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Plasmodium falciparum

1. Introduction

Half of the world’s population, over 3.3 billion people are at risk of malaria of
which 1.2 billion are at high risk and 97 countries have ongoing malaria transmis-
sion. Nowhere is this challenge greater than Africa and specifically in Nigeria. Nige-
ria has more reported cases of malaria and deaths due to malaria than any other
country in the world, where there are estimated 100 million malaria cases with
over 300,000 deaths per year due to the most serious type of malaria, Plasmodium
falciparum [1]. The virulence of P. falciparum is closely associated with its im-
mune response-evading ability, which is more complicated by the involvement of
blood-brain barrier disruption followed by leukocyte infiltration [1].

Individuals living in malaria endemic areas may become clinically immune after
multiple re-infections over time and remain infected without apparent symptoms.
However, why a long time period is required to gain clinical immunity to malaria
is not clear [1].

Many diseases, including malaria, tuberculosis, and acquired immune deficiency
syndrome (AIDS) have not been good vaccine candidates, and intrinsic barriers
may impede approaches limited solely to generating antibodies. In 2017, the re-
sult of final clinical trial of the first viable malaria vaccine offers only partial
protection against malaria for up to four years. The vaccine is called RTS, S and
has been developed over the past 30 years by GlaxoSmithKline Pharmaceuticals
and the Bill & Melinda Gates Foundation at an estimated cost exceeding over a
half a billion dollars. The RTS, S is designed for children in African countries
and is approved by international regulators. However, early trial data from 2011
and 2012—carried out on 16,000 children from seven African countries—showed
that vaccines in babies aged 5 - 17 months were only effective in 46% of the cases,
diminishing hopes that RTS, S will be a viable vaccine [2].

In this paper, we present a type of “in vivo vaccination” in children and babies
that may complement the current vaccine studies with malaria. This research
presents the role humoral, cellular, and innate immunity play in our high cure
rates with long-term protection against malaria re-infection. Our malaria formula-
tion does not require refrigeration, booster reapplication, and is a one-time
treatment regiment for 16 days, which results in long-term immunity over 14
years (Haiti examples) or two years so far in Nigeria.

The objectives of this study include assessment of the antimalarial efficacy of a
micellized, water-soluble liquid version for babies and gel caps for children of
TriAntiMal™ and are to report the analyses of buffy coat samples during and
after treatment for DNA gene expression to determine why patients experience

long-term immunity.

2. Materials and Methods

Study site: The study was conducted at the Primary Health Centre, Sabo area,
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Olorunda local Government, European-Union Prime project facility, Osogbo,
Osun State. Nigeria. The study was approved by the UNIOSUN Health Research
Committee with monitoring by designated representatives of the HREC commit-
tee. One hundred children, ages between 2 and 15 years old, were recruited into
the study to determine the overall curative rate of Plasmodium falciparum in the
patients. Babies, 9 - 36 months old with active malaria, were treated with the
water-soluble formulation.

Study design: Patients were screened for fever by using infra red thermometer
and those found to have temperatures 37.5°C - 38.4°C. The axillary temperature of
selected patients was further checked to fall within the values stated above before
they were referred for a Giemsa-stained thick blood smear. Those with a positive
smear results were assessed by study clinicians for the following inclusion criteria:
Patient diagnosed to have malaria with parasitemia load of 2,000 - 100,000 para-
sites/pl; fever with axillary temperature greater or equal to 37.5°C; age 2 - 15 years;
HIV screened negative; those who would be available to have their blood drawn as
scheduled; willingness to comply with the daily oral medicine of 16 days.

Patient Exclusion criteria included the following: unwillingness to take the
Malaria Formulation for 16 consecutive days; concomitant infection, Ze., malaria
infected patient that has any other infection; treatment with any anti-malaria in
the next one week before presentation; acute severe complicated malaria e.g.
vomiting frequently that requires the administration of intravenous fluid, con-
vulsion, severe anaemia with PCV < 18%, clinical evidence of pulmonary oedema,
feature suggestive of renal failure, history of dark brown color urine which is sug-
gestive of severe red blood cell haemolysis; hyperparasitemia with >10° para-
sites/ul; Patient with temperature > 37.5°C; hyperpyrexia with temperature >
40°C; low density Parasitemia: <2 x 10° parasite per micro litre; HIV screened
positive; and inability to obtain parental consent.

All treatments were directly administered at the clinic and patients observed
for 30 minutes and doses re-administered when vomiting occurred, but those
with repeated vomiting on day 0 were excluded from the study.

Laboratory procedures. Blood smears were air dried, stained with a 2%
Giemsa solution for 15 min, rinsed with water and re-air dried and viewed under
the microscope using oil immersion lens. Parasite densities were calculated from
thick smears as the number of asexual parasites per 200 leukocytes (or per 500
leukocytes if the parasite density was <10 parasites per 200 leukocytes), assuming a
leukocyte count of 6 x 10° leukocytes/pL. Smear findings were considered negative
when microscopic examination of 100 high-power fields did not reveal parasites.
Counts were performed by two microscopists and discrepant readings resolved
by a third reader. Thin blood smears were performed to evaluate parasite spe-
cies. Packed cell volume was measured from finger-prick blood samples using
heparinised capillary tube. HIV screening tests were done by finger prick sam-
pling using accurate and Determine HIV strips, respectively. Five ml of venous
blood were taken, and the buffy coats sera were sent to USA for further investi-
gations by Dr. Thornthwaite at the Institute for immunological and DNA gene
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amplification analyses.

Sample collection schedule:

HIV screening on day 0; thick blood film for malaria parasite on days 0, 1, 2, 3,
7, 14, 30, and 60; thin blood film for malaria parasite and haematocrit on days 0, 7,
14, 30 and 60; and sera for immunologic testing on days 0, 5, 10, 16, 30 and 60.

To understand the immune processes involved in long-term immunity, se-
rums (n = 112) and buffy coats (n = 31) were from the original children at days
0, 5, 10, 16, 30, 60, and 730. In this paper, data will also be presented with new
children (n = 51) and adults (21). Babies, using a new water soluble proprietary
NutraNanoSphere™ (NNS) encapsulation method, were treated over a 16-day
period with the water-soluble NNS TriAntiMal™ and serum and buffy coat
samples were obtained at 0, 16, 30, and 60 days.

Drug provision: The TriAntiMal™ formulations were supplied by Dr Jerry T.
Thornthwaite, Director of the Cancer Research Institute of West Tennessee.
Each gel capsule TriAntiMal™ contains a proprietary blend of 50 mg antioxidant
citrus bioflavonoids including synephrine, artemisinin, quercetin, curcuminoids,
hesperetin, plus flavonoids and 50 mg artemisinin (97%) (patent pending). The
NNS TriAntiMal™ contained a proprietary blend of micellized artemisinin, bil-
berry and curcumin.

The NNS TriAntiMal™ Formulation was encapsulated in micelles of a natural
origin with an average sphere diameter of 18.51 nm * 7.45 SD. These formula-
tion contained mixtures of micellized curcumin, bilberry and artemisinin. This
Formulation is completely miscible in the baby’s milk and virtually has no taste.
These NNS do not require refrigeration, naturally are antibacterial, and are very
stable, even at elevated temperatures (37°C) for several days.

Average Diameter Measurements of the NNS: The samples were diluted by
volume in a ratio of 1:6 with DI Water and filtered by a 0.45 pm Nylon mem-
brane to remove any dust contaminants. The Zetasizer ZSP (Malvern Instru-
ments) was used with a backscattering angle of 173 degrees to measure the par-
ticle size by dynamic light scattering. A non-negative least squares algorithm was
used to generate the size distribution by intensity, which indicated the diameter
of the major population for the Malaria NNS. The intensity data was then con-

verted to a mass or volume distribution to compare relative amounts of each size
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Figure 1. Water Soluble NutraNanoSphere™ Triantimal™ Malaria Proprietary Formula-
tion for Babies.
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population which indicated the percentage of the sample represent in the respec-
tive population as shown in Figure 1.

Drug administration: Using the TriAntiMal™ treatment designated for this
study was the Malaria medicine designate.

Handling of adverse effects: Symptoms and signs that were not part of pre-
senting features were taking as adverse effects. Though bilberry, other bioflavo-
noids, artemisinin and curcumin are known to be safe, adequate medical per-
sonnel were available to take care of any side effects. There were no noticeable
adverse side effects of the drug observed during or post treatment.

Confidentiality: Data were handled by the researchers and the names of each
patient coded.

Alternative treatment: Dihydroartemisinin/piperaquine fixed antimalarial
combination was administered to patients who withdrew from the study before
parasitemia was cleared or patients that fail on the study drug.

Ethical clearance: This was obtained from Ethical Committee, Osun State
University, Osogbo, Nigeria.

Data analysis: All data were analyzed statistically using standard deviations
and the analysis of True Population Proportion Curve Rate at 95% confidence
limits and p values determined. Standard deviations for 13 - 16 patient groups
were determined and the results of these are shown in Tables 1-6 and Figure 2
and Figure 3.

Buffy Coat Samples: Buffy Coat blood was obtained from 31 children as ap-
proved by the human ethics committee study with our investigator/researcher as
described previously. Part of the study used 16 bufty coat patients chosen randomly
for the complementary DNA (cDNA) preparation. The blood was obtained from
children being treated with the TriAntiMal™ 16-day protocol. Before,
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Figure 2. Malaria Parasite Clearance during and after treatment for 730 days. A 5.1% pa-
rasite recurrence was experienced at two years. SD bars are shown.
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Figure 3. Water Soluble NutraNanoSphere™ Triantimal™ Malaria Formulation for Ba-
bies. Parasite Free at Day 60 was 93.3% (n = 15). The lone recurrance was seen at Day 30
as shown. SD bars are shown.

Table 1. Water-Soluble NutraNanoSphere™ TriAntiMal™ proprietary formulation for babies. 93.3% cure rate (n = 15) through
Day 60.

LABNO Age(mo.) Sex MPLO MPL1 MPL2 MPL3 MPL 7* MPL 10° MPL 13 MPL 16 MPL 21 MPL 30 MPL 60 REMARKS

PF/021! 24 Female 7240 3160 1680 760 0 0 0 0 0 0 0 Completed
PF/023 24 Male 5120 2840 760 0 0 0 0 0 0 0 0 Completed
PF/024 12 Male 6440 3720 520 0 0 0 0 0 0 0 0 Completed
PF/025° 12 Female 7640 4680 2120 320 0 0 0 0 0 0 0 Completed
PF/027 14 Female 6480 2920 760 0 0 0 0 0 0 0 0 Completed
PF/028 10 Male 9320 4200 1960 360 0 0 0 0 0 0 0 Completed
PF/029 24 Female 7240 3960 1720 0 0 0 0 0 0 0 0 Competed
PF/030 36 Male 10120 7840 3360 520 0 0 0 0 0 5280 Failed
PF/31 24 Male 3160 720 0 0 0 0 0 0 0 0 0 Completed
PF/32 15 Female 4840 2160 400 0 0 0 0 0 0 0 0 Completed
PF/33 24 Female 6560 2920 840 0 0 0 0 0 0 0 0 Completed
PF/34 12 Female 7120 3760 1020 0 0 0 0 0 0 0 0 Completed
PF/37? 9 Male 4120 2000 760 0 0 0 0 0 0 0 0 Completed
PF/39 24 Female 3120 1440 680 0 0 0 0 0 0 0 0 Completed
PF/40 35 Female 4280 2440 760 0 0 0 0 0 0 0 0 Completed
Mean 19.9 Male 6187 3251 1156 131 0 0 0 0 0 352 0
SD 8.7 52% 2074 1658 858 243 0 0 0 0 0 1363 0

'PF/22 out of study never started; *PF/26 successfully completed 16 Day treatment but was lost to follow-up; *PF 35, 36, 38 were lost to follow-up; “‘MPL
clearance was 100% (15/15) by Day 7.

during, and after the treatment, buffy coats were frozen at —80°C from Days 0, 5,
10, 16, 30, and 60 and shipped on Dry Ice to the Cancer Research Institute of
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Table 2. DNA amplification probes—brief description.

DNA Probe:

ACTB—most abundant proteins in eukaryotic cells and are involved in cell motility, structure, and integrity. Negative control.
DEFB1—an antimicrobial peptide implicated in the resistance of epithelial surfaces to microbial colonization.

IFNG—an antimicrobial peptide implicated in the resistance of epithelial surfaces to microbial colonization.

IL6—secreted by T cells and macrophages to stimulate immune response during infection and after trauma.

CD160—expression is tightly associated with peripheral blood NK cells and CD8 T lymphocytes with cytolytic effector activity.
DEFB119—antimicrobial peptide produced by neutrophils that protects tissues and organs from infection by a variety of microorganisms.
IL10—a cytokine synthesis inhibitory factor, which is an anti-inflammatory cytokine.

LAG3—inhibitory receptor expressed on activated CD8 and CD4 T cells (including Tregs) triggering signalling within Dendritic cells.
CD19—expressed during all phases of B cell development until terminal differentiation into plasma cells.

DEFB127—Defensins are cysteine-rich cationic polypeptides that are important in the immunologic response to invading microorganisms.
IL12A—acts on T and natural killer cells and has a broad array of biological activities.

NFKB1—involved in the regulation of genes that impact not only immune responses but also cell proliferation, survival, and differentiation.
CD4—co-receptor of the T cell receptor (TCR) and assists the latter in communicating with antigen-presenting cells.

EGF—Epidermal growth factor is a growth factor that stimulates cell growth, proliferation, and differentiation by its receptor EGFR.
IL12B—expressed by activated macrophages, essential inducer of Th1 cells development for protection to intracellar pathogens.
PDCD1—Programmed Cell Death Protein 1, part of the immunoglobulin superfamily and is expressed on T cells and pro-B cells.
CD40—expressed on activated T cells, part of the TNF superfamily of molecules on antigen-presenting cells (APC).
GAPDH—Glyceraldehyde 3-phosphate dehydrogenase catalase the sixth step of glycolysis, initiation of apoptosis, ER to Golgi shuttling.
IL18—proinflammatory cytokine that belongs to the IL-1 superfamily, produced by macrophages and other cells.

TGFA—TGF-a can be produced in macrophages, brain cells, and keratinocytes. TGF-a induces epithelial development.

CD8A—found on most cytotoxic T lymphocytes that mediates efficient cell-cell interactions within the immune system.
HBD—Haemoglobin subunit delta is a protein that in humans. Negative control.

IL2—promotes the differentiation of T cells into effector T cells and into memory T cells helping the body fight off infections.
CD8B—found on most cytotoxic T lymphocytes that mediates efficient cell-cell interactions within the immune system.
IFNA1—produced by macrophages and has antiviral activity.

IL4—cytokine that induces differentiation of naive helper T cells (ThO cells) to Th2 cells.

DEFA1—antimicrobial and cytotoxic peptides thought to be involved in host defense.

IFNB1—antiviral, antibacterial, and anticancer properties.

IL5—cytokine that acts as a growth and differentiation factor for both B cells and eosinophils.

Table 3. DNA Amplification markers for chilren (Days 0 - 730) and Babies (Days 0 - 60).

DNA Amplification Markers for Children Days 0 - 730"

Normalized to Day 0 Values®

Changes over time

DNA Probe Day0 Day5 Dayl0 Dayl6é Day30 Day60 Day730 Blanks mean no significant changes

ACTB 100 117 101 120 115 108 125
DEFB1 100 81 106 92 103 104 101
IFNG 100 120 92 114 112 120 163  INFG > 20% Day 5 to <28% Day 10; 63% > Day 730
IL6 100 83 102 107 107 102 115  IL6 decreased 17% Day 5
CD160 100 81 96 106 100 109 110  CD160 decreased 19%
DEFB119 100 127 101 116 119 114 128  DEFBI119 increased 27% on Days 5 and 730
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Continued
IL10 100 93 99 110 114 114 119
LAG3 100 82 102 109 110 106 106
CD19 100 82 104 114 114 106 124  CD19 decreased 16% Day 5; increased 24% Day 730
DEFBI127 100 102 83 102 106 118 126
IL12A 100 125 105 116 116 119 181 IL12A increased 25% Day 5; increased 81% Day 730
NFKB1 100 77 103 101 104 80 111 NFKBI decreased 23% Day 5
CD4 100 79 105 95 112 103 114  CD4 decreased 21% Day 5
EGF 100 115 100 120 123 131 159  EGF increased Days 5 - 730 to 59%
IL12B 100 81 98 115 116 115 130 IL12B decreased 19% Day 5
PDCD1 100 82 106 106 108 107 100  PDCD1 decreased 18% Day 5
CD40 100 126 101 117 123 101 148  CD40 increased 26% Day 5; increased 48% Day 730
GAPDH 100 160 102 123 124 136 156 GAPDH increased 60% Day 5; 56% Day 730
IL18 100 96 100 113 114 113 121
TGFA 100 84 106 106 102 99 107  TGFA decreased 16% Day 5
CD8A 100 91 97 103 101 111 81
HBD 100 121 93 114 119 120 147 HBD increased 21% Day 5 to 47% Day 730
IL2 100 85 101 108 110 106 121  IL2 decreased 15% Day 5 and increased 21% Day 730
CD8B 100 76 105 110 106 112 117  CD8B decreased 24% Day 5
IFNA1 100 104 105 126 126 139 168  IFNAI increased gradually to 68% Day 730
IL4 100 53 121 99 110 98 99 IL4 < 47% Day 5; then >68% Day 10 relative to Day 5
DEFA1 100 110 103 123 140 138 184  DEFAL increased from Day 5 to 84% Day 730
IFNB1 100 98 104 125 125 126 126
IL5 100 84 91 107 108 108 134

'Day 0 to 60 (n = 16) Day 730 (n = 13) SD = 2 - 4; °For example, 117 means 17% increase.

Table 4. Summary DNA amplification markers for children Days 0, 5, 10, 16, 30, 60, 730".

Markers positive (Day 5 & later) Markers Neutral, No Change
IL12A++ ACTB
EGF++ DEFB1
DEFA1l+ DEFB127
DEFB119+ IL5
CD40+ L10
GAPDH+ IL18
HBD+ CDSA
IFNA1+ IFNBI Neutral then+
IENG+
Markers Negative, Positive (Days 10 & later) Markers Negative Day 5
CD8B- then+ TGFA-
CD19- then+ IL6—
IL2- then+ CD4~-
IL4- then+ CD160-
IL12B- then+ PDCD1-
LAG3- then+ NFKB-

'Children 0 to 60 days (n = 16); Day 730 (n = 13) +2 - 4 SD.

DOI: 10.4236/abc.2019.92006 75 Advances in Biological Chemistry


https://doi.org/10.4236/abc.2019.92006

J. T. Thornthwaite et al.

Table 5. Summary DNA Amplification markers for babies Days 0, 16, 30, 60.

BABIES Days 0, 16, 30, 60*

Normalized to Day 0 Values

Day 0 Day 16 Day 30 Day 60 NOTES on Changes
ACTB 100 103 99 88
DEFB1 100 96 90 90
IFNG 100 100 73 89 IFNG dropped 27% by Day 30
IL6 100 102 103 100
CD160 100 106 106 93
DEFB119 100 112 107 100
IL10 100 109 92 101
LAG3 100 111 102 92
CD19 100 112 90 86
DEFB127 100 127 104 106 DEFBI127 increase 27% Day 16
IL12A 100 109 111 94
NFKB1 100 114 118 81 NFKBI increased 4% by Day 16
CD4 100 104 120 102 CD4 increased 20% by Day 30 to decrease 18% by Day 60
EGF 100 123 110 77 EGF increased 23% Day 16 to decrease to decrease by 46% Day 60
IL12B 100 118 113 88
PDCD1 100 105 113 95
CD40 100 122 102 80 CD40 increased 22% by Day 16 to decrease 42% by Day 60
GAPDH 100 107 98 84 GAPDH decreased 16% by Day 60
IL18 100 109 118 87 IL18 increased 18% day30 to decrease 31% from Day 30 to day 60
TGFA 100 110 99 94
CDSA 100 105 79 97 CD8A dropped 21% by Day 30
HBD 100 93 93 101
IL2 100 111 94 92 IL2 increase 11% by Day 16 to decrease 19% by Day 60
CD8B 100 110 105 88 CD8B increased 10% day 16 to decrease 22% by Day 60
IFNA1 100 127 99 83 IFNAL increased 27% Day 16 to decrease 44% by Day 60
IL4 100 102 108 102
DEFA1 100 122 98 74 DEFAL1 increase 22% by Day 16 to decrease 48% by Day 60
IFNB1 100 112 104 89
IL5 100 125 82 89 IL5 increased 25% Day 16 to decrease 36% by Day 60

'Babies 0, 16, 30, 60 days (n = 14) +2 - 4 SD.

West Tennessee for storage at —80°C. Multiple aliquoting into three equal por-
tions and refrozen at —80°C. One preparation was used to process 25 of these
patients at random for the complementary DNA (cDNA) preparation of 16 pa-
tients for DNA amplification analysis. The cure rate for the 31 Buffy Coat children
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Table 6. Summary DNA amplification markers for babies at Days 0, 16, 30, 60",

Markers positive (Days 16 and 30) Markers Neutral, No Change
IL12A+ ACTB
IL12B+ DEFB1
EGF+ IL2
DEFB127+ 1L4
DEFA1l+ IL6
DEFB119+ IL10
CD40+ IL18
IFNA1+ IFNB1
NFKB1+ CD4
Markers positive Day 16 then Negative Day 30 CD160
GAPDH+ then— LAG3
CD8B+ then— PDCD1
CD19+ then- TGFA
IL5+ then— CDSA
HBD

INFG Neutral then-Day 30/60

'Babies 0, 16, 30, 60 days (n = 14) +2 - 4 SD.

was 28/31 (90.2%) and was included with all the children identical to the overall
survival rate made up the 101/112 (90.2%) children.

Bufty coats were obtained from the 15 babies to date, and 14 were processed
for the cDNA amplification and DNA gene expression study.

QIAzol/RNeasy procedure (Quiagen.). RNA was prepared from each buffy
coat sample following the manufacturer’s instructions (Qiagen, USA). Briefly,
300 pl of bufty coat was vortexed with the QIAzol reagent. After a series of buf-
fer extractions and high-speed (10,000 xg) centrifugation steps, the lysate was
passed through the RN Aeasy MiniElute silica gel membrane column. The bound
RNA was eluted with RNase/DNase free water, high speed centrifugation of the
column resulted in 50 ul of final RNA product. The RNA yields were 0.1 - 0.3
pg/ul using the Quibit RN A BR assay and the DeNovix QFS Fluorimeter.

Reverse DNA Transcription for the complementary DNA production. A
1.55 pl of RT Master Mix (Fluidigm) was added to 4 pl of patient RNA samples
and ¢cDNA was transcribed following the manufacturer’s protocol. Duplicate
plates were processed for 16 children, 13 Day 730 children, and 14 babies. These
plates were stored at —80°C and shipped overnight on dry ice to the Harvard
Molecular genetics Core Facility at Boston Children’s Hospital.

Gene expression and detection. cDNA was preamplified with 20 cycles of
PCR using Fluidigm’s preamplification Master Mix and protocol for Delta Gene
Assays. Preamplified, EXOI-cleaned and diluted (5-fold) samples were run in the
Biomark system for RT-qPCR following Fluidigm’s Delta Gene protocol for 29
assays.

Table 2 shows the 29 primer designs used to detect gene expression levels.
The choice of these primer markers was based on a survey of possible markers

associated with malaria infection.
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3. Results

3.1. Malaria Parasite Load (MPL) during and after Treatment for
Babies and Children

The P. falciparum Malaria Parasite Load (MPL) clearance curve with standard
deviation (SD) bars included the original children and the bufty coat children of
the P. falciparum-free children is shown in Figure 2. In the combined children
study (n = 121), the ages ranged between 2.5 and 15 years old for an average age
of 8.4 + 3.6 SD (n = 110) for the cured children and 8.3 + 2.4 (n = 11) for the re-
current children. The average MPL at day zero was about 22,000 for both the
cured and recurrent patients. The patient groups were almost equally divided
(Males 52.8 + 5.8 SD n = 121) between males and females. The cure rate in the
Original Children’s study was 90.2% and decreased 5.1% by Day 730 (n = 51).

Table 1 presents the Data from the baby studies to date. The percentage cured
by day 60 was 93.3%. P. falciparum clearance rate at 7 days into the 16-day
treatment was 100%. The average age was 19.9 months + 8.7 SD, and 47% were
males. Figure 3 is a graphic representation of Table 1 showing the rapid clear-
ance of the P. falciparum in babies with 93.3% parasite-free at 60 days.

3.2. The DNA Markers

Table 2 shows the DNA markers used in this initial study. These markers were
chosen because of their possible association with malaria. These DNA amplifica-
tion markers were grouped into Interleukins, Cytokines, Interferons, Defensins,
and various markers for inflammation. The term “neutral” used throughout re-
fers to a value not changing from the Day 0 values of each of the DNA markers.
The DNA marker term “negative” means the DNA was down regulated. The
DNA marker term “positive” means the DNA was up regulated. All DNA mark-

er values were standardized to their respective Day 0 values.

3.3. Children Days 0 - 730

In Table 3, DNA marker results from 16 buffy coat samples were obtained as
described in the Materials and Methods section. Buffy coats and sera were ob-
tained from children at days 0, 5, 10, and 16 during treatment and days 30, 60,
and 730 after treatment. The DNA values were normalized to Day 0 and the rel-
ative percentages were obtained. For example, a mean 117 value relative to Day 0
being 100% would signify a 17% increase over the Day 0 control value for each
DNA probe. For Day 0 - 60, 16 patients were used to obtain the mean and Stan-
dard Deviations (SD), which averaged +2 - 4 SD. The comment section of Table
3 describes some the more notable changes during and after treatment.

A summary Table 4 of the DNA markers from Table 3 for the children cen-
tered on the relative percentage changes at Day 5. These data included markers
positive at Day 5 and later, markers negative at Day 5 then positive by Day 10
and later, markers neutral without significant change throughout, and markers

negative at Day 5 onward.
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The two most positive Markers included IL12A and EGF. For the Interleukins,
IL2, IL4, and IL12B were negative at Day 5 and were positive by Day 10 and
beyond relative to Day 0. The Interleukins were neutral and did not change in-
cluded IL10 and IL18. IL6 was negative at Day 5 and subsequently became neu-
tral.

Interestingly, two defensins, DEFA1 and DFBI119, were positive, while the
other two defensins, DEFB1 and DEFB127, remained neutral.

CD40 was positive, while CD19 became positive by Day 10. CD4 and CD160
were negative at Day 5 and remained negative. CD8A was neutral, while CD8B
was negative at Day 5, then became positive by Day 10.

Concerning the Interferons, Interferon Alpha (INFA1l) and INF Gamma
(INFG) were positive at Day 5 onward. Interferon Beta (INFB1) was neutral at

Day 5 and then became positive.

3.4. Babies Days 0 - 60

Table 5 presents the mean DNA marker results from 14 bufty coat samples, ob-
tained from cured babies as described in the Materials and Methods section.
Buffy coats and sera were obtained from babies at days 0, 16, 30, and 60 during
and after the 16-day treatment. Instead of gel caps, the babies were given the
water-soluble NutraNanoSpheres™, 7 - 10 nm diameter micellized drops direct-
ly into their milk bottles daily.

In Table 6 is a summary of the DNA markers from Table 2 for the babies
centered on the relative percentage changes at Days 16 and 30. These data in-
cluded Markers positive at Days 16 and 30, Markers positive at Day 16 then neg-
ative by Day 30, and Markers neutral without significant change throughout.

For the Interleukins, IL12A and IL12B were positive at Days 16 and 30. IL5
was positive at Day 16 then negative by Day 30. IL2, IL6, IL10, IL18 and were
neutral on Day 16 - 60.

Interestingly, three Defensins, DEFA1, DFB119, and DEFB127, were positive,
while DEFB1remained neutral.

CD40 was positive at Days 16 and 30 but was negative by Day 60. CD8B and
CD19 were positive on Day 16 and negative by Day 30. CD4 and CD160 were
neutral throughout.

Concerning the Interferons, Interferon Alpha (INFA1l) and INF Gamma
(INFG) were positive at Day 16 onward. Interferon Beta (INFB1) was neutral at
Day 5 and then became positive.

3.5. Summary of DNA Amplification Markers: Children vs. Baby
Comparisons

Table 7 shows the comparisons between the DNA amplification markers be-
tween children and the babies. INFG was positive throughout for the children,
but not the babies. The babies showed positive throughout for IL12B, DEFB127,
and NFKB1, but the children were not positive for any of these markers. For the
children, TGFA, IL6, CD4, CD160, PDCD1, and NFKB1 were negative at Day 5,
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Table 7. Summary DNA Amplification markers children vs. babies’ comparisons at Day
16.

Markers found in one and not the other age group!

Children Days 0, 5, 10, 16, 30, 60%, 730° Babies Days 0, 16, 30, 60*
POSITIVE: INFG+ IL12B+; DEFB127+; NFKB1+
NEGATIVE:TGFA; IL6; CD4; CD160; PDCDI1;NFKB NONE
NEGATIVE THEN POSITIVE: CD8B; CD19; IL2; IL4; IL12B; NONE
LAG3; IFNB1°
POSITIVE THEN NEGATIVE: NONE CD8B; CD19; IL5; GAPDH

'Markers not listed were in the neutral, No change group; *Children 0 to 60 days (n = 16); *Day 730 (n =
13); “Babies 0, 16, 30, 60 days (n = 16); IFNB1 Neutral then+.

and remained negative or neutral throughout. The babies were neutral for these
markers, except for the positive NFKB1. The children showed positive CD8B,
CD19. IL2, IL4, IL12B, LAG3, and INFBI1 (neutral to positive) after a negative
Day 5. In contrast, the babies did not show the negative to positive transition for
these markers. The babies, however, did reveal positive to negative reduction for
the DNA makers CD8B, CD19, IL5, and GAPDH. In contrast, the children did

not show the positive to negative transition for these markers.

4. Discussion

IL12A and I112B. Life-threatening complications in severe childhood malaria
include hyperparasitemia, hypoglycemia, cerebral malaria, respiratory distress,
and severe malaria anemia [3] [4]. There are strong associations between poly-
morphisms in the genes of IL12A and IL12RB1 and protection from SMA in
Kenyan children, suggesting that human genetic variants of IL12 related genes
may significantly contribute to the development of anemia in malaria patients
[5]. Treatment with IL12 corrects malarial anemia [6] [7] [8]. In the children
(Table 3 and summary Table 4) and in the babies during treatment (Table 5
and summary Table 6), gene amplification of IL12A and IL12B were signifi-
cantly positive.

Epidermal growth factor (EGF) is a growth factor that stimulates cell growth,
proliferation, and differentiation by binding to its receptor EGFR. The elevation
of both EGF and IL12 (summary Table 4 and Table 6) in the children and ba-
bies has a positive prognostic significance [9].

For the other Interleukins in children, IL2, IL4, and IL12B were negative at
Day 5 and were positive by Day 10 and beyond relative to Day 0. IL6 was nega-
tive (downregulated) at Day 5 and subsequently became neutral (expression re-
mained unchanged). IL2 is important for the proliferation of T and B lympho-
cytes, especially among young children. The receptor for this cytokine is a hete-
rotrimeric protein complex whose gamma chain is also shared by Interleukin 4
(IL4) and Interleukin 7 (IL7) [10]. IFN-gamma levels were elevated in patients
with complicated malaria in the initial stage of the disease before treatment
compared to the levels found with uncomplicated malaria, while the IL4 levels

were elevated 7 days after treatment [11].
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Interleukins that did not change in expression level included IL10 and IL18.
Interleukin-18 (IL18) is a potent proinflammatory cytokine that induces inter-
feron-Gamma (IFNG) production from Thl cells, NK cells and activated ma-
crophages, particularly in the presence of IL12 [12]. However, the IL-18 produc-
tion was neutral for the children and babies with minimal elevation of Interferon
gamma (IFNG). IL18 is capable of inducing IL4 and IL13 production in T cells,
NK cells, mast cells, and basophils. IL18 plays a key role in inducing severe ma-
laria through a pathway of elevating IFNG [12]. Neither one of these proinfla-
matory interleukins were elevated in the children and babies, thus minimizing
the severe malaria proinflamatory pathway [11] [12].

Humoral immunity develops in the spleen during blood-stage plasmodial in-
fection. This elicits parasite-specific IgM and IgG, which control parasites and
protect against malaria. IL-6 promotes CD4" T-cell activation and B-cell res-
ponses during blood-stage plasmodial infection, which encourages para-
site-specific antibody production [13]. For both the children and babies, IL6
gene expression was unchanged during and after treatment. Immunity to mala-
ria in malaria patients had a characteristically strong pro-inflammatory/Thl
signature. Pro-inflammatory responses and tolerance to P. falciparum is believed
to wane with time in the absence of exposure to P. falciparum infection [13]. In-
terestingly, IL-12, alpha interferon- Alpha (IFNA1), and IFNG levels have been
reported lower in children with severe malaria, while IL10 levels higher [14],
which is the opposite of our measurements for both Children (Table 3 and Ta-
ble 4) and Babies (T'able 5 and Table 6).

At day 5 into the TriAntiMal™ treatment, the CD8B and CD19 DNA ampli-
fication markers were negative (downregulated), then became positive (upregu-
lated) by Day 10 for both the children and babies. Cerebral malaria (CM) is one
the major complications occurring during malaria infection. While the mechan-
isms leading to this syndrome are still not completely understood, depletion of
CD8" dendritic cells at the beginning of infection prevented experimental cere-
bral malaria (ECM) development and death [15].

B-cells are essential in immunity against malaria. In new-borns, naive B-cells
play a major role in recognizing P. falciparum. In adults, the high proportion of
P. falciparum specific memory B-cells suggests they play a major role against
malaria. CD19 positive B cells confer protection against cerebral malaria in
semi-immune rodent model. CD19 positive B cells are determinants in protec-
tive mechanism of semi-immune mice against ECM possibly via modulatory
IL-10 for pathogenic IFN-y production [16].

At five days into the TriAntiMal™ treatment of the children, the IFNA1 and
CD40 genes expression increased significantly (statistical test; p value) even after
730 days. In the babies, both levels peaked at Day 16 and subsequently decreased
through Day 60. IFNA1 and CD40 play a significant role in malaria. CD40 is a
modulator of adaptive immunity, because elevated CD40 levels appear early after
malaria infection in the blood and has a role in innate IFNA1 responses and

disease control [17] [18]. The costimulatory molecule CD40 enhances immunity

DOI: 10.4236/abc.2019.92006

81 Advances in Biological Chemistry


https://doi.org/10.4236/abc.2019.92006

J. T. Thornthwaite et al.

through several distinct roles in T cell activation and T cell interaction with oth-
er immune cells. In a mouse model of immunity to liver stage plasmodial infec-
tion, CD40 had been shown to be critical for the full maturation of liver dendrit-
ic cells, accumulation of CD8(+) T cells in the liver, and protective immunity
[19].

In studies like reported here, Glucose-6-phosphate dehydrogenase (GAPDH)
is usually used as an internal marker for monitoring gene expression or in some
situations used to normalize the gene expression levels. We use the values at Day
zero to normalize our data. However, GAPDH is important in the control of
oxidant stress in erythrocytes, the host cells for P. falciparum. Mutations in this
enzyme produce X-linked deficiency states associated with protection against
malaria, notably in Africa where the A form of GAPDH deficiency is widespread
[20]. In the children, GAPDH was positive throughout, while the babies were
positive at Day 16 and then became negative by Day 30. Therefore, it appears a
GAPDH deficiency

In Table 7, the comparisons between the children and the babies’ immuno-
logic genes expression showed many similarities with some exceptions. At the
Day 16 comparisons, the children were uniquely positive for INFA, INFBI, and
INFG in contrast to the babies, which showed the only positive defensin, DEFB
127, even though DEFA1 was positive for both, The babies at the end of the
16-day treatment were either no changed in expression or positive (upregulated)
by Day 30 for all the markers, except CD8B, CD19, and GAPDH, which were
positive by Day 16 and the negative by Day 30/60. None of the babies started out
negative at Day 16, then showed positive DNA amplification values. However,
there were positive values for the children at Day 16, which became neutral or
negative by Day 60 as shown in Table 7. There were at least six more genes that
were negative for the children when compared to the babies.

One of the most interesting results was the upregulation of the defensins
genes in both the children and babies. In the children, while DEFB1 and DEF127
remained neutral (unchanged), significantly upregulated (statistical test, p value)
were measured for DEFA1 and DEFB119, even at Day 730 in the cured children.
The babies uniquely showed upregulation for DEF127 and DEFAL, as also for
the children, at Day 16, which downregulation occurred through Day 60. DEFB1
was unchanged in the babies. To these authors knowledge, there have not been
any papers published on Defensins AND Malaria (PubMed.com). Furthermore,
the innate activity of defensins has been thought to be restricted to antiviral and
antibacterial activity. The mechanism(s) of how they would operate against pa-
rasites internally is not clear. Based on the intracellular destruction of bacteria in
neutrophils containing defensin granules, there may be the possibility that de-
fensins can operate within the liver and erythrocytes infected with the parasites.
Furthermore, the significant upregulation (p value) of the immune regulatory
genes, e.g. DEFAI in children at Day-16 through day-730, may be showing im-
munological memory among defensins against P. falciparum.

The unique, common biochemical structure of defensins contains six cyste-
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ines and three intramolecular disulfide bridges, consisting of 18 - 45 amino ac-
ids, and are classified into three different subgroups: human «, £, and mouse 8
defensins [21] [22] They kill phagocytosed bacteria, for example in neutrophil
granulocytes, by binding to the microbial cell membrane, and forming pore-like
membrane defects that osmotically compromise the microbe [23] allowing efflux
of essential ions and nutrients. They are seen across the vertebrate lineage rang-
ing from bony fish to human [24] and are found in plants [25].

DEFA1 genes encode human neutrophil peptides (HNP) 1 - 3 and are in-
volved in directly killing pathogens [26] [27]. HNP1-3 also is functionally asso-
ciated with innate immunity and infections [28] [29].

Beta-defensins, such as DEFB1, DEFB119, and DEFB127 presented here, are
antimicrobial peptides that protect tissues and organs from infection by a variety
of microorganisms like the DEFA1 Alpha Defensins described above [30] [31]
[32] [33]. A specific f-defensin called tracheal antimicrobial peptide (TAP) is
found along the entire length of conducting airways [34]. In the lung, the -1
TAP defensin prevents infection by virulent or opportunistic pathogens. In pa-
tients with cystic fibrosis (CF), the TAP is inactivated by high salt concentrations
in the respiratory mucosa [34]. This allows development of respiratory tract in-
fections with opportunistic pathogens such as Pseudomonas aeruginosa. Defen-
sins also prevent the influenza virus from entering target cells. Influenza hemag-
glutinins are necessary for binding the virus to the target cell. Defensins render
the virus noninfectious by cross-linking hemagglutinins, which prevents the
normal interaction between the virus and the host cell membrane [32] [35].
Most of the cellular function alpha and beta defensins are housed in the granules
of neutrophils to help fight bacterial and viral infections [36] [37]. Beta defensins
inhibit HIV replication and selectively protects primary CD4" T cells infected
with HIV-1 [38]. However, there is no evidence from the literature that defen-
sins protect against malaria parasites and show immunological memory. We
may be reporting for the first time process that accentuates the production of
defensins, which may have immunological memory due to the upregulation of
specific immune regulation genes long after parasite clearance in children (Table
3).

5. Conclusions

We present a result of chemotherapy that seems to enhance the immunity of in-
fected patients treated with the combination therapy of TriAntiMal™. This model
starts with a malaria infection, a treatment to remove the parasite load and an
immunity to assure the malaria cannot return, regardless of a person being bit-
ten again. For the first phase to determine the immunologic processes involved,
we measured the gene expression response before, during, and after therapy. The
results show all aspects of the humoral, cellular, and innate immunity being in-
volved in long-term immunity against P. falciparum. Our future studies will

analyze the serum samples to determine the actual soluble, protein-based im-

DOI: 10.4236/abc.2019.92006

83 Advances in Biological Chemistry


https://doi.org/10.4236/abc.2019.92006

J. T. Thornthwaite et al.

mune entities, such lymphokines, cytokines, Interferons, Defensins, and specific
antibodies and antibody types against P. falciparum which appear in the blood-
stream during the steps to immunity and see how they correlate with the DNA
activation data in this paper.

Finally, we need to address the whole process of how we cure malaria. Waiting
for the parasite to be manifested in the blood before treatment begins may not be
the correct way to treat malaria. Our treatment is safe and efficacious, may justi-
fy treating individuals indigenous to a malaria infested country, since liver and
other organs may harbor the P. falciparum. Regardless, if we are going to make a
major impact on ridding the world of this devastating disease, we must be will-
ing to focus on a treatment that is curative, one-series treatment, safe, and inex-
pensive. This research also introduces the hope of curing bacterial and viral dis-

eases, cancer and other life-threatening diseases.
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