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Abstract: Historically, macrophages have been long implicated in the control of the severity of infectious
diseases. This has been based on the observations of a higher risk of severe disease and death upon rechallenge
with viral variants due to antibody dependent enhancement (ADE) of infection into macrophages. The question
remains as to what can account for this potent heterologous protection in macrophages? Here it is argued that
the elusive defense mechanism of M1-like pro-inflammatory macrophages may pertain to a novel virus anti-
virus response. This system initiates with high replication of human endogenous retrovirus K102 (HERV-K102),
a non-pathogenic, protector foamy retrovirus of humans which generates M1-like pro-inflammatory foamy
macrophages, glycolysis, and epigenetic changes, all characteristic of trained immunity. This virus-anti-virus
system Kkills virally infected cells by several mechanisms, amplifies the innate interferon response via ‘viral
mimicry’, has many unique components that interfere with exogenous virus replication, and may be especially
adept at neutralizing enveloped exogenous pandemic viruses, such as SARS-CoV-2 and HIV-1. The goal of this
treatise is to introduce the multifaceted HERV-K102 protector system, to illustrate how SARS-CoV-2 may target
the HERV-K102 protector system by ADE, and to explore how this innate defense system may be exploited for
pandemic preparedness.

Keywords: ADE; HERV-K102; HERV-K HML-2; immunosenescence; foamy macrophages; virus-
anti-virus; pandemic preparedness; mRNA COVID-19 vaccines; alpha-fetoprotein antagonists;
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1. Introduction

1.1. Single cell RNA (scRNA) Sequencing has Revealed the Importance of Innate Immunity Macrophages

Single cell RNA (scRNA) sequencing has substantially revolutionized the ability to gauge cell
fate and developmental programs such as for immune cells in sickness and in health [1,2].

For example, an initial investigation involving 39 cancer types and about 18,000 tumors
unexpectantly determined in 2015 that the gamma-delta2 (y52) T cells and/or other innate T cells were
frequently correlated with protection against many although not all cancers [3]. This discrimination
was largely based on the expression of KLRB1 (CD161) on these innate T cells. KLRB1 is a lectin-like
receptor that binds Galactose -a-(1,3) Galactose which is a carbohydrate marker of non-human cells
and where humans have IgM against this moiety [4]. On the other hand, FOXM1 considered a marker
of poor prognosis tended to identify neutrophil populations within many cancers.

More recently, using scRNA sequencing, M1-like pro-inflammatory macrophages have been
implicated in remission from acute myeloid leukemia [5], and as correlates of protection in patients
with lung cancers [6].

In addition, via scRNA sequencing, monocytes/macrophages have been identified as essential
to a reduced risk of SIV/SHIV acquisition in non-human primate (NHP) animal studies and were
implicated in the partial vaccine efficacy against HIV-1 infection demonstrated in the RV144 trial [7].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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At a more detailed level, the induction of hypoxia with inflammasome activation in CD14 monocytes
has been associated with a decreased risk of SIVmes1 acquisition in non-human primate (NHP)
models [8]. It should be appreciated that hypoxia and inflammasome activation results in foam cell
formation in M1-like proinflammatory macrophages [9]. Accordingly, it appears, pro-inflammatory
foamy macrophages provide protection against HIV-1 acquisition, a conclusion reached earlier on
entirely different evidence [10,11].

Macrophages although long considered the central orchestrator of both innate and adaptive
immunity, are primarily associated with innate immunity, the antigen non-specific arm of the
immune system involving interferon responses and intrinsic pathogen detection systems termed
pattern recognition receptors (PRRs). Dendritic cells that are the antigen presenters for adaptive
immune responses are derived from a separate set of bone marrow progenitors, called the Common
Lymphoid Progenitors (CLPs). Instead, macrophages (and monocytes) are derived from the Common
Myeloid Progenitors (CMPs) which then generate the Granulocyte-Macrophage Progenitors (GMPs)
and the Megakaryocyte-Erythroid Progenitors (MEPs) [12]. Accordingly, discussions of monocytes
in the blood or macrophages in the tissues refer and pertain to innate immunity.

1.2. The Clue of Antibody Dependent Enhancement (ADE) of Infection into Macrophages

Historically a major line of evidence emphasizing the importance of macrophages in the control
of infectious diseases and outcomes has been the concept of antibody dependent enhancement (ADE)
of infection into monocyte/macrophages. Disease escalation involving antibodies that mediate the
enhanced infection of macrophages through Fc receptors was first documented for dengue in 1967.
Since that time ADE has been observed for various viral infections [13] such as Japanese encephalitis
virus (JEV), HIV-1, Ross River virus, West Nile virus (WNV), Ebola virus, respiratory syncytial virus
(RSV), feline infectious peritonitis virus (FIPV), porcine reproductive and respiratory syndrome virus
(PRRSV), measles, SARS-CoV, MERS-CoV, and now SARS-CoV-2 [14]. Most notably, it has been
suggested that COVID-19 disease progression from moderate to severe commonly relates to ADE
mediated infection of SARS-CoV-2 into monocytes/macrophages [14] (which will be examined and
validated in more detail below). This view is however, in direct contrast to the narrative promoted
by scientists and clinicians at the Welcome Center for Human Genetics and Pandemic Sciences
Institute along with workers employed at the UK Health Security Agency who profess that ADE has
not been observed clinically during COVID-19 infection [15].

Despite the controversy in opinion, incontrovertible evidence had emerged that even before the
COVID-19 vaccines were authorized for emergency use that demonstrated IgG antibodies to spike
protein were not protective but instead were associated with progression to more severe COVID-19
disease including death during natural infection [16-30]. Despite this unanimous finding, three
papers claimed exceptions to the consensus finding based on assumptions about neutralizing activity
[31-33]. However, these could be discounted based on technical grounds. All three excursions were
based on neutralizing antibody data generated from pseudotyped virus produced in human 293T
cells rather than live SARS-CoV-2 virus grown and tested in the non-human, green monkey cell line,
Vero cells. As virus pseudotyped in human cells likely carries human innate immunity target
antigens, the authors did not address and exclude the possibility that the neutralization they observed
was due to innate neutralizing antibodies rather than those reactive with spike protein.

As also noted by Ricke [14], the main problem which led to more severe disease during natural
infection was that the onset of IgG to spike protein preceded the clearance of SARS-CoV-2 by the
innate immune system [34-38]. This earlier onset leading to more severe disease was also
documented previously for spike IgG antibody to SARS-CoV-1 [39,40]. In contrast when SARS-CoV-
2 was neutralized or cleared from the upper respiratory tract before the onset of spike specific IgG in
the blood, this invariably resulted in mild COVID-19 disease [41].

The problem of ADE following vaccination particularly for RNA viruses is believed in part to
reflect the rapidity at which new variants are generated in the host following the introduction of
antibodies to spike protein that can and do readily select for new variants. For example, in
immunosuppressed high-risk individuals it took 10 days on average for a neutralizing monoclonal
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antibody, bamlanivimab to spike protein to generate escape mutants and establish a rebound viremia
[42]. Fortunately, in many instances but not all patients studied, convalescent plasma was able to
provide recovery presumably related to innate neutralizing antibodies and other innate humoral
immune mechanisms found in plasma.

Perhaps more importantly, a growing body of evidence implies for natural infection unless the
case of COVID-19 was severe/critical, there were few IgG1 or IgG3 antibodies to spike RBD in the
nasal secretions and none in the saliva [43,44]. However, with the second dose of COVID-19 vaccines
(mRNA or virus vectored), these dangerous IgG1/3 antibodies to spike protein capable of mediating
ADE were commonly detected at high levels in the upper respiratory tract (URT) [43,44]. Thus, the
global mass vaccination with COVID-19 vaccines not only greatly increased the likelihood of the
emergence of variants, but led to increased transmission and infection rates, all of which would and
did prolong the pandemic beyond May 2021 [45].

Given the importance of the selection of SARS-CoV-2 variants and increased infection rates as
salient proof of ADE, which in turn validates that the macrophage provides the most important
correlate of protection against COVID-19, data supporting each of these statements will be briefly
discussed.

1.3. Evidence from Canada for Selection of SARS-CoV-2 Variants Correlating with Vaccination Milestones

For both the Pfizer and Moderna mRNA COVID-19 vaccines, it was about 14 days after the
second dose of vaccines, when the IgG antibodies to spike protein became significantly detectable in
most individuals [46,47]. Also, it was known that the first dose which provoked trained innate
immunity induced heterologous protection against all-cause mortality. Negative excess all-cause
mortality was clearly demonstrated in countries especially those that postponed the second dose
(Canada [48] and the UK) at the time that the first dose was administered [49]. For the USA a study
of seven integrated health care organizations in the USA demonstrated that heterologous protection
against non-COVID-19 mortality was induced upon the first dose and which was not appreciably
altered upon receiving the second dose, at least for the first 7.5 months of the vaccination campaign
[50].

In Canada, the selection of variants (initial emergence or when the variant became dominant)
was observed [51] either: a) when the percentage of the eligible population who received two doses
over those who had only received one dose exceeded 0.5 (Table 1) or b) when the negative excess all-
cause mortality (heterologous protection against all-cause mortality comparing 2021 to the average
for 2015 to 2019) reversed direction and started to trend positive (Figure 1). In either case these
parameters are alternative ways of looking at the relative impact of the induction of dangerous spike
specific IgG1/3 by the second dose relative to the heterologous protection by trained innate immunity
of the first dose. Both sets of parameters examine and reflect ADE. As detailed elsewhere [51], and
reproduced here by the author, when the second dose to first dose ratio exceeded 0.5, this was
associated with the initial emergence of the alpha variant and was also associated with the dominance
of the delta variant (Table 1.). Conversely, when the negative excess all-cause mortality reversed
direction (ie., the heterologous protection of trained innate immunity against mortality became less,
Figure 1) this correlated with the alpha variant becoming dominant and with the initial emergence
of the delta variant.
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Table 1. The two over one dose ratios for COVID-19 vaccination in Canada: December 22, 2020 to
August 1, 2021 (from Our World in Data [49]).

00
I{e:s: % Two Yo Two/
DATE One Doses One One EVENTS NOTES
Dose RATIO
Dose
22-Dec 0.071 None 0.071 N/A
29-Dec 0.19 None 019 N/A
03-Jan 0.3 None 030 N/A EACM Decreases
10-Jan 0.84 0.1 074 0.135
17Jan 15 06 09 |GG __ EACM temporarily flattened
24-Jan 2.03 0.15 1.88  0.080
31-Jan 23 0.3 2 0.150
07-Feb 2.4 047 1.93 0.244
08-Feb 2.4 0.5 1.9  0.263
10-Feb 2.5 06 19 0.316 Enters Neg EACM

14-Feb 259 081 178 0455

21-Feb 2.9 1.1 18
22-Feb 3 1.2 18 Alpha Emerges
25-Feb 3.2 1.3 1.9
26Feb 34 14 2 |[0W00N

NACI Intervention
27-Feb 3.5 14 21 around Feb 27
28-Feb 3.63 141 222

07-Mar 4.85 152 333 0.456
08-Mar 5.1 1.6 3.5 0.457
11-Mar 5.67 159 4.08 0.390
14-Mar 6.5 1.6 4.9 0.327
15-Mar 6.8 1.6 52 0.308

Lowest Neg EACM

21- . 1.7 71 2
Mar 8.83 3  0.238 (Nadir)

22-Mar 9.2 1.7 75 0227 Alpha Dominates
28-Mar 11.81 1.81 10 0.181

04-Apr 15.07 192 13.15 0.146

11-Apr 19.04 219 16.85 0.130

18-Apr 24 25 215 0116

19-Apr 25 25 225 0111

25-Apr 2918 275 2643 0.104

26-Apr 30 28 272 0.103

28-Apr 31 29 281 0.103 Exit Neg EACM
02-May 3358 3.05 30.53 0.100 |NDCIEIEMEIceonn
03-May 34 31 309 0.100

09-May 39 34 356 0.096

16-May 45 3.8 412 0.092

17-May 46 3.9 421 0.093 | Max Alpha at 59%
23-May 51 4.05 46.95 0.086

30-May 56.69 545 5124 0.106

02-Jun 58.8 6.11 5269 0.116

11-Jun 63.87 10.82 53.05 0.204

14-Jun 64.86 13.11 51.75 0.253
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20-Jun 6629 18.85 47.44 0.397
26-Jun 67.38 2647 4091
04-Jul 6831 3502 33.29
12-Jul  69.27 44.33 24.94
19-Jul  69.99 50.61 19.38
25-Jul 71 55 16

01-Aug 71 59 12

NACI = National Advisory Committee on Immunization (Canada). EACM=Excess All-Cause Mortality. Neg= negative

N/A=not applicable. Max Alpha at 59% means the maximal portion of the sequenced variants was recorded at
59 percent. Note. All of the data provided [49] is freely available for both academic and commercial use under
Creative Commons Attribution 4.0 (CC-BY 4.0) licence terms.

Excess mortality: Deaths from all causes compared to projection based on previous years
The percentage difference between the reported number of weekly or monthly deaths in 2020-2022 and the projected number of deaths for the —=
same period based on previous years. The reported number might not count all deaths that occurred due to incomplete coverage and delays in

reporting. = _ . .
Negative Excess All-Cause Mortality * Start of Vaccination
December 22, 2020

I Delta: emerged May 3; dominant by July 12, 2021

20% I Alpha: emerged Feb 22, dominant by Mar 22, 2021
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Figure 1. Negative excess all-cause mortality in spring 2021 (February 10 to April 28) in Canada
associated with postponement of second COVID-19 vaccine dose by up to 120 days [48]. Negative
excess mortality relative to the average mortality per week for 2015 to 2019 is highlighted in turquoise
as provided by Our World in Data [49]. Bright green highlights pertain to emergence and dominance
of the alpha variant (emerged February 22, 2021 and became dominant by March 22, 2021 but never
exceeded 57% of the total variants); hot pink highlights pertain to emergence (May 3, 2021) and
dominance of the delta variant (July 12, 2021) and reached 99% of the total variants by Aug 30, 2021;
and the gamma variant appearance is shown in grey and never reached higher than 26%. Mass
vaccination started in Canada on December 22, 2020. There were no variants of concern selected prior
to December 22, 2020, implicating mass vaccination as the cause. Note that the peak in excess all-cause
mortality recorded on July 4 pertained to 619 heat wave related deaths from June 25 to July 1, 2021,
in British Columbia [52] and thus are immaterial to the discussion. Note. All of the data provided [49]
is freely available for both academic and commercial use under Creative Commons Attribution 4.0
(CC-BY 4.0) licence terms.

Accordingly, these tight correlations indicate a high likelihood that the COVID-19 vaccines
through ADE mechanisms were causally related to selection of the alpha and delta variants. In further
substantiation of this notion, the global selection of immune escape variants did not appreciably
occur until the COVID-19 vaccines were introduced [49]. For clarification, the initial emergence of the
alpha variant which occurred by December 2020 in the UK could have reflected that over 600,000 UK
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residents had taken part in vaccine clinical trials. Presumably the use of neutralizing monoclonal
antibodies to spike protein and/or use of convalescent plasma may have also contributed to the earlier
emergence of the alpha variant in the UK. Conversely, Canada did not participate in mRNA vaccine
clinical trials. This enabled an assessment of both the emergence of the alpha and delta variants
associated with mass immunization.

There is additional published data supporting the above conclusions that the COVID-19 vaccines
were likely causally related to the selection of variants. SARS-CoV-2 variants sequenced from the
two-dose vaccinated when compared with the unvaccinated had significantly higher percentages of
immune escape variants as well as variants associated with higher infectivity [53]. In a separate
report, boosted innate immunity (the first 6 days after the second dose) showed 100% vaccine
effectiveness (VE) from April 2021 to August 2021 while during the same period the VE for adaptive
immunity (7 days or longer after the second dose) declined from 78 % to 48% as determined in a large
integrated health system in the USA [[54]: see their Supplemental Table 5c]. The latter findings are
consistent with the notion that the neutralizing antibodies of innate immunity can provide sterilizing
or lasting herd immunity against SARS-CoV-2, whereas adaptive immunity neutralizing antibodies
cannot. In other words, as expected due to ADE, adaptive immunity vaccines particularly producing
IgG1 and IgG3 antibodies to spike protein are not very useful and likely harmful to control a
pandemic.

1.4. Vaccination Increased SARS-CoV-2 Symptomatic Infection Rates in the UK Putatively by ADE

In the UK most COVID-19 vaccines administered were the Pfizer-BioNTech mRNA COVID-19
vaccines. UK data consistent with the increased risk of symptomatic infection in the two dose COVID-
19 vaccinated over the unvaccinated (unadjusted rates per 100,000) were first revealed in the 40 + age
group [55]. This correlated with the onset of the dominance of the delta variant starting with the
September 9, 2021, Week 36 Report (reporting for the previous 4-week interval) released by Public
Health England. It should be noted that the UK authorities did not release informative data
concerning these risks prior to September 9, 2021 [55].

Over time these weekly vaccine surveillance reports [55] indicated that as the vaccines were
rolled out to younger and younger age groups the increased risk of infection in the fully vaccinated
(per 100,000) over unvaccinated affected younger and younger age groups, showing a cause-and-
effect trend. For example, by week 41, reported on October 14, 2021, the fully vaccinated 30 + were
additionally at increased risk. By week 50 reported on December 16, 2021, the 18+ age groups were
at increased risks. This is consistent with ADE in the URT enhancing symptomatic infections in the
vaccinated over the unvaccinated.

Vaccination which increases the risks of symptomatic infection particularly in the younger age
groups who are generally at very low or insignificant risk (when compared to those over 65) clearly
is the opposite goal of the intended public health measure of mass vaccination. This dilemma was
predictable based on the known characteristics of ADE and the multitude of reports that universally
showed the IgG antibodies to spike protein correlated with COVID-19 disease progression [13-30]
especially when they emerged prior to the clearance of SARS-CoV-2 [35-40,42] by innate immunity
[41].

However due to extreme transmissibility of the omicron SARS-COV-2 variants witnessed in
January 2022 and after where the results of home testing were not reported to government authorities,
the UKHSA reports on infection risk of the vaccinated over the unvaccinated ceased after the end of
March 2022. By the last report on March 24, 2022, [56] the risk of symptomatic infection in the
vaccinated over the unvaccinated (unadjusted rates per 100,000) had reached 4.0- fold in the 30-39
age group which indicated the increased risks of infection related to vaccination were not trivial
(Figure 2). As a rule of thumb in medical science, anything over 1.20-fold could be clinically
significant.
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Table 14. Unadjusted rates of COVID-19 infection, hospitalisation and death in and
Please note that the following table should be read in conjunction with pages 38 to 41 of this report, and the footnotes provided on page 45.

Cases presenting to emergency care
(within 28 days of a positive test) Death within 28 days of positive COVID- | Death within 60 days of positive COVID-

cm?g::;:z: ;,';‘F':::: d.;; ;;)t;::n resulting in overnight inpatient 19 test by date of death between week 8 | 19 test by date of death between week 8
week 11 2022 (wie 20 MaZh 2022 admission, by specimen date between | 2022 (w/e 27 February 2022) and week | 2022 (w/e 27 February 2022) and week
(& ) week 8 2022 (w/e 27 February 2022) and 11 2022 (w/e 20 March 2022) 11 2022 (w/e 20 March 2022)
week 11 2022 (w/e 20 March 2022)
[see on bases and i rates in footnotes 1 and 2 below this table]

Unadjusted rates Unadjusted rates Unadjusted rates Unadjusted rates

among persons :'"‘:d,f: ;‘:i:::‘ among persons :;:?:f::;?’ among persons :::f;:‘:;::‘ among persons :":?:‘::::’

peccmamd et not vaccinated (per vaccinated with at | ;0 2 cinated (per vaccinated with at | |\ 2 cinated (per vaccinated withat | o\ /2 cinated (per

least 3 doses (per 100,000)2 least 3 doses (per 100,000)2 least 3 doses (per 100,000 least 3 doses (per 100,000)2

100,000) . 100,000) o 100,000) ' 100,000) >
Under 18 1,165.6 1,406.3 21 83 0.0 0.0 0.0 0.0
18 t0 29 2,5428 781.5 4.7 6.8 0.1 0.1 0.2 0.2
301039 3,483.8 882.0 5.8 6.8 0.1 0.3 0.3 04
40 to 49 3,151.6 7771 55 75 0.1 0.3 0.6 0.7
50 to 59 2,551.5 627.8 71 13.2 0.5 18 14 3.1
60 to 69 2,151.3 460.0 12.5 203 16 46 4.1 8.2
70to 79 1,643.0 438.9 313 58.0 6.6 17.7 147 311
80 or over 1,569.8 637.9 100.0 1125 423 85.6 90.0 1343
1 Comparing case rates among i and i should not be used to estimate vaccine effectiveness against COVID-19 infection. Vaccine effectiveness has been formally

estimated from a number of different sources and is summarised on pages 4 to 14 in this report.

The rates are calculated per 100,000 in people who have received either 3 doses of a COVID-19 vaccine or in people who have not received a COVID-19 vaccine. These figures are updated each week as
the number of i indivi and i i with 3 doses in the population changes.

The case rates in the and are crude rates that do not take into account underlying statistical biases in the data and there are likely to be systematic
differences between these 2 population groups. For example:

testing behaviour is likely to be different between people with different vaccination status, resulting in differences in the chances of being identified as a case

.

« many of those who were at the head of the queue for vaccination are those at higher risk from COVID-19 due to their age, their ion, their family cil or because of ing health
issues
« people who are fully vaccinated and people who are may behave with regard to social interactions and therefore may have differing levels of exposure to COVID-19

people who have never been vaccinated are more likely to have caught COVID-19 in the weeks or months before the period of the cases covered in the report. This gives them some natural immunity to
the virus which may have contributed to a lower case rate in the past few weeks

2Case rates are calculated using NIMS, a database of named individuals from which the numerator and the denominator come from the same source and there is a record of each individuals vaccination
status. Further information on the use of NIMS as the source of denominator data is presented on page 40 of this report.

Unadjusted case rates among persons not vaccinated have been formatted in grey to further emphasise the caution to be employed when interpreting this data.

46

Figure 2. The United Kingdom Health Security Agency’s COVID-19 vaccine surveillance report for week
12 reported on March 24, 2022, showed in all age groups over the age of 18 that the vaccinated were at
increased risk of symptomatic infection [56]. Note. CC-By 4.0 from
https://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/ and referencing
bulletin.

In the USA, Shrestha et al demonstrated that increasing doses of the COVID-19 shots were
associated with an increasing risk of COVID-19 symptomatic infection in health care workers at the
Cleveland Clinic [57], in agreement with and as an extension of the UK government findings.
Although it has been reported that there is an isotype switch following the third COVID-19 vaccine
dose where the IgG1/3 antibodies in the blood to the spike protein are converted to largely IgG4 [58]
which does not contribute to ADE, clearly this does not occur in the URT where risk of
infection/transmission continues to escalate at 3 or more doses (Figure 2). Note by March 2022 most
of the UK ever vaccinated had already received the third dose by December 2021 [49].

Indeed, as captured by ‘Our World in Data’ [49] the population of Canada and the United States
as a whole, exhibited an increase in the reproductive rate (transmission reproductive rate) associated
with the second and more so, the third dose associated also with the selection of variants (Figure 3).
These findings corroborate the notion that the problem of ADE with the adaptive immunity spike
vaccines leading to the selection of variants and higher infectivity was in fact, experienced globally.
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Figure 3. The effective reproduction rate ‘R” of SARS-CoV-2 clearly indicates increased risk of
transmission with two and more so, three doses of the adaptive COVID-19 vaccine for Canada and
the United States. Nofe. All of the data provided by Our World in Data [49] is freely available for both
academic and commercial use under Creative Commons Attribution 4.0 (CC-BY 4.0) licence terms.

1.5. From First Principles Adaptive Immunity is Not Able to Control Emerging Pathogens or Pandemics

Adaptive immunity antibodies particularly to spike protein would serve to prolong the
pandemic by introducing new waves and making the newer selected variants more transmissible and
more infectious. In addition, there are other fundamental reasons as to why adaptive immunity
mechanisms are not well suited to handling pandemics or emerging pathogens. The adaptive
response to a pathogen never seen before requires at least 14 to 21 days before levels of IgG antibody
peak in most individuals [41]. Many pathogens can kill the host before the adaptive system ramps
up. For SARS-CoV-2 the time to death was commonly pegged at 10 days [59]. Thus, from first
principles, it is clear innate immunity which is the first line of defense, would and does play a pivotal
role in COVID-19 disease outcomes, but adaptive immunity cannot and in fact may jeopardize the
critical innate immunity via ADE.

Accordingly, adaptive immunity vaccines such as the COVID-19 vaccines were intrinsically
doomed to worsen rather than improve outcomes both at the individual and population level. This
is because of the problem of ADE, which would increase transmissibility and lengthen the duration
of the pandemic. As mentioned, the well anticipated problems of ADE were ignored and remarkably
‘swept under the rug’ [15] by public health and regulatory agencies around the world.

The ADE of SARS-CoV-2 in the URT, involved classical FCGR2A expression in macrophages
which were labelled as the interferon responsive macrophages [60]. None of the 5 types of
macrophages in the URT nasopharyngeal swab samples expressed ACE2 nor TMPRSS2 indicating
entry of SARS-CoV-2 into macrophages most likely related to ADE. Many groups have indicated that
macrophages in the lungs of severe COVID-19 patients but not those with mild or moderate disease
are infected with SARS-CoV-2 where again ACE2 and/or TMPRSS2 are not expressed [61-66]. This
corroborates the notion of SARS-CoV-2 entry into macrophages by ADE causing disease progression.
In a very comprehensive study Ren et al [61] uncovered in the lower respiratory tract (LRT), a novel
type of ADE involving a switch from the ACE2: spike interaction to basigin (BSG): spike. This focused
the infections on the macrophages and other immune cells and away from lung epithelial cells. In the
URT, macrophages which were judged to be sebocytes (specialized lipid body negative foamy
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macrophages) lost expression of BSG upon their activation and as mentioned appeared to instead use
the classical FCGR2A for ADE mediated entry of SARS-CoV-2 [60]. Thus, there are two types of ADE
associated with SARS-CoV-2 infection, classical in the URT and a novel switch type in the LRT
involving BSG.

1.6. Aims of the Review

Given the importance of ADE as an impediment to the development of safe and effective
vaccines against emerging and pandemic viruses including SARS-CoV-2, it is important to
understand what is so special about the M1-like, proinflammatory foamy macrophages and to
elucidate how they generate a potent virus-anti-virus (heterologous) response. Human endogenous
retrovirus K102 (HERV-K102) replication produces particles in M1-like macrophages and generates
a foamy appearance when the particles bud into vacuoles (Figure 4) [10,11,67]. We were first to
suggest HERV-K102 is a replication competent live virus both in vitro and in vivo [10,67] and provided
evidence that its replication may protect against HIV-1 acquisition ie., generates sterilizing immunity
[10,67]. Other virologists have also unwittingly isolated HERV-K HML-2 DNA containing particles
at the same low levels and frequencies from HIV-1 infected patients [68] in direct support of our
findings as discussed elsewhere [11]. The goals of the present paper is to ask what host innate
immunity mechanisms are abrogated by ADE infection into macrophages and why does this cause
and determine progression to more severe disease. Answers to these questions are relevant to all-
cause mortality and thus human survival and so, are needed for preparation for future pandemics.

: .
.
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Figure 4. HERV-K102 particle production in cord blood mononuclear cells (CB) cultured in IMDM
media [10,11,67]. Left image: H&E staining of a CB sample (cytospin slide) showing the dominant
presence of highly vacuolated foamy macrophages amongst normal small lymphocytes (400X). Note
the presence of a rare multinucleated giant macrophage. Right image top: Electron microscopy of
vacuolating CB cells day 11 at 1500X. Right image bottom: At 100,000X immature particles (the centers
are not condensed) can be seen in the vacuoles which averaged about 100 nm. Envelope spikes are
also noted. No cell surface budding was observed by EM. Instead, release of the particles occurred on
day 6-7 by lysis. Note that when CB was cultured in traditional RPMI this aborted foam cell formation.
Also, the addition of IL-2 and PHA aborted foam cell formation in IMDM cultures implying adaptive
immunity may downmodulate HERV-K102 particle production. Blue arrow in right bottom image
points to the preassembly of envelope with gag as aggregates in the trans-golgi network which then
bud into the vacuoles [69]. This assembly which absolutely requires envelope protein is characteristic
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of foamy retroviruses but not orthoretroviruses. Note. Reproduced from “Clues to finding correlates
of risk/protection for HIV-1 vaccines”, by Laderoute MP. 2018;6:868 [11]. CC BY Author.

2. The HERV-K102 Protection System of Pro-inflammatory M1-like Foamy Macrophages

2.1. HERV-K102 is a Type 1 HERV-K HML-2 Group Member

HERV-K102 also named ERVK-7, is a member of the HERV-K (HML-2) group consisting of
about 91 full length human endogenous retroviruses in the human genome [70]. HML-2 represents
the most biologically active and most recently acquired of the 10 HERV-K groups in humans [71].
The letter K refers to the use of lysine-transfer RNA used to prime reverse transcription.

In the HML-2 group, there are two types of HML-2, those with (type 2) and without (type 1) a
292 nucleotide base pair region between the polymerase gene (pol) and envelope (env) genes [71]. The
significance of this difference is yet to be determined. This sequence encodes Rec protein which
results from an alternatively spliced transcript and is analogous to the Rev protein in HIV-1 and the
Rex protein in HTLV used for encapsidation of proviral genomes in their particles [71]. HERV-K102
is a type 1 and lacks this region. The absence of Rec such as in HERV-K102 has led to the false notion
that it is unlikely to be replication competent and thus has been largely ignored by virologists.
However, the unconventional and non-pathogenic (foamy) spumaretroviruses also lack this domain
yet remain fully replication competent [72]. Remarkably HERV-K102 has been shown to be
replication competent in in vitro [10] and in vivo [11,67]. As might be anticipated, HERV-K102
fortunately exhibits all the hallmarks of the non-pathogenic category of retroviruses namely the
spumaretroviruses [10,67]. Moreover, its replication has been associated with protection against HIV-
1 acquisition in an HIV-1 exposed seronegative (HESN) cohort (Figure 5) [10] cementing the notion
that HERV-K102 replication is not pathogenic but protective.
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Figure 5. Evidence that HERV-K102 replicative activity is associated with sterilizing immunity
(resistance to HIV-1 acquisition) in a HESN cohort [10]. DNA was isolated from plasma. The ddCt
real-time PCR method employed the 18S RNA gene to control for genomic equivalents and used
uracil N-glycosylase (UNG) in the PCR buffer to digest the cDNA genomes of HERV-K102 particles
which left only genomic DNA in the DNA extracted from plasma. The mean ddCt qPCR ratio (for
HERV-K102 pol) of 30 normal healthy controls was 0.88 +/-0.37. In contrast, on average for the female
Commercial Sex Workers (CSW) HIV-1 Exposed Seronegative (HESN) cohort it was 4.21 +/- 0.73, with
a p<0.0005. This represents a substantial 5-fold increase in genomic integration over normal healthy
controls. The ratio for the total HIV-1 patients or as stratified based on the use of antiretroviral therapy
(T) or not (NT), was not statistically different from the normal healthy controls. Note. Reproduced
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from “Further evidence that human endogenous retrovirus K102 is a replication competent foamy
virus that may antagonize HIV-1 replication.”, by Laderoute MP, Larocque L], Giulivi A, Diaz-
Mitoma F. Open AIDS J. 2015;9:112-22 [10]. CC BY Author. .

2.2. HERV-K102 as the Elusive Foamy Retrovirus of Humans

Spumaretroviruses, commonly referred to as foamy viruses, are complex retroviruses belonging
to the subfamily Spumaretrovirinae in the family Retroviridae. Foamy viruses are unconventional
non-pathogenic retroviruses belonging to the oldest of virus phylogenies estimated at 400 million
years old [72,73]. Simian foamy retroviruses have been co-evolving with their primate hosts for over
60 million years [74] implying they provide major benefits to the host. While foamy viruses have been
described in many species examined, until the documentation that replication competent HERV-K102
had all the hallmarks of foamy viruses [10], the foamy virus of humans had remained elusive. In other
words, our research group was the first to identify that humans indeed have a protector foamy virus,
namely HERV-K102 encoded on chromosome 1, at 1q22.

It should be clarified that in the literature there has been reference to a human foamy virus (HEV)
which was isolated from a human nasopharyngeal cell line. However, this virus originated in
chimpanzees and when this was discovered it was therefore renamed Prototype Foamy Virus (PFV)
as by this time it had been well characterized [72,73].

As mentioned, HERV-K102 has all the salient features of foamy viruses as exemplified by
comparison with PFV [see extensive list in Supplemental Materials in reference [10]]. First and
foremost, when the virus replicates in macrophages (Figure 4) particles accumulate in vacuoles
giving the cells a foamy cell appearance which is the primary tell-tale sign of foamy viruses [72].
Another telltale sign of foamy viruses is that their genomes begin with “tgtg” which relates to how
the genomes integrate into genomic DNA. Another distinguishing feature of foamy viruses is that
the genomes are cDNA [75] which has been clearly demonstrated for HERV-K102 [67]. Rather than
reverse transcribing upon entry into cells as is known for orthoretroviruses (the pathogenic
retroviruses), instead foamy viruses reverse transcribe upon exit from cells [72,73,75] and so have a
reverse life cycle to the orthoretroviruses. This could provide foamy viruses with a replication
advantage over the orthoretroviruses which would be important for protecting the host. In addition,
PFV is capable of multiple integrations in myeloid cells up to 20-fold [76] and multiple integrations
into genomic DNA have also been demonstrated for HERV-K102 in vivo (Figure 5)[10] and in vitro
(unpublished observations).

Somewhat unexpectantly, and despite their non-pathogenic nature, foamy viruses such as PFV
can undergo cytopathic infections in some fibroblast cell lines but not others [72,73]. This was also
demonstrated for HERV-K102 particles (Figure 6). In fact, it turns out PFV is oncolytic meaning it
causes cell lysis when it replicates in tumor cells [77] while it merely integrates in normal cells. PFV
infection also induces cell death in HIV-1 and HTLV infected cells [78] implying foamy retroviruses
may help provide immune surveillance against cancers as well as virally infected cells. Along these
lines, it has been suggested that foamy viruses seem to have a peculiar relationship with or
companionship with lentiviruses particularly in primates [72,73]. Thus, as suspected, foamy
retroviruses do perform an important role defending the host, which may help explain its co-
evolution with the host [74]. However, it remains to be directly demonstrated if in fact HERV-K102
particles are oncolytic or induce lysis in virus infected cells.
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Figure 6. HERV-K102 particles liberated from cultured cord blood mononuclear cells (CB) by freeze-
thaw lysis (but not from supernatants) may rapidly induce cell lysis at 24 hours but not at 16 hours in
susceptible cells. HFL-1 = human fetal lung fibroblasts; MRC-5 = human fetal lung fibroblast; Vero =
green monkey kidney epithelial cells. Representative of four full sets of data conducted in duplicate.
Estimated multiplicity of infection (MOI) of 2. Supernatants from the cultured CB did not induce lysis
as no HERV-K102 particles bud through the cell surface of the foamy macrophages by electron
microscopy and because significant cell death did not occur until day 7. Freeze-thaw treated
uncultured CB (day 0) which does not exhibit HERV-K102 particles does not lyse the MRC-5 cells, but
day 4 cultured CB does. This demonstrates that the particles mediate lysis and is not a non-specific
factor of the culture media. Note. From: Laderoute MP. What you need to know about the HERV-K102
innate immunity protector system of macrophages against RNA pandemic viruses.
hervk102.substack.com, January 24, 2022. https://hervk102.substack.com/p/what-you-need-to-know-
about-the-herv [79].

The cell attachment receptor for PFV has been identified as heparan sulphate [80] which is the
same for HERV-K HML-2 [81] and which is widely expressed on cells. This explains the broad
spectrum of permissive cells for foamy viruses and is consistent with their potentially protective
nature broadly against viral infections and tumors.

2.3. Sebocytes of Sebaceous Glands Lining the Mucosa Were Discovered to Produce HERV-K102 Particles

Another fascinating aspect of foamy viruses is that when they transmit to a new host, they
replicate solely in the non-proliferating sebocytes of sebaceous glands and thus are deposited to the
exterior mucosa causing no harm to the host [73]. An examination of hematoxylin and eosin-stained
sections of sebaceous glands (Figure 7) [82] reveals sebocytes have the exact same morphology as the
M1-like foamy macrophages producing the HERV-K102 particles (Figure 4). A search of the
expressed genes of sebocytes as available through GEO Profiles [83] revealed both in vitro [84] and in
vivo [85] sebocytes are positive for the major antigens of Ml-like foamy macrophages [86-88]
including: CD14, CD16, CD68, CD163, WDR74, TNESF10; for myeloid specific enhancers SPI1 and
CEBPB [88] which are also trained innate immunity enhancers [89,90]; for genes involved in foam cell
formation (NR1H3, LDLR, SQLE, EGFR, HIF1A, BSG, SREBF1/2, PPARG, CD36) which are also
implicated in the induction of trained innate immunity [90-96]; for genes involved in the expression
of HERV-K102 full length proviral genomes (IRF1, NFKB1, VDR, IFNGR1/2, NR3C1 +/-MIF) [97-99],
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and genes associated with a novel day 6-7 apoptosis mechanism triggered in the cytoplasm
(DNASE2, LAMP1, LCN2 and MX1) [92,100]. Not only do macrophages that are M1 polarized express
high levels of HERV-K102 proviral transcripts [99] but ERVK-7 (HERV-K102) was constitutively
expressed in sebocytes [84]. Thus, sebocytes are in fact programmed and phenotypically the same as
M1-like foamy macrophages, and they respond the same way as macrophages do both in vitro [101]
and in vivo [60], except they constitutively express and release HERV-K102 particles. There is no
doubt that sebocytes are specialized M1-like foamy macrophages that line the mucosa. This discovery
makes it very plausible that the HERV-K102 protector system is in fact the first line of defense against
infectious agents anticipating them in the mucosa and so, is critical to infectious disease outcomes.
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Figure 7. A human sebaceous gland [82] demonstrating sebocytes have the distinctive morphology of
LBFMs. Sebocytes are programmed to cell death on day 6/7 [92] which generates sebum. This cell lysis
involves a novel cytoplasmic induced apoptosis around day 6-7 involving DNASE2 and LAMP1 [100].
These cells have the identical distinct morphology of the LB-FMs of Figure 4 and differentially express
the same DEGS including ERVK-7 (HERV-K102), BSG, VDR, CD14, CD16, CD68, TP53, both in vivo and
in vitro [84,85]. Thus, sebocytes constitutively express and release HERV-K102 particles providing a first
line of innate immunity defense at the mucosa. This directly corroborates the significance of the HERV-
K102 front-line response to emerging and/or pandemic pathogens. Nofe. From
https://commons.wikimedia.org/wiki/File:Insertion_of_sebaceous_glands_into_hair_shaft x10.jpg [82].
This work has been released into the public domain by its author, Kilbad. This applies worldwide. CC-
BY 4.0.

2.4. The Origins of HERV-K102 Also Provides a Major Clue to Its Purpose

Accumulating phylogenetic evidence is consistent with a potential role of HERV-K HML-2 in
limiting invasion of the human genome by orthoretroviruses [102]. Ancestral HML-2 elements
emerged about 10.3 million years ago (Mya) [102]. There has been a striking decline of insertions of
ERVs in the last 10 million years (My) in the genomes of all sequenced hominids (great apes and
gibbons), but not in old world monkeys (baboons and macaques), particularly regarding HERV-H
[102]. HERV-H makes up 88% of all the ERV integrations into the human genome in the last 30 My
and became extinct over the past 10 My. HERV-H is a gamma retrovirus, which integrated around
45 to 60 Mya and has about 962 copies in the human genome [103]. HERV-K, with 10 groups in the
clade, only one of which is HML-2, on the other hand, entered the genome of ancestral catarrhines
about 32 to 44 Mya, after the split from New World monkeys and before the split of hominids from
the Old-World monkeys [104]. The sister lineages of HERV-K in most other catarrhines appear to
have become extinct. Most remarkably, the HERV-K HML-2 group in humans is the only HERV-K
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that has continued to replicate since the origin of the catarrhines [102]. HERV-K102 is a member of
the bioactive HERV-K HML-2 group and as mentioned appears to be the only known replication
competent member both in vitro and in vivo [10,67]. Accordingly, since phylogenetic evidence
supports an association of HERV-K HML-2 activity with protection against integration of
orthoretroviruses, this substantiates the notion that modern day HERV-K102 particles, along with
expression of proteins/transcripts from other HML-2 elements, might help prevent HIV-1 acquisition
and provide sterilizing immunity (Figure 5).

2.4.1. On the Curious Origins of HERV-K102 in Humans

Somewhat ironically, humans apparently acquired the HERV-K102 defense mechanism from the
same source of the modern HIV-1 pandemic strain; namely, chimpanzees [105], possibly between
500,000 and up to 2 Mya [70,106]. The Homo-Pan split has been estimated at 6.6 Mya [104] or earlier
at 7-8 Mya [106].

As mentioned, the HERV-K HML-2 elements originated in primates about 10.3 Mya and the
CERV-K102 sequence (DQ112149), which is 97% identical to HERV-K102, was estimated to have
integrated into chimpanzees at a non-orthologous position about 10 (+/- 3.3) Mya [105].

Lentiviruses like HIV-1 may have been active in primates since the divergence of chimpanzees
and humans [107,108]. Moreover, it has been suggested the ancestor to HIV-1 may have arisen in
chimpanzees about 4 Mya [109]. Since it has been reported that subsets of chimpanzees with chronic
HIV-1 infection showed progression analogous to humans, including greater expression of CD38 in
CD8+ HLA-DR+ T cells [110], this raises the notion that an HERV-K102 ancestor, as a potential
antidote for HIV-1 infection may have been selected through evolution in chimpanzees before it was
acquired by humans. The genus Homo arose about 2 Mya [111]. Accordingly, it is possible over about
a 2-million-year window or longer, the HERV-K102 ancestor may have adapted to an HIV-1 like
ancestor lentivirus(es) in chimpanzees prior to its acquisition by humans. Indeed, there is genetic
evidence from a 5 amino acid deletion fixed in a human orthologue of tetherin, that humans may
have been afflicted by a lentivirus presence long before HIV-1, perhaps about 800,000 years ago,
which may have caused changes in innate immune genes in humans [112]. Thus, the phylogenetic
evidence raises the notion that HERV-K102 as a replication competent HERV-K HML-2 foamy
retrovirus, may have evolved specific mechanisms to limit HIV/lentivirus replication and genome
invasion in chimpanzees before being acquired in humans. Indeed, a high level of segmental
duplication related to telomere like repeats, particularly at 121 to 1q22 in the human genome (ie.,
HERV-K102 is located at 1q22) have been shown to be a causative factor in primate genome evolution
[113]. This finding may further substantiate the role of HERV-K102 as being critical to hominin and
Homo sapiens’ survival and thus evolution.

Neanderthals and Denisovans appear to have lost HERV-K102 at the orthologous chromosome
position at 1q22 (Figure 8) and both went extinct. As mentioned, the Homo species which includes
Neanderthals and Denisovans, arose about 2 million years ago [111]. The divergence of Neanderthal
from anatomically modern humans (AHM) had been estimated at 550 to 760 thousand years before
present (TYBP) but the mitochondrial DNA assessment suggests divergence only occurred around
400 TYBP [114]. Also, from sequencing of the Y chromosome, Denisovans split about 700 TYBP from
AMH, and Neanderthal from AMH around 370 TYBP [115] implying first the divergence of
Denisovans and then Neanderthals. That the Neanderthal genome contains a few more nucleotides
surrounding the deleted HERV-K102 at 1q22 than the Denisovans (Figure 8) may or may not be
consistent with Denisovans separating earlier from AMH while Neanderthal split later.
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Figure 8. Evidence for past integration and excision of HERV-K102 at orthologous positions (1q22) in
the Neanderthal and Denisovan genomes. Direct repeats (gggatg) flank the orthologous HERV-K102
sequence in the human and extinct hominin genomes. The nucleotides marked in red were missing
from the Denisovan orthologous position but present in the Neanderthal genome. Most of the HERV-
K102 provirus was missing in both extinct hominins with only a few nucleotides corresponding to the
ends of the LTRs remaining intact. “n” stands for missing nucleotides. Inquiry was made of the Altai
Neanderthal or Denisovan genome at http://bioinf.eva.mpg.de/fetchseq/ on chromosome 1 strand at
155,596,423 to 155,605,644. AF164610 GenBank LTR flanking sequences used: 5° LTR sequence =
AF095801 and 3’ LTR sequence = AF095802. Note. From Laderoute MP. What you need to know about
the HERV-K102 innate immunity protector system of macrophages against RNA pandemic viruses.
hervk102.substack.com, January 24, 2022. https://hervk102.substack.com/p/what-you-need-to-know-
about-the-herv [79].

It should be noted that the earliest modern human remains in Europe so far discovered was
about 45,000 years ago [116]. Thus, at the time of HERV-K102 acquisition the common ancestor would
have resided in Africa, and this makes it plausible that HERV-K102 may have been acquired from
chimpanzees known to live in Africa but not Europe. The finding by Compton et al. [112] referenced
above implicates an exposure to chimpanzee lentiviruses around the same time, consistent with co-
mingling of humans and chimpanzees at that time that HERV-K102 crossed over and into humans.
Whether lentivirus played a role in the loss of HERV-K102 in the extinct hominins and/or in their
extinction remains to be determined.

Nevertheless, RNA virus epidemics likely played some role in the demise of the extinct hominins
as adaptively introgressed Neanderthal genes in humans frequently feature innate immunity genes
against RNA viruses [117] or immune pathways against pathogens [118]. As well, innate immune
reactions with pathogens affected human evolution between 0.6 and 2 Mya [111]. Consistent with a
notion of a superior innate defense system of humans versus other interacting hominins was the
finding of successful admixture between humans and Neanderthals but only when the female was
human. This was deduced by showing mitochondrial DNA carried from the egg (ie., female) in
humans contained no introgressed Neanderthal genes [119]. However, it should be appreciated that
there may have been other reasons for this one-way admixture aside from innate immunity.
Nevertheless, it is tempting to speculate that at least in part, the HERV-K102 protection system may
have contributed to the survival of Homo sapiens over Neanderthals given the known selection pressure
from RNA viral epidemics at the time of admixture.

In summary, the phylogenetic history suggests HERV-K102 may have first co-evolved in
chimpanzees to protect against lentiviruses prior to being acquired by the Homo species. The
remarkable observation that HERV-K102 replication was associated with sterilizing immunity to
HIV-1 in the HIV-1 exposed seronegative sex trade workers (HESN) which manifested as protection
against HIV-1 acquisition (Figure 5) [10] becomes much more plausible and thus, credible.
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2.5. Evidence for a Role of HERV-K HML-2 Activation in Innate Immunity

The HERV-K HML-2 group was discovered by hybridizing the cloned region of the reverse
transcriptase of the Syrian hamster intracisternal A particles against a human cDNA genomic library
[120]. Not long after, Lower et al, described the detection of antibodies to HERV-K HML-2 envelope
(Env) in 45 % of patients with testicular cancers, 26 % of patients with lymphomas, 70 % of HIV-1
patients, and 38 % of pregnant women but in only 3% of normal healthy blood donors [121]. Since
the antibodies that were found in 60 % of patients with germ cell tumors disappeared upon resection
[122], these early observations were first to imply HERV-K HML-2 activity likely contributed to
innate immune surveillance against tumors and pathogens. As a potential follow-up to antibodies to
HERV-K HML-2 Env associated with pregnancy, HERV-K particles were subsequently identified as
isolated from human placenta [123]. By 2015, Grow et al, discovered HML-2 was reactivated in
human preimplantation embryos and pluripotent cells (including particles) to protect against
exogenous viral infections [124]. For example, they also demonstrated that the Rec protein of type 2
HML-2 group members was found to induce IFITM1 which guides exogenous viruses into the
lysosome for their destruction [124].

As a side note, these findings of the activation of HERV-K HML-2 elements during early days of
conception further substantiate the possibility that the HERV-K102 particles likely played a role
generating successful progeny when females of the mating admixture between Neanderthals and
AMH were of human origin [119].

Presumptive evidence for HERV-K102-like particle production like Figure 4, had been published
prior to our discovery. Morgan and Bodsky in 2004 described these immature HERV-K particles
which budded into vacuoles in megakaryocytes in patients with essential thrombocytopenia [125].
An unknown virus appeared to be budding from the cell surface of the megakaryocytes suggesting
a viral infection may have led to the induction of HERV-K immature particles putatively in the
Common Myeloid Progenitor (CMP) that macrophages and megakaryocytes share [12]. Presumably,
the release of the particles from the megakaryocytes would have also been through cell apoptosis,
and this lysis and loss of megakaryocytes presumably would have resulted in thrombocytopenia.

The electron microscopy images of the megakaryocytes [125] also revealed the cytoplasmic
‘leopard spots’ that congregated around the vacuoles as was shown for HERV-K102 replication in
the foamy macrophages (Figure 4, blue arrow in the right bottom image). These aggregates represent
the telltale signature of the pre-assembly of Env with the Gag protein outside of vacuoles which is
characteristic of non-pathogenic spumaviruses [69]. The pathogenic orthoretroviruses do not require
the presence of Env for particle production explaining their proclivity for pseudotyping and their
lack of the formation of ‘leopard spots’. On the other hand, foamy retroviruses cannot be
pseudotyped [69,72,73].

Our group was first to identify and demonstrate that HERV-K102 particles were commonly and,
in many instances, highly induced by viruses in vivo. The levels frequently reached 102 particles per
ml of plasma although not in HIV-1 infected patients [10,11,67]. It was only more recently that others
have confirmed that HERV-K102 full length transcripts are strongly induced upon M1l-like
polarization of macrophages but not when M2-like polarizing protocols were used [99]. In HIV-1
patients there seemed to be direct antagonism with HERV-K102 replication where on average there
may have been only 8,200-8,300 DNA containing particles per ml of plasma and about 70 % of HIV-
1 patients scoring positive [11,67,68].

Further data implying a role of HERV-K activation in innate immunity host defenses was the
finding of Morozov et al [126] that the transmembrane region of HERV-K HML-2 Env suppressed
adaptive immunity reactivity such as the Concanavalin-A T cell proliferative response. Along similar
lines we found that PHA and IL-2 added to the IMDM media inhibited foam cell formation in the
cultured cord blood mononuclear cells of Figure 4 (unpublished data). Thus, innate immunity
downregulates adaptive mechanisms and the converse is also true as would be expected.

Moreover, the HERV-K HML-2 envelope transmembrane region peptides strongly induced
proteins related to M1-pro-inflammatory macrophages as assessed in peripheral blood mononuclear
cells (PBMCs) [126]. These cytokines and chemokines included IL-1a/B, IL-6, IL-8, CCL2-5, PLAUR,
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G-CSF, TNFRSF1B and MMP1. Interestingly, the latter is a zinc dependent protease involved in the
breakdown of the extracellular matrix, but which interestingly, also binds and inactivates the Tat
protein of HIV-1. In addition, by microarray analysis of expressed genes, Morozov et al,
demonstrated mRNA of various genes associated with M1-polarization were upregulated while
those for M2-polarization [87] were downregulated [126]. An exception was that CXCL10, a
chemokine of M1-polarized macrophages was found to be downregulated in the M1 macrophages.
Interestingly in the list of down-regulated genes, HS35T2 a heparan sulfate (glucosamine) 3-O-
sulfotransferase 2 was also downregulated potentially implying a reduced entry of HERV-K102
particles in cells that might express HERV-K Env and/or HERV-K102 particles.

2.5.1. The ‘Virus-Antivirus Properties” Associated with HERV-K HML-2 Activity

The full gamut of how the expression of HERV-K HML-2 RNA and proteins along with HERV-
K102 particles may contribute to innate immunity and protect the host in an antigen non-specific
manner has not yet been realized. We have only seen the tip of the iceberg of the novel ‘virus-antivirus
responses’ driven by expression of HERV-K HML-2 proteins/transcripts.

The ones that have been identified in addition to those already mentioned include the following;:
i) the protease of HML-2 may cut exogenous viruses in the wrong places, reducing their infectivity
[127], ii) HERV-K18 but not HERV-K102 Env may pseudotype the lentivirus HIV-1 reducing its
ability to target and reduce certain cell populations such as CD4 T cells [128], iii)) HERV-K HML-2
Gag interferes with HIV-1 Gag again reducing infectivity [129,130], and of primary clinical
significance, while many pathogenic viruses including SARS-CoV-2 may block or delay the initial
interferon response of the host [131,132], iv) HERV-K102 particles could upon infection of cells and
release of their genomes and particle contents into the cytoplasm trigger innate PRRs including the
RIG-1/MDA5/MAVS system, and/or the cGAS-STING response [133-135] to regain the protective
interferon and other anti-viral responses through alternative pathways. This feature of how HERV-
K HML-2 endogenous elements may trigger innate PRRs to amplify interferon and other anti-viral
responses has been called “viral mimicry”[136].

Additionally, there is some evidence to suggest that HERV-K LTR elements may serve as
enhancers for nearby immune response genes [136]. Moreover, it is not likely a coincidence that
HERV-K LTR enhancers that bind the transcription factors STAT1 and IRF1 response elements which
are induced by gamma interferon (IFN-y) are located in the vicinity of interferon (type I) stimulated
genes (ISGs) [99]. Thus, HERV-K elements may serve to convert the IFN-y response to the type I
innate immunity interferon response [99,136] which may be useful when an adaptive immunity
response such as virus-specific antibodies might jeopardize the survival of the host by ADE.

The fact that HERV-K102 is replication competent and can quickly replicate itself reaching 2.55
x 10" particles per ml of plasma from zero in about 84 hours [11], indicates there can be a massive
early induction and release of HERV-K102 to ensure the interferon and other innate antiviral
responses prevail. In this regard, there is already evidence that HERV-K102 genomic sequences
amplify the cGAS-STING response in COVID-19 patients resulting in mild disease [137].

By examining scRNA sequencing data involving the activation of human macrophages with the
TEcount and Telescope software packages Russ et al. [99], were able to determine that with M1
polarization in response to LPS (TLR4) and IFN-y proinflammatory signaling, HERV-K102 activation
comprised the majority of HML-2 transcripts in direct substantiation of our work [10,11,67].
Moreover, the transcription factors Stat 1 and IRF1 critical for HERV-K102 induction by IFN-y bound
to a region called “LTR12F” which resides just upstream of the 5 LTR of HERV-K102. Genes
subsequently induced by HERV-K102 expression in M1 macrophages included via cGAS: IRF1, IRFS,
SOCS3, and ICAM1; via ISREs: MX1, ISG15, IFIT1-3, USP18, OAS1-3, OASL, and ISG20; and via cGAS
and ISRE: STAT1/2, IRF9, IFITM1, BST2, TAP1, SOCS1, IFI35, HLA-G, ZC3HAV1, AIM2, and TRIM69
[99]. Many of these genes are interferon stimulated genes and confirms the finding of HERV-K102 in
amplifying the critical type I interferon response in vivo [136]. Furthermore, in a humanized mouse
model of mild COVID-19 disease it was reported that macrophages somehow were able to amplify
the interferon response critical to recovery [138].
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Russ et al [99] also reported that VDR response elements and the glucocorticoid receptor
response elements along with response elements for NFKB1 and IRF-1 are contained within the 5’
LTR of HERV-K102. Others have previously reported the response elements for these and other
inflammatory transcription factors in the 5" LTR of HERV-K102 [97,98].

2.6. The Concept of Innate T and B Cell Responses Against HERV-K102 Envelope

The team of F. Wang-Johanning and G.L. Johanning started their legacy of investigating the
expression of HERV-K102 transcripts and proteins in common cancers with reports starting in 2001
[139] in breast cancers and lasting up until 2017. In their seminal report which used northern blots,
full length sequences referred to as proviral transcripts and spliced env transcripts were detected in
the cancer samples and cell lines. Sequencing of these transcripts revealed type 1 HERV-K102 was
strongly induced. Two years later using RT-PCR they published that both type 1 and type 2 HERV-
K HML-2 env transcripts were detected in breast cancers and were induced in breast cancer cell lines
when treated with estrogen and progesterone [140]. That the 5" LTR contains response elements for
these hormones was known at the time of initial sequencing of HERV-K HML-2 [120].

In 2008 this team published a comprehensive examination of the host immune response to the
expression of HERV-K102 Env. About 88% of breast cancer tumors had detectable HERV-K102 Env
by immunohistology which was not detected in normal breast tissue [141]. As well about 79% of the
breast cancer patients and 5 % of the normal healthy controls displayed IgG antibody to HERV-K102
Env. Furthermore, they investigated T cell responses to HERV-K102 Env surface unit antigens and
found T cells proliferated and produced interferon gamma. During in vitro stimulation of PBMCs
from breast cancer patients, an M1 like macrophage and a T helper 1 cytokine response were
generated. T cell cytotoxic lymphocytes (CTLs) that lysed targets expressing HERV-K protein were
found in breast cancer patients but not normal healthy controls [141]. This was the first time that the
immunogenicity of HERV-K102 antigens had been investigated for T cell responses.

A most remarkable finding was subsequently reported by Wang-Johanning et al in 2012 [142].
In this report they showed in vitro, a single-chain variable fragment (sc-Fv) monoclonal antibody
(MAD that lacked the FC domain) which reacted with HERV-K102 Env surface unit was able to
directly trigger apoptosis in the breast cancer cells without the need for complement or accessory
cells such as those involved in antibody mediated cytotoxicity. They confirmed that in breast cancer
cells, HERV-K102 Env was directly wired to the host cell apoptosis machinery involving CIDEA,
TP53, and caspase 3 and caspase 7 pathways [142].

On the heels of the Wang-Johanning et al success, interest in addressing T cell and B cell
responses turned to HIV-1 patients. A T cell clone from an HIV-1 elite suppressor (an HIV-1 infected
person able to control HIV-1 replication in vivo and maintain near zero levels of HIV-1 in serum
without pharmaceutical intervention) recognized a peptide in HML-2 Env that was 100% identical in
sequence to HERV-K102. This T cell clone was able to clear human cells infected with various monkey
and human orthoretroviruses [143] showing innate T cells provide heterologous (antigen non-
specific) protection against cells infected with various viruses. However, this group was not able to
identify a linear peptide sequence of HERV-K102 Env surface unit where antibodies from sera from
HIV-1 patients were strongly or more commonly reactive over healthy controls [144]. They did
discover antibodies to the transmembrane region of HERV-K102 Env albeit of unknown significance.

In our hands we were able to determine that HIV-1 patients had significantly higher levels of
antibodies to HERV-K102 surface unit peptides ML-4 and ML-5 than those with other viral infections
and a higher percentage of positive reactivity (80% and 70% of the HIV-1 patients were positive for
their reactivity, respectively) [67]. This was similar to that reported in breast cancers [141]. While only
1/51 healthy normal controls (2%) were judged to be positive by peptide ELISA, these were very weak
and only marginally positive reactions.

We had developed a very sensitive real time quantitative PCR HERV-K102 pol ddCt method
performed on DNA isolated from plasma that contained an internal probe in pol to validate a true pol
amplified fragment signal [67]. Moreover, unlike traditional PCRs because we measured the relative
increase in plasma of a HERV-K102 pol signal over genomic equivalents detected with an 185 RNA
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probe this enabled a built-in validation that the isolation of DNA and PCR methods were working.
With this method which was compared with a mean ddCt ratio of 0.88 +/-0.37 for 30 normal healthy
controls, it was determined that 28/37 (75.7%) of HIV-1 patients were positive for HERV-K102
particles. However, 96 % of the HIV-1 patients had a positive PCR and/or a positive serological test
meaning HERV-K102 activation by these criteria was almost universal [67].

2.6.1. The Concept of SELECT Epitopes Reactive to Innate Antibodies to HERV-K102 Env

The ML-4 and ML-5 peptides had been preselected for their immunogenicity, selectivity for
HERV-K102 sequences and their likelihood of being cryptic on the HERV-K102 particles [67]. We
were concerned that antibodies to the cell surface HERV-K102 protein (P61567 Env) expressed on the
surface of tumor cells or virally infected cells which represents the product of a splice variant
[139,140], should not react with HERV-K102 particles. Otherwise, these protector antibodies would
be self-defeating.

The particle associated type 1 Env encoded in the proviral transcript (P63135 Pol-Env) contains
KRASTE which is absent in the type 2 Env. The ML4 sequence (KRASTEMVTPVTWMDN)[67]
included the additional KRASTE leader sequence common to type 1 but not type 2 envelopes. It was
possible that the addition of KRASTE could alter the conformation of the ML4 Env peptide on
particles for example rendering the MVIPVTWMDN crypticc. The ML5 peptide
(LETRDCKPFYTIDLNSS) [67] has a cysteine amino acid in the middle of the peptide sequence
meaning depending on the conformation, the antibody binding site might be obscured by a di-
sulphide bridge. It also contains an N-glycosylation site (i.e., the NxS/T motif) which could also help
render the ML5 sequence cryptic such as on particles. According to Alpha-Fold software [145,146]
the conformation of P61567 is quite distinct from P63135 (Figure 9).

P63135 HERV-K102 pol-env P61567 HERV-K102 env
ML4: KRASTE/MVTPVTWMDN ML4: KRASTE/MVTPVTWMDN
i . = 7:; L.YS ‘ass = AF.PE1567.51 e j ;\:NEE_T‘

“Looking down at protein
with the TMunderneath”

https://alphafold.ebi.ac.uk/search/text/P63135
https://alphafold.ebi.ac.uk/entry/P61567

MLS: LETRDCKPFYTIDLNSS MIS: LETRDEKREVTIDLNSS
va CVSI1;3

3 A|CYS 252

Figure 9. 3-D visualization of HERV-K102 Env by AlphaFold potentially reveals distinct
conformations between the particle associated Env (P63135, left panel) and those putatively expressed
at the cell surface of virally infected or tumor cells (P61567, right panel). The envelope protein (Env)
of HERV-K102 becomes enzymatically cleaved into a transmembrane and a surface unit (TM and SU,
respectively) domain at least when associated with particles. The conformation of the HERV-K102
Env protein after this cleavage maturation of particles has not been considered in the AlphaFold
software [145,146] but could make the differences more pronounced. Nevertheless, here the view is
that SU domain sits on top of the TM domain (still connected) as if one was looking down at the
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protein from the top of the plasma membrane. The P63135 (pol-env) Env produced from the expression
of the proviral genomic sequence (of particles) begins with an additional KRASTE sequence which is
not present in the P61567 sequence (spliced envelope). Yellow arrows indicate the location of the ML4
peptide epitope. Pink arrows indicate the location of the C amino acid in the ML5 peptide epitope.
The orange arrows indicate the location of a C amino acid that may be closest to the C amino acid in
the MLS5 peptide that might be available for a di-sulphide bridge which may change the conformation
of HERV-K102 Env. Note on the left side for the putative particle associated Env (P63135) the C amino
acid of the ML5 peptide is very proximal to C1042 potentially consistent with a di-sulphide bridge. In
contrast at the right, for the putative cell surface Env (P61567), the C amino acid of the ML5 peptide
appears to be far away from the closest C amino acid at C171 consistent with the lack of a di-sulphide
bridge. Thus, it is possible that the ML4 and ML5 epitopes on the cell surface Env are accessible but
not on the particles, although this needs to be conclusively shown. Here it is proposed that the ML4
(the 5 start of the Env protein) and ML5 epitopes are cryptic on the particles (left) but accessible on
the cell surface of the virally infected or tumor cell (right). This conjecture is being made is because
an antibody to HERV-K102 Env that can directly trigger apoptosis in virally infected or cancer cells
[142] would not provide much good for the host if the same antibody cleared the protector HERV-
K102 particles. From: https://alphafold.ebi.ac.uk/. Note. All of the data provided is freely available for
both academic and commercial use under Creative Commons Attribution 4.0 (CC-BY 4.0) licence
terms. Jumper, J et al. Highly accurate protein structure prediction with AlphaFold. Nature (2021)
[145]. Varadi, M et al. AlphaFold Protein Structure Database: massively expanding the structural
coverage of protein-sequence space with high-accuracy models. Nucleic Acids Research (2022) [146].

As a side note, the fact that HERV-K102 uniquely has both the spliced Env protein sequence and
a Pol-Env protein sequence associated with particles, provides further evidence substantiating that
only HERV-K102 forms particles and could be replication competent.

We were not able to detect reactions of our affinity purified rabbit ML4 or ML5 antiserum with
the foamy macrophages in Figure 4 by flow cytometry even when the cells were permeabilized
(unpublished data). However, these antisera labelled proteins by western blotting and stained
intracellular particles by immunohistology on paraffin embedded samples of the foamy macrophages
[10]. Thus, positive reactions involving HERV-K102 particles were only obtained when the particle
proteins had been denatured. This suggested that the ML4 and ML5 epitopes were likely cryptic on
the HERV-K102 particles as had been anticipated.

As shown in Figure 10, viruses that bud from the cell surface of human cells, the so-called
enveloped viruses like HIV-1 and SARS-CoV-2 (that cloak themselves in the plasma membranes of
cells), pick up HERV-K102 Env in the process meaning their virions carry HERV-K102 Env. Thus,
antibodies to HERV-K102 Env are most probably neutralizing antibodies that can clear and inactivate
exogenous virions as well as lyse virally infected cells. One of the earliest investigations of the SARS-
CoV-2 pandemic had established in mild disease that innate immunity neutralized and cleared SARS-
CoV-2 from the URT prior to the onset of the spike-specific antibodies [41]. Therefore, the innate
immunity SARS-CoV-2 neutralizing antibodies likely involve at least in part, antibodies to HERV-
K102 Env.
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Figure 10. Antibodies to HERV-K102 envelope may neutralize and clear SARS-CoV-2 virions that bud
from the surface of human cells but not from other species. Virus infected cells or tumor cells express
HERV-K102 envelope protein on their cell surface which serves to induce clearance or apoptosis by
envelope specific T cells and/or antibodies [141,143]. Antibodies to HERV-K102 Env have been
demonstrated in HIV-1 patients and those with other viral infections [67]. In patients with mild
COVID disease, both IgA and IgG antibodies reactive with HERV-K102/HERV-K18 envelope are
universally detected in saliva [147]. Viruses like SARS-CoV-2 and HIV-1 that bud through the cell
surface (the so-called enveloped RNA viruses) likely contain HERV-K102 envelope (or 95- 97% identical
HML-2 Env) in their virions which they acquire during the budding process. Thus, in mild COVID-
19, the innate antibodies to HML-2 Env can neutralize and clear the virions in the upper respiratory
tract before the onset of IgG to spike protein as was reported by Wolfel et al [41]. See text for discussion
of ML4 and ML5 cryptic epitopes on the HERV-K102 particles but which were revealed by
denaturation. Note. New image created by author using cell and antibody icons from Biorender.com.

Accordingly, it is tempting to speculate that monoclonal (sc-Fv) antibodies reactive with
epitopes found on the P61567 HERV-K102 cell surface Env but not the particle associated P63135 pol-
env, such as the ML4 and ML5 peptide sequences, could be used as novel treatments for viral
infections especially against emerging and pandemic enveloped viruses. Although many of the
monoclonal antibodies against spike protein may have selected for new variants causing progression
of disease and/or lost activity with the onset of immune escape variants [42], there is little risk of this
here as it is not the virus which encodes HERV-K102 Env and thus, there would be no viral selection.
Moreover, these antibodies may also be useful for cancer patients especially those more recently
diagnosed with “turbo cancer”. Turbo cancers is a colloquial term used to describe cancers arising in
individuals who have been injected with the mRNA gene therapy vaccines and where progression is
rapid and/or onset is in a much younger population [148].

The concept that the SARS-CoV-2 virions produced in human cells may carry HERV-K102 Env
is quite intriguing. Arru et al [149] described peptides corresponding to HERV-K102 Env surface unit
peptide sequences that were able to induce TNF-a in T cells (the 19-37 peptide) that is, without the
requirement for MHC. Also, the 19-37 and the 109-126 peptides of HERV-K102 induced IL-6, IFN-y,
CCL2 and CCL3 in B cells. This suggests innate T cells may be activated by HERV-K102 Env protein
along with presumably innate B cells. Innate T cells include NKT cells, the mucosal associated
invariant T (MAIT) cells and the y3 T cells [150].

Recall that Morozov et al [126] showed that the transmembrane region of HERV-K HML-2 Env
strongly induced M1-activation cytokines and chemokines but not those for M2 when tested on
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PBMCs. When taken together these results imply that wherever the ‘enveloped’ exogenous virus
goes, because it carries HERV-K102 Env, it will activate the HERV-K102 protector system (M1-like
proinflammatory foamy macrophages and the innate T and B cells) providing yet another viral anti-
virus mechanism. This virus-anti-virus mechanism reveals nature to be quite ingenious with
redundancy for innate immune activation relating to viral invasion.

While HERV-K HML-2 Env when expressed on tumor cells or virally infected cells appears to
be an autoantigen that marks the cell for destruction, interestingly in neurons, the oppositive may be
the case.

Bhat et al suggested that HERV-K HML-2 Env increased neuronal cellular viability and
prevented neurotoxicity mediated by HIV-1 Vpr [151]. In contrast in amyotrophic lateral sclerosis
(ALS) Garcia-Montojo et al reported that HML-2 Env protein expression in neurons was neurotoxic,
but that antibodies to Env protected against neurodegeneration. Furthermore, these antibody levels
correlated with survival times of patients with ALS [152]. Interestingly, TDP-43 (gene card TARDBP)
accumulation which is associated with neuropathology in ALS, also induced HERV-K102 Env
expression [153]. Clearly more work is needed to resolve these discrepancies as HERV-K102 Env
and/or the IgG are protective in breast and other cancers [154].

2.7. Epigenetic Control of HERV-K102 Expression and Trained Immunity

Systemic lupus erythematosus (SLE) is an autoimmune disease involving autoreactive T and B
cells, immune complex disease, a systematic activation of type I interferon, and neutrophil activation
with the formation of neutrophil extracellular traps (NETs). The strong induction of HERV-K102 Env
RNA in whole blood (with minor contributions by HERV-K18, HERV-K106, and HERV-K115) was
found in female SLE patients but not male [155]. HML-2 RNA expression correlated with a lack of
epigenetic silencing and where the antibody (largely IgG2) to HERV-K102 correlated with higher
interferon I ISG expression [155]. HERV-K HML-2 regulation is through epigenetic control whereby
DNA methylation and repressive histone methylation suppress ERV expression. The repressive
marks are maintained by the kruppel-associated box domain-zinc finger protein (KRAB-ZFP)-
TRIM28 complex and human silencing complex (HUSH). Accordingly, HERV-K102 expression
correlated inversely with TRIM28 expression [155].

The epigenetic control of HERV-K102 expression is a segue into a discussion on trained (innate)
immunity.

The term trained immunity (TI) was first coined by Professor Mihai Netea and colleagues in 2011
to describe the enhancement of a secondary innate immunity response after a primary infection or
vaccination [156]. Unlike adaptive immunity, T lacks specificity for any pathogen-specific antigens
and thus, invariably involves 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 different pathogens including tuberculosis. The protection furnished by the BCG
vaccine was mediated by macrophages. Since in humans, macrophages cannot replicate (unlike
mice), this has led to the concept of central TI in the hematopoietic stem and progenitor cells (HSPCs)
[157-159]. Accordingly, TI involves peripheral (monocytes-macrophages) and central (myeloid
HSPCs) compartments. Most notably the memory aspect of TI involves a metabolic switch to
glycolysis and epigenetic changes. These involve changes in the histone methylation and acetylation
in chromatin providing access to macrophage lineage and inflammatory genes [159].

TI refers to a short-term enhancement (usually 3 to 12 months) of the release of cytokines (TNEF-
o, IL-1B, IL-6) from M1l-like macrophages upon rechallenge but which is also associated with
enhanced heterologous anti-microbial and anti-tumor activity in vivo. How TI in proinflammatory
macrophages relates to enhanced pathogen and tumor control in vivo remains to be fully elucidated,
however. As well, recent evidence indicates TI in macrophages occurs with or without the induction
of inflammatory cytokines [160,161] presenting somewhat of a conundrum for the functional
definition of TL
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Commonly used inducers of trained immunity include microbial products such as beta glucan
and muramyl dipeptide, but also oxLDL, uric acid, the BCG vaccine, other live vaccines, and/or
exposures to viruses [159]. The differences in epigenetic marks by the different TI inducers are
reviewed elsewhere [162]. The myeloid specific enhancers SPI1 and CEBPB [88] are in fact trained
immunity specific enhancers [89,90].

The metabolic and epigenetic changes associated with TI are mediated via the Akt/mTOR/HIF-
1a pathway [89,163] but where insulin resistance promotes an anti-inflammatory M2-like phenotype
[164,165]. Glycolysis drives the PI3K/Akt/mTOR/HIF-la. pathway [169]. In M1 macrophages
activation leads to the accumulation of succinate in the Krebs cycle which leads to the stabilization of
the transcription factor (TF) HIF-lo. which induces the transcription of glycolysis genes [163]. In
contrast M2 macrophages primarily use oxidative phosphorylation.

TI associates with the induction of glycolysis which is similar to the Warburg effect described
for 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
[166]. Replenishing of the cell surface membrane and other membranes in the cell via higher
cholesterol production would be needed in order to support tumor proliferation. Indeed, mevalonate
initiates DNA synthesis and cell proliferation [166]. In human monocyte derived macrophages, which
incidentally do not proliferate, excess cholesterol would be needed and utilized instead for foam cell
formation pertaining to the replication of the protector foamy virus HERV-K102. Hence, glycolysis is
linked to TI to support the generation of foam (HERV-K102 particles and vacuoles) during
macrophage training.

TI involves foam cell formation in M1 macrophages [93]. 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 [94]. Trained macrophages uptake lipids such as
oxLDL through OLR1 to form foam cells and produce high levels of TNF-a, IL-6, IL-8, and IL-18 upon
secondary challenge [167] associated with glycolysis [96,168]. Interestingly, SARS-COV-2 infection
disrupts the mevalonate pathway [169] showing that it directly targets foam cell formation and thus,
trained immunity and thus, HERV-K102 particle production.

Hypoxia inducible factor 1 alpha (HIF-1a) plays a key role in initiating and promoting the
formation of foam cells in macrophages [170]. NF-k1 which induces the inflammatory response in
macrophages is required for the transcription of HIF-1a [171]. A critical role of HIF-1a in foam cell
formation in macrophages was demonstrated by the inhibition of foam cell formation by small
interfering RNAs against HIF-1a [172]. Thus, it is very clear TI critically involves the induction of
foam in M1-like proinflammatory macrophages related to NF-kf1 and HIF-1a expression.

The PI3K/Akt/mTOR pathway plays a role in autophagy, apoptosis, metabolism and cell growth
but is commonly hyperactivated in tumors where it contributes to malignant potential [173]. It is also
hyperactivated upon SARS-CoV-2 infection such as in the hepatocellular cell line Huh?7 associated
with ERBB2 hyperactivity and alpha-fetoprotein (AFP) mRNA and protein expression [174 and Prof.
Ujjwal Neogi, personal communication]. In macrophages, this pathway is used by the epidermal
growth factor receptor (EGFR) to generate foam cell formation [175,176]. For example, gene deletion
of EGFR in macrophages in murine models limits the production of IL-6 and TNF-a., reduces lipid
uptake by reducing the expression of the scavenger receptor CD36 and inhibits the development of
atherosclerosis which involves foamy macrophages [177]. Similarly for human macrophages, the
EGEFR is activated by TLR4 and disruption of TLR4 or EGFR reduced inflammation and foam cell
formation [175-177]. Triggering TLR4 activates HIF-1a, IRF1, VDR, S100A9 and NR3C1 (the
glucocorticoid receptor) while downregulating PPARG and IFNGR1 [178]. EGFR antagonists were
also shown to block oxLDL induction of inflammation and foam cell formation with down-regulation
of IL-6 and TNF-a [177].

It should be noted that while the PI3K/Akt/mTOR pathway induces foam cell formation
associated with basigin (BSG/CD147) expression in macrophages such as induced by oxLDL,
interfering with NFkP1 does not block foam cell formation [91]. This means the inflammatory
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component such as by NF«f1 is not an absolute requirement for TI as has been recently noted by
others [160,161]. Perhaps foam cell formation involving HERV-K102 particle production in foamy
macrophages would better define and capture the essence of TI.

Recent evidence shows that upon LPS and IFN-y triggering of the M1 phenotype, AFP
transfection into MO macrophages co-induces CD163 and IL-10 which are considered markers of M2
[179]. However, CD163, IL-10 and the MI/M2 phenotype characterize the foamy macrophages
illustrated in Figure 4 which exhibit high levels of vacuoles and particles [86]. This may further
substantiate the role of AFP in the training of macrophages associated with foam cell formation.

As mentioned, drivers of myeloid differentiation are the TFs SPI1 and CEBPB [88] which also
drive TI [89,90]. SpIl is considered a pioneering transcription factor (also called lineage determining
transcription factors) that opens up the chromatin in this case for macrophage differentiation which
enables inflammation TFs to bind to response elements in the appropriate genes [180]. Macrophage
inflammation involves networks of signal transducer and activator of transcription (STAT) factors,
interferon response factors (IRFs) and NF-xf TFs [180]. Monocytes exposed to LPS and interferon
gamma (IFN-y) undergo classical Ml-like (pro-inflammatory) macrophage activation with
upregulation of SPI1, IRF1, IRF5, IRF8, STAT1, STAT2 and NF-«xf1. The alternative activation with
IL4 and IL13 generates M2-like (anti-inflammatory) cells featuring SPI1, IRF4, STAT6, KDM6B,
PPARy, PPARS, and CEBPB [180]. However, PPARY plays an important role in the differentiation of
monocyte to foamy macrophages [181] and CEBPB is a TI enhancer. Accordingly, the macrophages
conferring TI express M1 and M2-like markers including CEBPB and PPARG which are associated
with foam cell formation. As just mentioned, AFP expression may also contribute to M2 marker
expression in the inflammatory M1-like macrophages.

It is noteworthy that IRF1 and NF-kB1 bind to two interferon stimulated response elements
(ISREs) in the promoter of HERV-K102 which is found in the 5" long terminal repeat (LTR) [97,98].
TNF-a is a potent activator of canonical NF-kf1 transcription factor activity while IFN-y and TNF-a
synergize to activate IRF1. Indeed, newer evidence confirms that M1 polarization of macrophages in
humans explicitly in response to IFN-y signalling is promoted via HERV-K102 expression [99]. More
recently the key role of IFN-y in TI induction in vivo in response to BCG vaccination was affirmed by
scRNA sequencing [167].

In summary, TI critically involves EGFR/TLR4 induced foam cell formation in M1-like
proinflammatory macrophages. LPS which triggers TLR4 along with IFN-y induces M1l-like
proinflammatory foamy macrophages which is strongly associated with HERV-K102 proviral
induction [99]. The evidence is incontrovertible that it is HERV-K102 replication in macrophages
which generates trained (innate) immunity.

Figure 11 provides an illustration of the main cellular players involved in the HERV-K102
protector system and their targets. Thus, it is probable that TI heterologous protection extends to the
innate T and B cells that recognize HERV-K102 Env. Indeed, Ren et al indicated that T and B cells
were also infected by SARS-CoV-2 associated with COVID-19 severity and that BSG, TFRC
(transferrin receptor) and interferon stimulated genes (ISGs) correlated with SARS-CoV-2 viral RNA
in the different cell types [61]. BSG is an alternative or secondary receptor for SARS-CoV-2 entry into
cells [182] and antibodies to BSG (CD147) block SARS-CoV-2 infection in vitro [182,183] and in vivo in
BSG humanized mice [183]. The notion that SARS-CoV-2 specifically interacts with BSG was
corroborated when the amino acids involved in mutual binding were mapped [184]. Curiously, in
the PBMCs, CEBPB and SPI1 (trained immunity enhancers thought to be specific to M1-like foamy
macrophages ) were also expressed in virus positive T cells and B cells [61]. This might imply that the
innate T and B cells which express BSG may share some of the trained immunity programming of
foamy macrophages.
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Mechanisms of Kill of SARS-CoV-2 Infected Cells
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Figure 11. HERV-K102 particles may utilize heparan sulphate [81] to enter SARS-CoV-2 infected cells
while innate antibodies and T cells recognize HERV-K102/HML-2 envelope (Env) and may directly
trigger apoptosis. HERV-K102 particles enter cells through its receptor heparan sulphate which is
widely expressed on most cell types [81] and is like other non-pathogenic foamy viruses. Entry of
HERV-K102 particles into normal cells results in activation of the interferon system [136] and
integration (arming) [10] while in virus-infected cells or tumors entry is proposed to be associated
with lysis (see Figure 6 for cytopathic effects of HERV-K102 particles). Most likely the relevant HERV-
K HML-2 Env antibodies are to HERV-K102 specific epitopes like ML4 and ML5 accessible on the cell
surface Env (P61567) but which are proposed to be cryptic on the particles (P63135 pol-env). Note.
New image created by author using cell and antibody icons from Biorender.com.

In summary, HERV-K HML-2 activation and HERV-K102 particle production in foamy
macrophages constitute a ‘virus-anti-virus response’ analogous to fighting fire with fire. Not only
does the ‘virus mimicry” aspect help to amplify the interferon response through PRRs but innate T
cells and antibodies that recognize HERV-K102 Env expressed on the surface of virus-infected cells
are generated which kill virus infected cells. Indeed, in a twisted turn of events it seems HERV-K102
Env expressed on the SARS-CoV-2 virions may alternatively stimulate M1-macrophages as well as
innate T cell and B cell activation. Most significantly, the innate antibodies to HERV-K102 Env are
postulated to neutralize and clear SARS-CoV-2 in mild cases as reported by Wolfel et al [41]. This
feature helps to explain how boosting of innate immunity in the first 6 days following the second
dose (before the adaptive IgG antibodies to spike protein are made) can be associated with sterilizing
immunity (100 % VE) [54] which is probably related to a recall or memory release of the antibody to
HERV-K102 Env.

2.8. When Things Go Wrong with the HERV-K102 Protector System: Immunosenescence

It is equally important to discuss what happens when the HERV-K102 system fails and under
what circumstances.

Clinical research concerning the study of putative HERV-K102/foamy macrophage immune
parameters based on plasma amino acid profiling algorithms performed at Immune System
Management led to the publication of the new immunosenescence paradigm (of macrophages) in
2015 [185]. The new paradigm was then separately validated for cardiovascular disease [186].

In brief, the new immunosenescence paradigm (of macrophages) was simply defined as the
failed lytic release of HERV-K102 particles from the foamy macrophages (Figure 12) which was
causally related to alpha-fetoprotein (AFP) activity. The 67 kD AFP receptor which mediates the
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effects of AFP in macrophages was identified and characterized by 1991 [187]. In addition, active AFP
or the AFP agonist monoclonal antibodies to the 67 kD AFPr blocked apoptosis in human
macrophages [187,188]. Since dehydroepiandrosterone (DHEA) binds and inactivates AFP [185] and
it was established that cortisol induces AFP expression in humans [189], meant that as DHEA levels
declined with age (faster in males) the cortisol/DHEA ratio would increase placing the host at higher
risk of immunosenescence of macrophages and thus, disease. Most notably, high cortisol and low
DHEA are commonly associated with chronic disease initiation and progression. For example, after
adjustment for age, the cortisol/DHEAS ratio correlated with all-cause, cancer and non-cancer
mortality as shown in a prospective study of 4255 Vietnam army veterans over 15 years and where
higher cortisol/ DHEA ratios were associated with increased risk of death [190].

Foamy Macrophages

CORTISOL, fet o adion 4
viruses, F os p S Clearance
umors, ITETRRN Lt . . 8 of virus
toxins, Particles gy 0 N LYsIs and/or
stress, : R o 19" ' tumors,
etc. S e 3 ° resulting
°4 & ! in
wellness.
Flavonoids

Inactive
AFP

s

Figure 12. The new immunosenescence paradigm, 2015 [185]. In the new immunosenescence

paradigm, active alpha-fetoprotein (AFP) was proposed to mediate immunosenescence of
macrophages, defined as the failed lytic release of HERV-K102 particles from foamy macrophages
[185,186]. AFP blocks apoptosis in macrophages [187,188]. The activity of AFP depends in part on the
DHEA/cortisol ratio which diminishes with age and/or stress. This is because cortisol induces AFP
while DHEA binds and renders AFP inactive [185]. Thus, with age and/or stress there will be more
active AFP in the system and a higher risk of immunosenescence. Flavonoids and zinc may reverse
immunosenescence by binding and inhibiting AFP activity and thus, will appear to have antiviral
properties. Recent evidence is also consistent with ivermectin reversing immunosenescence [191].
Note. Reproduced with permission from “A new paradigm about HERV-K102 particle production
and blocked release to explain cortisol mediated immunosenescence and age-associated risk of
chronic disease”, by Laderoute MP. Discov Med. 2015;20:379-91 [185]. © 2023 Discovery Medicine.

As shown in Figure 12 cortisol is proposed to also induce HERV-K102 expression to generate
the foamy macrophages as its LTR contains glucocorticoid response elements [97-99]. Oddly, it
appears high dose dexamethasone may not induce HERV-K HML-2 such as tested in a breast cancer
cell line [192]. However, whether methylprednisolone would induce these protector transcripts
should be investigated since dexamethasone failed to reverse the SARS-CoV-2 interference of the IFN
type 1 and IFN-y innate responses while methylprednisolone did [193,194]. Moreover,
methylprednisolone was associated with a much lower number needed to treat (nnt=5) indicating
higher proficiency. Alternatively, macrophage migration inhibitory factor (MIF) which is known to
counteract the anti-inflammatory effects of glucocorticosteroids, and which was inducible at low
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levels of dexamethasone but suppressed at higher levels [195], potentially might additionally
influence HERV-K102 proviral expression in macrophages secondary to corticosteroids. However,
the differences between dexamethasone and methylprednisolone activation of HERV-K102 particle
production requires further evaluation.

Critically, when AFP binds its receptor, it triggers a negative signal which abrogates any
incoming signal whether it is for apoptosis, differentiation, proliferation, activation, adherence etc.
[187]. AFP is well established to be intrinsically immunosuppressive, but this was corroborated with
AFP agonistic monoclonal antibodies to the 67 Kd AFP receptor [187]. By the time the 67 kD AFP
receptor becomes expressed, the macrophages are already expressing and releasing the pro-
inflammatory cytokines, TNF-a, IL-1B and IL-6. Thus, AFP prevents the ability to downregulate the
expression of pro-inflammatory cytokines. Immunosenescence involves immunosuppression, a
simultaneous pro-inflammatory state and apoptosis resistance, all mediated by AFP binding to its
receptor [187,188]. Accordingly, the use of anti-inflammatories which are immunosuppressive,
would only contribute to the problem of immunosenescence of macrophages and would not address
the cause of disease: namely, AFP activity. Only AFP antagonists such as zinc, DHEA (or better, 7-
keto-DHEA which cannot be converted to sex hormones), genistein, and more recently ivermectin
[191], are able to prevent and reverse immunosenescence. It is well appreciated that therapies can be
curative if they target the cause of disease such as immunosenescence by AFP antagonists rather than
just treating symptoms of disease such as inflammation with anti-inflammatories (which are
immunosuppressive).

3. Effects of ADE on the Launch of the Critical HERV-K102 Protector System in M1-like Foamy
Macrophages

Figure 13 attempts to illustrate the harm of ADE mediated entry of SARS-CoV-2 into the M1-
like foamy macrophages that produce the HERV-K102 particles [10,67,99]. First, the entry of SARS-
CoV-2 into the monocytes/macrophages causes them to convert to M2-like polarized macrophages
with lipid bodies [196] and would no longer express HERV-K102 transcripts [99]. Second, the S2
component of the spike protein interferes with p53 and BRCA which blocks apoptosis [197]. In this
state of apoptosis resistance, SARS-CoV-2 is able to replicate and release virions by budding through
the plasma membrane [196]. Apoptosis resistance means any HERV-K102 particles made are not
being released by lysis, and so SARS-CoV-2 entry into M1-like macrophages directly and indirectly
causes immunosenescence. Also p53 down modulates AFP [198] so the loss of p53 function would
mean more AFP would be expressed again contributing to immunosenescence.
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Figure 13. SARS-CoV-2 infection of the LB-FMs by ADE causes the transition to LB*FMs [196] blocked
by the activated VDR [171]. SARS-CoV-2 converts the M1-like protector foamy macrophages (LB"FMs)
to M2-like LB+FMs which upregulates PPARA [61], and where the latter becomes a factory for SARS-
CoV-2 replication [196]. When the levels of vitamin D3 are sufficient, the activated vitamin D receptor
(VDR) can prevent the phosphorylation of MAPKS blocking the transition from LB-FMs to LB*FMs
[165]. Note it is possible that ivermectin may do the same as MAPKS is on the ivermectin-protein
string interaction network [191]. SARS-CoV-2 infection of the LB-FMs by ADE blocks programmed
cell death [197] abrogating the release of the HERV-K102 particles and at the same time inducing
immunosenescence of the macrophages which exacerbates chronic illness. The conversion to LB‘FMs
also does the same; but now SARS-CoV-2 particles are produced and released by cell surface budding
and where NF«f1 acts as the transcription factor for the release of IL1f, TNF-a, and CXCL8 [61]. Note
also that SARS-CoV-2 represses (epigenetically) the PPARy-NR3C1-RXRA cistrome via SUMO1
which interacts with SARS-CoV-2 nucleoprotein and where SUMOL1 is a partner of PPARy [199]. This
also contributes to uncontrolled inflammation. Overall, this hijacking of the critical innate defense
mechanism also creates an immunologically priviledged site [196] possibly secondary to the fact that
foamy macrophages may not express the spliced HERV-K102 envelope on their cell surface
(unpublished flow cytometry data on the LB'FMs). Note. Image is newly created by author but
incorporates an image of one LB-'FM excised from Figure 1A of “Further evidence that human
endogenous retrovirus K102 is a replication competent foamy virus that may antagonize HIV-1
replication.”, by Laderoute MP, Larocque L], Giulivi A, Diaz-Mitoma F. Open AIDS ]. 2015;9:112-22
[10]. CC BY Author. .

However, in the presence of adequate vitamin D3, the conversion of the M1-like lipid body
negative foamy macrophages to the M2-like lipid body positive foamy macrophages [196] would not
occur [165]. Second, as demonstrated in a Mycobacterium tuberculosis model involving macrophages,
the addition of vitamin D3 upregulated the genes known to mediate M1-like polarization and HERV-
K102 induction, including CD14, IL-8, IRG1 and CD163 expression, as well as foam cell formation
[200]. While the mRNA for VDR was unaltered, the addition of Vitamin D3 nevertheless strongly
induced VDR protein [200]. Thus, due to the presence of VDR response elements in the 5' LRT, HERV-
K102 expression and M1-like polarization [99] are likely maintained by vitamin D3.

It should be noted that Ren et al [61] established that of the 63 identified different cell types in
bronchioalveolar lavage fluid (BALF) specimens, only the CD14+CD16+ monocytes and their
progeny, the WDR74 positive macrophages (putatively producing HERV-K102 particles based on
differentially expressed transcription factors) had highly activated VDR. In BALF, the WDR74
macrophages which were not induced in healthy uninfected controls were critical to recovery from
mild-moderate COVID-19 but were lost with progression to severe disease consistent with ADE. The
progenitors of the WDR74 macrophages the CD14+CD16+ (intermediate type) monocytes that are
present in the BALF of healthy controls were similarly induced in progression to and recovery from
moderate disease. Although they were depleted with progression to severe disease, they were highly
activated in those who recovered. Autopsies of patients who died from COVID-19 revealed the
inflammatory monocytes in lung samples expressed macrophage-associated markers such as CD68
and CD163 [66] suggestive of emergency myelopoiesis. Thus, while the WDR74 macrophages per se
did not promote recovery from severe COVID-19 their temporary expedited replacements
(inflammatory macrophages) did. Interestingly, in the BALF, the y32 T cells, which were present in
healthy uninfected controls and expanded with progression and recovery from moderate disease,
remained depleted during progression to severe disease and during recovery [61].

In view of the above it is not surprising that optimal levels of vitamin D3 of at least 50 ng/ml of
serum could prevent the onset of COVID-19 severity, as recently concluded from a systematic review
and meta-analysis [201]. In addition to the prevention of COVID-19 mortality with >50 ng/ml vitamin
D3 in plasma, SARS-CoV-2 infection could be prevented, and hypertension averted [202]. The latter
implies vitamin D3 prevents or reverses immunosenescence raising the possibility that vitamin D3
might indirectly antagonize AFP activity. Moreover, the risk of death from myocardial infarction,
cancer, type 2 diabetes, Alzheimer’s disease, and more generally, all-cause mortality could be
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significantly decreased with vitamin D levels above 50 ng/ml [202]. These findings corroborate the
notion that the HERV-K102 protective innate system that launches in M1-like foamy macrophages
[99] which is strongly favored by optimal vitamin D3 levels plays a major role in human survival at
the individual and population levels, including phylogenetically (Figure 8).

4. Incontrovertible Evidence for ADE As an Impediment to the Safety and Effectiveness of the
Adaptive Immunity COVID-19 Vaccines

In Table 2 the UK monthly mortality rate data released by the Office for National Statistics (ONS)
on July 6, 2022 [203], has been recompiled into meaningful summaries of ratios of vaccinated
mortality rates per 100,000 person-years over the same for the unvaccinated by month for all ages (14
plus), and categorized by all-cause, COVID-19 specific and non-COVID-19 mortality ratios covering
January 1, 2021, to May 31, 2022. For this, the individual rates per 100,000 person years for each
subcategory of vaccination and duration were separately added up to provide a total as the total for
the ever vaccinated provided by the ONS appeared manipulated. Apparently, deaths before 2 weeks
following an immunization dose had been reclassified as unvaccinated as articulated by Fenton et al
[204] and which ONS confirmed on January 20, 2023 [205].

Table 2. Office for National Statistics (ONS) UK mortality rates per 100,000 person-years: re-compiled
rate ratios* of ever vaccinated (ever vax) over unvaccinated (unvax) January 1, 2021 to May 31, 2022.

All-Cause Mortality COVID-19 Mortality Non-C19 Mortality
Ratio of Ratio Ratio of
Actual Vax/ Actual of Vax/ Actual Vax/
RATE RATE Unvax RATE | RATE Ever | Unvax RATE |RATE Ever| Unvax
Unvax | Ever Vax| Rates Unvax Vax Rates Unvax Vax Rates
2021|Jan 2507.6 3483.5 1.39 1187 1526 1.29 1320 1958 1.48
Feb 5261.5 3205.4 0.61 2174 456.8 0.21 3087 2689 0.87
Mar 3307.8 4192.7 1.27 591.8 2839 0.48 2716 3909 1.44
April 22984 5039.7 2.19 1458 184 1.26 2153 4855 2.25
May 1718.8 8582.6 4.99 455 845 1.86 1673 8426 5.04
June 1589.7 10060 6.33 55.6 87.7 1.58 1534 9916 6.46
July 1610.7 10307.1 6.40 2182 2249 1.03 1392 9960 7.16
Aug 1711.6 10340.7 6.04 404.2 402.9 1.00 1307 9266 7.09
Sept 1664.5 8639 5.19 367.8 520.2 1.41 1297 7884 6.08
oct 1623.7 12456.3 7.67 3223 568.6 1.76 1302 11845 9.10
Nov 1708 15546.6 9.10 4213 21 1.71 1287 14155 11.00
Dec 1878.5 16974.3 9.04 520.5 11219 2.16 1358 15501 11.41
2022|Jan 1812 19997.9 11.04 584.6 23109 3.95 1227 16417 13.38
Feb 1384.5 124744 9.01 258.7 11284 4.36 1126 11346 10.08
Mar 1231.7 10257.2 8.33 1835 763.6 4.16 1048 9445 9.01
April 1204.6 124232 10.31 204.7 800.8 3.91 1000 1624 |11.62
May 8729 8246 9.45 776 261.8 3.37 795 7914 9.95

*Rates are per 100,000 Person-Years, and were re-compiled where all the rates for ever vaccinated were added up to
provide totals (as the Ever Vaccinated total deaths reported by the ONS were erroneously undercalculated for
unknown reasons). From:
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/deathsinv

olvingcovid19byvaccinationstatusengland/deathsoccurringbetweenljanuary2021and31may2022 [203]. Note. CC-
By 4.0 from https://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/and referencing
bulletin “Office for National Statistics (ONS), released 6 July 2022, ONS website, statistical bulletin, Deaths
involving COVID-19 by vaccination status, England: deaths occurring between 1 January 2021 and 31 May 2022”.
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Upon examination of Table 2, first one notes that the only month in which the all-cause mortality
showed vaccination benefit over risk was in February 2021 (ratio of ever vaccinated rates over
unvaccinated of 0.61) but not in any other month from January 1, 2021, to May 31, 2022. Overall, the
all-cause mortality test for risk versus benefit for the entire period was 6.37 with a p value of 0.0001
meaning that there were over six-fold higher all-cause deaths per 100,000 person years in the
vaccinated over the unvaccinated which was highly significant. This also matched the results of the
randomized clinical trials where none of the COVID-19 vaccines met the requirement for a
statistically significant benefit over risk as demonstrated on all-cause mortality [206]. So overall the
risks of COVID-19 vaccination did outweigh the benefits for the entire UK population measured over
January 1, 2021 to May 31, 2022 with the exception of February 2021.

In February 2021 but not at any other time in the mass vaccination campaign in the UK, the
benefit of vaccination surprisingly outweighed the risks. However, upon closer examination the
reason for the benefit over risk in February 2021 was because of those vaccinated by the end of
February 2021, 95.6 % had only received the first dose of vaccine but not yet the second (only 531,525
had received the second dose or about 4.4 % of the 11,976,296 vaccinated mostly elders) [207]. Recall
that the first dose did not generate spike-specific IgG antibodies [46,47] but was known to generate
heterologous protection against non-COVID-19 mortality [50]. In other words, it was the trained
(innate) immunity that offered protection against COVID-19 mortality in February 2021 in England.
The reason why boosters were needed every 3-6 months was because i) trained immunity is
temporary usually lasting 3 to 12 months and ii) the mRNA vaccines caused high levels of spike
protein to be produced over a long period of time including inside monocytes for up to 15 months
after the last dose [208]. Through S2 interference with p53 [197], this would have created
immunosenescence (Figure 12) abrogating trained innate immunity including protection against all-
cause mortality even without infection by SARS-CoV-2.

Indeed, since in January 2021 the all-cause mortality test was 1.39, it could be reasonably argued
that the COVID-19 vaccines should have been removed from the global market by the first week in
February 2021 for which Dr. Peter McCullough concurred based on the data in Table 2 [209]. By a
year later in February 2022, the all-cause mortality risk versus benefit ratio for the COVID-19 vaccines
grew to a ratio of 11.04. This indicated with time the risk of mortality associated with the COVID-19
vaccines was becoming far worse rather than better. Thus, it is very clear from this comprehensive
population data of England that the vaccines were not very good at saving lives from COVID-19,
except for February 2021. The fact that the non-COVID-19 mortality rates in the vaccinated were
exceptionally higher than the unvaccinated (Table 2) provides irrefutable proof that the Pfizer-
BioNTech COVID-19 mRNA vaccine was unacceptably toxic and deadly [210]. There were high
proportions of sudden death following vaccination linked to myocarditis as determined through
autopsies for the mRNA COVID-19 vaccines [211,212], abnormal clotting [210] as well as the issue of
COVID-19 vaccine associated ‘turbo cancers’[148].

It is doubtful that the spike-specific IgG antibodies could have helped anyone survive because
they caused progression of disease [16-30,34-38]. The UK population mortality results in Table 2
strongly corroborate and endorse this point that ADE was and remains a serious problem for disease
caused by COVID-19 vaccines. This data further corroborates the evidence cited earlier about
immune escape variant selection and a higher risk of infection all pertaining to ADE. Despite the
notion that the third mRNA vaccine dose was associated with conversion of the spike-specific IgG1/3
which promoted ADE, to the spike-specific IgG4 which does not mediate ADE [58], it is possible that:
i) this conversion did not occur in the URT and, ii) the lipid nanoparticles may have inadvertently
targeted myeloid phagocytic cells regardless [208].

5. Future Directions

The notion of developing innate immunity vaccines particularly for pandemic preparedness is
not new given the general lack of success for adaptive immunity vaccines related to the problem of
ADE. Aside from BCG vaccines which enhance trained immunity, others are trying to further
optimize trained immunity vaccines such as IMM-101 which involves heat killed Mycobacterium
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obuense. This vaccine induces M1 polarization of macrophages [213] and thus would induce HERV-
K102 particle production [99]; and may promote the Vy9V52 T cells which help protect against SARS-
CoV-2 [213] as well as cancers [3]. Indeed, in addition to identifying M1-like foamy macrophages in
recovery from COVID-19 [61], several papers have directly confirmed the role of HERV-K102 proviral
expression or Env antibodies in recovery from COVID-19 [137,147,214,215]. In addition, HERV-K
HML-2 elements played a role in recovery from COVID-19 in children [216] and others have provided
indirect evidence for HERV-K102 activation in recovery [217,218].

In terms of pandemic planning, the safest, most practical, and most effective means to prevent
severe disease from pandemic viruses (and intracellular pathogens like Mycobacterium tuberculosis) is
to top up the vitamin D3 levels by supplements and when possible, by suntanning. In addition, the
benefits of 15-minute daily exposures to near infrared rays for 7 days on COVID-19 recovery included
a faster: i) reduction in the systolic and diastolic blood pressure, ii) reduction in neutrophils and
leukocytosis, and iii) increased lymphocytes [219]. Note that the earlier normalization of
hypertension by near infrared light exposures indicates a faster reversal of the immunosenescence
caused by SARS-CoV-2 which would greatly benefit the host and diminish all-cause mortality.

Public health authorities need to provide free annual vitamin D3 testing (and retesting when
indicated). They need to provide encouragement to go outdoors, suntan and to closely monitor serum
vitamin D3 levels. People can also reduce their risks of pandemic severity by employing various
lifestyle improvements of maintaining an ideal weight, no or low sugar exposures, avoiding trans
fats, being outdoors, exercising, reducing stress, and maintaining a normal blood pressure. In
addition to Vitamin D3 and a multi-vitamin supplement, AFP antagonists such as zinc, genistein, 7
keto-DHEA (only legal in the USA) could be taken daily as a prophylactic. For those who may be at
higher risk of poor outcomes, ivermectin which may also be an AFP antagonist [191] should be used
for early treatment along with other measures of the early treatment protocols [193,220]. Note as
mentioned, methylprednisolone is preferred over dexamethasone as dexamethasone failed to reverse
the SARS-CoV-2 interference of the IFN type 1 and IFN-y innate responses while methylprednisolone
did [193,194]. Interestingly, it had been previously reported that high dose dexamethasone does not
induce HERV-K102 transcripts in vitro [192].

Finally, it is proposed that monoclonal sc-Fv antibodies that recognize the cell surface HERV-
K102 Env (P61567 Env protein) but not the Env on HERV-K102 particles (P63135 Pol-Env protein),
may provide novel therapeutics not only against pandemic viruses but also cancers. Unlike the
monoclonal antibodies to the spike protein, here there is little concern for loss of monoclonal antibody
effectiveness related to the emergence of viral variants (Figures 10,11).

6. Summary and Conclusions

Many novel findings of relevance to understanding the adverse effects of ADE on survival of
humans to pandemic viruses are uncovered in this treatise.

First, overwhelming evidence strongly implies that HERV-K102 particle production in M1-like
proinflammatory macrophages constitutes the core attributes of trained (innate) immunity related to
epigenetic changes and glycolysis in macrophages. Accordingly, ADE mediated infection of
macrophages abrogates this potent protector mechanism and thus, it seems many human pathogens
target HERV-K102. Second, for the first time, it is clarified that sebocytes in sebaceous glands that
line the mucosa are specialized lipid body negative foamy macrophages that constitutively produce
and release HERV-K102 particles by lysis. This validates that the HERV-K102 protector response is
not only critical but always active at the front lines constituting critical host defense. Third, how
trained (innate) immunity may generate a reduction in all-cause mortality (by reversing
immunosenescence of macrophages which is causally related to chronic disease [185,186]) has been
suggested. Fourth, a novel virus-anti-virus innate response has been uncovered and expanded upon
which reveals how the body attempts to overcome pathogen mediated down-modulation of the
protective interferon innate immunity response. This is by ‘virus mimicry’ [136] amplified by high
replication of HERV-K102 particles which enter normal cells and then integrate into the cell’s genome
additionally ‘arming the genome’ with extra copies. Fifth, a more comprehensive explanation of how
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optimal blood levels of vitamin D3 can promote survival against pandemic viruses, as well as reduce
all-cause mortality, is revealed, and involves the preservation of the HERV-K102 protection system
of M1-like foamy macrophages. Six, novel evidence is provided implying the HERV-K102 protection
system may be germane to overall human survival given the loss of HERV-K102 at the orthologous
chromosomal positions in the extinct hominins. Finally, not only do HERV-K102 and/or M1-like
macrophages appear to mediate recovery from mild-moderate COVID-19 disease, but it was
previously reported that HERV-K102 high replication and integration was associated with resistance
to HIV-1 acquisition [10] providing evidence of sterile immunity against pandemic viruses.

All in all, the evidence shows that pandemic enveloped RNA viruses like SARS-CoV-2 and/or
HIV-1 target HERV-K102 particle production in foamy macrophages. Presumably the pre-activation
of HERV-K102 particle production (which likely occurs more frequently in children) such as by innate
vaccines, the reversal /prevention of immunosenescence in adults, especially elders, and maintaining
vitamin D3 levels over 50 ng/ml would be main strategies to help prepare for the next pandemic.

On the other hand, there may be one additional strategy to prepare for the next pandemic. In a
direct comparison of viral evolution, SARS-CoV-2 was found to be adapted to humans upon its
emergence whereas SARS-CoV-1 was not [221] suggesting a lab-leak versus zoonotic source
(respectively) of these coronavirus pandemics. Allegedly, the Wuhan Institute of Virology could have
serial passaged a SARS-CoV-2 progenitor virus through humanized mice using the new model
published in October 2019 by Baric and colleagues [222]. These along with other arguments [223]
strengthen the notion of a lab-leak source of SARS-CoV-2 including the notion presented here that
SARS-CoV-2 targets a protection system only found in humans. This implies there was selection
within the human immune system prior to release. Thus, a primary way to help deal with pandemics
would be by banning gain-of-function virology research which in the USA, the House has recently
approved [224].

With the evidence presented here which validates the problem of ADE for the COVID-19
pandemic along with the extraordinary toxicity of the mRNA technology and to a lesser extent virus-
vector vaccines, the use of adaptive immunity vaccines against pandemic viruses should be entirely
avoided at all costs. Whether adaptive immunity vaccines against pandemic pathogens should be
banned outright remains to be determined.

7. Patents

The Public Health Agency of Canada (PHAC) does not allow patents to be assigned to inventors
to prevent conflicts of interest. Patent applications for the discovery of the replicative activity of
HERV-K102 in vivo and in vitro and that this replication may be associated with innate immunity
protection against pandemic viruses, were filed in the USA (March 2005), Canada (March 2005), and
worldwide (March 2006). All patent applications have since been abandoned. Anyone is therefore
able to use the technology without liability of patent interference.

. Cdn Patent Application 2,501,301 March 18, 2005: Patent number CA 2673395 issued October 22,

2013 for screening methods.

. US Patent Application 60/663,263 March 21, 2005: Patent 7,964,341 issued June 21, 2011 for
screening methods.
e PCT Application CA2006/000397 March 20, 2006: PCT: WO 2006/096985
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