Clinical, Cosmetic and Investigational Dermatology

Dove

ORIGINAL RESEARCH

Water-soluble egg membrane enhances the
immunoactivating properties of an Aloe vera-based
extract of Nerium oleander leaves

Kathleen F Benson'
Robert A Newman?3
Gitte S Jensen'

'NIS Labs, Klamath Falls, OR,
2Department of Experimental
Therapeutics, University of Texas MD
Anderson Cancer Center, Houston,
3Nerium Biotechnology Inc,

San Antonio, TX, USA

Video abstract

Point your SmartPhone at the code above. If you have a
QR code reader the video abstract will appear. Or use:
http://youtu.be/B2D17SuWInY

Correspondence: Robert A Newman
112 Whale Rock Lane, Surry,

ME 04684, USA

Tel +1 713 857 8921

Email newmanscientificconsulting@gmail.

com

This article was published in the following Dove Press journal:
Clinical, Cosmetic and Investigational Dermatology

3 November 2016

Number of times this article has been viewed

Objective: To evaluate a blend of two natural ingredients on immune parameters relevant for
their current topical use and potential support of microcirculation in skin tissue.

Materials and methods: A blend (BL) of Aloe vera-based Nerium oleander extract (NAE-
8i, oleandrin-free) and hydrolyzed water-soluble egg membrane (WSEM) was applied to
human whole-blood cultures for 24 hours, with each separate ingredient serving as a control.
Immune-cell subsets were analyzed for expression levels of the activation markers CD69 and
CD25. Culture supernatants were analyzed for cytokines, chemokines, and immunoregulat-
ing peptides.

Results: BL increased CD69 expression on lymphocytes, monocytes, and CD3-CD56" natural
killer cells, and CD25 expression on natural killer cells. The number of CD69*CD25* lympho-
cytes increased in cultures treated with BL and the separate ingredients. BL triggered production
of multiple cytokines and chemokines, where CC chemokines MIP1o and MIP3a, as well as
cytokines involved in wound healing — Groa,, Grof, ENA78, and fractalkine — reached levels
manyfold above treatment with either NAE-8i or WSEM alone.

Conclusion: Data on BL showed that WSEM strongly enhanced NAE-8i’s effects on immuno-
activation in vitro. This has potential relevance for support of immunity in skin tissue, including
antibacterial and antiviral defense mechanisms, wrinkle reduction, and wound care.

Keywords: chemokines, cytokines, leukocyte activation

Introduction
The skin is the largest organ of the human body, and serves as a critical front line of
defense with respect to physical, chemical, and biological insults from the external
environment. It is composed of well-characterized resident epidermal and dermal cell
types, as well as immune cells. The principal way in which skin responds to damage
or injury is through an acute inflammatory response. This typically consists of an
innate system of cellular and humoral responses in which the body attempts to restore
dermal tissue to its preinjury state. This involves a complex orchestration of events,
including activation of endothelial cells, adhesive interactions between leukocytes and
the vascular endothelium, activation of tissue macrophages, and activation of platelets
and complement.'* Equally important is the subsequent resolution of the acute inflam-
matory response. Such a resolution involves the sequential interdependent release of
additional vasoactive and chemotactic mediators.**

In addition to acute skin injury or that due to disease, the formation of facial
wrinkles and tissue aging has also been linked to changes in skin biochemistry
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(eg, loss of elastic properties in dermal tissue) and immu-
nology. Healthy skin tissue represents a dynamic environ-
ment in which immunogenic vigilance and response play a
key role in maintaining skin integrity and homeostasis.*’
While acute inflammatory responses are important to the
immune defense against bacterial invaders of dermal tis-
sue, it is suspected that impaired innate immunity is related
to chronic inflammatory skin conditions with a bacterial
association.® Acne, a chronic slow-resolving inflammatory
disease, is an example of this. Acne development is linked
to the combination of genetic and environmental factors,
among which a prominent role is played by the follicular
colonization of Propionibacterium acne. This induces
stimulation of an inflammatory response followed by the
secretion of proinflammatory molecules and by activation
of innate immunity.’ Increased cutaneous and systemic
oxidative stress then serve as factors in the pathogenesis
of acne as a chronic inflammatory condition.!” Resolution
of acute inflammation is under strict checkpoint control by
endogenous proresolution factors that are crucial in pre-
venting excessive tissue injury, autoimmunity, and chronic
inflammation."!

We recently reported the beneficial antioxidant and anti-
inflammatory effects of a novel extract, NAE-8i, extracted
from Nerium oleander using Aloe barbadensis (also known
as Aloe vera) gel material.'? The extract has now been further
modified, such that it no longer contains cardiac glycosides,
such as oleandrin, yet retains compounds from both Nerium
oleander and Aloe that are known to benefit skin health.
Another natural ingredient with noteworthy benefits for
skin health is water-soluble egg membrane (WSEM). EM
is the thin protective layer of tissue between the egg white
and the eggshell and contains an abundance of antimicro-
bial, immunomodulatory, and other bioactive proteins and
peptides.’'® Proteoglycans in EM have been used success-
fully in treating nonhealing wounds and burns, due to their
biocompatibility, biodegradability, and similarity to macro-
molecules found in the human body.!**° Of specific relevance
for the work reported here, a hydrolyzed WSEM product
triggered upregulation of antioxidant-response elements in
human keratinocytes, and significantly reduced production
of reactive oxygen species by polymorphonuclear (PMN)
cells in vitro. Furthermore, human dermal fibroblasts treated
with WSEM in vitro showed increase in the production and
secretion of collagen and elastin.?! These properties suggest
several modes of action for the reduction of facial wrinkles,
seen in a recently completed clinical study, where significant
changes in wrinkle contours of facial skin wrinkles were

documented after 8 weeks of topical use.?! The potential for
synergistic biological effects of the plant-based NAE-8i and
the EM-based WSEM is therefore pertinent and the driving
reason for the testing reported in this paper.

Materials and methods

Reagents

Phosphate-buftered saline, Roswell Park Memorial Institute
1640 medium, penicillin—streptomycin 100x, interleukin-2
(IL-2), and lipopolysaccharide (LPS) were purchased from
Sigma-Aldrich Co. (St Louis, MO, USA). Cal-Lyse™ whole-
blood lysing solution was purchased from Thermo Fisher
Scientific (Waltham, MA, USA). CD69 fluorescein isothio-
cyanate, CD56 phycoerythrin, CD3 peridinin chlorophyll
protein, CD25 brilliant violet 421 and heparin Vacutainer
tubes were purchased from BD (Franklin Lakes, NJ, USA).
The Bio-Plex Pro™ human chemokine 40-Plex was pur-
chased from Bio-Rad Laboratories Inc. (Hercules, CA, USA).

Extracts and blend

A liquid A. vera-based N. oleander extract (NAE-8i) was
provided by Nerium Biotechnology Inc (San Antonio, TX,
USA). Basic details of the extraction procedure are given in
the issued patent US8524286. The extract was further modi-
fied to remove cardiac glycosides, yet retain other Aloe- and
N. oleander-based phytochemicals. Dilutions of extracts were
performed using physiological saline. A hydrolyzed WSEM
powder was obtained by Nerium Biotechnology from Biova
LLC (Johnston, IA, USA). A stock solution was prepared by
dispersing 0.5 g into 5 mL physiological saline and allowing
the soluble compounds to dissolve under gentle agitation for 1
hour. A small amount of undissolved solid matter was removed
by centrifugation at 2,400 rpm for 10 minutes. The liquid was
then passed through a 0.22 pm sterile filter in preparation for
adding to cell cultures. The NAE-8i—-WSEM blend (BL) was
then made by combining equal volumes of WSEM at 50 g/L
with NAE-8i at 200 mL/L to reflect the relative doses in which
this blend is used in topical skin-care formulations.

Expression of CD69 and CD25 on

leukocyte subsets

Upon written informed consent from subjects, and approval
by the Sky Lakes Medical Center Institutional Review Board,
Federalwide Assurance 2603, peripheral whole blood was
drawn from three human donors and used to establish cultures
where blood (40 puL) was combined with Roswell Park Memo-
rial Institute 1640 medium (140 pL) containing penicillin—
streptomycin. Serial dilutions of products or LPS (10 ng/mL)
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were added to cultures at a volume of 20 uL, and cultures
were then incubated at 37°C, 5% CO, for 24 hours. The highly
inflammatory bacterial LPS from Escherichia coli was used as
a positive control for immune-cell activation. IL-2 wasused as a
positive control for natural killer (NK)-cell activation. Untreated
controls consisted of cells exposed to phosphate-buffered saline
in the absence of test products. All treatments, including each
dose of test product and each positive and negative control, were
tested in triplicate. After 24 hours, blood cells were isolated
from each culture well and stained for 15 minutes with labeled
antibodies at the recommended concentration. Cells were then
fixed and red blood cells lysed using Cal-Lyse whole-blood
lysing solution following the manufacturer’s instructions. Flow
cytometry was performed with an Attune acoustic-focusing
flow cytometer (Thermo Fisher Scientific). Data analysis uti-
lized gating on forward/side scatter to evaluate CD69 expres-
sion on lymphocyte monocyte/macrophage- and PMN-cell
subsets. The lymphocyte subpopulation was further analyzed
for CD25 and CD69 expression on CD3-CD56* NK cells, and
to determine the percentage of CD69*CD25" double-positive

lymphocytes.

Cytokine profiles from whole-blood

cultures

Supernatants were harvested from human whole blood (three
donors) 24-hour cultures, and concentrations of 40 cytokines
and chemokines were analyzed. IL-1J, IL-2, IL-4, IL-6, IL-8
(CXCLS8), IL-10, IL-16, interferon gamma (IFNY), tumor
necrosis factor alpha (TNFa), MIF, granulocyte-macrophage
colony-stimulating factor (GM-CSF), I-309 (CCL1), eotaxin
(CCL11), eotaxin 2 (CCL24), eotaxin 3 (CCL26), MIP1
(CCL3), MIP30 (CCL19), MIP3[ (CCL20), MIP5 (CCL15),
MCP1 (CCL2), MCP2 (CCL8), MCP3 (CCL7), MCP4
(CCL13), TARC (CCL17), 6Ckine (CCL21), MDC (CCL22),
MPIF1 (CCL23), TECK (CCL25), CTACK (CCL27),
Groo. (CXCL1), Grof (CXCL2), ENA-78 (CXCLS),
GCP-2 (CXCL6), MIG (CXCL9), IP-10 (CXCL10), I-TAC
(CXCLI11),SDFl1a.(CXCL12),BCA1 (CXCL13),SCYBI16
(CXCL16), and fractalkine (CX3CL1) were quantified using
Bio-Plex protein arrays (Bio-Rad Laboratories Inc.) and
utilizing XM AP technology (Luminex, Austin, TX, USA).

Statistical analysis

Average and standard deviation calculations for each data set
were made using Microsoft Excel. Statistical analysis of in
vitro data was performed using the two-tailed, independent
t-test. Statistical significance was set at P<0.05, and a high
level of significance at P<0.01.

Results

Activation of leukocyte subsets

Immune-cell activation was determined by measuring cell-
surface expression of the activation markers CD69 and CD25.
The use of fluorescently labeled antibodies to CD3, CD56,
CD69, and CD25 allowed the monitoring of changes to
leukocyte subsets, including lymphocytes, monocytes/macro-
phages, NK cells, and PMN cells. Treatment of whole-blood
cultures with either the Aloe-based Nerium extract NAE-8i
or the WSEM for 24 hours led to dose-dependent activation
of lymphocytes and monocytes (Figure 1A and B), with BL
inducing the highest level of activation. The effects on PMN-
cell activation were more complex: the two highest doses of
WSEM and the intermediate doses of NAE-8i and BL led
to decreased CD69 expression on PMN cells (Figure 1C),
while the highest dose of BL triggered an increase in CD69
expression.

All three products triggered an increase in CD69 expres-
sion on CD3"CD56" NK cells, where cells treated with BL
showed the highest level of CD69 expression on NK cells
(Figure 2A). BL also increased CD25 expression on NK cells
at the highest dose of 20 mg/mL concentration (Figure 2B).
Immunophenotypic analysis also allowed evaluation of a
rare population of lymphocytes that express both CD69 and
CD25. CD69*CD25* double-positive lymphocytes repre-
sent a rare subpopulation of cells whose function is poorly
understood, but that appear to be a subset of CD8" NK cells.?
A dose-dependent increase in the number of lymphocytes
expressing both the CD69- and CD25-activation markers
was seen following treatment of cultures with all three prod-
ucts (Figure 2C). The greatest increases in the number of
CD69'CD25* lymphocytes were seen in cultures treated with
BL followed by cultures treated with NAE-8i.

Production of cytokines and chemokines

in human whole-blood cultures

Supernatants from the whole-blood cultures exposed to prod-
ucts for 24 hours were simultaneously assayed for the levels
of 40 different cytokines and chemokines using a magnetic
bead-based array and Luminex xXMAP technology. Robust
increases in the number of cytokines with various regulating
properties were seen. This included upregulation of certain
proinflammatory cytokines, including IL-1f, IL-2, IL-6,
IL-8, IFNY, and TNFo (Figure 3). Increases were also seen
in the anti-inflammatory cytokines 1L-4 and IL-10 and the
growth factor GM-CSF (Figure 4). Increases were seen in
cytokines playing a role in wound healing (Figure 5), and
included the CX3CRI1-receptor ligand fractalkine and the
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Figure | Expression of the CD69 cellular activation marker on leukocyte subsets.

Notes: *P<0.05; **P<0.01. CD69 expression on lymphocytes (A), monocytes (B), and polymorphonuclear (PMN) cells (C) in human whole-blood cultures treated for 24
hours with serial dilutions of an Aloe vera-based Nerium oleander extract (Nae-8i), water-soluble egg membrane (WSEM), or a blend of both (BL). Mean fluorescence intensity
for CD69 expression is shown. Lipopolysaccharide (LPS) was used as a positive control (10 ng/mL) and resulted in an increase in CD69 expression on all three cell types.
For all three cell types, exposure to the highest dose of BL resulted in an increase in CD69 expression. In the case of monocytes, the 20 mg/mL concentration of Nae-8i and
BL activated cells better than LPS. For PMN cells, a reduction in CD69 expression was seen when compared to untreated PMN cells for the two higher doses of WSEM, as
well as the intermediate dose of Nae-8i and BL. For the highest dose of BL, CD69 expression was induced in PMN cells. Data presented as mean * standard deviation from

triplicate cultures and are representative of three separate experiments using whole blood from three different healthy human donors.

Abbreviation: UT, untreated.

CXCR2-receptor ligands Groo., Grof, and ENA78. Cyto-
kines involved in NK-cell activation and antiviral immuno-
defense activity were also upregulated and included MIP1q,
MIP3a, SDF 10, and IP10 (Figure 6), as well as MIP3j3 (data
not shown) and fractalkine (Figure 5D).

Discussion

Despite increased knowledge of the molecular mechanisms
involved in maintaining skin health, few studies exist on the
potential role of natural products for topical skin agents and
their influence on immunologic processes of relevance for
dermal health. The goal of the present research was to inves-
tigate a blend of two natural ingredients — an oleandrin-free
version of an 4. vera-based N. oleander extract (NAE-8i) —
combined with hydrolyzed WSEM, used for topical applica-
tions in antiaging skin products. We have previously shown
that an Aloe-based Nerium extract possesses potent antioxi-
dant and anti-inflammatory properties, while also inducing
specific cytokines in dermal fibroblasts of relevance to wound

healing. We also reported that topical application of WSEM
is associated with significant wrinkle reduction, likely due
to a combination of its effect on dermal fibroblast produc-
tion of collagen and elastin in combination with induction
of antioxidant-response elements downstream of NRF2. In
order to study the immunomodulating effects of BL of these
two natural ingredients, human whole-blood cultures were
used, as this culture model allows cross talk between relevant
cell types in an orchestrated manner and pertains directly to
microvascular blood perfusion in skin tissue.

The data reported here showed that BL induced biological
responses beyond simple additive effects contributed by each
ingredient. Due to the likelihood of engaging different cell-
surface receptors by active compounds in 4. vera, N. olean-
der, and EM, synergy was expected. That said, the magnitude
of the synergistic effects was more robust than anticipated,
as the amplification of the responses to BL was above and
beyond the additive effects of each ingredient. NK cells were
activated in response to BL, as seen by increased CD69 and
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Figure 2 Expression of CD69 and CD25 on natural killer cells and CD69*CD25* lymphocytes.

Notes: *P<0.05; **P<0.01. CD69 (A) and CD25 (B) expression on CD3-CD56" natural killer (NK) cells and percentage of lymphocytes positive for both CD69 and CD25 (C) in
human whole-blood cultures treated for 24 hours with serial dilutions of an Aloe vera-based Nerium oleander extract (NAE-8i), water-soluble egg membrane (WSEM), or a blend
of both (BL). The mean fluorescence intensity of CD69 expression (A) and CD25 expression (B) on NK cells and the percentage of CD69*CD25* lymphocytes (C) are shown.
Lipopolysaccharide (LPS) was used as a positive control (10 ng/mL) and resulted in an increase in CD69 and CD25 expression on NK cells and an increase in the percentage of
CD69*CD25* double-positive lymphocytes. Even though both NAE-8i and WSEM induced CD69 and CD25 expression on NK cells, the BL blend triggered more robust and
statistically significant increases. BL showed the highest level of activation of NK cells as well, as an increase in CD69*CD25* double-positive lymphocytes. Data presented as mean

* standard deviation from triplicate cultures and are representative of three separate experiments using whole blood from three different healthy human donors.

Abbreviation: UT, untreated.

CD2S5 expression. Since CD69* NK cells are associated with
increased cytotoxicity, while CD25* NK cells show increased
proliferation,?® the data suggest that BL supports innate
immunity, particularly toward virally infected or transformed
cells. Increased production of the MIP 1o and MIP3 o chemo-
kines, involved in NK-cell activation and antiviral protection,
was seen following treatment of whole-blood cultures with
BL, far beyond a simple additive effect contributed by each
of the two natural ingredients. The activation of NK cells
and monocytes in whole-blood cultures implies that similar
events take place in skin tissue exposed to BL in a topical
application.

Inflammation is an important aspect of immunity, specifi-
cally protection of the host from pathogens and maintenance
of the skin barrier, as well as playing a role in wound healing.
Data from studies in knockout mice,*** as well as human
diseases, including diabetes, and glucocorticoid treatment?®
show that lack of an appropriate proinflammatory response

early on leads to delayed or aberrant wound healing. The data
reported here showed that several proinflammatory cytokines
were robustly induced by BL, including IL-18, TNFa., and
IFNy. This may also suggest improved innate immunodefense
activity, since in atopic dermatitis TNFo, [FNy, and IL-1f3
are reduced and patients have an increased susceptibility to
microorganisms.?’ Known to increase cellular responsiveness
to growth factors and induce signaling pathways that lead
to proliferation, TNFa. is associated with such conditions
as psoriasis,® yet in normal skin epithelium, low levels of
TNFa are generally localized within the epidermal basal
cell layer® and likely play a key role in maintenance of the
permeability barrier. IL-6 is also correlated with psoriasis at
elevated levels, and is induced after epithelial disruption, yet
both IL-6 and TNFa. promote normal keratinocytic growth,
epithelial barrier integrity, and collagen deposition.*

The increase in cytokine production in response to BL
may potentially help support reparative functions in skin,
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Figure 3 Changes in proinflammatory cytokine levels in human whole-blood cultures.

Notes: Cultures were treated for 24 hours with an Aloe vera-based Nerium oleander extract (NAE-8i; 4 mg/mL), water-soluble egg membrane (WSEM; | mg/mL), or a blend
of both (BL). All three treatments led to statistically significant increases in cytokine production of IL-1§ (A), IL-2 (B), IL-6 (C), IL-8 (D), IFNY (E), and TNFo. (F). Treatment
with BL led to the greatest increases, and these were statistically significant from control cultures (UT), as well as from cultures treated with NAE-8i or WSEM alone. For all
six cytokines, the effects of BL were manyfold higher than additive contributions from NAE-8i and WSEM. The increased production of IL-2 and IL-8 following treatment with
BL was similar to levels resulting from lipopolysaccharide (LPS) treatment, while IL-6 production following treatment with BL was much greater than LPS treatment. With the
exception of IL-2, data are plotted using a logarithmic scale on the y-axis. The table inserts contain statistical comparisons between treatments and control (UT), as well as
comparisons of BL to each of its ingredients: NAE-8i and WSEM. Samples were tested in duplicate, and data shown are representative of three separate experiments using
three different blood donors. Data presented as mean * standard deviation. Numbers above each data bar indicate cytokine concentration in pg/mL.

Abbreviations: IL, interleukin, IFNY, interferon gamma; TNFo,, tumor necrosis factor alpha.
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Figure 4 Changes in anti-inflammatory cytokine levels in human whole-blood cultures treated for 24 hours.

Notes: Cultures were treated with an Aloe vera-based Nerium oleander extract (NAE-8i; 4 mg/mL), water-soluble egg membrane (WSEM; | mg/mL), or a blend of both (BL).
All three treatments led to statistically significant increases in cytokine production of IL-4 (A), IL-10 (B), and GM-CSF (C). Treatment with NAE-8i and WSEM had similar
effects on increasing the production of IL-4, IL-10, and GM-CSF, while treatment with BL led to larger increases that were additive when compared to NAE-8i and WSEM
alone. The table inserts contain statistical comparisons between treatments and control (UT), as well as a comparison of BL to each of its ingredients: NAE-8i and WSEM.
Samples were tested in duplicate, and data shown are representative of three separate experiments using three different blood donors. Data presented as mean * standard

deviation. Numbers above each data bar indicate cytokine concentrations in pg/mL.

Abbreviations: LPS, lipopolysaccharide; IL, interleukin; GM-CSF, granulocyte-macrophage colony-stimulating factor.

since the IL-1 family of cytokines signals keratinocyte pro-
liferation, and reduced signaling of the IL-1 cytokine fam-
ily in aging skin tissue has been associated with an altered
epidermal permeability barrier.’! The induction of IL-1f and
TNFa is known to also trigger hyaluronic acid synthases in
skin tissue,*? thus contributing to intrinsic hyaluronic acid
production, associated with improved skin hydration and
function. Potential wrinkle-reducing effects of topical use
of BL may be associated with a combination of the intrinsic
effects of WSEM directly on matrix deposition by skin cells?!
and the induction of cytokines by skin-residing immune cells.
The immunoactivating events mediated by BL were selec-
tive and did not apply uniformly to all cell types. Reduced
CD69 expression of inflammatory PMN cells by BL is seen in
the context of previously published results on each ingredient’s
capacity to reduce formation of reactive oxygen species.!?!
This anti-inflammatory property was further substantiated by
the induction of IL-4 and IL-10 production in the cultures.

The complex cytokine responses induced by BL are
interesting in light of previous documentation showing that
topical application of a combination of growth factors and
cytokines was associated with reduction in wrinkles and
general signs of photoaging of human facial skin.>* Rather
than application of extrinsic growth factors, the topical use
of the natural BL has the potential to induce intrinsic produc-
tion of a similarly complex array of cytokines. This in com-
bination with the known antioxidant and anti-inflammatory
properties of each ingredient makes BL a promising natural
and noninvasive alternative for cosmetic and overall skin
health-related purposes.

A different set of observations reported here includes the
induction of a set of chemokines involved in wound heal-
ing, specifically acting through the CXCR1/CXCR?2 recep-
tors. Very large increases in the production of Groo, Grop,
ENA7S8, and fractalkine were seen, as well as IL-8. These
chemokines belong to a group of angiogenic chemokines that
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Figure 5 Changes in levels of cytokines that signal through the CXCR?2 receptor and/or are involved in wound healing in human whole-blood cultures.

Notes: Cultures were treated for 24 hours with an Aloe vera-based Nerium oleander extract (NAE-8i; 4mg/mL), water-soluble egg membrane (WSEM; | mg/mL), or a blend
of both (BL). The effects of BL were manyfold higher than additive contributions from NAE-8i and WSEM, showing robust increases in the production of Groa. (A), Grop
(B), ENA78 (C), and fractalkine (D) that were much greater than the lipopolysaccharide (LPS) control. Groo. data were plotted using a logarithmic scale on the y-axis. The
table inserts contain statistical comparisons between treatments and control (UT), as well as a comparison of BL to each of its ingredients: NAE-8i and WSEM. Samples
were tested in duplicate, and data shown are representative of three separate experiments using three different blood donors. Data presented as mean * standard deviation.

Numbers directly above each data bar indicate cytokine concentrations in pg/mL.

contain an ELR amino acid motif.**** IL-8, a proinflamma-
tory cytokine with sentinel function, is rapidly induced from
blood and skin cells in response to various sensitizers, and
then triggers chemotaxis for T lymphocytes, basophils, and
NK cells.*® However, since IL-8 also transactivates EGFR, it
could facilitate epitheliogenesis after or along with inflam-
matory chemotaxis.’” Under normal conditions, it is found
at only mild levels in the normal epidermis and is absent in
the dermis.*® Dermokine, a gene upregulated in inflammatory
diseases, has been shown to interfere with expression of ELR*
chemokines and result in delayed wound healing.*“° There-
fore, further work is needed on BL, such as three-dimensional
cell-culture models for wound healing and repair.

The presence of various immunoregulatory cells in the
skin, and the programming of these cells toward pro- versus
anti-inflammatory activities, has known profound effects

on skin health.*! Furthermore, cross talk between immune
cells and skin cells is important in up- or downregulation of
inflammatory conditions in the skin, as well as the initiation
of repair mechanisms.**** Macrophages and fibroblasts are
two main players in skin-tissue health and homeostasis and
play crucial roles in tissue repair. The cross talk between
macrophages and dermal fibroblasts directs the overall pro-
cesses of repair due to damage caused by external stressors
within the microenvironment of the skin. The proinflamma-
tory cytokines IL-1B, IL-6, and TNFo. have been shown to
strongly induce dermal fibroblasts to produce keratinocyte
growth factor in culture.*

The data presented here suggest that the benefits of
skin-care products containing NAE-8i and WSEM on skin
health and maintenance may directly result from enhance-
ment of early immune events within the skin. These effects
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Figure 6 Changes in levels of cytokines involved in natural killer-cell activation and antiviral protection in human whole-blood cultures.

Notes: Cultures were treated for 24 hours with an Aloe vera-based Nerium oleander extract (NAE-8i; 4 mg/mL), water-soluble egg membrane (WSEM; | mg/mL), or a blend
of both (BL). Treatment with BL led to the greatest increases for all four cytokines MIPlo. (A), MIP3o. (B), SDF I (C), and IP10 (D), and these were statistically significant
from control cultures (UT), as well as from cultures treated with NAE-8i or WSEM alone. The effects of NAE-8i and WSEM were enhanced in BL, leading to synergistic effects
on the production of MIPlo and MIP3a. The increase in MIP3a following exposure to BL was tenfold greater than the increase elicited by lipopolysaccharide (LPS). MIPlo,
MIP3a, and IP10 data were plotted using a logarithmic scale for the y-axis. The table inserts contain statistical comparisons between treatments and control (UT), as well as
a comparison of BL to each of its ingredients: NAE-8i and WSEM. Samples were tested in duplicate, and data shown are representative of three separate experiments using
three different blood donors. Data presented as mean + standard deviation. Numbers above each data bar indicate cytokine concentrations in pg/mL.

may support immune responses in skin tissue to daily envi-
ronmental insults and induce a more rapid return to homeo-
stasis. The blend of two natural ingredients triggered robust
immunoactivating events, including NK-cell activation of
relevance for immunoprotection of skin tissue, both with
respect to antiviral protection, such as from Herpes simplex,
and protection from precancerous events associated with
ultraviolet exposure.* Activation of monocytes is of relevance
for antigen presentation and immunoregulation, which in
combination with the complex cytokine effects is of interest
in the resolution of acne, as well as support of wound heal-
ing. The underlying in vivo mechanisms of action of BL are
likely to include not only direct effects on dermal fibroblasts
but also direct effects on skin-residing macrophages, as well
as leukocytes recruited to the skin. Further studies will need
to address more specifically the effects of BL in situations

pertaining to antiviral effects (H. simplex), antibacterial
effects (Propionibacterium acnes), ultraviolet-radiation
insults, wrinkle reduction, and wound repair.
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