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ABSTRACT

The requirement for food, agnostic of the economic climate and constraints of individuals,
makes plant-based nutrition an overwhelming platform for delivery of preventive and prescriptive
therapeutics. The delivery of medicinal value through food and nutrition, for example, prevention of
xeropthalmia (blindness) in children using tools of plant biotechnology, is documented through robust
scientific research. There is little doubt that the reach of therapeutics can also include vaccines, for the
rest of the world which cannot afford the fruits of brilliant but expensive outcomes, for example, mRNA
vaccines. This talk lifts the veil over seminal research performed at least a quarter century ago (in the 20"
century) which demonstrated the immense potential for global immunization from infectious diseases
(for example, Ebola virus) using plant based oral vaccines in food (as well as sublingual and transdermal
modes of delivery). Changes in leadership, creative implementation strategies and innovative capacity
building are necessary to bring basic health related low-cost solutions to ~7 billion people (~80% of the
global population) who are not a part of the affluent world (~1 billion). This talk will also highlight the
urgent need for even a modicum of healthcare equity for the down-trodden, forgotten and misbegotten.
There is nothing new in this talk but a gentle reminder for the entrepreneurs of social innovation to re-
evaluate grand and profound old results, in the context of the post-pandemic world. Is “food” the final

frontier in research in plant molecular biology and plant biotechnology research and development?




Table1 Timeline of rapid
development of mRNA vaccines
against SARS-CoV-2 in 2020
(based on Barbier et al. 2022)

Date 1n 2020

Occurrence

12 January
13 January
12 March

23 April

29 May

27 July

6 October

9 October

9 November
16 November
16 November
18 November
20 November
30 November
30 November
11 December

18 December

SARS-CoV-2 genomic sequence published

Moderna: mRNA vaccine sequence designed

Moderna: first subject doses in phase 1

BioNTech-Pfizer: first subject doses in phases 1-2*

Moderna: first subject doses in phase 2

Moderna and BioNTech-Pfizer: initiation of phase 3

Regulatory submissions BioNTech-Pfizer: European Medicines Agency
Regulatory submissions BioNTech-Pfizer: Canada
BioNTech-Pfizer publishes interim phase 3 results

Moderna publishes interim phase 3 results

Regulatory submissions Moderna: European Medicines Agency
BioNTech-Pfizer publishes phase 3 results

Regulatory submissions BioNTech-Pfizer: USA

Regulatory submissions Moderna: USA

Moderna publishes phase 3 results

BioNTech162b2 receives EUA in USA

Moderna mRNA-1273 receives EUA in USA

The table also shows that the two large pharmaceutical companies are competing not only with time but

also with each other

*BNT162 phase 1-2 trial investigated several drug candidates, with BNT162b2 selected for phase 3 trials

Dedk C, Pardi N, Miklési A. Innovation in the 21st century: following the footsteps of Katalin Kariké. Biol Futur. 2023 Jun;74(1-2):101-108. doi: 10.1007/s42977-023-00161-8. Epub 2023 May 22. PMID: 37213055
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Fig.1:2020 timeline showing rapid development of mRNA vaccines against
SARS-CoV-2.

From: The clinical progress of mRNA vaccines and immunotherapies

29 May 27 July November 30 November
12 January 16 March Moderna: Moderna and Pfizer—BioNtech (Nov. 9) and  Moderna:
SARS-CoV-2 genomic Moderna: first subject first subject dosed BioNTech—Pfizer: Moderna (Nov. 16) publish final phase 3
sequence published dosed in phase 1 in phase 2 initiation of phase 3 interim phase 3 results results published
2020 ERELIETRY Febuary March April May June July August September October November December
13 January 23 April October-November 18 November December
Moderna: mRNA BioNTech—Pfizer: Regulatory submissions BioNTech—Pfizer: BNT162b2 (Dec. 11)
vaccine sequence first subject dosed BioNTech—Pfizer: EMA (Oct. 6), Canada final phase 3 and mRNA-1273
designed in phase 1-2* (Oct. 9) and USA (Nov. 20) results published (Dec. 18) receive
Moderna: EMA (Nov. 16), USA (Nov. 30) EUA in US

*BNT162 phase 1-2 trial investigated several drug candidates, with BNT162b2 selected for phase 3 trials. EMA, European Medicines Agency.

[Barbier AJ, Jiang AY, Zhang P, Wooster R, Anderson DG. The clinical progress of mRNA vaccines and immunotherapies. Nat Biotechnol. 2022 Jun;40(6):840-854. doi: 10.1038/s41587-022-01294-2. Epub 2022 May 9. PMID: 35534554,




Breaking Through isn't just the story of an extraordinary
woman. It’s an indictment of closed-minded thinking and
a testament to one woman’s commitment to laboring
intensely in anonymity—knowing she might never be
recognized in a culture that is driven by prestige, power,
and privilege—because she believed that her work would

save lives.

Katalin Kariko
Prize share: 1/2

Drew Weissman

Prize share: 1/2


https://www.nobelprize.org/prizes/medicine/2023/summary/
https://www.nobelprize.org/prizes/medicine/2023/summary/

m From: 5DATTAE@mgh.harvard.edu

From: Kariko, Katalin <kariko@pennmedicine.upenn.edu=
Sent: Sunday, September 26, 2021 12:05 PM

To: Shoumen Pa Datta <shoumen@mit.edus

Subject: Re: What we do in life, echoes in eternity.

Dear Shoumen,
Thanks for your kind words,
Kat

From: Shoumen Pa Datta <shoumen@mit.edu>

Sent: Sunday, September 26, 2021 9:03 AM

To: Kariko, Katalin <kariko@pennmedicine.upenn.edus
Subject: [External] What we do in life, echoes in eternity.
Dear Kati -

Congratulations! See you soon in Stockholm.

Thanks,

from a grateful world!

Regards,

Shoumen




https://en.wikipedia.org/wiki/Katalin_Kariko

hotographer*BelaFrancia

Katalin Karikoé receiving the call from the Nobel Prize Committee (October 3, 2023). Photograph by Béla Francia (husband of Katalin Kariko).
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From: Kariko, Katalin <kariko@pennmedicine.upenn.edu
Sent: Sunday, September 26, 2021 12:05 PM

To: Shoumen Pa Datta <shoumen@mit.edu=

Subject: Re: What we do in life, echoes in eternity.

Dear Shoumen,
Thanks for your kind words,
Kati

From: Shoumen Pa Datta <shoumen@mit.edu=

Sent: Sunday, September 26, 2021 9:03 AM

To: Kariko, Katalin <kariko@pennmedicine.upenn.eduz
Subject: [External] What we do in life, echoeas in eternity.
Dear Kati -

Congratulations! See you soon in Stockholm.

Thanks,

from a grateful world!

Regards,

Shoumen

Outre
Kata

Prize share: 1/2 Prize share: 1/2

Out

Drew Weissman

ch
lin Kariko



Three respiratory viruses could make you sick
this season - but for the first time, there are
vaccines against all of them

By Brenda Goodman, CNN
Updated 8:42 AM EDT, Fri August 18, 2023

SCIENCE AS A SERVICE TO SOCIETY




Matthew Cobb (2015). Who discovered mRNA? current Biology 2015 June 29; 25(13):R526-32. doi: 10.1016/j.cub.2015.05.032

* First person: DNA produces RNA which in turn leads to

protein synthesis was André Boivin, 1947. “WESTERN UNI®N ~
. _ . c/o caMBrIDGE 56717
* First suggestion: small RNA molecules move from nucleus CABLEGR AM  mars s n"; n
to cytoplasm and associate with ribosomes where they drive o1 € BOAET B CAMOL | NTLoUX CANBRIDGE WASS 38 15 414 EsT

protein synthesis was made by Raymond Jeener, 1950.
‘ =LT SIDNEY BRENNER=

CAVENDISH LAB CAMBRIDGE (ENGLAND)=

* First reports: what we would now identify as mRNA were

from Al Hershey, 1953 and by Volkin and Astrachan, 1956. | \AS SUGGESTED BY JACOB UE WILL SEND BY FEBRUARY 25
) ) ] ) ) ] ] | MANUSCRIPT TO NATURE WHICH WE HOPE WILL PUBLISH
* First realization: mMRNA might exist - insight of Brenner and | SIMULTANEQUSLY WITH YOURS WILL URGE THAT YOU DELAY
[ YOUR MANUSCRIPT UNTIL OURS ARRIVES=
Crick; Jacob and Monod claimed to name “m” RNA | JiMess W AT S0

* First unambiguous description of mMRNA: Brenner, Crick

Please send your Reply ** Yia WESTERN UNION " You may telephone it to us

and Meselson; later Jim Watson’s team, see cablegram =»
* First to prove mRNA’s biological function: Nirenberg and

Matthaei (they did not frame their results in these terms).




AN ODE TO A FEW OF MANY PIONEERS OF mRNA VACCINE

From top: (

Susan Francia

) Katalin Kariko, Jason McLellan, Kizzmekia Corbett, Barney Graham

It took almost 50 years, but the
grand convergence of basic
science research made it possible
to produce and implement mRNA
vaccines for CoVID-19 in order to
immunize humans against SARS-
CoV-2[n]. It is a brilliant beacon of
research excellence and science

in the service of society, when it

was needed the most, during the

pandemic of the 21st century.

From top: Bob Langer, Marilyn Kozak, Phil Sharp, Anthony Fauci



Figure 1. Timeline of Major Circulating Variants and Vaccine Eligibility by Age Group
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Norman M, Magnus MC, Soderling J, Juliusson PB, Navér L, Ortqvist 196,470 newborn infants (51.3%
AK, Haberg S, Stephansson O. Neonatal Outcomes After COVID-19
Vaccination in Pregnancy. JAMA. 2024 February 6; 331(5):396-407. | RUEIEREE R Ao (R I NIRRT
doi: 10.1001/jama.2023.26945. PMID: 38319332. born in Sweden), 94 303 (48.0%)

were exposed to COVID-19

Research | https://jamanetwork.com/journals/jama/fullarticle/2814537

vaccination during pregnancy.

Exposed infants exhibited no
JAMA | Original Investigation increased odds of adverse

Neonatal Outcomes After COVID-19 Vaccination in Pregnancy| RESiEElElEE Uty RS

. : o . exhibited lower odds for neonatal
Mikael Norman, MD, PhD; Maria C. Magnus, PhD; Jonas Séderling, PhD; Petur B. Juliusson, MD, PhD;

Lars Navér, MD, PhD; Anne K. Ortqvist, MD, PhD; Siri Haberg, MD, PhD; Olof Stephansson, MD, PhD nontraumatic intracranial

hemorrhage, hypoxic-ischemic

CONCLUSIONS AND RELEVANCE In this large population-based study, vaccination of pregnant
individuals with mRNA COVID-19 vaccines was not associated with increased risks of neonatal
adverse events in their infants. mortality.

encephalopathy and neonatal

Katalin Karikd’s mRNA vaccine for CoVID-19 discovery saved about 50 million lives in its first year of use (from 8 December 2020)


https://jamanetwork.com/journals/jama/fullarticle/2814537
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9537923/pdf/JPC-9999-0.pdf

A drug that uses messenger RNA technology has shown early
success in addressing the core deficiency behind a rare genetic
disorder. The results have ignited hope that the technology
(which first gained attention through its breakthrough use in
COVID-19 vaccines) could realize its long-awaited promise of
generating therapeutic proteins directly in the body. “This is a
first step in the right direction,” says Katalin Karikd, the Nobel
prize winning mRNA pioneer affiliated with the University of
Szeged in Hungary and the University of Pennsylvania in
Philadelphia. Yet challenges remain in the form of side effects,
which may complicate the path towards widespread adoption.

< > O 22 nature.com/articles/d41586-024-00954-4

NEWS | 03 April 2024

mRNA drug offers hope for
treating a devastating
childhood disease

Drug trial results show that vaccines aren’t the only use for the mRNA
technology behind the most widely used COVID-19 jabs.



https://www.nature.com/articles/d41586-024-00954-4

25 pubmed.ncbi.nlm.nih.gov/16741877/

‘6 . .
Antl-retrOVIral Comparative Study > J Infect Dis. 2006 Jul 1;194(1):11-9. doi: 10.1086/505147. Epub 2006 Jun 1.
therapy 1]_’1 the The survival benefits of AIDS treatment in the United

States
US has
prOIOnged life Affiliations — collapse
by an eStimated Affiliation

1 Division of Infectious Disease and General Medicine, Massachusetts General Hospital, Boston

1 3 ye arS ,, 021 14; USA. Ma|en5ky@par‘tners,org

PMID: 16741877 DOI: 10.1086/505147
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Rochelle P Walensky 1 A David Paltiel, Elena Losina, Lauren M Mercincavage, Bruce R Schackman,
Paul E Sax, Milton C Weinstein, Kenneth A Freedberg



nature > editorials > article

EDITORIAL | 11 July 2023

The best medicine for improving
global health? Reduce inequality

The COVID pandemic knocked back progress towards improving public health. Without
addressing the underlying social and economic causes of ill health, it could completely
stall.

Haitian Patient, before and after Receiving Free Treatment for HIV Infection and Tuberculosis.

The photograph on the left was taken in March 2003, and that on the right in September 2003. Many impoverished patients
in rural Haiti and Rwanda now receive comprehensive medical care through public—private partnerships.

Kim JY, Farmer P. AIDS in 2006--moving toward one
world, one hope? N Engl J Med. 2006 August 17;
355(7):645-647. doi: 10.1056/NEJMp068166

A barbed wire separates Alexandra, a suburb of Johannesburg, South Africa, from its wealthy neighbour,

Sandton. Credit: Dean Hutton/Bloomberg/Getty



http://www.nature.com/articles/d41586-023-02251-y.pdf
http://www.nejm.org/doi/pdf/10.1056/NEJMp068166
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Perspective

Explaining Health Inequities — The Enduring Legacy of Historical Biases

David S. Jones, M.D., Ph.D., Evelynn Hammonds, Ph.D., Joseph P. Gone, Ph.D., and David Williams, M.P.H., Ph.D.

February 1, 2024
N Engl ] Med 2024; 390:389-395
DOI: 10.1056/NEJMp2307312

This article is part of an invited series by independent historians, focused on
biases and injustice that the Journal has historically helped to perpetuate. We
hope it will enable us to learn from our mistakes and prevent new ones.

HEN THE JOURNAL WAS LAUNCHED IN 1812, CLAIMS HAD
‘ J‘ ; circulated for centuries about differences in anatomy, physiology, and
disease susceptibility between different human populations.! Physicians’
persistent belief that these differences are innate has long drawn attention away from
other possible causes of health inequities. As the Journal explores its history and
acknowledges its role in voicing and perpetuating racism and discrimination, it must

examine how it grappled with the problem of difference.


http://www.ncbi.nlm.nih.gov/books/NBK425848/pdf/Bookshelf_NBK425848.pdf
https://www.nejm.org/doi/full/10.1056/NEJMp2307312

English translation

Llppenbekenntnls By the end of 2021, the global distribution of
vaccines was highly heterogeneous, with some
countries gaining over 90% coverage in adults,

lip service whereas others reached less than 2%. In this
study, we used an age-structured model of SARS-

®s nature.com/articles/d41586-024-00545-3 CoV-2 dynamics, matched to data from 152
countries in 2021, to investigate this inequity.

COMMENT | 23 February 2024 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9

6/1807/pdf/41591 2022 Article 2064.pdf

Save lives in the next pandemic:

® . m Refusal of wealthier nations to cooperate had
ensure vaccine equity now cost between 200,000 and 1.3 million lives by the

The proposed Pandemic Agreement must ensure that COVID-19 vaccine nationalismis | ReIACKY A2 MRl Er=Ta(e Ryg[le[el[RIplelo]gylS
never repeated; 290 scientists call for action. countries®2. One-third of the world’s population

has still not received a single dose of CoVID-19
vaccine. The death toll vaccine continues to grow.

www.hature.com/articles/d41586-024-00545-3
www.ncbi.nlm.nih.gov/pmc/articles/PMC9225255/

Phelan, Alexandra L. “The World Health Organization's pandemic treaty.” BMJ 2023 Feb 28; 380:463
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The Greatest Enemy of Preventive Healthcare
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Last-mile delivery increases vaccine uptake
inSierralLeone

https://doi.org/10.1038/s41586-024-07158-w  Niccolo F. Meriggi'***, Maarten Voors?, Madison Levine®, Vasudha Ramakrishna®,
Desmond Maada Kangbai®, Michael Rozelle? Ella Tyler?, Sellu Kallon??, Junisa Nabieu?,
Sarah Cundy® & Ahmed Mushfiq Mobarak®*

Received: 13 September 2022

Accepted: 1February 2024

To increase uptake, bring vaccines to people

Mobile clinics in rural villages in Sierra Leone sharply boosted the
uptake of COVID-19 vaccines compared to villages that did not get
the service. When COVID-19 vaccines were first made available,
people who live in rural areas had to make, on average, a seven-hour
round trip to receive one, at a total cost that could exceed a week’s
wages, says economist and study co-author Ahmed Mushfiq
Mobarak. “When you're starting with a baseline vaccination rate of
essentially zero, our research shows that the most cost-effective
thing to do is just to show up,” Mobarak says. The mobile clinics cost
about US$33 per person vaccinated.

Meriggi NF, Voors M, Levine M, Ramakrishna V, Kangbai DM, Rozelle M, Tyler E, Kallon S, Nabieu J, Cundy S, Mobarak AM. Last-

mile delivery increases vaccine uptake in Sierra Leone. Nature. 2024 March 13. doi: 10.1038/s41586-024-07158-w PMID: 38480877.



EACH DOSE OF VACCINE COSTS $33 IN SIERRA LEONE

LUDICROUS 7?
RIDICULOUS 7




Compare & Gasp : Cost of each vaccine USD33 to Purchasing Power Parity of USD1.90 per day
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Poverty reduction has been slow despite economic growth

3. Is Sierra Leone’s poverty rate excessive figyre 1: A Comparison of GDP Per Capita (PPP) and
given its income? We can attempt to answer this  Extreme Poverty

question by doing an international comparison of  In percent of population below PPP $1.9 per day
income and poverty rates. As in other low-income

countries, GDP per capita in Sierra Leone is

correlated with a high level of extreme poverty.

Many countries achieve lower rates of poverty than

predicted by their GDP per capita, likely because

they have good economic and social policies and

effective institutions. Middle-income countries

(often with economies that have started on the path

of structural transformation) appear to be

especially successful in achieving lower rates of

poverty, possibly thanks to enhanced productivity

(see Figure 1). - $5,000 $10,000 $15,000

O Poverty ® SL 2018
SL 2011 Log. (Poverty)

www.thesierraleonetelegraph.com/wp-content/uploads/2022/12/Sierra-Leone-Poverty-Assessment-FINAL.pdf
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First Lady of Sierra Leone Fatima Maada
Bio is working to end gender-based
violence, and empower women

Mar18,2024 By Colleen Walsh

Credit: Lorin Granger

According to the 2019 , 61% of women and girls between the ages of 15-49 have

experienced physical violence since the age 15, and 7% have experienced sexual violence. The non-governmental organization

Human Rights Watch has said sexual violence during the nation’s civil war from 1991 to 2002, “affected thousands of girls

and women of all ages,” and was rooted in “the persistent human rights violations that push women into a lower status with

limited rights in all spheres of their lives.” For more information go to



https://dhsprogram.com/pubs/pdf/FR365/FR365.pdf
https://dhsprogram.com/pubs/pdf/FR365/FR365.pdf

IS SIERRA LEONE AN EXCEPTION IN TERMS OF POVERTY ?

HOW ABOUT SOUTH SUDAN ON THE CONTINENT OF AFRICA ?
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This page is for those Who may not have heard of Sierra Leone or has no clue about South Sudan
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A $1 dollar plate of bean stew costs
equivalent of $320 in South Sudan

Oct 30, 2017




THIS PROPOSAL
FOR PREVENTIVE
HEALTHCARE AND

VACCINATION WILL
SHOW HOW TO

DEMOLISH THE

COLD CHAIN OF
SUPPLY CHAIN
MANAGEMENT

ELIMINATE
THE COLD
SUPPLY

CHAIN



BUT SUPPLY CHAIN IS THE BEDROCK OF OPERATIONS

DO | KNOW WHAT | AM TALKING ABOUT ?
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Plant-based Oral Vaccines for Global Health: Is it the light at the end of the tunnel?

Unless prevented by vaccination, global economic loss from future pandemics may exceed $250 trillion. The jaw-
dropping estimate is based on economic disaster data due to CoVID-19" and the long list of microbes/viruses with pandemic
potential® which may erupt. Human mortality® due to CoVID-19 may be triple or quadruple the number of reported deaths
(~15 million lives*). Governments invested ~$50 billion® to produce vaccines against SARS-CoV-2 (~13 billion doses, mostly
for affluent® nations). For >80% of the global population, vaccines will be out of reach at $130 per dose” due to malicious
corporate® greed. To prevent healthcare mediated global economic meltdown due to natural causes (microbes), the concept of
vaccines must be extended biologically and geographically to include less affluent nations (The Health of Nations®) home to

~7 billion people (of ~8 billion global population). Preventive vaccination is key to reducing infectious disease transmission.

OBJECTIVE

HTTPS://DSPACE.MIT.EDU/HANDLE/1721.1/145774



https://dspace.mit.edu/handle/1721.1/145774
https://dspace.mit.edu/handle/1721.1/145774

EXECUTIVE SUMMARY

We propose an alternative vaccine form for P;reventive healthcare, based on credible scientific results (published

evidence presented in The Health of Nations). The central thesis of this proposal begins with the confirmation® that Hepatitis
B virus surface antigen (HBsAg) mRNA and protein were detected in plant (transgenic tobacco leaf). HBsAg from tobacco
leaves elicited HBsAg-specific antibodies in mice'" as proof of immunogenicity. Human study' with transgenic lettuce plant,
expressing hepatitis B virus surface antigen, developed specific serum-IgG response to plant produced HBsAg. Human study*?
with potato-expressed E. coli labile toxin B subunit (LT-B) resulted in toxin neutralizing serum IgG antibodies (10/11) as late
as day 59 (ingestion of raw potato expressing LT-B on day 0, 7, 21). Human study'* with potato-expressed capsid protein of
Norwalk virus (enteric pathogen) reported 95% of subjects (19/20) showing increases in antibody-secreting cells (IgA).

Taken together, transgenic plants expressing recombinant vaccine immunogens offer an attractive and potentially
inexpensive alternative to industrial vaccine production, purification, packaging, storage, distribution and the “last mile”
administration by injection (requires trained medical personnel). Plants and edible produce can be grown locally, anywhere.
Sublingual > consumption of leaf paste or raw produce may be less palatable but does not require any specialized training.
Eliminating downstream supply chain of vaccines and “last mile” delivery problems will facilitate access and availability of

healthcare products (plants) for self-vaccination, worldwide. Developing immunity is the first step in prevention of infection.

EXECUTIVE SUMMARY - THE HEALTH OF NATIONS

1-Page Extended Summary “POV” may be downloaded from the MIT Library https://dspace.mit.edu/handle/1721.1/145774

Dr Shoumen Palit Austin Datta, Massachusetts General Hospital, Harvard Medical School and Department of Mechanical Engineering, Massachusetts Institute of Technology
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We are
too busy.
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Are you too busy designing the
next gen mMRNA vaccine, small
molecules or nanobodies for

the next pandemic?

Then you won't have the time

to peruse this power-point doc.

Too bad, you wouldn’t know
what’s here, proven and can be

delivered, now, to prevent the

22" century pandemic(s).

OK then ...




SCIENCE & SOCIETY ‘Randomistas’ who used
controlled trials to fight poverty

win economics Nobel

Abhijit Banerjee, Esther Duflo and Michael Kremer have been awarded the
prize for their experimental approach to alleviating poverty.

6. Remember that changing the world is hard

Timing and chance play a part in whether and how much aresearcher can have an

impact, says Cairney. For example, a set of results might become influential because
Prize in Economic Sciences 2019 Abhijit Banerjee - Facts .

it emerges at just the moment that arelated policy is being revamped.

Abhijit Banerjee
The Sveriges Riksbank Prize in Economic Sciences in
Memory of Alfred Nobel 2019

Abhijit Banerjee, an economist at the Massachusetts Institute of Technology in
Cambridge who shared the 2019 Nobel economics prize for his research on fighting

global poverty, has attributed his own career to a series of happy accidents — the Born: 21 February 1961, Mumbai, India

first being that he was born to two economists. Because chance events have a hand
) l B .. ) b bei di .. L | Affiliation at the time of the award: Massachusetts Institute
inour lives, Banerjee is cautious about being too directive in telling young people to of Technology (MIT), Cambridge, MA, USA
enter one field or another. “A lot of it is accidents that make us who we are,” he says,
. . Prize motivation: “for their experimental approach to
and sometimes we learn something about ourselves as a result of them. . wexb PP
alleviating global poverty

® Nobel Media. Photo: A. Prize share: 1/3
Mahmoud

Whatever you do, he says, be willing to work hard. The work of Banerjee and his
collaborators has touched the lives of an estimated 600 million people, but he’s
also been open about working long hours. Banerjee has a warning for those who
think they can change the world while making lots of money. “I'm not saying it’s
impossible, but don’t fool yourself —it’s often hard,” he says. “Changing the world

P y ’ y sing Abhijit Banerjee was born in Mumbai, India. Both of his parents were professors of
economics. After studying at the University of Calcutta and Jawaharlal Nehru University in
Delhi, he earned his doctorate at Harvard University in the United States in 1998. He taught at
Harvard University and Princeton University before becoming a professor at the

Massachusetts Institute of Technology, where he now works. Abhijit Banerjee married his
fellow researcher, Esther Duflo, with whom he also shared the Economics Prize.

might be a full-time job by itself.”



http://www.nobelprize.org/prizes/economic-sciences/2019/banerjee/facts/
https://www.nature.com/articles/d41586-024-00476-z

Plant-based Oral Vaccines (POV) is a SASSY (Science As a Service for SocietY) Project

IN PRAISE OF IMPERFECTION AND
HUMAN

VALUES

J. BRONOWSKI

= |t took almost ~50 years, but the grand convergence of basic ‘ )
science research made it possible to produce and implement the qvised iid ablarged edition, InCliENETheAbG BRI
MRNA vaccine for CoVID-19 in order to immunize humans against g -
SARS-CoV-2[n]. It is a brilliant beacon of research excellence and

translating science to be of service to society, when it was most
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needed, during the pandemic of the 21st century, which went viral.

HARPER TORCHBOOKS ‘ The Stience Librory/TE 505,125

https://sciencepolicy.colorado.edu/students/envs_5110/bronowski_1956.pdf




Those who do not learn from history are doomed to repeat it.

Ebola Is Back—and Vaccines Don’t Work Against It September 15, 2022. A 24-year-

Public health officials are racing to contain an outbreak in Uganda. It’s an urgent warning to the rest of the world.

old man,
suffering from high fever and convulsions,
was admitted to Mubende Regional

: iy Referral Hospital, Uganda. He was bleeding
s = . from his eyes, blood-stained vomit and

e Vel i | diarrhea. The man died on September 19,
2022. The next day, tests confirmed the
infection by Ebola. By October 16, 2022,
the Ministry of Health had reported 60
confirmed cases of Ebola (11 new cases in
the previous 2 weeks). In total, 24 deaths
have been confirmed, including 4 among
health workers, along with 24 recoveries.

www.wired.com/story/uganda-ebola-outbreak-vaccine



http://www.wired.com/story/uganda-ebola-outbreak-vaccine

A SPIKING FEVER

Long neglected, Lassa fever is surging in West Africa.
Researchers want to know why

itting on a bench outside the Irrua
Specialist Teaching Hospital (ISTH)
in Edo state in southwestern Nige-
ria in September 2023, Muhammed
Lugman Dagana recounted his or-
deal earlier in the year with Lassa
fever, a deadly hemorrhagic disease
of West Africa. At first the 33-year-
old wasn’t alarmed—his fever, head-

B10 23 FEBRUARY 2024 - VOL 383 ISSUE 6685

By Leslie Roberts, in Irrua, Nigeria,
and Kenema, Sierra Leone;
Photography by Apochi Owoicho

Reporting for this story was supported
by the Pulitzer Center.

ache, body aches, and cough were innocuous
enough. A doctor at his local clinic gave him
antibiotics for typhoid fever and antimalarial
drugs. But his symptoms persisted, so he
tried another clinic. Again, the diagnosis was
malaria and typhoid.

https://www.who.int,

Corrected 26 February 2024, See full text.

/health-topics/lassa-fever

science.org SCIENCE

Aregion at risk

Lassa fever has long been concentrated in endemic areas in Nigeria, Guinea,
Liberia, and Sierra Leone. But in recent years, cases of the deadly hemorrhagic
disease have been popping upin other parts of West Africa. With climate change
and population growth, the virus is expected to extend its reach.

@ Endemic areas Small, regular outbreaks Isolated cases

Mali
Burkina Faso

* Benin ~ Nigeria
Sierra Leone———— ¥
" lvory Coast ~ Ghana
Kenema |

Government
Hospital Liberia Togo

Irrua Specialist

Lassa virus, member of the arenavirus family.

Guinea

'\,

https://www.science.org/content/article/deadly-viral-iliness-exploding-west-africa-researchers-are-scrambling-figure-out-why

Lassa fever Kills far more people than Ebola — 10,000 or more annually, although no one knows for sure. Identified only half

a century ago, the rodent-borne disease, which can be transmitted between people via body fluids, affects the rural poor,

who live far from any health center. A record-shattering epidemic in 2018 in Nigeria, the hardest hit country, put Lassa

fever on the map, prompting both the World Health Organization and Nigeria to declare a public health emergency.

Confirmed cases (25 to 100 in previous outbreak years) reached 633, 171 people died, including 45 health care workers.


http://www.science.org/doi/epdf/10.1126/science.ado7079
http://www.who.int/health-topics/lassa-fever

Those who cannot remember the past are condemned to repeat it. [George Santayana]

COVID-19 deaths per 100,000 population aged 50 to 64,

by race and ethnicity, total and since 1/3/2022

m COVID-19 deaths per 100,000 people since 1/3/22
m Total COVID-19 deaths per 100,000 people

120

American Indian/Alaska Native, Non-Hispanic

Native Hawailan/Pacific slander, Non-His panic |y

. . 26
Hisp i | — 301

T ; 76
Black, Non-Hispanic 329

White, Non-Hispanic
Asian, Non-Hispanic

Bassett MT, Chen JT, Krieger N (2020) Variation in racial/ethnic disparities in COVID-19 mortality by age in US: A cross-sectional study.
PL0S Med 17(10): e1003402. https://journals.plos.org/plosmedicine/article/file?id=10.1371/journal.pmed.1003402&type=printable



https://journals.plos.org/plosmedicine/article/file?id=10.1371/journal.pmed.1003402&type=printable

It is so crucial to grasp why chronic long-term morbidity is far worse for society than mortality (death).

215 century viral outbreaks were caused by pathogenic coronaviruses: SARS-CoV-1 (2003), MERS-CoV (2012) and
SARS-CoV-2 (2019). Over 3,000 strains of coronavirus have been discovered, but only 7 have crossed the species barrier
and spilled over to humans from a zoonotic source. In addition to 3 pathogenic strains, four (OC43, NL63, 229E, HKU1)
are endemic in human populations (cause mild respiratory symptoms, contributing to 15-30% of cases of common cold).
But, all 7 strains of human coronaviruses are capable of infecting the human brain, presenting an immense risk of chronic
long-term morbidity (brain is constantly infected and colonized with numerous microorganisms, some of which can
induce substantial pathogenesis). This complex interaction was neglected in the past and one critical reason why
vaccination/immunization is crucial against viral/bacterial infections (not only for those with pandemic potential). The
transsynaptic spread of SARS-CoV-2 and other human coronaviruses throughout the olfactory path would explain the
fast presentation of symptoms such as anosmia (loss of sense of smell). Multiple molecular mechanisms are likely to be
involved for brain infection and induced behavioral alterations by microorganisms (e.g., SARS-CoV-2). It will take
decades to understand the extent of damage due to neuroinvasive potential of microbes. Long-term outcomes may be
grave and grim. Hence, preventive measures (vaccination, immunization) are quintessential to reduce risk of morbidity

rather than relying on future discoveries for better treatment (e.g. patients with acute and chronic COVID-19 sequelae).

Dr. Danielle Beckman, California National Primate Research Center, University of California (Davis, CA) dbeckman@ucdavis.edu = https://www.daniellebeckman.com
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Human coronaviruses

7 strains known
Enveloped, Positive-sense, single-stranded, RNA viruses
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Infection Control and clearance Long-term control

Dr. Danielle Beckman, California National Primate Research Center, University of California (Davis, CA) dbeckman@ucdavis.edu = https://www.daniellebeckman.com
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Zika, dengue transmission expected to rise with climate change

.
by Luis Patriani on 9 August 2023 | Translated by Maya Johnson

* A new study foresees a 20% increase in cases of viruses like dengue, Zika and
chikungunya over the next 30 years due to climate change.

» Higher temperatures are already causing the diseases carried by the Aedes aeqgypti
mosquito to spread in cooler regions like southern Brazil and southern Europe.

» Deforestation also favors the spread of these ilinesses because biodiversity-rich forests

with more predators tend to inhibit mosquito populations.
Van Wyk H, Eisenberg JNS, Brouwer AF. Long-term projections of the impacts of

warming temperatures on Zika and dengue risk in four Brazilian cities using a
temperature-dependent basic reproduction number. PLoS Negl Trop Diseases.
2023 April 27; 17(4):e0010839. doi: 10.1371/journal.pntd.0010839

The number of deaths in Brazil due to dengue hit a record high in 2022, with 1,016 —
the first time in history the number had surpassed four digits.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10138270/pdf/pntd.0010839.pdf

i Live, Attenuated, Tetravalent Butantan—Dengue Vaccine in
Children and Adults

E.G. Kallas and Others RIS -
N
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\Jg
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Kallas et al. recently published a report of the efficacy and safety findings after 2 years

of follow-up of an ongoing phase 3 trial in Brazil that is evaluating a single dose of Butantan—Dengue
Vaccine for the prevention of symptomatic, virologically confirmed dengue infection in children,
adolescents, and adults regardless of their history of dengue exposure.

Clinical Pearls

What regions of the world have the largest burden of dengue disease?

Four serotypes of dengue virus (DENV) circulate worldwide, causing an estimated 390 million infections
annually. The largest burden of dengue disease occurs in Southeast Asia and Central and South America. In
Brazil, DENV is hyperendemic, with varying incidence across the country. Although most primary DENV
infections are asymptomatic or subclinical, DENV can result in severe disease, particularly with secondary
heterotypic infection.

Kallas EG, Cintra MAT, Moreira JA, Patifio EG, Braga PE, Tenério JCV, Infante V, Palacios R, de Lacerda MV G, Batista Pereira D, da Fonseca AJ, Gurgel RQ, Coelho
IC, Fontes CJF, Marques ETA, Romero GAS, Teixeira MM, Siqueira AM, Barral AMP, Boaventura VS, Ramos F, Elias Junior E, Cassio de Moraes J, Covas DT, Kalil ],

Precioso AR, Whitehead SS, Esteves-Jaramillo A, Shekar T, Lee JJ, Macey ], Kelner SG, Coller BG, Boulos FC, Nogueira ML. Live, Attenuated, Tetravalent
Butantan-Dengue Vaccine in Children and Adults. New England ] Med. 2024 February 1; 390(5):397-408. doi: 10.1056/NEJM0a2301790. PMID: 38294972.




Europe is facing an alarming situation: 45-fold rise in measles from 2022 to 2023. In
Measles outbreaks cause alarm: P ; 8

2023, the region reported 42,200 measles cases, up from fewer than 1,000 in 2022.

wh at the data S ay Globally, the number of measles cases increased by 18% between 2021 and 2022, and

deaths from measles increased by 43%, according to a WHO report (November, 2023).

A drasticrise in infections in the United Kingdom and Europe follows a drop in vaccine

uptake. ]ABS NEEDEB

The proportion of people globally who have received their first and second doses
MEASLES SURGE of measles-containing vaccines falls short of the World Health Organization’s

There have been more than 200 confirmed cases of measles in England since recommended level of 95%, which achieves ‘herd immunity’.

October 2023, prompting health authorities to declare a national incident.

D) -vevvvv s eeeeee e e = First dose = Second dose
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Number of confirmed cases
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Measles vaccine coverage

O I I I I ]

Jén Feb Mar Apr May Jun Juu Aug Sep Oct Nov Dec
2023 »

| | | |
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https://www.nature.com/articles/d41586-024-00265-8

THE STATE OF GLOBAL HEALTH AND HEALTHCARE DEPENDS ON

FEWS

The shorter the FEWS, the longer the healthcare burden



SANITATION

» Approximately half a billion

7 l‘. |
people defecate in the open ( ’

s\\ Dy |
(on streets, open sewers, --"7*=:'-—-

bushes, fields, bodies of water - streams, ponds, lakes)

*Over 1.5 billion people do not have access to basic

sanitation facilities, toilets or latrines.

*In 2022, ~ half of the global population (~4 billion

people) did not have any managed sanitation service.



https://doi.org/10.1038/d41586-024-00886-z

g@y Umted §‘."¢1 UN 2023 Water Conference
L2 Nations

v}l{'v 22 — 24 Mar 2023, New York

FEWS

2 billion people do not have
access to clean and safe
drinking water, according to
UN (

WATER on 22 March 2023)

https://sdgs.un.org/conferences/water2023


https://www.unesco.org/reports/wwdr/2023/en/download
https://www.unesco.org/reports/wwdr/2023/en/download
https://www.unesco.org/reports/wwdr/2023/en/download

Energy & Environment » Energy
Number of people without access to electricity worldwide
2023, by region

(in millions)
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https://unstats.un.org/sdgs/report/2023/Goal-07 @ Sub-Saharan Africa @ Developing Asia Latin America @ Rest of world


http://www.statista.com/statistics/829803/number-of-people-without-access-to-electricity-by-region/

https://ourworldindata.org/energy-access

Access to Energy

Access to electricity and clean cooking fuels
are vital for a good standard of living and
good health.

By: Hannah Ritchie, Pablo
Rosado and Max Roser

Proportion of population with access to electricity, 2015 and 2021 (percentage)
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~1 Billion people in the world: Facing Hunger, 2021 ~2 Billion people in the world: Food Insecurity, 2021 '
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FAO, IFAD, UNICEF, WFP and WHO. 2022. The State of Food Security and Nutrition in the World 2022.
Repurposing food and agricultural policies to make healthy diets more affordable. Rome, FAO.
https://doi.org/10.4060/cc0639en

https://www.fao.org/3/ccO879en/ccO879en.pdf

https://www.fao.org/3/cc0639en/cc0639en.pdf



https://doi.org/10.4060/cc0639en
https://www.fao.org/3/cc0879en/cc0879en.pdf
https://www.fao.org/3/cc0639en/cc0639en.pdf

- ‘Al models are wrong,

B ‘& but some are useful” Mepbereciot
models are wrong; the '@ JN Geoorge EP Box
practical question is how i Zin LS
wrong do they have to oitry

Health

be to not be useful. b

Gini Index

G ; B : /,,%A)("/Q o
e'or g e Dx Population Population Co% 0

Income Income b

Poverty Intake
Food composition

Bodymass index

Macroeconomy
and Energy
System Model

Climate
Model

What would making our food systems inclusive, health- i Lahg
Crop and grass yields ysiem

enhancing and environmentally sustainable entail ? This [ o Carbon densities Model
report draws on extensive research undertaken by the Food e PSRN ¥\ Connections
System Economics Commission from 2020 to 2023: is such yokelen @ Modéls
a global transformation economically viable? What are the

policy levers? And what obstacles could block its way?

https://foodsystemeconomics.org/wp-content/uploads/FSEC-Global_Policy_Report.pdf




THE HEALTH OF NATIONS

The requirement for food, agnostic of the economic climate of individuals, makes nutrition an overwhelming

platform of choice for delivery of preventive and prescriptive therapeutics. Willful ignorance peddled by a
disenfranchised groups continue their march of unreason by sowing socio-economic morbidity. It has plagued the
delivery of medicinal value through food and nutrition, for example, prevention of xeropthalmia in children. The
unbounded global transmissibility of prions, viruses and bacteria has exposed the chasm between the affluent
nations and resource constrained communities in terms of access to healthcare and public health practices. There
is little doubt that the reach of therapeutics (vaccines) are stringently controlled by corporate greed and gluttony,
under the protection of legal frameworks. The latter makes a mockery of health as a human right and perpetrates
the myth of irremediable injustices. Are they irremediable? Radical changes in research leadership and strategy
are necessary to bring health related remedies and solutions to >80% of the global population (~8 billion) who
are not a part of the affluent world (~1 billion). Is “food” the final frontier in scientific research in our plight to
usher even a modicum of healthcare equity for the down-trodden, forgotten and misbegotten? This talk will not

present any new ideas but revisit grand and profound old results, with renewed analyses through my old eyes.

Shoumen Palit Austin Datta, Massachusetts General Hospital, Harvard Medical School and Department of Mechanical Engineering, Massachusetts Institute of Technology
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Can we trigger immune response in humans to foreign antigens by sublingual
administration of raw leaf “paste” from plants expressing foreign proteins?

ABSTRACT

FDA approval of a form of glucocerebrosidase purified from and produced in plants (carrot cells) unleashed the
potential for plant-derived therapeutic molecules to accelerate access to healthcare for resource constrained
communities. The pandemic has increased the demand for delivery of antigens to vulnerable populations in remote
corners of the world who cannot afford vaccines marketed by US corporations. Global public health challenge from
viruses with pandemic potential (e.g., Ebola) requires the convergence of virologists, molecular biologists and plant
geneticists to construct vectors expressing viral antigens detectable in leaves and stems of fast-growing transgenic
plants (e.g., Arabidopsis thaliana). The ubiquitous availability of these plants (each expressing one or more viral
antigens or epitopes) and eliminating the need for purification of the viral protein product from the plant, are key
catalysts. A low-cost crude leaf “paste” made by using a mortar and pestle, may be used directly under the tongue
to allow the viral antigens to enter the bloodstream through the bed of capillaries under the mucosal membranes

(sublingual). This review discusses this hypothetical proposal and analyzes why the optimism may not be irrational.



HYPOTHESIS

SELF-VACCINATION USING SUBLINGUAL RAW LEAF PASTE

Raw leaf “paste” from transgenic plants, harboring recombinant foreign antigens (for example, Ebola Virus “Spike”
protein - EBOV), can deliver foreign antigen(s) to the bloodstream of humans through sublingual administration. The
presence of foreign antigen in the human bloodstream will trigger a healthy immune system to mount humoral
(antibodies) and cellular (T-Lymphocytes) response. Thus, plants (raw leaf paste) can be a very low-cost vehicle for
self-vaccination which can immunize billions of people in less affluent nations (>80% of the global population). This

hypothesis is only about DELIVERY of the optimized antigen through a low-cost and ubiquitous vehicle (plant, food).




BASIC SCIENCE

Vaccines are a generic term. Delivery of one or more foreign antigen(s) is a more appropriate term. CoVID-19 vaccine
was not a conventional attenuated virus vaccine. CoVID-19 vaccine delivered a “blueprint” (mRNA) for a target antigen
(Spike protein of SARS-CoV-2). If a healthy human can receive (vaccinated, immunized) the foreign antigen prior to
exposure to infectious particles (prions, virus, bacteria, fungi, parasites) then a healthy immune system can naturally

defend the body by mounting immune responses (antibodies, T-lymphocytes). Delivering the foreign antigen is key.

Streatfield SJ, Karczewski J, Yusibov V. Introduction. Vaccine. 2017 October 4;35(41):5435-5436. doi: 10.1016/j.vaccine.2017.08.032.
Epub on 2017 August 18. PMID: 28826749; PMCID: PMC7130944. www.ncbi.nlm.nih.gov/pmc/articles/PMC7130944/pdf/main.pdf

HELPS TO UNDERSTAND THE NATURE & TYPES OF VACCINES

Vaccine Types https://www.hhs.gov/immunization/basics/types/index.html
https://www.pfizer.com/news/articles/understanding_six_types of vaccine_technologies

Humoral Immunity (Antibodies) https://www.ncbi.nlm.nih.gov/books/NBK10752/

Cellular Immunity (T-Lymphocytes) https://www.ncbi.nlm.nih.gov/books/NBK107/62/



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7130944/pdf/main.pdf
https://www.hhs.gov/immunization/basics/types/index.html
https://www.pfizer.com/news/articles/understanding_six_types_of_vaccine_technologies
https://www.ncbi.nlm.nih.gov/books/NBK10752/
https://www.ncbi.nlm.nih.gov/books/NBK10762/

THE PROPOSAL

WHY THIS SUGGESTION? WHO MAY BENEFIT? HOW?

THIS IS NOT A NEW OR NOVEL SUGGESTION. THIS TALK IS MERELY HIGHLIGHTING RESEARCH RESULTS SPANNING 30 YEARS.




In the first two years after a pandemic was declared, a dozen new vaccines
were developed and more than 10 billion doses were administered. The
rollout was unprecedented in its speed and scope, but distribution has been
lopsided. Countries with the highest incomes have been vaccinated 10 times

faster than those with the lowest.

Delivering billions of additional doses to some of the world’s least-equipped
nations remains one of the biggest challenges for global health.

Uneven Access to Vaccines

Least wealthy B Most wealthy I'aiSOI'l d'étre

1

Vaccines

Population

Note: Countries and regions are ordered by GDP per capita (PPP).  https://www.bloomberg.com/graphics/covid-vaccine-tracker-global-distribution



https://www.bloomberg.com/graphics/covid-vaccine-tracker-global-distribution/

THE WEALTH OF NATIONS

B Founding member Joined 1n the 1960s M 1970s 1990s M 2000s 2010s
2020s

Source: Organization for Economic Cooperation and Development Bloomberg

This suggestion may not benefit the founding members of the “Club”




HOW?

IMAGINE, INVENT, INNOVATE TO CHANGE THESE THREE PROCESSES
® ANTIGEN-VACCINE MANUFACTURING

® MATERIAL STORAGE, DISTRIBUTION, LOGISTICS

® ACT OF VACCINATION (IMPLEMENTATION OF IMMUNIZATION)



IS DEMOCRATIZATION OF THE PROCESS THE ANSWER ?

ANTIGEN-VACCINE MANUFACTURING CORPORATIONS

SINGLE MOST IMPORTANT RATE LIMITING FACTOR (BOTTLE NECK). PROCESS OWNED BY CORPORATIONS CONTROLLING ACCESS.

Company Location Plant Bioproduct

Kentucky BioProcessing Owensboro, KY, USA  Tobacco, potato Norovirus VP1 Ebola
LLC (KBP]) virus antibody (ZMapp)

Sigma-Aldrich Fine St. Louis, MO, USA Maize Trypsin
Chemicals

Medicago Inc. Quebec, Canada Nicotiana benthamiana Influenza HA-VLP
Protalix Carmiel, Israel Carrot cells, tobacco Alphataliglicerase

cells
Caliber Biotherapeutics Byran, TX, USA Tobacco Influenza HA
LLC
Fraunhofer CMB USA Newark, DE, USA Nicotiana benthamiana Influenza HA
Fraunhofer IME Aachen, Germany Tobacco Antibody (for HIV)
National Institute of Hokkaido, Japan Strawberry Canine interferon alpha

Advanced Industrial
Science and Technology

Institute of Medical Science,  Tokyo, Japan Rice Cholera toxin B subunit
The University of Tokyo



www.pfizer.com/news/press-release/press-release-detail/pfizer_and protalix_biotherapeutics announce fda_approval of elelyso taliglucerase alfa for_the treatment of gaucher disease

May 1, 2012 - US Food & Drug Administration (FDA) approves first plant cell-expressed
ELELYSO™ (taliglucerase alfa*), an enzyme replacement therapy for adults with type 1
Gaucher disease. ELELYSO is derived from Protalix's proprietary manufacturing system,
using genetically engineered carrot cells as bio-reactors to produce a form of human

lysosomal enzyme, glucocerebrosidase.
www.nature.com/articles/nbt0612-472 10+ yea rS ago

www.drugs.com/history/elelyso.html

* Shaaltiel Y, Bartfeld D, Hashmueli S, Baum G, Brill-AImon E, Galili G, Dym O, Boldin-Adamsky SA, Silman |, Sussman JL, Futerman AH, Aviezer D.
(2007) Production of glucocerebrosidase with terminal mannose glycans for enzyme replacement therapy of Gaucher's disease using a plant cell
system. Plant Biotechnol J. 2007 September; 5(5):579-590. doi: 10.1111/j.1467-7652.2007.00263.x. Epub 2007 May 24. PMID: 17524049.
https://onlinelibrary.wiley.com/doi/epdf/10.1111/j.1467-7652.2007.00263.x

Daniell H, Singh ND, Mason H, Streatfield SJ. (2009) Plant-made vaccine antigens and biopharmaceuticals. Trends Plant Sci. 2009 December;
14(12):669-679. doi: 10.1016/j.tplants.2009.09.009. Epub 2009 October 14. PMID: 19836291; PMCID: PMC2787751.
https://www.ncbi.nIm.nih.gov/pmc/articles/PMC2787751/pdf/main.pdf

Kwon KC, Verma D, Singh ND, Herzog R, Daniell H. (2013) Oral delivery of human biopharmaceuticals, autoantigens and vaccine antigens
bioencapsulated in plant cells. Adv Drug Deliv Rev. 2013 June 15; 65(6):782-799. doi: 10.1016/j.addr.2012.10.005. Epub 2012 October 23.
PMID: 23099275; PMCID: PMC3582797. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3582797/pdf/nihms417004.pdf

Shaaltiel Y, Gingis-Velitski S, Tzaban S, Fiks N, Tekoah Y, Aviezer D. (2015) Plant-based oral delivery of B-glucocerebrosidase as an enzyme
replacement therapy for Gaucher's disease. Plant Biotechnol J. 2015 October; 13(8):1033-40. doi: 10.1111/pbi.12366. Epub 2015 April 1.
PMID: 25828481. https://onlinelibrary.wiley.com/doi/epdf/10.1111/pbi.12366



http://www.nature.com/articles/nbt0612-472
http://www.drugs.com/history/elelyso.html
https://www.pfizer.com/news/press-release/press-release-detail/pfizer_and_protalix_biotherapeutics_announce_fda_approval_of_elelyso_taliglucerase_alfa_for_the_treatment_of_gaucher_disease
https://onlinelibrary.wiley.com/doi/epdf/10.1111/j.1467-7652.2007.00263.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2787751/pdf/main.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3582797/pdf/nihms417004.pdf
https://onlinelibrary.wiley.com/doi/epdf/10.1111/pbi.12366

PLANTS, NATURALLY

NATURAL BIO-MIMETIC MANUFACTURING PROCESS

PLANTS ¥ CARROTS AS PROPRIETARY BIOREACTORS

NOT NEW. CLINICAL TRIALS ARE IN PROGRESS WITH PLANT-BASED COVID-19 VACCINE. BUT THERE IS AN IMMENSE CONTROL
FACTOR - PRODUCTION IS FOLLOWED BY PURIFICATION OF SARS-COV-2 VLP (VIRUS LIKE PARTICLES) FOR USE AS AN ANTIGEN.

REFERENCE HTTPS://WWW.NATURE.COM/ARTICLES/S41591-021-01370-1
CLINICAL TRIAL HTTPS://CLINICALTRIALS.GOV/CT2/SHOW/NCT03739112

REVIEW HTTPS://WWW.NCBI.NLM.NIH.GOV/PMC/ARTICLES/PMC8473425/

CORPORATE PURIFICATION OF PLANT BASED VLP ROBS THE BIO-MIMICRY OF THE MANUFACTURING PROCESS (PLANTS). AGAIN
RE-INTRODUCES INSURMOUNTABLE BARRIERS (ACCESS), INCREASES COST (FOCUS ON SHAREHOLDER PREMIUM NOT HUMAN
VALUE) AND CONTROL OF PRODUCT DEVELOPMENT RE-CREATES THE NIGHTMARE OF LOGISTICS BEFORE IT REACHES HUMANS.



https://www.nature.com/articles/s41591-021-01370-1
https://clinicaltrials.gov/ct2/show/NCT03739112
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8473425/

SHOULD WE PRAISE IMPURITIES WITH IMPUNITY ?

THE RADICAL PART IN THIS HYPOTHETICAL SUGGESTION

CAN WE ELIMINATE THE

PURIFICATION STEP 27?7




IN PRAISE OF IMPERFECTION

Plastid transformation
Gene introduction: chloroplast
Site of expression: leaves
Advantages: 1) Less outcross
2) High protein yield
Disadvantage: Limit of choice
target plants

Stable
expression
system

lant viral vector
Gene introduction: cytoplasm
Site of expression: leaves

Advantages: 1) Antigen expressed as
VLPs

2) High protein yield
Disadvantages: 1) Purification is needed
2) Limit of target plants

Ggrabacterium binary vector
Gene introduction: nucleus

Site of expression: crops, leaves
Advantage: Permanent genetic source

of antigen
Disadvantages: 1) Production time
\ 2) Possible gene silencing
Transient
expression
system

Infiltration of Agrobacterium —\
or viral vector
Gene introduction: cytoplasm
Site of expression: leaves
Advantage: 1) Production time
Disadvantages: 1) Limit of target plants
2) Specific equipment
is needed j

https://www.ncbi.nim.nih.gov/pmc/articles/PMC4667769/pdf/10.1177 2051013615613272.pdf



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4667769/pdf/10.1177_2051013615613272.pdf

R o . i o P
5 i’ y M T
y = .\u\__.-_ . A <1 P Koe v 20
BENEFITS 0F https://www.youtube.com/watch?v=ebTrfbaAOFE

www.youtube.com/watch?v=aOpTFCVN_0Ok

)
» c"EWING NEEM https://www.youtube.com/watch?v=RdRNxXf_WXw
- 3 I‘

|

WE HAVE BEEN PRAISING IMPURITIES WITH IMPUNITY

Indians still use neem stem as a tooth- brush cum tooth paste for astringent tooth
cleaning. It is an old practice in India (and Asia, Africa) since time immemorial.
People pluck and use neem stems as traditional tooth-brushes for tooth cleaning.
The fact that the “brush” is a natural plant product helps to bypass corporate greed.

IS PURIFICATION A “WESTERN” CONCEPT ?

THE RADICAL PART IN THIS SUGGESTION IS A COMMON PRACTICE


https://www.youtube.com/watch?v=ebTrfbaAOFE
https://www.youtube.com/watch?v=a0pTFCVN_0k
https://www.youtube.com/watch?v=RdRNxXf_WXw

DO THESE WORDS HOLD THE KEY? RAW? SUBLINGUAL?

THIS SUGGESTION - PLEASE CONSIDER LEAF “PASTE”

ANTIGEN PRODUCED IN A PLANT (IN LEAF)
*SUBLINGUAL DELIVERY (RAW LEAF PASTE)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2234198/pdf/zpgl1644.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2950356/pdf/0536-10.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3206068/pdf/pone.002697 3.pdf
https://doi.org/10.1016/j.vaccine.2018.07.073



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2234198/pdf/zpq1644.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2950356/pdf/0536-10.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3206068/pdf/pone.0026973.pdf
https://doi.org/10.1016/j.vaccine.2018.07.073

ARE WE PROPOSING TO DO WHAT HAS BEEN DONE BEFORE?

EDIBLE RAW PLANT PRODUCTS/EXTRACTS ARE QUITE
COMMON IN LESS AFFLUENT NATIONS. 80% OF WORLD




CAN WE PRODUCE VIRAL ANTIGENS IN PLANTS?

YES.

PUBLISHED 30 YEARS AGO (1992).




ROGER THAT

CAN WE PRODUCE VIRAL ANTIGENS IN FOOD?

YES.

PUBLISHED 25+ YEARS AGO (1990).




AFFIRMATIVE

CAN VIRAL ANTIGENS IN FOOD INDUCE IMMUNITY ??

YES.
HIGH TITERS OF ANTIBODIES IN MICE.
PUBLISHED 25 YEARS AGO (SINCE 19906).




STILL WAITING FOR GODOT ?

WHAT ARE WE WAITING FOR ??

LEADERSHIP IN SCIENTIFIC RESEARCH 2?7
SCIENCE FOR THE SERVICE OF SOCIETY.
INFECT THE WORLD WITH MAGNANIMITY.




DRUM RO

HERE ARE THE EVIDENCE




SOMATOSTATIN IN BACTERIA
SCIENCE ® December 1977
198 (4321):1056-1063
doi: 10.1126/science.412251.

INSULIN IN BACTERIA ® June 1978
https://www.ncbi.nlm.nih.gov/pmc/arti

cles/PMC392859/pdf/pnas00020-

0197.pdf

INSULIN IN BACTERIA ® October 1978
https://www.ncbi.nlm.nih.gov/pmc/arti

cles/PMC382885/pdf/pnas00001-

0114.pdf

Proc. Natl. Acad. Sci. USA
Vol. 75, No. 8, pp. 3727-3731, August 1978
Biochemistry

45 years ago

A bacterial clone synthesizing proinsulin
(rat preproinsulin/cDNA cloning/solid-phase radioimmunoassay/DNA sequence/fused proteins)

LYDIA VILLA-KOMAROFF*, ARGIRIS EFSTRATIADIS*, STEPHANIE BROOME*, PETER LOMEDICO¥,
RICHARD TIZARD*, STEPHEN P. NABERT, WILLIAM L. CHICK', AND WALTER GILBERT*

* Biological Laboratories, Harvard University, Cambridge, Massachusetts 02138; and t Elliot P. Joslin Research Laboratory, Harvard Medical School,

and the Peter Bent Brigham Hospital, Boston, Massachusetts 02215
Contributed by Walter Gilbert, June 9, 1978

Expression in Escherichia coli of a Chemically Synthesized
Gene for the Hormone Somatostatin

Abstract. A gene for tostatin, a man lian peptide (14 amino acid residues)
hormone, was synthesized by chemical methods. This gene was fused to the Esche-
richia coli B-galactosidase gene on the plasmid pBR322. Transformation of E. coli
with the chimeric plasmid DNA led to the synthesis of a polypeptide including the
sequence of amino acids corresponding to so statin. In vitro, active somatosta-
tin was specifically cleaved from the large chimeric protein by treatment with cy-
anogen bromide. This represents the first synthesis of a functional polypeptide prod-
uct from a gene of chemically synthesized origin.

Dr. Lydia Villa-Komaroff -

Proc. Natl. Acad. Sci. USA
Vol. 76, No. 1, pp. 106-110, January 1979
Biochemistry

Expression in Escherichia coli of chemically synthesized genes
for human insulin
(plasmid construction, lac operon /fused proteins /radioi /peptide purificati

DAVID V. GOEDDEL*!, DENNIS G. KLEID*, FRANCISCO BOLIVAR*, HERBERT L. HEYNEKER¥,

DANIEL G. YANSURA*, ROBERTO CREA*%, TADAAKI HIROSE!, ADAM KRASZEWSKI?,

KEINCHI ITAKURA%, AND ARTHUR D. RicGst*

*Division of Molecular Biology, Cenentech, Inc., 460 Point San Bruno Boulevard, South San Francisco, California 84080; and *Division of Biology, City of Hope
National Medical Center, Duarte, California 81010

Communicated by Ernest Beutler, Octaber 3, 1978


https://sfx.mit.edu/sfx_local?__char_set=utf8&id=doi:10.1126/science.412251&sid=libx%3Amit&genre=article
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC392859/pdf/pnas00020-0197.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC392859/pdf/pnas00020-0197.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC392859/pdf/pnas00020-0197.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC382885/pdf/pnas00001-0114.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC382885/pdf/pnas00001-0114.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC382885/pdf/pnas00001-0114.pdf
https://amysmartgirls.com/20for2020-dr-78d197fdbf3c

>40 years ago

40 years ago at UCSF... a catalyst...
Bill Rutter’'s HepB antigen in yeast...

Synthesis and assembly of hepatitis B virus
surface antigen particles in yeast
Pablo Valenzuela'', Angelica Medina® & William J. Rutter”

* Department of Biochemistry and Biophysics, University of California, San Francisco, California 94143, and  Chiron Corporation, 4560 Horton,
Emeryville, California 94608, USA

Gustav Ammerer & Benjamin D. Hall
Department of Genetics, SK-50, University of Washington, Seattle, Washington 98195, USA

The surface antigen of hepatitis B virus (HBsAg) has been synthesized in the yeast Saccharomyces cerevisiae by using
an expression vector that employs the 5-flanking region of yeast alcohol dehydrogenase I as a promoter to transcribe
surface antigen coding sequences. The protein synthesized in yeast is assembled into particles having properties similar
to the 22-nm particles secreted by human cells.

Valenzuela P, Medina A, Rutter WJ, Ammerer G, Hall BD. (1982)
Synthesis and assembly of hepatitis B virus surface antigen
particles in yeast. Nature. 1982 July 22;298(5872):347-350.
doi: 10.1038/298347a0. PMID: 7045698.

Bill Rutter https://oac.cdlib.org/view?docld=kt7g2nb2hm&query=&brand=o0ac4



https://oac.cdlib.org/view?docId=kt7q2nb2hm&query=&brand=oac4

Nature. 1989 Nov 2;342(6245):76-8. doi: 10.1038/34207 6a0.

Production of antibodies in transgenic plants Production of antibodies in
A Hiatt ', R Cafferkey, K Bowdish tra nsgenic plants

Affiliations
_— Andrew Hiatt, Robert Cafferkey & Katherine Bowdish
Affiliation
I Department of Molecular Biology, Research Institute of Scripps Clinic, La Jolla, California 92037. Department of Molecular Eiﬂiﬂg}f. The Research Institute of Scripps Clinic,

10666 MNorth Torrey Pines Road, La Jolla, California 92037, USA
PMID: 2509938 DOI: 10.1038/342076a0

WHERE IS THE EVIDENCE ?

HTTPS://WWW.NATURE.COM/ARTICLES/3420/6A0.PDF

33 years ago



https://www.nature.com/articles/342076a0.pdf

# patentscopewipo.int/search/en/detail jsf?docld=W01990002484 Qe w N

Publication Number Title

W0/1980/002484 [EN] ORAL IMMUNIZATION BY TRANSGENIC PLANTS
[FR] IMMUNISATION PAR VOIE ORALE A L'AIDE DE PLANTES TRANSGENIQUES

Publication Date

22.031890
Abstract

International Application No. [EN] The invention is directed to transgenic plants expressing colonization and/or virulence antigens specified by genes

PCT/US1983/003799 from pathogenic microorganisms. It is also directed to the use of such transgenic plants for oral immunization of
humans and other animals to elicit a secretory immune response which inhibits colonization of or invasion by such

International Filing Date pathogenic microorganisms through a mucosal surface of humans or other animals.

05.09.1989 [FR) L'invention concerne des plantes transgéniques exprimant des antigénes de colonisation et/ou de virulence
specifiés par des génes provenant de microorganismes pathogénes. Elle concerne également ['utilisation de telles

Chapter 2 Demand Filed plantes transgéniques pour l'immunisation par voie orale de ['hnomme et de l'animal, afin de provoquer une réponse

91031990 immunitaire sécrétoire inhibant la colonisation ou l'invasion par lesdits microorganismes pathogénes, & travers une
surface muqueuse humaine ou animale.

WHERE IS THE g
Related patent documents
7 ABTK 38/00 20061 | | CO7K 14/245 2006 EP0433372 AU1989043172 CA1339307 JP1992501801 Ar218797 ZA1989/06803 KR1019900701152 US5H654184
EVI D E N c E — C07K14/3152006.1 | C12N 9/10 20086.1 USh67/8880 US5686079 JP2000166411
C12N 9/24 20061  C12N 15/82 2006.1 https://patentscope.wipo.int/search/en/detail.jsf?docld=W01990002484

CPC

ADTH5/00  ABTIK 39/00 | CO7K14/245 ¢ 33 yea rS ago

CO7TK14/315 | CO7K2319/00 | C12N15/8258

View more classifications

3 years ago W

Applicants
WASHINGTON UNIVERSITY [US]/[US] MaF, Zhang E, Li Q, Xu Q, Ou ], Yin H, Li K, Wang L, Zhao X, Niu X, Li X, Zhang S,
1 Brookings Drive St. Louis, MO 63130, US Wang Y, Deng R, Zhou E, Zhang G. (2020) A Plant-Produced Recombinant Fusion
nvent Protein-Based Newcastle Disease Subunit Vaccine and Rapid Differential Diagnosis
nventors

Platform. Vaccines (Basel). 2020 March 9; 8(1):122. doi: 10.3390/vaccines8010122.
CURTISS, Roy, Il
CARDINEAU, Guy, A,



https://patentscope.wipo.int/search/en/detail.jsf?docId=WO1990002484
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7157242/pdf/vaccines-08-00122.pdf

Proc. Natl. Acad. Sci. USA
Vol. 89, pp. 11745-11749, December 1992
Immunology

Expression of hepatitis B surface antigen in transgenic plants
(oral vaccine /foreign genes/plants)

HuGH S. MaAsoN*T, DoMINIC MAN-KIT LAM*¥, AND CHARLES J. ARNTZENTS

* AgriStar Inc., 100 Hawthorn, Conroe, TX 77301; "Institute of Biosciences and Technology, Center for Plant Biotechnology, Texas A&M University,
Houston, TX 77030-3303; and ¥LifeTech Industries, Ltd., 100 Hawthorn, Conroe, TX 77301

Contributed by Charles J. Arntzen, September 16, 1992

WHERE IS THE EVIDENCE ?

PNAS01098-0106.PDF

30 years ago


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC50633/pdf/pnas01098-0106.pdf

Proc. Natl. Acad. Sci. USA
Vol. 92, f)p. 3358-3361, April 1995
Immunology

Immunogenicity of transgenic plant-derived hepatitis B
surface antigen

(plant-derived antigens/antibody production/T-cell proliferation)

Y. THANAVALA*, Y.-F. YANG*, P. LyonsT, H. S. Masont, AND C. ARNTZENT

*Department of Molecular Immunology, Roswell Park Cancer Institute, Elm and Carlton Streets, Buffalo, NY 14263; and TAlkek Institute of Biosciences and
Technology, Texas A&M University, 2121 Holcombe Boulevard, Houston, TX 77030-3303

Contributed by C. Arntzen, January 6, 1995

WHERE IS THE EVIDENCE ?

HTTPS://WWW.NCBI.NLM.NIH.GOV/PMC/ARTICLES/PMC42165/PDF/PNAS01492-0291.PDF

2( years ago



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC42165/pdf/pnas01492-0291.pdf

A4 © 2000 Nature America Inc. * http://biotech.nature.com

RESEARCH ARTICLES

Production of hepatitis B surface antigen
in transgenic plants for oral immunization

Liz J. Richter!, Yasmin Thanavala?, Charles J. Arntzen!, and Hugh S. Mason'*

1Boyce Thompson Institute for Plant Research, Inc., Tower Rd., Ithaca, NY 14853-1801. 2Department of Immunology, Roswell Park Cancer Institute,
Elm and Carlton Streets, Buffalo, NY 14263. *Corresponding author (HSM7@cornell.edu).

Received 24 January 2000; accepted 27 June 2000

WHERE IS THE EVIDENCE ?

HBSAG POTATO HTTPS://WWW.NATURE.COM/ARTICLES/NBT1100_ 1167.PDF

22 years ago



https://www.nature.com/articles/nbt1100_1167.pdf

Human Immune Responses to a Novel Norwalk Virus Vaccine Delivered
in Transgenic Potatoes

Carol O. Tacket,' Hugh S. Mason,’ 'Center for Vaccine Development, University of Maryland School

Genevieve Losonsky,' Mary K. Estes,? of Medicine, Baltimore; *Baylor College of Medicine, Division
of Molecular Virology, Houston, Texas; *Boyce Thompson

Myron M. Levine,' and Charles J. Arntzen’ _

Institute for Plant Research, Ithaca, New York
A new approach for delivering vaccine antigens is the use of inexpensive, plentiful, plant-
based oral vaccines. Norwalk virus capsid protein (NVCP), assembled into virus-like particles,
was used as a test antigen, to determine whether immune responses could be generated in
volunteers who ingested transgenic potatoes. Twenty-four healthy adult volunteers received
2 or 3 doses of transgenic potato (rn = 20) or 3 doses of wild-type potato (n = 4). Each dose
consisted of 150 g of raw, peeled, diced potato that contained 215-751 pg of NVCP. Nineteen
(95%) of 20 volunteers who ingested transgenic potatoes developed significant increases in the
numbers of specific IgA antibody—secreting cells. Four (20%) of 20 volunteers developed
specific serum IgG, and 6 (30%) of 20 volunteers developed specific stool IgA. Overall, 19 of
20 volunteers developed an immune response of some kind, although the level of serum

antibody increases was modest.

WHERE IS THE EVIDENCE ?

NORO VLP IN POTATO HTTPS://ACADEMIC.OUP.COM/JID/ARTICLE/182/1/302/884350

22 years ago


https://academic.oup.com/jid/article/182/1/302/884350

JOURNAL OF VIROLOGY, Aug. 2003, p. 8702-8711 Vol. 77, No. 16
0022-538X/03/808.00+0 DOI: 10.1128/JV1.77.16.8702-8711.2003
B Copyright © 2003, American Society for Microbiology. All Rights Reserved. ]

Oral Immunogenicity of Human Papillomavirus-Like Particles
Expressed in Potato

Heribert Warzecha,'t Hugh S. Mason,'+ Christopher Lane,” Anders Tryggvesson,' Edward Rybicki,’
Anna-Lise Williamson,” John D. Clements,* and Robert C. Rose**

Boyce Thompson Institute for Plant Research, Ithaca, New York 14850'; Department of Medicine, University of Rochester
School of Medicine and Dentistry, Rochester, New York 14642%; Department of Medical Microbiology, University of
Cape Town, Cape Town, South Africa®; and Department of Microbiology and Immunology,

Tulane University Health Sciences Center, New Orleans, Louisiana 701 18*

Received 10 January 2003/Accepted 13 May 2003

Human papillomavirus-like particles (HPV VLPs) have shown considerable promise as a parenteral vaccine
for the prevention of cervical cancer and its precursor lesions. Parenteral vaccines are expensive to produce
and deliver, however, and therefore are not optimal for use in resource-poor settings, where most cervical HPV
disease occurs. Transgenic plants expressing recombinant vaccine immunogens offer an attractive and poten-
tially inexpensive alternative to vaccination by injection. For example, edible plants can be grown locally and
can be distributed easily without special training or equipment.

WHERE IS THE EVIDENCE ?

HTTPS://WWW.NCBI.NLM.NIH.GOV/PMC/ARTICLES/PMC167207/PDF/0052.PDF

~ 20 years ago


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC167207/pdf/0052.pdf

Samuel Taylor Coleridge (1772-1834) in The Rime of the Ancient Mariner (1798).

“water, water everywhere, nor any drop to drink”

Su H, Yakovlev IA, van Eerde A, Su J, Clarke JL. (2021) Plant-Produced Vaccines:
Future Applications in Aquaculture. Front Plant Sci. 2021 August 12;12:718775.
doi: 10.3389/fpls.2021.718775. PMID: 34456958; PMCID: PMC8397579.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8397579/pdf/fpls-12-718775.pdf

EMBARRASSMENT OF RICHES (EVIDENCE)

POVERTY OF IMPLEMENTATION



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8397579/pdf/fpls-12-718775.pdf

DON'T ASK “WHY?"... ASK “WHY NOT?” ® THE TRIUMPH OF REASON

DICK TAVERNE

PURIFICATION TH[ MARGH 0F
i UNREASON

. Dremi
.'|'~1L ]Lrll i thrn

PHOBIA =

.

https://ccc.bc.edu/content/ccc/blog-home/2011/07/blog-2011-07-don-t-ask-why--ask-why-not-.html https://www.ncbi.nlm.nih.gov/pmc/articles/PMC558032/pdf/bmj33001214.pdf



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC558032/pdf/bmj33001214.pdf

IRRATIONAL EXUBERANCE OR EGREGIOUS ERRORS ?

PHOBIA ABOUT TRANSGENIC
PLANTS IS KILLING PEOPLE,
STARVING NATIONS AND FUELS THE MARCH 0F

DICK TAVERNE

ANARCHY BECAUSE OF WILLFUL UNRIEAsolN

IGNORANCE OF A FEW, ABOUT
SCIENCE. PLANTS/FOOD CAN STOP
SPREAD OF INFECTIOUS DISEASE.




Vitamin A deficiency (VAD) has killed millions of declining, it was estimated to be 266,200 (4) at the
children in less-developed countries for at least the  start of the millennium.

last three decades—roughly 2 million annually in The consumption of the genetically modified rice
the early 1990s alone (1-4). Although the number is variety known as Golden Rice (GR) offers a potent and

https://www.pnas.org/doi/epdf/10.1073/pnas.2120901118
https://www.ncbi.nim.nih.gov/pmc/articles/PMC8713968/pdf/pnas.202120901.pdf

.
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Wu F, Wesseler ], Zilberman
D, Russell RM, Chen C,
Dubock AC. (2021) Opinion:
Allow Golden Rice to save
lives. Proc Natl Acad Sci
USA. 2021 Dec 21; 118(51):
€2120901118. doi:
10.1073/pnas.2120901 118.

Widespread consumption of the genetically modified rice variety known as Golden Rice offers a potent and cost-effective
strategy to combat vitamin A deficiency. Image credit: International Rice Research Institute; photo licensed under CC BY 2.0.



https://www.pnas.org/doi/epdf/10.1073/pnas.2120901118
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8713968/pdf/pnas.202120901.pdf

Vaccines are for dinner

David W. Pascual*
Department of Veterinary Molecular Biology, Montana State University, Bozeman, MT 59717-3610

ransgenic plants have been Table 1. Edible transgenic plant vaccines
sought not only as bioreactors
but also as potential scaffolds
for oral vaccines.

AdVLNANNOD

Vaccine plant

Norwalk virus particle Potato
Tomato

Heat-labile enterotoxin B subunit Potato
Maize
Soybean

Cholera toxin B subunit Rice
Potato

Enterotoxigenic Escherichia coli fimbrial subunit Soybean

Japanese cedar pollen peptide Rice

Pascual DW (2007) Vaccines are for dinner. Proc Natl Acad Sci U S A. 2007 June 26; 104(26):10757-8. doi: 10.1073/pnas.0704516104.
PMID: 17581867; PMCID: PMC1904143.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1904143/pdf/zpq10757.pdf

Breakfast at Vaxine’s




SANTIAGO RAMON Y CAJAL

SANTIAGO RAMON
Y CAJAL (IN 1899)

Also known as the Father of
MNeuroscience, Cajal discovered
that neurons function as individual,
separate cells. Cajal shared the
1906 Nobel Prize for Medicine or
Physiology with Camillo Golgi for
their work on the nervous system.

“Every disease has
two causes. The
first is
pathophysiological;
the second,
political.”
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CLARK UNIVERSITY, 18859, RESTORATICON BY GARRONDO.
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Moss, William J. (2022) “The Seeds of Ignorance - Consequences of a Booming Betel-Nut Economy.” New
England Journal of Medicine, September 2022, p. NEJMp2203571. https://doi.org/10.1056/NEJMp2203571.
https://www.nejm.org/doi/pdf/10.1056/NEJMp2203571?articleTools=true



https://www.nejm.org/doi/pdf/10.1056/NEJMp2203571?articleTools=true

RESEARCH SUGGESTION

SIMPLIFY WHAT WE KNOW FROM CHARLES ARNTZEN




UNDERSTAND THE SIGNIFICANCE - EXPERIMENTAL RESULT IN FIG 2



ARNTZEN, 1992
FIG. 2. HBsAg mRNA and protein levels in
transgenic tobacco plants. (A) Total RNA
from wild-type untransformed or
independent transgenic tobacco lines
carrying either the pHB101 or the pHB102
construct was hybridized with a probe
specific for the HBsAg coding region. (B)
Protein extracts from the same leaves were
tested for HBsAg with the Auszyme
monoclonal kit (Abbott), and HBsAg levels
were quantified using a standard curve of
human serum derived HBsAg. Numbers: 1,
wild-type control plant; 2-6, independent
transformants harboring the construct in
pHB101; 7-9, independent transformants
harboring pHB102 (dual enhancer).
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC50633/pdf/pnas01098-0106.pdf



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC50633/pdf/pnas01098-0106.pdf

THIS EXPERIMENTAL RESULT MAY UNLOCK POTENTIAL FOR GLOBAL

VACCINATION AT LOW COST, FOR 80% OF THE WORLD’S POPULATION

(Charles Arntzen et al, 1992 ) Data from Fig 2
80

HepatitsB antigen was detected in the leaves of the plant B HBs Ag Ll
(as it should, see 2-9). This or other plant can be grown
almost anywhere in the world, the leaves can be mashed
up in a mortar and pestle to make a paste (contains the
antigen). This paste (may not be tasty) may be placed
under the tongue (sublingual route by which substances

diffuse directly into the blood through tissues under the

tongue). The “expectation” is that the antigen (protein

‘E
&
=
f.
=B
=)
W
=14
=
=
=
P
-~
W
=)
e

molecules) will diffuse out of the paste and enter the

blood of the person. Antigen then triggers the immune

0

system. Hence, the person is vaccinated (hypothetical). 1 2 3

https://www.ncbi.nlm.nih.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC50633/pdf/pnas01098-0106.pdf

KEEP IT SIMPLE "PLANT MUSH UNDER TONGUE DAILY, (HOME) TEST
(SENSOR) TO DETECT ANTIBODY IN BLOOD. VOILA! VACCINATED!

RESEARCH STUDY - REPEAT ARNTZEN’S 1992 SEMINAL WORK WITH
EBOLA VIRUS SURFACE GLYCOPROTEIN EBOV (BINDS HUMAN TIM-1)

To get started follow the Arntzen Way (1992)

Use EBOV or TIM-1 binding epitopes of EBOV?

Can we detect EBOV protein in sap, stem, leaves?
Is the sap, stem, leaf mush safe from side effects?
Assay human blood sample for EBOV on day O
Sublingual administration of “mush” 2-3 times/day
Assay blood for EBOV and EBOV-ab every few days
Titer of EBOV-ab is KPI (key performance indicator).

Ebola Marburg Receptor TIM-1


https://www.pnas.org/doi/pdf/10.1073/pnas.1019030108

KEEP IT SIMPLE *PLANT MUSH UNDER TONGUE DAILY, (HOME) TEST
(SENSOR) TO DETECT ANTIBODY IN BLOOD. VOILA! VACCINATED!

RESEARCH STUDY - REPEAT ARNTZEN’S 1992 SEMINAL WORK WITH
EBOLA VIRUS SURFACE GLYCOPROTEIN EBOV (BINDS HUMAN TIM-1)

Tobacco - The Arntzen Way Also: Arabidopsis, Rose, Tulip, Potato, Orange
Use EBOV or TIM-1 binding epitopes of EBOV? Arabidopsis can be transfected by dipping leaves
Can we detect EBOV protein in sap, stem, leaves? Use Arntzen’s CaMV vectors, A. tumefaciens, etc.
Is the sap, stem, leaf mush safe from side effects? Can we find a way to create EBOV in Rose, Tulip?
Assay human blood sample for EBOV on day O Rose/Tulip vectors: Rose Rosette Virus, Potyviruses
Sublingual administration of “mush” 2-3 times/day Expectation: EBOV in rose / tulip (petals are edible)
Assay blood for EBOV and EBOV-ab every few days Food: Arntzen’s potato, lettuce, carrot, citrus*

Titer of EBOV-ab is KPI (key performance indicator). KPI (outcome) high EBOV-ab titer detected in blood

Ebola (and Marburg Virus) Receptor Human TIM-1 https://www.pnas.org/doi/pdf/10.1073/pnas.1019030108
*CITRUS https://patentimages.storage.googleapis.com/2a/ad/8a/0eb4420eeadfc/7/US20130125254A1 .pdf



https://www.pnas.org/doi/pdf/10.1073/pnas.1019030108
https://patentimages.storage.googleapis.com/2a/ad/8a/0eb4420eea4fc7/US20130125254A1.pdf

Play it again, Sam

REPEAT THIS PROTOCOL WITH ANY (VIRAL*) ANTIGEN

THIS IS A “PLATFORM” APPROACH TO VACCINATION.

IMMUNIZATION WITHOUT CORPORATE CONTROL AND
MEDICAL STAFF MAY IMPROVE “WELLNESS” ACCESS

* Graham BS, Sullivan NJ. Emerging viral diseases from a vaccinology perspective: preparing for the next pandemic.
Nat Immunol. 2018 Jan; 19(1):20-28 www.ncbi.nlm.nih.gov/pmc/articles/PMC7097586/pdf/41590_2017_Article_7.pdf

WHO WILL CONSTRUCT VECTOR WITH ANTIGEN, TRANSFECT, CREATE THE CONDITIONS FOR GROWING THE PLANT?

NEED A SCIENTIFIC TEAM, OPEN COMMUNICATIONS, CENTRAL REPOSITORY FOR DISTRIBUTING MATERIALS, ANTIBODY
TESTING AND ASSOCIATED MATERIALS/SENSORS, DATA SYSTEMS, DATA TRANSMISSION USING MOBILE PHONE APPS.



http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7097586/pdf/41590_2017_Article_7.pdf

TABLE 6 Event Information Site bulletins published, by disease, condition or hazard,

2018-2022
Annually Five-year

No. Disease/Condition/Hazard period

2018 2019 2020 2021 2022 2018-2022
1 Acute gastrointestinal syndrome 1 1
2 Acute haemorrhagic fever syndrome 3 2 5
3 Acute hepatitis E 3 1 4 8 — —
4 Acute hepatitis of unknown aetiology 1 1 ﬁll:e?ﬁégxzi:elﬁlttgozz
5  Antibiotic-resistant bacterial infection 2 2
6  Arenaviral haemorrhagic fever 1 1
7 Argentine haemorrhagic fever 1 1
8  Chikungunya virus disease 2 1 1 4
9  Cholera 8 3 1 4 13 29
10 COVID-19/SARS-CoV-2 90 90
11 Crimean—Congo haemorrhagic fever 1 1
12 Dengue fever 3 10 3 2 7 25
13  Diphteria 1 1
14 Dracunculiasis 1 1

» 15 Ebola virus disease 7 1 4 5 4 21

World Health Organization. (2023). Global public health intelligence report 2022. World Health Organization. https://apps.who.int/iris/handle/10665/3720
ISBN = 9789240073579 (electronic version) * 9789240073586 (print version)



https://apps.who.int/iris/handle/10665/372054
https://apps.who.int/iris/bitstream/handle/10665/372054/9789240073579-eng.pdf

MARBURG, EBOLA, HANTA, LASSA, JUNIN, NORO

PLANT-BASED TECHNOLOGIES TO ENABLE RAPID RESPONSE TO EBOLA OUTBREAK
Jerzy Karczewski, Fraunhofer CMB, Newark, Delaware, USA

Vidadi Yusibov, Fraunhofer CMB, Newark, Delaware, USA

June 12-17, 2016

PRIORITIZE DEADLY VIRUSES FOR VACCINE TARGETS



https://dc.engconfintl.org/vaccine_vi/44/
https://dc.engconfintl.org/cgi/viewcontent.cgi?filename=0&article=1043&context=vaccine_vi&type=additional

Hefferon, Kathleen Laura (2012) Plant virus expression vectors set the stage as production platforms for biopharmaceutical

proteins. Virology. 2012 November 10; 433(1):1-6. doi: 10.1016/j.virol.2012.06.012. PMID: 22979981.

Loh HS, Green BJ, Yusibov V. (2017) Using transgenic plants and modified plant viruses for the development of treatments for
human diseases. Curr Opin Virol. 2017 October; 26:81-89. doi: 10.1016/j.coviro.2017.07.019. Epub 2017 August 8. PMID:
28800551; PMCID: PMC7102806.

IS MEASURABLE SUCCESS STILL JUST AN IMAGINARY MIRAGE ?

Ponndorf D, Meshcheriakova Y, Thuenemann EC, Dobon Alonso A, Overman R, Holton N, Dowall S, Kennedy E,
Stocks M, Lomonossoff GP, Peyret H. (2021) Plant-made dengue virus-like particles produced by co-expression

of structural and non-structural proteins induce a humoral immune response in mice. Plant Biotechnol J. 2021

April; 19(4):745-756. doi: 10.1111/pbi.13501. Epub 2020 Nov 22. PMID: 33099859; PMCID: PMC8051607.

https://www.ncbi.nim.nih.gov/pmc/articles/PMC8051607 /pdf/PBI-19-745.pdf



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8051607/pdf/PBI-19-745.pdf
https://www.sciencedirect.com/science/article/pii/S0042682212003145?via%3Dihub
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7102806/pdf/main.pdf

USDA approves the first plant-based vaccine

In what could be a milestone for veterinary as well as human vaccine research, the US
Department of Agriculture (USDA) on January 31, 2006, announced it had issued the first
market license ever issued to a veterinary vaccine produced in plant cells. The vaccine, made
by Dow AgroSciences of Indianapolis, Indiana, a wholly owned subsidiary of the Dow
Chemical Company, has proven safe and effective in protecting chickens from illness caused
by the Newcastle disease virus, according to the USDA's Center for Veterinary Biologics. The
subunit vaccine was produced using modified tobacco plant cells in an indoor, biocontained
production system, eliminating environmental or consumer concerns about pharmaceuticals
produced in food crops or open fields. Although Dow may decide not to sell the now-
approved chicken vaccine because of market concerns, the company called the license a
“regulatory milestone,” allowing it to develop a range of other veterinary vaccines. Using the
same production system for human vaccines is “a real possibility,” the company said. Charles
Arntzen, a biotech researcher at Arizona State University in Phoenix, who has been pushing
plant-based vaccines for many years, welcomes the approval. “It shows that large companies
are investing product-development resources in plant-derived pharmaceuticals, [and] that

the [USDA] is receptive to the new strategy,” Arntzen says. PV

www.hature.com/articles/nbt0306-233

USDA approves the first plant-based vaccine

January 2006 - Nature Biotechnology 24(3):233-234
DOI:10.1038/nbt0306-233

16 years ago



http://www.nature.com/articles/nbt0306-233

Parry G, Provart NJ, Brady SM, Uzilday B; Multinational Arabidopsis Steering Committee.
Current status of the multinational Arabidopsis community. Plant Direct. 2020 August 2;
4(7).e00248. doi: 10.1002/pld3.248. PMID: 32775952; PMCID: PMC7396448.

BOTTOM LINE - CAN WE FAST FORWARD TO ARABIDOPSIS ?

Meyerowitz EM. (2001) Prehistory and history of Arabidopsis research. Plant Physiol. 2001 January; 125(1):15-19.
doi: 10.1104/pp.125.1.15. PMID: 11154286; PMCID: PMC1539315.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1539315/pdf/hw0015.pdf

Somerville, C.R. and Meyerowitz, E.M. (eds.) The Arabidopsis Book. Am Soc of Plant Biologists, Rockville, 2003.
https://aspb.org/publications/other-aspb-publications/the-arabidopsis-book/
https://www.ncbi.nlm.nih.gov/pmc/journals/1655/

Chang C, Bowman JL, Meyerowitz EM. (2016) Field Guide to Plant Model Systems. Cell. 2016 October 6; 167(2):
325-339. doi: 10.1016/j.cell.2016.08.031. PMID: 27716506; PMCID: PMC5068971.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5068971/pdf/nihms-819752.pdf



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1539315/pdf/hw0015.pdf
https://aspb.org/publications/other-aspb-publications/the-arabidopsis-book/
https://www.ncbi.nlm.nih.gov/pmc/journals/1655/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5068971/pdf/nihms-819752.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7396448/pdf/PLD3-4-e00248.pdf
https://arabidopsis.info/static/info/masc_2020.pdf

FASTER, CHEAPER? LEAVES IN 4 DAYS, SEEDS IN 40 DAYS

The Life Cycle of Fast Plants®

The life cycle for Fast Plants is extremely short; under ideal growing conditions of continuous light,

water and nutrition, plants will produce harvestable seeds approximately 40 days after planting.

LEARN MORE ﬁ\'fpﬂ
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4 \\\
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Fast Plants (Brassica rapa) were developed by Paul H. Williams of University of Wisconsin-Madison.

WHY FAST FORWARD TO ARABIDOPSIS ?

Arabidopsis thaliana, small dicotyledonous species, is a member of the Brassicaceae family. Arabidopsis requires light, air, water
and few minerals to complete its fast life cycle (seeds in ~ 40 days). It produces numerous self progeny, requires limited space,
and is easily grown in a greenhouse or indoor growth.



https://www.nsf.gov/pubs/2002/bio0202/model.htm
https://fastplants.org/origin/

Arabidopsis has a rich scientific history' and its genetics?
continues to be an active® field of plant research with potential
for applications in medicine! as well as improving our
understanding of basic science’, food and nutrition. Hence,
the Arabidopsis system is a suitably informed platform to

explore the expression of recombinant proteins® in vegetables’

P L AT F O R M and cereals® by creatively® re-constructing or modifying
ARABIDOPSIS ?

available'” viral'' vectors (RNA'"™ or DNA" based) which are
safe'! for the environment. Success™ of Arabidopsisasa
platform'® and the potential for paradigm shift'” may translate

into tangible results'® of immense human value.
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Plant-based human vaccines in clinical trials.

WORK IN PROGRESS ??

Pathogen or disease Antigen Plant Expression system Administration Clinical trial Reference
route
Enterotoxigenic E. coli LTB Potato Transgenic Oral Phase | Tacket et al. [1998]
Enterotoxigenic E. coli LTB Maize Transgenic Oral Phase ] Tacket et al. [2004]
Norovirus Capsid protein Potato Transgenic Oral Phase | Tacket et al. [2000]
Hepatitis B virus Viral major surface protein Lettuce Transgenic Oral Phase | Kapusta et al. [1999]
Hepatitis B virus Viral major surface protein Potato Transgenic Oral Phase | Thanavala et al. [2005]
Rabies virus Glycoprotein and nucleoprotein ~ Spinach Viral vector (transient) Oral Phase I Yusibov et al. [2002]
(fusion)

Influenza virus (H5N1) HA Nicotiana Launch vector (transient) Intramuscular Phase | Chichester et al. [2012]

benthamiana
Influenza virus (H1IN1; 2009 HA Nicotiana Launch vector (transient) Intramuscular Phase I Cummings et al. [2014]
pandemic) benthamiana
Influenza virus (H5N1) HA (H5; VLP) Nicotiana Agrobacterial binary vector Intramuscular Phase [Phase D’Aoust et al. [2008] Landry et al.

benthamiana (transient) II [2010]
Influenza virus (H7N9) HA (H7; VLP) Nicotiana Agrobacterial binary vector Intramuscular Phase I Medicago Inc.

benthamiana (transient) (http://www.medicago.com)
Influenza virus HA (VLP) (seasonal; Nicotiana Agrobacterial binary vector Intramuscular Phase I Medicago Inc.

quadrivalent) benthamiana (transient) (http://www.medicago.com)

Cholera CTB Rice Transgenic Oral Phase | Nochi et al [2009]

Yuki et al [2013]

Takeyama N, Kiyono H, Yuki Y. Plant-based vaccines for animals and humans: recent advances in technology and clinical trials.

Ther Adv Vaccines. 2015 Sept; 3(5-6):139-54. doi: 10.1177/2051013615613272. PMID: 26668752; PMCID: PMC4667769.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMCA4667769/pdf/10.1177 2051013615613272.pdf
(Pit Sze Liew and Mohd Hair-Bejo = Email mdhair@upm.edu.my)


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4667769/pdf/10.1177_2051013615613272.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4550766/pdf/AV2015-936940.pdf

Cereals for cattle? Can wheat pastures provide immune protection from farm animal diseases?
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https://www.hpj.com/crops/the-best-ways-to-utilize-wheat-pasture-for-cattle/article_07bf9f28-ee88-11e9-aa66-9b267ae8f7b4.html

Table 3. Plant-based vaccines for veterinary use.

Host Pathogen Antigen Plant Administration Treated animal Reference
route
Chicken Newcastle Hemagglutinin- Tobacco Subcutaneous Chicken Vermij et al. [2006]
disease neuraminidase suspension
cells
Approved by USDA
Chicken Newcastle F protein Maize Oral Chicken Guerrero-Andrade
disease et al. [2008]
Chicken Newcastle F protein Rice Oral Mice Yang et al. [2007]
disease
Chicken IBV 51 glycoprotein Potato Oral Chicken Zhou et al. [2004]
Chicken IBDV VP2 Rice Oral Chicken Wu et al. [2007]
Pig ETEC Fimbriae [F4] Tobacco N/D Pig (in vitro Kolotilin et al. [2012]
(chloroplast] assay in
intestines)
Pig ETEC Fimbriae (F4) Alfalfa Oral Piglet Joensuu et al. [2006]
Pig ETEC Cholera toxin B Rice Oral Pig Takeyama et.al. [2015]
subunit
Pig ETEC Fimbriae (F4) Barley Subcutaneous Mice Joensuu et al. [2004]
Pig Foot and VP1 Nicotiana Intramuscular Pig Yang et al. [2007]
mouth bentamiana
disease
virus
Pig TGEV S protein Tobacco Intramuscular Pig Tuboly et al. [2000]
Cattle Bovine gD protein Tobacco Intramuscular Cattle Pérez Filgueira et al.
Herpesvirus and [2003]
subcutaneous
Cattle Bovine Viral  EZ2 protein Alfalfa Intramuscular Cattle Peréz Aguirreburualde
Diarrhea et al. [2013]
Virus
Cattle Rinderpest Hemagglutinin Peanut Oral Cattle Khandelwal et al.
virus (2003]

Guerrero-Andrade O, Loza-Rubio E,

Olivera-Flores T, Fehérvari-Bone T,

Gomez-Lim MA. (2006) Expression

of the Newcastle disease virus
fusion protein in transgenic maize
and immunological studies.
Transgenic Res. 2006 August;
15(4):455-463. PMID: 16906446.

doi: 10.1007/s11248-006-0017-0.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4667769/pdf/10.1177_2051013615613272.pdf
https://link.springer.com/content/pdf/10.1007/s11248-006-0017-0.pdf
https://link.springer.com/content/pdf/10.1007/s11248-006-0017-0.pdf

Transplant paradoxes with paradigms ?

Tacket CO. (2009) Plant-based oral vaccines: results

of human trials. Curr Top Microbiol Immunol. 2009;
PMCT121496/pdi/978-3-580-T0865-1_Chapter 6.0d1 332:103-17. doi: 10.1007/978-3-540-70868-1_6.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7121496/pdf/978-3-540-70868-1_Chapter_6.pdf

IS THIS THE HEART OF THE PROBLEM?

Finally, we need to define the procedures for man-
ufacturing and processing of plant-based pharma-
ceuticals. The challenge 1s to facilitate the
procedures without compromising quality, which is
a prerequisite for manufacturing plant-based
human and animal vaccines.

Takeyama N, Kiyono H, Yuki Y. Plant-based vaccines for animals and humans: recent advances in technology and clinical trials.
Ther Adv Vaccines. 2015 Sept; 3(5-6):139-54. doi: 10.1177/2051013615613272. PMID: 26668752; PMCID: PMC4667769.



IS THIS SCIENCE IN THE SERVICE OF SOCIETY ?
ARABIDOPSIS ANTIGEN DELIVERY PLATFORM ?
LOGICAL STEPS FOR AN EBOLA ANTIGEN ?

THE MINIMUM PROOF OF CONCEPT IS ...

Transfect Arabidopsis with EBOV-containing vector cress, mouse-ear cress or

Assay for EBOV protein (antigen) in stem/leaf arabidopsis, is a small flowering
plant native to Eurasia and Africa.

Test sublingual stem/leaf “paste” in humans

Detect EBOV antigens / antibodies in blood A. thaliana is considered a weed; it

Is found along the shoulders of

https://www.botanic.cam.ac.uk/learning/trails/dnatrail/arabidopsis/  roads and in disturbed land.




Transplant paradoxes with paradigms ?

With just one plant.

6 vegetables that are the same plant

Over hundreds of years farmers have been breeding one plant — called
Brassica Oleracea — into dozens of different varieties. These six vegetables
you can find in the grocery store are actually all the same plant.

BRUSSELS SPROUTS BROCCOLI
Lateral leaf buds Flower buds/stems
v

CABBAGE k CAULIFLOWER

Terminal leaf bud Flower buds

LS

Leaves

.’ WILD MUSTARD PLANT
" (Brassica Oleracea)

SOURCE: Botanist in the Kitchen



PROBLEMS, ISSUES, QUESTIONS AND THE CONTEXT OF REMEDIABLE INJUSTICES
VS
TOLERABLE DISCOMFORTS NECESSARY FOR GLOBAL ACCESS TO IMMUNIZATION

BIO-AVAILABILITY of antigens [1] through the sublingual route: will the plant “paste” release sub-cellular proteins?
[2] if antigens enter the bloodstream, will it suffice (critical mass, threshold) to trigger a robust immune response?

Why it may work: Crushing garlic in a mortar and pestle releases alliinase which converts alliin into allicin, the sulfur-
containing molecule which provides garlic its signature odour (cannot be detected if the cells fail to rupture/break).

Why it may work: Salivary amylase in saliva can reach amyloplasts (sub-cellular organelles) to hydrolyze starch in
potato. Hence, proteins (antigens) should be available (a theoretical expectation) for sublingual extraction.

Pre-treatment of “paste” with non-denaturing agents and/or non-proteolytic enzymes to partially loosen/break the
cellulose scaffolds and/or cell walls, provides opportunity for proteins from sub-cellular compartments to escape.

Uncooked plant “paste” (from tobacco leaves, potato/carrot slices, orange juice) may contain other proteins or small
molecules (alkaloids) which may structurally or functionally interfere with the antigen expected to be delivered. What
if other proteins in the “paste” also trigger immune responses? The Pandora’s Box of “paste” related potential
contraindications justifies purification of antigen prior to administration to humans but increases control and cost.

VLPs are not suggested (but should be) partly because the dimensions (~100nm) may be a magnitude larger than
antigens (proteins). Small molecules have a higher probability of diffusing through the mucous membranes and
absorbed into the bed of capillaries under the tongue. Sublingual route is commercially ( ) viable.


http://www.biolingus.ch/

TRANSFORM PARADOXES TO PARADIGMS (TP-TOP)
DISCLAIMER AND HYPOTHETICAL RESERVATIONS

The cautious suggestion in this document to explore plants as a source of foreign antigen for self-vaccination and
immunization of humans (and animals) is NOT A PANACEA solution for all ills and illnesses. It may be a low-cost
tool in our “tool-box” of mitigation strategies for future public health catastrophes, epidemics and pandemics.
The concept of TP-TOP (pronounced “tipee-top’) may face scientific limitations which may render the overtly
simple idea impractical, inefficient and untenable as a vehicle for low-cost implementation of immunization.

The reliance on virologists, molecular biologists and plant geneticists to create recombinant vectors and the
transgenic plants may lead to economic and IP challenges. Organisms evolve through mutations which causes
antigenic drift (affects virulence?). The latter may introduce insurmountable biological barriers due to unknown
unknowns. The current SARS-CoV-2 pandemic highlights the importance of a priori molecular engineering in RSV
which unleashed the critical need to insert two Prolines (2P by Jason McClellan) to prepare the prefusion stabilized
SARS-CoV-2 Spike glycoprotein which was used as the antigen template for the mRNA (by Katalin Kariko) vaccine.

The molecular biology and protein chemistry of the antigen is quintessential for efficacy of any hypothetical immune

response. This hypothesis is about DELIVERY of the optimized antigen through a low-cost ubiquitous vehicle (plant).




YOU ARE WELCOME

TO DEMOLISH THIS

BIT TOO OPTIMISTIC

HYPOTHESIS WITH

A SLEDGE HAMMER.

Research is four things: brains with
which to think, eyes with which to
see, machines with which to

measure and, fourth, money.

— Albert $zent-Gyergye —

1. Money from grant or philanthropic contribution to lead without IP
2. Recombinant vector lab (molecular biology) and a plant bio lab
3. Few enthusiastic molecular biology students & plant bio students
4. Create EBOV vector, transfect, harvest a raw leaves for “paste”
5. Administer RAW LEAF “paste” to sublingual volunteer (S. Datta)
6. Check volunteer’s blood (ELISA) for EBOV antigen and antibodies




Moderna and BioNTech/Pfizer are “saints” compared to

orate-strate

magazine.ucsf.edu/cor

OPULENCE OF OPTIMISM

We may not abandon the hope that conventional and more recent vaccine technologies can be streamlined

and localized so that every country can possess the capability to produce safe and effective formulations.
Perhaps recombinant protein production can be franchised to the point where different agencies/countries
can execute the recipes. The same is likely true of mRNA vaccines and it may not be just wishful thinking
that this technology may be off-the-shelf in a few decades (few years?). More research is necessary to
better understand what makes a good RNA sequence (or protein sequence) for a vaccine. We need to know
with precision and accuracy the range of factors that can lead to unwanted effects. Some vaccines may
become a part of our daily lives (routine, safe) while others may be used when there is an urgency. Some
examples of the ability of individual non-OECD nations to develop superior public health and vaccine
infrastructures have been evident during the pandemic (e.g., Cuba). Sharing technologies and information
about pathogens is key. The latter (pathogen information, particularly emerging pathogens) is possible with
internet/sequencing/cooperation. There will always be some conflicts over intellectual property (Moderna
has been particularly aggressive with lawsuits against both BioNTech/Pfizer and the US Government). Are
these events transient theatrics by heavy handed venture capitalists or more ominous than meets the eye?

The diffusion of technology (which in reality is fairly common in the biomedical world) must be supported.


https://magazine.ucsf.edu/corporate-strategy-national-tragedy
https://magazine.ucsf.edu/corporate-strategy-national-tragedy

WINE While criticizing BioNTech/Pfizer and
Moderna for enforcing profit as a key

element of their CoVID-19 mRNA vaccine,
One slide told drug sales reps to reach out to youths “early,” at the one must recognize that these behemoths

“elementary school level,” and to use wording that a 6-year-old saved millions of lives in affluent nations.

On the other hand, the opioid gang,
(Purdue Pharma, Janssen and uncivil

actions by McKinsey) are responsible
with respected channels, like Little League coaches and school for over a million deaths due to their

could understand: “Pain is your body telling you something

important.” Bullet points even suggested that salespeople connect

nurses, and essentially turn them into mouthpieces for the merits of  diabolical greed, gluttony and avarice.

medicated relief. www.cdc.gov/opioids/basics/epidemic.html

HUMAN INTEREST

Bad Influencers Corporate Strategy,
National Tragedy

Opioid manufacturers sought to recruit coaches and school nurses to encourage Fudging numbers. Targeting chidren. Paying professors.

kids to use opioids. The bottom slide is from a meeting of the Pain Coalition, a UCSF's industry archives expose the marketing tactics that

group of leaders in pain management and Janssen professionals that aimed to fueled the opioid epidemic.

influence how children, veterans, and other vulnerable groups perceive pain. The By Robin Buller - UCSF Magazine - Winter 2024

document directly below is from an internal Janssen presentation that identified

target g