 doses). 
Remarkably, although only a 20 bp insert, this sequence 
was highly oncogenic. Unfortunately, the Moderna spike 
mRNA sequence is not publicly available, so we cannot 
definitively determine whether integration was solely due 
to exposure to the Pfizer-BioNTech spike mRNA gene 
therapy product (such as through shedding). 

In this regard, one might consider making it mandatory 
that any approved gene therapy product must contain 
the exact sequence of the mRNA in the product insert 
(USA) or product monograph (Canada), since mRNA 
gene therapy products are inherently prone to integration 
and thus genetic modification of the host, which is very 
dangerous and requires closer scrutiny.

Mobile elements in the human genome leave signatures 
in the flanking DNA, providing clues to the mechanisms 
used for integration. In further substantiation of this 
original finding of spike sequence integration in vivo was 
the finding that the 3’ flanking sequence of the Catanzaro 
et al.111, spike mRNA insert (3’ TAG GAG TGGGT) at 
19p12 in the bladder cancer patient’s tumor (JA Catanzaro, 
personal communication, November 30, 2025) matched a 
3’ flanking sequence reported for a HERV-K102-similar 
sequence (i.e., based on a consensus sequence of the most 
recently acquired HERV-K HML-2 LTR5Hs, which would 
be about 99% identical in the region of the enzymes). This 
3’matching flanking sequence had been observed for an 
in vitro integration event in HeLa cells (a tumor cell line), 
also at 19p12 (3’ TG TAG GGG TGGGT). This target 
site duplication sequence was reported by Monde et al.112 
in 2022. Thus, this in vivo integration event, reported by 
Catanzaro et al.,111 apparently involved a HERV-K102-
based integration mechanism that we know is active 
in vivo (Figure 2).7,8 Accordingly, mRNA gene therapy 
product shedding, which is unique to the Pfizer-BioNTech 
manufacturing process (Figure 4), might be associated 
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with an increased risk of host genetic integration. This is 
thought to be due to the proximity of the spike mRNA/
cDNA or undigested spike mRNA/cDNA hybrids to the 
HERV-K102 functional integration enzymes, putatively 
within the HERV-K102 particles (Figure 2). However, 
further work is needed to substantiate this proposed 
shedding mechanism, to assess the risks of integrating and 
genetically modifying the host, and specifically to exclude 
a role for Moderna mRNA exposures in this individual. 

2.9.2. Pfizer-BioNTech iatrogenic non-COVID-19-
to-COVID-19 death ratios in England at 6.4-fold 
corroborate the same reported for the excess deaths 
in Florida, ascribed to Pfizer-BioNTech at 6.6-fold

As shown in Table 2, there were 559,553 total iatrogenic 
non-COVID-19 deaths during the first 17 months of the 
COVID-19 vaccine rollout in England. The mRNA used 
during the first year primarily pertained to the Pfizer-
BioNTech mRNA vaccine. Thus, about 75% of all deaths 
in the population aged 10 years and older in England 
during this time may have pertained to non-COVID-19 
deaths (over 500,000). The non-COVID-19-to-COVID-19 
mortality ratio was 6.4-fold in England (Table 2). This was 
corroborated by the Levi et al.109 matched-cohort study of 
Floridians, which reported a 6.6-fold increase over a similar 
time frame. Kirsch113 estimated from the Levi et al.109 paper 
that about 470,000 Americans may have experienced non-
COVID-19 deaths over the first 12 months following the 
first dose of the Pfizer-BioNTech vaccine. This magnitude 
in the USA, wherein only about 2/3 of the mRNA injected 
received the Pfizer-BioNTech vaccine relative to the 1/3 
that received the Moderna vaccine, is on the same scale 
of death reported for England, although the latter is on a 
smaller population reported over a similar time frame (but 
where the Moderna mRNA vaccine was not introduced 
until later). Taken altogether, it seems very hard to believe 
that public health agencies in England and in the USA 
overlooked the catastrophic loss of around half a million 
lives related to the Pfizer-BioNTech spike mRNA gene 
therapy product during the first 14 to 17 months of the 
mRNA vaccine rollout associated with “non-COVID-19 
deaths.” 

Over the 2020 to 2025 time period, almost 30% of 
the deaths (8,584 out of 28,728 persons) reported to the 
Vaccine Adverse Event Reporting System (VAERS) by 
January 2, 2026, for mono- and bivalent spike mRNA gene 
therapy products occurred within the first two days (Table 
S3). This onset interval precedes the time when the spike 
protein can be detected in the blood after vaccination.107 
Accordingly, for the most part, these deaths are likely 
related to the shedding from the vaccinator who was likely 
recently fully vaccinated with two doses from the Pfizer-
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Figure 6. Center for Disease Control (CDC) Vaccine Adverse Event Reporting System (VAERS) data reveal evidence corroborating at least two modes 
of death with onset intervals over 60 days, common to both Pfizer-BioNTech and Moderna (red plots). Both shedding (bioweaponized HERV-K102) and 
bioweaponized SARS-CoV-2 can cause death reported to VAERS beyond 60 days (Table S3) and the percentage of deaths with onset intervals beyond 60 
days are provided by the plots in red cross symbols (X) for Pfizer-BioNTech and the solid red circles for Moderna. It is rare for a vaccine to have reports of 
deaths beyond 60 days unless there was involvement of ADE, which increases the subsequent risk of death often one to two years later. Since the mRNA 
adaptive vaccines were administered during an active pandemic, it was not surprising that after the selection6 and subsequent emergence of the Delta 
variant dominating the infections (i.e., over 50 % of the cases) around the end of June 2021,114 that the % of cases with onset intervals of deaths beyond 
60 days also exceeded 50% as observed in July 2021. Roughly with each new round of doses administered, there was a dip of 10–30% in the percentage 
of deaths with onset intervals over 60 days that lasted 3–4 months as observed for both Pfizer-BioNTech and Moderna. Onset intervals less than 60 days 
are thought to be due to shedding from the vaccinator, which allegedly generated deaths within the first 48 h. Other deaths up to 60 days could have been 
due to household or workplace shedding (Table S3) from persons injected with the Process 2 Pfizer-BioNTech gene therapy product. Please note that only 
the Pfizer-BioNTech gene therapy product seemed to compromise the protector HERV-K102 particles, leading to the shedding of spike protein and/or 
mRNA, cDNA, and/or mRNA–DNA hybrids with the compromised, spike laden HERV-K102 particles. Shedding may or may not carry an increased risk 
of integration of spike sequences, as discussed in Section 2.9.1. Shedding lasted for 3–4 months after each round of vaccination and could affect not only 
those injected with the Pfizer-BioNTech gene therapy shot but also Moderna and even the unvaccinated. The cutoff date of VAERS data was August 30, 
2025. Graph by Dr. Jessica Rose. The author retained the copyright to the images from a PowerPoint presentation given as sworn testimony at the National 
Citizens Inquiry on November 7, 2025.99 
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BioNTech LNPs and who would shed for 3 to 4 months. 
However, it is possible that accidental injection directly into 
the bloodstream could also cause death. Clearly, regulatory 
agencies were somehow indifferent to these early deaths 
and did not report these deaths as suspicious, which 
should have sparked an intensive investigation, mandatory 
autopsies, and a halt to the further administration of the 
mRNA shots. 

Many of these vaccine-associated deaths were 
“bioweapon-related” deaths that occurred beyond 60 
days,99 as reported to VAERS (Figures 6 & S1). In Table 
S3, the VAERS data for Figure 6 indicated that by January 
2, 2026, 34.51% of the mRNA-associated deaths reported 
to VAERS occurred beyond 60 days. Deaths with onset 
intervals larger than 60 days are almost never reported 
to VAERS, except that it was common for the COVID-
19 vaccines. Indeed, this initial finding should have also 
stalled the mRNA vaccination program, having reached 
over 100 deaths with onset intervals over 60 days by the end 
of April 2021 for Pfizer-BioNTech, by the end of May 2021 
for Moderna, and by the end of August 2021 for Janssen. 
One could argue that even at 10 cases per manufacturer 
(March 13, 2021, for Pfizer-BioNTech, March 5, 2021, 
for Moderna, and the end of June 2021 for Janssen), the 
immunization campaign should have been interrupted 
for investigation and to require autopsies. The highest 
percentage of all deaths with onset intervals over 60 days 
occurred in January 2022 for all three manufacturers (11% 
associated with Pfizer-BioNTech, 10% with Moderna, and 
13% with the Janssen vaccine). This was the month when 
many people were infected with Omicron, which, in many 
cases, would involve bioweaponized SARS-CoV-2 being 
transmitted from those who received two doses of the 
mRNA gene therapy shots.

2.9.3. Further evidence of the two types of 
bioweapons generated by spike IgG1/3 antibodies 
in the upper respiratory tract: Vaccine Adverse Event 
Reporting System data

The data used to construct the plots in Figure 6 are 
provided in Table S2 and were obtained from the easily 
searchable CDC Wonder Database for the VAERS [https://
wonder.cdc.gov/vaers.html]. The plots shown in Figure 6 
were first disclosed on November 7, 2025, at the National 
Citizens Inquiry.99

The onset of both types of bioweapons would, in theory, 
occur simultaneously, as both depended on the generation 
of spike IgG1/3 in the URT, which coincided with the 
selection of the Delta variant by these antibodies.6 

The results portrayed in Figure 6 confirm that (i) both 

the Pfizer-BioNTech and the Moderna mRNA gene therapy 
shots contributed to “bioweaponized SARS-CoV-2” deaths, 
as denoted by the percentage of deaths with onset intervals 
greater than 60 days (see further details in Table S3), and (ii) 
that the delay in recognition of these SARS-CoV-2 deaths, 
as reported by Bowe et al.101, was likely due to 3–4 month 
masking of “bioweaponized SARS-CoV-2” deaths by the 
more frequent non-COVID-19 deaths (related to shedding 
by the Pfizer-BioNTech shots, see Figure 6). The separate 
plots of mortality data by manufacturer clearly indicated 
there were at least 2 types of bioweapons contributing to 
deaths beyond 60 days during 2021 and 2022 (Table S3), as 
explained below. 

The black lines in Figure 6 refer to the total deaths 
reported to VAERS, separately for Moderna and Pfizer-
BioNTech, for which the onset interval was known (the 
X-axis labeling is shown on the right in black). The Pfizer-
BioNTech product was used twice as often as the Moderna 
product, so this explains in part why the total number of 
death reports of Pfizer-BioNTech deaths was higher. In  
the USA, the Delta variant emerged in late June 2021.114 
With the induction of TI at the first dose of the mRNA 
vaccines, we see that from May 2021 to July 2021, the total 
number of deaths reported to VAERS declined steadily, 
consistent with TI protection against all-cause mortality. 
However, following the second dose, there were smaller 
peaks in total reported deaths (September to October 
2021), consistent with ADE (Figure 7) and an increased 
risk of death. The natural and widespread Omicron 
exposure in January 2022, which broadened TI activation 
in both vaccinated and unvaccinated populations (Table 1, 
column E), appears to have significantly reduced pandemic 
fatalities (Figure 6) based on VAERS data. Thus, we see that 
the total number of deaths reported to VAERS dropped 
substantially after January–February 2022.

In Figure 6, the red lines indicate the percentage of total 
deaths reported to VAERS (i.e., those with onset intervals 
provided) that had onset intervals > 60 days. The increase 
in the percentage of deaths with onset intervals > 60 days 
first emerged in March 2021, when the very first cases of 
the Delta variant were selected by spike IgG1/3 in the URT 
(for example, Delta variants detected at <0.1% on March 
1, 2021 [https://ourworldindata.org/coronavirus]114). As 
shown in Figure 6, each time a coordinated dose of mRNA 
was administered, the percentage of total deaths with 
onset intervals beyond 60 days decreased by 10–30% for 
3–4 months, across both Moderna and Pfizer-BioNTech 
deaths reported to VAERS. It can be argued that this drop 
pertained to Pfizer-BioNTech spike mRNA gene therapy 
“shedding” from the vaccinator (who was likely recently 
vaccinated, most commonly with the Pfizer-BioNTech 
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product), where more of the deaths occurred under 60 days, 
and commonly on day 0 and day 1 (Figure S1, Table S3). 
It is also possible that shedding (from Pfizer-BioNTech), 
causing non-COVID-19 deaths (or injuries, see Table S4 
for myocarditis/pericarditis cases), occurred in households 
or workplaces, particularly after 14 days and up to 60 days. 

Overall, the data in Figure 6 corroborate the presence 
of two unexpected mechanisms: shedding unique to 
Pfizer-BioNTech products, and “bioweaponized SARS-
CoV-2” common to both mRNA vaccines, both of which 
contributed to deaths beyond 60 days. Data in Table S3 
indicate some post-vaccination deaths reported to VAERS 
did involve a diagnosis of COVID-19. For example, 36.17% 
of the deaths reported for 2020 to 2025 overall involved 
COVID-19; during the shedding peaks in June–July 2021, 
it was reduced to 7.97%; and in August–September 2022, 

it was 56.20%. 

Regarding the 60-day delay in deaths observed with 
the bioweapons, it is tempting to speculate that, for each 
dose starting with the second dose, despite the induction 
of IgG1/3 antibodies in the URT, some measure of TI 
would still be induced (Table 1, Figure S1). TI would be 
associated with the release of HERV-K102 particles and the 
concomitant release of IRF-1, which induces HERV-K102 
particles. The IRF-1 in the blood could upregulate PD-L1 
(CD274) on vascular endothelial cells, protecting against 
complement activation, microclotting, and vasculitis, as 
may be associated with either bioweapon.102-106 Vasculitis 
and/or myocarditis are expected to be more common 
with shedding than with bioweaponized SARS-CoV-2, as 
HERV-K102 particles induce inflammation and the level of 
spike protein in the bioweaponized HERV-K102 particles 

Figure 7. Optimal vitamin D3 levels block SARS-CoV-2’s ability to convert lipid-body-negative (LB−) M1-like foamy macrophages (FMs) that produce 
the protective human endogenous retrovirus (HERV)-K102 particles into lipid-body-positive (LB+), dysfunctional M2-like FMs. This is a newer concept 
of the immunosenescence of macrophages (ISM) than that presented in 2015 and 2020 which simply defined ISM as the failed release of HERV-K102 
particles from M1-like FM.77-78 SARS-CoV-2 gains entry to the FMs via antibody-dependent enhancement (ADE) of macrophage infection. In the presence 
of SARS-CoV-2, immunoglobulin G (IgG)1/3 antibodies (purple Ys) bind to the spike protein on SARS-CoV-2 virions, inducing a conformational change 
that reveals the fragment crystallizable (FC) receptor recognition domain of the antibodies. The Fc gamma receptor IIa (FCγRIIa; green) on LB− FMs 
enables uptake and, thus, infection by SARS-CoV-2, even though LB− FMs do not express ACE2. However, in the presence of adequate levels of active 
vitamin D, the conversion of M1-like FMs to dysfunctional M2 macrophages (oil red O-positive) is blocked.117 Only the intermediate monocytes and WD 
repeat domain 74 (WDR74)+ macrophages exhibit highly active vitamin D regulons among 64 cell types in the bronchoalveolar lavage fluid of COVID-19 
patients.95 Many human pathogens gain access to the M1 macrophages via ADE,6 which, upon transition to M2 macrophages, allows their replication in an 
immunologically privileged site for extended periods due to resistance to apoptosis.115 It is important to note that chronic disease relates to the functional 
status of macrophages,[77,78,123] and where immunosenescence (dysfunction) of macrophages, as caused by active alpha-fetoprotein, has been implicated.77,78 
Modified with permission from Laderoute.6 Copyright 2024 Jaypee Brothers Medical Publishers (P) Ltd.
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would be much higher due to the overproduction of spike 
protein with the entry of the mRNA from the LNPs into the 
sebocytes. Indeed, as shown in Table S4, over 99% of cases 
of myocarditis injury were non-COVID-19 cases, and 29% 
(Moderna) to 35% (Pfizer-BioNTech) involved injuries 
within the first 48 h. This time limit of 48 hours for a 
serious adverse event is consistent with shedding (referring 
to bioweaponized HERV-K102) from the vaccinator as 
measured for deaths reported to VAERS (Figure S1, Table 
S3). This strongly suggests that shedding caused many, if 
not most, of the myocarditis and/or pericarditis cases. As 
such, this finding may suggest that the risk of myocarditis/
pericarditis was significantly elevated with shedding 
caused by the Pfizer-BioNTech mRNA vaccine, compared 
with SARS-CoV-2 infection or even bioweaponized SARS-
CoV-2. As well, there was a predilection for male cases in 
the 18–29 age group (Table S4), especially for the Pfizer-
BioNTech vaccine, as has been reported for myocarditis 
and/or pericarditis risks where high testosterone could 
limit the upregulation of protective PD-L1 on vascular 
endothelium by IRF-1.105 

The results in Table S5, facilitated by inferences 
made from Table S3, show that the year with the most 
reported COVID-19 vaccine-associated deaths in VAERS 
was by far 2021 (70.70%), which was when shedding 
deaths dominated (Table S3). Even in 2021, a significant 
proportion of the reported deaths (3,684/20,313 or 12.82%) 
represented breakthrough infections, clearly indicating the 
COVID-19 vaccines were not preventing infections (lethal 
or not) and therefore were clearly not safe and effective. 
However, the year in which the highest relative level of 
COVID-19-associated deaths occurred was in fact 2022 
(Table S5). Here, of the 6,222 deaths reported to VAERS, 
2,802 cases (45.03%) involved COVID-19 breakthrough 
infections. These breakthrough infections were studied 
by Bowe et al.101, and unlike typical SARS-CoV-2 
deaths associated with pneumonias, the rates of injury, 
hospitalization, and deaths were highly increased and 
involved cardiovascular issues affecting all ages (although 
there was still a predilection for the older age groups). The 
latter findings validate the implication of bioweaponized 
SARS-COV-2 and microclotting-vasculitis in the injuries 
and deaths.99 However, it should be appreciated that the 
highest monthly level of COVID-19-associated deaths in 
2022 was in January 2022, associated with the common 
transmission of Omicron. When transmitted from the URT 
of the unvaccinated, it would have been a normal SARS-
CoV-2 infection. When transmitted from persons who 
had at least 2 doses of the mRNA gene therapy products, 
this would have involved the bioweaponized SARS-CoV-2 
with dire outcomes. Regardless of the outcomes, it is clear 
from the VAERS data in Figure 6 that Omicron, and not 

the COVID-19 vaccines, more or less ended the pandemic. 
TI appears to have been causally associated with negative 
excess mortality following the onset of Omicron worldwide 
(data not shown114). In Canada, due to the postponement 
of the second dose in elders by four months, the negative 
excess all-cause mortality associated with TI lasted a long 
time and resulted in a greatly reduced cumulative COVID-
19 deaths per million population. By September 28, 2025, 
the cumulative deaths per million for the USA, the UK, and 
Canada were 3,596, 3,404, and 1,424, respectively (Figure 
S2). The USA did not postpone the second dose, while the 
UK did, with at least a three-month delay at the beginning. 
This provides direct proof that immunity related to TI did 
flatten the curve, while the adaptive immunity conferred by 
COVID-19 vaccines did not, as was entirely anticipated.6

2.10. Important role of vitamin D3 in innate 
immunity and other protective measures

As shown in Figure 7, SARS-CoV-2 enters FMs, including 
sebocytes, via the ADE phenomenon as described in 
detail elsewhere.6 Presumably, by inducing AFP mRNA 
and protein and/or promoting the overactivity of the 
EGFR/ERBB2 malignancy-conferring pathway,71 this 
triggers the conversion of M1-like FMs to M2 with serious 
consequences. This causes the loss of host TI heterologous 
protection against all-cause mortality, including pathogens 
and cancers, while providing a haven for ongoing pathogen 
replication.115 This exploitation of the PI3K/Akt/mTOR 
epithelial–mesenchymal transition (EMT) pathway is not 
only common to many human pathogens but also to cancers 
and chronic diseases, including cardiovascular disease,77 
autoimmunity, allergies, and even neurodegenerative 
diseases.78 It has been proposed that active AFP, which 
mediates ISM by binding to the 67 kD AFP receptor,81,82 
causes chronic disease and an increased susceptibility to 
cancer and pathogens.77,78 Importantly, DHEA, the youth 
hormone that essentially provides an anti-stress response 
to cortisol,78 and not DHEA-S (the inactive form of 
DHEA), binds and inactivates active AFP, reducing the 
risk of ISM. As we age or become exposed to stress, DHEA 
levels decline, increasing the likelihood of developing ISM 
with the next viral infection. This causes chronic disease, 
which is likely to reduce PD-L1 expression on vascular 
endothelium due to lower circulating IRF-1 levels.102 This 
reduction would make the host more prone to the spike 
mRNA gene therapy-generated bioweapons. 

A priori, a substantial way to avoid ADE-mediated 
SARS-CoV-2 infection of macrophages/sebocytes is to 
avoid adaptive immunity vaccines that generate IgG1 
and IgG3 ADE-mediating antibodies to the spike protein 
(Figure 7), especially those inappropriately created in the 
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URT by the spike mRNA gene therapy technology. This 
should help establish and maintain herd immunity, TI, 
and prevent the selection of variants to end the pandemic 
sooner.6 To prevent the creation of deadly bioweapons, 
such as bioweaponized HERV-K102 (shedding causing 
non-COVID-19 injuries and deaths) and bioweaponized 
SARS-CoV-2 (transmission causing COVID-19 associated 
injuries and deaths), where both types of bioweapons via 
activation of complement generate microclotting, vasculitis, 
and serious cardiovascular diseases, the simple solution is 
to ban the use of mRNA for immunization purposes. As 
well, maintaining a healthy lifestyle, supplementing with 
nutrients, suntanning, and spending time outdoors to 
benefit from near-infrared exposure, while implementing 
stress-reduction interventions like yoga, would probably 
help maintain sufficient DHEA levels to prevent the age-
related onset of ISM.77,78 Additionally, readily available 
AFP antagonists such as zinc, genistein, vitamin D3, and, 
in the USA, 7-keto-DHEA could be used, particularly 
when hypertension lasting more than two weeks is 
observed (DHEA/7-keto-DHEA is banned in Canada). A 
growing number of states are providing over-the-counter 
access to ivermectin, which might be the most potent AFP 
antagonist known,96 and thus may reduce chronic disease 
and health care costs more generally. It should be noted 
that epigallocatechin-3-gallate (EGCG) of green tea is now 
known to favor M2-like polarization of macrophages and 
should not be utilized to promote recovery from chronic 
diseases.116

The proposal that optimal plasma levels of vitamin D3 
would be sufficient to prevent serious disease and death, 
generally from ISM and specifically from SARS-CoV-2 
infection, as shown in Figure 7, may be game-changing. 
When vitamin D3 levels are sufficient, the activated VDR 
can prevent mitogen-activated protein kinase 8 (MAPK8) 
phosphorylation, blocking the transition from lipid body-
negative FMs to lipid body-positive FMs (Figure 7).117 
Interestingly, among the 64 cell types in the BALF of patients 
with COVID-19, only the CD14/CD16 intermediate 
monocytes and the M1-like macrophages producing 
HERV-K102 particles displayed a highly activated VDR 
regulon.95 This confirms that the main mechanism by 
which optimal vitamin D3 blood levels protect the host 
against severe disease and death is by promoting TI, which 
protects against and reverses chronic disease. 

More recently, ivermectin has been identified as a highly 
potent AFP antagonist based on overlapping protein–
protein interaction networks in SARS-CoV-2 infection 
shared with an ovarian breast cancer cell line, as discussed 
elsewhere.96 As mentioned, many studies support the 
contention that ivermectin prevents or promotes recovery 

from SARS-CoV-2 infection.97 Additionally, evidence 
suggests that flavonoids and benzimidazoles may interfere 
with the signaling pathway of AFP by reversing EMT, i.e., 
the PI3K–Akt–mTOR pathway,118,119 and may synergize 
with ivermectin in preventing and treating diseases, 
infectious or not. 

3. Conclusion
Without consideration of the release of the protector 
HERV-K102 particles by lysis from FMs, it would be very 
hard indeed to explain how a cell that disappears could 
generate potent TI protection against all-cause mortality, 
including the generation of sterilizing immunity. The latter 
has been inferred based on the increased integration of 
HERV-K102 correlated with resistance to HIV-1 acquisition 
(Figure 2).8 One might consider that this disappearing act 
may have thwarted the ability to fully understand what 
TI really is and how it mediates potent protection against 
emerging pathogens and cancers. Certainly, it explains the 
late discovery of TI in 20111 and the HERV-K102 protector 
system in 20077,8, which was elaborated further in 201578, 
201814, and again in 2024.6 This is despite the fact that the 
M1 versus M2 tumor-associated macrophage paradigm 
associated with recovery versus disease progression  
(respectively) has been known and evaluated in the cancer 
field since at least the early 1990s.120 

Taken altogether, for the functional definition of 
TI, single-cell sequencing has revealed that enhanced 
cytokine and chemokine activation upon rechallenge may 
be optional and not necessary for TI. Rather, it seems that 
the cytokines TNF-α, IFN-γ, and/or the transcription 
factor NF-κβ1 converge with IRF-1 at ISREs to induce 
transcription of a protective foamy virus, HERV-K102, 
which generates FMs.6-8 This replication-competent 
endogenous foamy retrovirus, encoded on Chromosome 
1 at 1q22 and unique to humans, not only generates 
TI but also greatly amplifies it through epigenetic and 
genomic changes in the human genome, reflecting, in part, 
increased integration. Thus, TI can be as vital and rigorous 
as adaptive immunity, including the use of recombination 
events in the human genome to amplify and enhance 
the memory response. Glycolysis is required to support 
cholesterol production for foam cell formation associated 
with HERV-K102 replication and particle production. 
It should be noted that although the PI3K/Akt/mTOR 
pathway induces foam cell formation, interfering with 
NF-κβ1 does not block it.121 This means the inflammatory 
component, such as that induced by NF-κβ1, is not an 
absolute requirement for TI, as others have observed in 
single-cell sequencing studies.36,37 Therefore, the current 
definition of TI should be revised to emphasize the salient 
role of HERV-K102 particles in mediating protection. 
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A summary of the multitude of ways that HERV-K102 
particles manifest their potent anti-viral stance and the 
broader protection of H. sapiens against morbidity and 
mortality is captured in the graphic abstract. These innate 
immunity mechanisms have been broadened to include 
protection against microclotting and vasculitis associated 
with the bioweapons created by the spike mRNA gene 
therapy products. TI, unlike adaptive immunity, may 
protect the vascular endothelium from complement 
activation, microclotting, and vasculitis through the 
upregulation of PD-L1 (CD274) by the release of IRF-
1102-106 and also HERV-K102 particles90 associated with 
TI. IRF-1 is germane to the expression of the full-length 
HERV-K102 provirus, its replication, and thus TI. 

It should be noted that the inappropriate and dangerous 
generation of IgG1/3 anti-spike antibodies in the URT 
using mRNA gene therapy technology shifted a pandemic 
involving SARS-CoV-2 infection, in which the aged and 
sick were preferentially susceptible to death, to one in 
which all age groups became susceptible regardless of 
health or immunity status,99,101 although the elderly were 
still at a higher risk of any cause of death. For the most part, 
adaptive immunity did not offer much protection against 
injury such as myocarditis (Table S4) or microclotting-
related death (i.e., from either of the two bioweapons). 
Most certainly, the spike IgG antibodies in the URT or 
circulation, the latter of which was the industry-standard 
measure of immunity to SARS-CoV-2, were erroneously 
used as a surrogate marker of vaccine efficacy when 
ironically, these spike IgG antibodies caused the majority 
of injuries and deaths, including to younger and healthy 
individuals and even the unvaccinated.98,99,101 On the 
other hand, recent TI activity did serve to provide some 
level of protection against vasculitis and microclotting-
associated injury and death, which apparently lasted up 
to 60 days. Infants and children were still less susceptible 
to bioweapons than healthy adults (Tables S3 and S4), 
probably due to the frequent activation of TI with each 
new virus they commonly encountered. 

The limitations of this discovery that HERV-K102 
mediates the protection associated with TI induction 
primarily stem from our gaps in knowledge. This includes 
how to clinically exploit this new finding and the current 
lack of randomized clinical trials to demonstrate the efficacy 
of HERV-K102 induction in promoting overall health and/
or reducing the risks of pandemics, rapidly advancing 
cancers, and other chronic diseases. Clearly, more research 
is needed to better understand HERV-K102 protector 
mechanisms, including the direct demonstration of its 
putative oncolytic and virolytic activity, how best to screen 
populations for ISM issues that inhibit TI so remedies can 

be taken proactively, and the discovery of additional AFP 
antagonists. At present, to significantly reduce health care 
costs and prepare for the next pandemic, populations need 
to optimize their vitamin D3 and DHEA levels. This means 
that most hospitals and private laboratories should offer 
these prognostic tests. For DHEA, it is more specifically 
the ratio of DHEA to cortisol that is prognostic, but 
invariably only the DHEA-S inactive form is tested in 
hospitals and private laboratories. This needs to change if 
we wish to improve health care rather than stay the course 
with the existing “modus operandi” of disease care. For 
overall general health protection and in anticipation of 
future pandemics, it would be very useful for ivermectin, 
benzimidazoles, and 7-keto-DHEA to be made available 
over the counter across all of North America. The 7-keto-
DHEA is preferred over DHEA as it cannot be converted 
to sex hormones, which, in women, DHEA may result in 
increased testosterone side effects.

In conclusion, it is strongly suggested that foam cell 
formation involving HERV-K102 particle production in 
FMs would better characterize and thus define TI since TI 
does not necessarily involve a heightened production of 
proinflammatory factors upon rechallenge. Furthermore, 
the HERV-K102 protector system can explain how 
sterilizing immunity is possible, and this discussion has 
revealed a novel mechanism that promotes herd immunity, 
giving the TI concept new meaning. From Figure 6 and 
Tables S3 and S5, it is clear that Omicron infections 
in vaccinated and unvaccinated individuals ended the 
pandemic, not the COVID-19 vaccines. Indeed, one might 
argue that boosting with the advent of the bivalent mRNA 
vaccines only served to prolong the pandemic and enhance 
the risk of death among the elderly. On the other hand, 
Canada, by postponing the second dose of the mRNA 
gene therapy products by 4 months, did seem to flatten 
the curve somewhat (Figure S2) when compared with 
the USA or the United Kingdom, which had a 2.53- and 
2.39-fold higher number of cumulative COVID-19 deaths 
per million, respectively, than Canada (by September 28, 
2025). Since, for the most part, the first dose induced only 
TI and not the dangerous spike IgG antibodies, this may 
not only have saved lives but also enhanced protection 
in the unimmunized through the novel herd immunity 
mechanism proposed here. Thus, to some extent, this data 
validates the power of TI to control a pandemic. 

It is imperative that future work elucidate how 
HERV-K102 and the various HERV-K HML-2 elements 
participate in establishing and maintaining TI, and explore 
how HERV-K102 particle production might be induced 
not by vaccination but by nutraceutical means, for example, 
beta-glucans found in simple foods like oatmeal.122 Given 
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the fact that macrophage dysfunction (defined here as 
the failed lytic release of HERV-K102 particles from 
M1-like FMs [see Figure 7]) is increasingly recognized 
as the cause of chronic disease,77,78,123 the exploration of 
HERV-K102 particles in health and disease should have 
important ramifications for future health care and public 
health more generally. The time has come to rigorously 
test AFP antagonists and TI initiators in randomized 
clinical trials for their utility in chronic disease prevention 
and treatment, particularly given the current heightened 
incidence of rapidly progressing tumors and infections 
resulting from the inappropriate use of mRNA technology 
for immunization.6 
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