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Abstract  Alzheimer’s disease (AD) is the most prevalent cause of dementia worldwide more frequently 
manifested in postmenopausal women. It has been associated in part with genetic predisposition (Apo E 
polymorphism) and chronic inflammation. We tested the effects of combinations of genistein with daidzein 
(SERMs), inositol hexa-phosphate with choline (phospholipid precursors), and the mixture (the Mix) of these two 
compositions with select plant extracts, vitamins, and minerals on specific AD cellular markers. The tests were 
conducted on fibroblasts derived from an old female AD patient and human normal dermal fibroblasts (HNDF) 
cultured under normal and inflammatory conditions. Evaluations included gene and protein expression for APOE, 
Tau and proinflammatory genes CSF2 and PTGS2. The Mix significantly decreased APOE gene expression in the 
cells derived from AD donor under normal and IL1β-induced inflammatory conditions. In the presence of IL1β and 
TNFα, Tau gene expression was significantly lower in both HNDF and AD fibroblasts compared to control. In the 
presence of TNFα Tau protein was affected by SERMs, phospholipids precursors, and the Mix. Test combinations 
differently affected the basal and inflammation-induced CSF2 and PTGS2 genes expression in HNDF and AD 
fibroblast. The effects of these natural compositions were compared to 17β estradiol and inflammatory signaling 
pathways’ inhibitors (SAPKs) to identify nutrients affecting specific cellular targets. This study indicates that 
nutrient combinations containing SERMs and/or phospholipid precursors, might exert the protective role of 
estrogens in relation to AD. These results merit further investigations aimed at developing effective natural 
approaches to AD and other forms of dementia. 
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1. Introduction 

Alzheimer’s disease (AD) is a neurodegenerative 
progressive illness beginning with mild cognitive 
impairment (MCI), leading to loss of cognition, mobility, 
and eventually death. It accounts for 60-70% of all 
dementia cases clinically characterized by poor learning 
capabilities and progressive irreversible behavioral and 
intellectual decline which shows positive correlation with 
increasing age. [1,2,3] Clinical studies indicate that AD 
affects post-menopausal women more than men of the 
corresponding age, which would suggest that decreasing 
estrogen levels could play a role in the development of 
this disease. [2,3] Main factors consistently associated 
with AD development and progression include genetic 
aspects such as the single nucleotide polymorphism of the 

APOE gene encoding the cholesterol transport  
protein apolipoprotein E (apoE, APOE, ApoE), 
hyperphosphorylation of microtubule-associated protein 
Tau, the presence of intracellular neurofibrillary tangles 
(NFTs), and the formation of extracellular amyloid-beta 
plaque (Aβ), accompanied by mitochondrial dysfunction 
and neuroinflammation related to harmful cytokines and 
growth factors released by microglia. [4,5,6,7,8] 
Collectively, these anomalies lead to synaptic and 
neuronal loss, which are the acknowledged hallmarks of 
AD. [1,2] 

Since the major pathological feature of AD involves 
changes in APOE gene and APOE4 allele expression 
affecting lipid homeostasis as well as promoting formation 
of NFTs and Aβ, it has been hypothesized that these 
pathological changes might be preceded by prolonged 
acute innate immune inflammatory response, turning to 
chronic inflammation and consequently the dysfunction of 
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the brain cells. [9-13] Not only AD, but many other 
modern-day diseases have been linked to low-grade 
inflammation that becomes chronic. This implies that 
suppressing pro-inflammatory mechanisms or improving 
its timely resolution might delay various age-related 
diseases including AD, cardiovascular disease, rheumatoid 
arthritis, diabetes, obesity and cancer. [14,15]  

While inflammation is a part of a normal immune 
response against microbial infections and toxic 
environmental agents, when it persists it can be damaging 
and destructive for all cells, including neurons. [16,17] 
Neuroinflammation in an early and late onset of AD is 
accredited to stimulation of the central nerve system (CNS) 
immune cells, i.e., microglia (mainly macrophages type 
M2 and occasionally M1) and perivascular myeloid cells 
by pro-inflammatory molecules such as interleukins (ILs), 
interferons (INFs), and tumor necrosis factors (TNFs) as 
well as related signaling pathways. In MCI for example 
the upregulation of TNFα with concurrent downregulation 
of TGFβ causes Aβ expression and IL1β upregulation. 
Stress activated protein kinases (SAPKs) such as c-JUN 
N-terminal kinase (JNK) and protein p38, stimulated upon 
exposure to cellular stresses such as genotoxic, osmotic, 
hypoxic, or oxidative stress and proinflammatory 
cytokines e.g., IL1β and TNFα, in turn activate plethora of 
down-stream effectors responsible for various pathologies, 
including AD. [18,19] Activation of these pathways in AD 
is thought to contribute to disease pathogenesis such as 
neuronal apoptosis, β- and γ-secretase activity, and 
phosphorylation of the amyloid precursor protein (APP) or 
Tau protein. Consequently, these abnormal changes in 
neuronal tissue led to the accumulation of Aβ (protopathic 
aggregates) outside the neurons and NFTs insight the 
neurons, formation of Tau aggregates (tauopathies), 
causing damage to neuronal cells and their ultimate loss. 
All these facilitate neurotoxicity and eventually 
neurodegeneration. [4,20,22,23] 

It has been reported that IL1β and TNFα secreted by 
reactive microglia are elevated in patients with higher risk 
of developing AD. [24,25,26] These pro-inflammatory 
cytokines affect signaling pathways of SAPKs (i.e., JNK 
and p38 kinase). [27,28,29,30] The JNK activity and c-Jun 
N-terminal phosphorylation regulate stress-induced cell 
proliferation and apoptosis with JNKs being present in the 
cytoplasm and nucleus and can bind to specific sites on 
the DNA. [31,32,33] JNK inhibitors were shown to 
increase APOE expression in vivo and in vitro. The p38 
signaling pathway that plays an important regulatory role 
in proliferation and differentiation of neuronal PC12 cells, 
was also shown to be associated with inflammation in AD, 
since restoring the activity of p38 kinase resulted in 
phosphorylation of Tau protein in vitro. [30,34,35] The 
downstream signaling effects of SAPKs converge on the 
promoters of pro-inflammatory genes of the rapid innate 
immune response such as granulocyte colony stimulating 
factor (GM-CSF or CSF2) and prostaglandin G/H 
synthase (PTGS2 /COX2) genes. [36,37,38] The products 
of PTGS2 gene are cyclooxygenases COX1 and COX2, 
with COX2 being the major target for non-steroidal anti- 
inflammatory drugs (NSAID). The promoters of these pro-
inflammatory genes are strongly repressed by steroid 
hormones (estrogens and glucocorticoids) and NSAID. It 
has been demonstrated that glucocorticoids and estrogens 

have a regulatory crosstalk at a subset of activated pro-
inflammatory genes such as CSF2, MCP-1, IL6, IL8 and 
more, implying that they might work through a common 
pathway to repress these pro-inflammatory genes. [39] 

Our earlier study showed that nutrients involved in lipid 
metabolism (choline, inositol, and phosphatidylserine) as 
well as soy-derived estrogenic polyphenols (genistein and 
daidzein), known as SERMs (selective estrogen receptor 
modulators) and plant extracts containing these estrogenic 
active compounds differently affect gene expression for 
APOE, its isoform APOE4, and Tau protein. [40] Since all 
physiological effects of natural compounds result from 
their cellular interactions, we investigated the effects of 
these natural compounds used in combinations on the 
basal and cytokine-activated expression of APOE, Tau, 
CSF2, and PTGS2 genes as well as APOE and Tau protein 
levels. The test combinations were: daidzein with 
genistein (daidzein+genistein), phospholipids precursors 
(IP6+choline), and a combination of these SERMs and 
phospholipids precursors with extracts from rosemary, red 
clover, chaste tree as well as vitamins C, E, B5, B6, folate 
and the minerals iodine and selenium (the Mix). We also 
included 17β estradiol (E2) to compare its effect to 
SERMs containing nutrient combinations. We used 
dermal fibroblasts derived from an old female AD donor 
as a recognized in vitro model for AD and human normal 
dermal fibroblasts (HNDF). [41] The effects of test 
combinations were evaluated in the cells cultured under 
non-inflammatory and inflammatory conditions (in the 
absence and presence of IL1β or TNFα,). Their efficacy 
was compared to specific inhibitors, some with 
pharmaceutical application as drugs, which included: an 
antagonist of estrogen receptors ERα/ERβ, and agonist of 
G protein-coupled receptor 30, GPER30 (i.e., ICI 
182,780), a specific inhibitor of p38 kinase (i.e., 
SB202190), inhibitor of JNK1 and JNK2 (c-JUN N-
terminal Kinase 1 and 2) (i.e., SP600125). 

2. Materials and Methods  

2.1. Cell Lines and Reagents 
The AG08269 cells were purchased from Coriell 

Institute for Medical Research (Camden, New Jersey, 
USA). They are skin-derived fibroblasts from 82-year-old 
(at the time of sampling) female with AD (patient was a 
clinically unaffected member of an Alzheimer’s disease 
family; donor’s diseased son and granddaughter were 
affected; the cell morphology is fibroblast-like). [42,43] 
Primary dermal normal fibroblasts from ATCC (Manassas, 
VA, USA). Both cell lines were grown in DMEM/F12 
without phenol red (Gibco, USA) medium supplemented 
with 10% charcoal stripped fetal bovine serum (Sigma-
Millipore, Burlington, MA, USA), and 1% penicillin-
streptomycin at 37OC and 5% CO2.  

Chaste tree (Vitex agnus-castus) extract and red clover 
extract were purchased from Monterey Bay Spice 
Company (Watsonville, CA, USA). Rosemary extract, 
inositol hexa-phosphate (IP6, food grade), and choline 
bitartrate (food grade) were obtained from Powder City 
(York, PA, USA). Phosphatidylserine (food grade) and 
soybean extract (food grade, containing 40% of iso-
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flavones) were purchased from Bulk Supplements 
(Henderson, NV, USA). Genistein, daidzein, vitamins C, 
E, B5, B6, folate, iodine, and selenium were from Sigma-
Millipore (Burlington, MA, USA). Human recombinant 
IL1β and TNFα were acquired from R&D Systems 
(Minneapolis, MN, USA). The stock solutions of all test 
combinations of natural compounds (at 10 mg/ml 
concentrations) were done in DMSO. The SB202190 
inhibitor, SP600125 inhibitor, ICI 182,780 inhibitor, and 
17β estradiol (E2 compound) were purchased from Sigma-
Millipore (Burlington, MA, USA).  

2.2. Treatment of Cells 
Both cell lines were treated according to previously 

reported methodology. 40 Briefly, the cells were seeded at 
1.0x106 in 35 mm cell culture dishes and left in the CO2 
incubator at 37OC allowing their attachment. Next, cells 
were treated for 24h with either 0.1% DMSO (a non-
treatment control) or with the test combinations of 
daidzein+genistein (1.0 µg/ml daidzein+1.0 µg/ml 
genistein), IP6+choline (1.0 µg/ml IP6+ 1.0 µg/ml 
choline), 1.0 nM E2, 1.0 µg/ml soy iso-flavones, or the 
Mix (1.0 µg/ml), respectively. When indicated, specific 
p38 MAPK inhibitor SB202190 (at a final concentration 
of 50 μM), JNKs inhibitor SP600125 (at a final 
concentration of 40 nM), or ICI 182,780 inhibitor (at a 
final concentration of 100 nM), were applied, respectively, 
as referential controls. In pro-inflammatory conditions, 
cells were exposed to 50 pg/ml IL1β or 67 pg/ml TNFα. 
Next, the cells were either lysed with RIPA buffer (Sigma-
Millipore, Burlington, MA, USA) supplemented with 
1mM PMSF, immediately before use were or subjected to 
RNA isolation and purification for RT-qPCR analysis, as 
described below.   

2.3. Real-time Polymerase Chain Reaction 
(RT-PCR).  

Transcription analysis was performed according to 
previously reported methodology. [40] Briefly total RNA 
was isolated with RNeasy Plus kit (Qiagen, Germantown, 
MD, USA) according to the manufacturer’s protocol, 
followed by the concentration and purity assessment by 
recording the absorbance at 260 nm using a Nano-drop 
2000c spectrophotometer (ThermoFisher, Wilmington, 
DE) as well as the A260/A280 ratio (>1.8) and 
A260/A230 ratio (>1,5). Equal amounts of 0.7 µg of RNA 
were reverse transcribed (total 20 µl reaction) with RT-
QuantiTech kit (Qiagen, Germantown, MD, USA). Next 
2.0 µl of the obtained cDNA was amplified (total 20 µl of 
final volume) using QuantiNova SYBR-Green master mix 
for qRT-PCR in the Bio-Rad CFX96 thermocycler (Bio-
Rad, Hercules, USA). The PCR program was set up as 
follow: denaturation step at 95OC for 5 min., 40 cycles of 
denaturation (95OC for 10s) and combined 
annealing/extension (60OC for 30s) with a final melting 
step performed at 95OC for 10s. Relative expression of the 
target gene and/or reference gene obtained as 
quantification data (Ct) was compared to the 
quantification data of non-treated cells (dCt) and 
calculated with comparative threshold cycle (2^ddCt) 
LIVAK method. [44] Specific primers for target genes 

APOE, Tau, CSF2, and PTGS2 as well as reference 
(housekeeping) gene GADPH were obtained from Qiagen 
(Germantown, MD, USA). Each primer set was validated 
by the manufacturer. Their sequence is proprietary 
information, but they are commercially available from 
Qiagen (Germantown, MD, USA). 

2.4. Western Blot (WB).  
Protein expression was assessed by Western blot 

analysis as previously reported. [40] Briefly, cell lysates in 
RIPA buffer (Cell Signaling, Danvers, MA) supplemented 
with 1mM PMSF and determined with DC Protein Assay 
(Bio-Rad, Hercules, CA) protein concentration were 
resolved on 4-15% gradient polyacrylamide gel 
electrophoresis (30 µg/ml of total protein per well), 
transferred to a polyvinylidene difluoride 0.2 μm 
membrane (PVDF membrane, Bio-Rad Laboratories, 
Hercules, CA), and probed with monoclonal antibody 
against  pan APOE at 1:1000 dilution (Cell Signaling 
Technology (Danvers, Massachusetts. USA) monoclonal 
antibody against Tau at 1:1000 dilution (Novus 
Biologicals, Centennial, CO, USA), monoclonal antibody 
against ERα at 1:1000 dilution (Cell Signaling, Denver, 
MA, USA), and anti-GADPH antibody at 1:1500 dilution. 
Target proteins were detected with a polyclonal HRP-
conjugated secondary antibody at 1:1500 dilution (Cell 
Signaling, Danver, MA). Signals were visualized by ECL 
detection kit (Azure Biosystems, Dublin, CA, USA) and 
the images were captured with Azure CSeries 600 system 
and auto-exposure settings.  

2.5. Statistical Analysis 
All data are presented as means ± SD (n = 3). All 

experiments were performed at least three times each, at 
least in triplicates. The Student’s two-tailed t test was used 
to determine statistically significant differences set at 0.05 
levels. Statistical analysis was performed using GraphPad 
software (access date: 03/15/25). 

3. Results  

3.1. Effects of the Combinations of Natural 
Compounds on Genes and Proteins 
Expression in Fibroblasts Cultured in 
Non-Inflammatory Conditions 

Figure 1A presents the effects of three defined 
combinations of natural compounds: daidzein with 
genistein, IP6 with choline, and the Mix containing these 
two combinations plus glycitein (from soy extracts), 
phosphatidylserine, extracts from rosemary, red clover, 
chaste tree and vitamins C, E, B5, B6, folate, and minerals 
iodine, and selenium on APOE, Tau, CSF2, and PTGS2 
gene expression in HNDF and fibroblasts derived from an 
elder AD donor cultured in non-inflammatory conditions. 
The effects of E2 (as a control of female sex hormone) 
and soy iso-flavones extract are also presented on the 
same figure. 

The results show that the combination of 
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daidzein+genistein significantly inhibited APOE gene 
expression in HNDF by 82% and in fibroblasts derived 
from the AD donor by 99%. APOE gene was also 
inhibited by soy iso-flavones in HNDF by 99% and in AD 
cells by 96%. However, E2 did not affect this gene in AD 
cells and decreased its expression in HNDF by only 25%. 
The combination of IP6+choline had no significant effect 
on APOE gene expression in HNDF (20% downregulation) 
and showed a modest increase in AD cells by 34%. The 
Mix significantly inhibited APOE gene expression in 
HNDF by 70% and in AD cells by 76%.  

The Tau gene expression was stimulated in the presence 
of the Mix in HNDF by 62% and in AD cells by 45%. 
Daidzein+genistein inhibited Tau by 99% but only in AD 
cells. Interestingly, soy iso-flavones extract mildly 
stimulated this gene in AD fibroblasts (by 30%) but down-
regulated its expression in HNDF by 40%. Tau expression 
was not significantly affected by E2 in both cell types, 
whereas the combination of IP6+choline showed its modest 
decrease in HNDF by 29% and in AD cells by 21%.  

The results on Figure 1A also present the changes in the 
expression of CSF2 and PTGS2 genes (as markers of the 
early innate immune response) upon the treatments with 
test combinations. As such, the Mix increased CSF2 gene 
expression by 63% in HNDF but lowered it in AD cells by 
27%. In the presence of daidzein+genistein the expression 
of this gene dramatically increased in HNDF by 453% but 
it was lower by 39% in AD cells. A similar response was 
observed with the combination of IP6+choline, which 
resulted in upregulation of CS2F gene in HNDF by 189% 
and its downregulation by 77% in AD cells. In the 
presence of soy iso-flavones the CSF2 expression 

increased by 25% in HNDF and by 72% in AD cells, 
while E2 increased its expression in HNDF by 64% and 
did not show any significant effect in AD fibroblasts.  

Expression of PTGS2 gene was inhibited by 
daidzein+genistein by 75% in HNDF and by 92% in AD 
cells. However, in the presence of iso-flavones extract its 
expression decreased by 35% in HNDF with no 
significant effect in AD cells. Cell exposure to E2 resulted 
in 43% inhibition of PTGS2 gene expression in AD 
fibroblasts without a significant effect in HNDF. In the 
presence of IP6+choline there was a mild 28% decrease in 
PTGS2 gene expression in the HNDF and was 
significantly higher (by 62%) in AD cells. However, in the 
presence of Mix this gene expression remained at the 
control levels in both cell lines. 

Figure 1B presents the data from Western Blot analysis 
performed on HNDF and AD cells. In HNDF none of the 
test treatments affected APOE or ERα proteins expression. 
However, in AD cells, all three nutrient combinations and 
the iso-flavones extract stimulated APOE protein. In 
HNDF, Tau protein was visibly augmented upon 
treatment with IP6+choline, and it modestly increased in 
the presence of the Mix, iso-flavones extract, 
daidzein+genistein, and E2 compared to control. In AD 
fibroblasts, Tau protein expression increased in the 
presence of E2, the Mix, the combinations of 
daidzein+genistein and IP6+choline, while iso-flavones 
extract showed the inhibitory effect. Notably, we observed 
a double band detected with anti-Tau antibody in cell 
lysates in both cell lines, and a double band detected with 
anti-ERα antibody in the fibroblasts derived from AD 
donor only. 

 
Figure 1. Expression of genes and proteins associated with Alzheimer disease tested in HNDF and AD fibroblasts cultured in non-inflammatory 
conditions. (A) Effects of test combinations of natural compounds on APOE, Tau, CSF, and PTGS2 gene expression at mRNA level. Expression of 
tested genes was performed in cells treated with 1.0 μg/ml of natural compounds combinations for 48h and evaluated with 0.7 μg of mRNA by RT-
qPCR as described in Material and Methods (B) Effects of test combinations of natural compounds on APOE, Tau, and αER proteins. Protein synthesis 
was evaluated by Western blot in cells treated with 1.0 μg/ml of natural compounds combinations for 48h as described in Materials and Methods. 
Statistically significant differences between treatments and control are presented as # p ≤ 0.05, ∆ p ≤ 0.01, * p ≤ 0.001; control - 0.01% DMSO. 

 



130 American Journal of Food and Nutrition  

3.2. Effects of Combinations of Natural 
Compounds on Genes and Proteins 
Expression in Fibroblasts Cultured in 
Inflammatory Conditions 

It is important to understand the effects of natural 
compounds under inflammatory conditions which have 
been associated with the development and progression of 
AD. The effects of three test combinations of natural 
compounds, on APOE, Tau, CSF2, and PTGS2 gene 
expression in HNDF and AD cells cultured in 
inflammatory conditions are presented in Figure 2 and 
Figure 3, respectively. The inflammatory conditions were 
triggered by 50 pg/ml of IL1β and 67 pg/ml TNFα, 
respectively.  

As shown in Figure 2A, the exposure of cells to IL1β 
alone did not affect APOE gene expression in both test 
cell lines, but inhibited Tau gene expression in HNDF by 
68% and in AD cells by 62%. Co-treatment with IL1β and 
test combinations inhibited APOE gene expression in both 
cell lines, except for the Mix not showing any effect in 
HNDF. As such, in AD cells the inhibitory effects of the 
iso-flavones extract, daidzein+genistein, and IP6+choline, 
as well as E2, ranged from 21% (E2) to 78% 
(daidzein+genistein) in HNDF and from 44-45% 
(IP6+choline, the Mix and E2) to 73% 
(daidzein+genistein). Interestingly, the Mix and the 
combination of daidzein+genistein, the iso-flavones 
extract, and E2 did not significantly affect Tau gene 
expression in either of the cell lines incubated in the 
presence of IL1β. However, the combination of 
IP6+choline had a mild 11% downregulatory effect in 
HNDF only.  

The IL1β induced inflammatory conditions strongly 
affected CSF relative gene expression with its increase by 
~3400 x folds in HNDF and by ~6000 x folds in AD 
fibroblasts. Exposure of HNDF and AD derived fibroblasts 
to IL1β together with test combinations did not have further 
impact on CSF gene expression. Regarding the PTGS2 gene, 
we noticed that IL1β increased its expression in HNDF by 
~60 x folds and in AD fibroblasts by ~320 x folds. In both 
cell types PTGS2 gene expression was not affected by test 
combinations applied jointly with IL1β.  

Western blot analysis (Figure 2B) revealed that neither 
IL1β nor the test compositions significantly affected 
APOE protein expression in HNDF and AD cells. Tau 
protein level was augmented by IP6+choline in HNDF 
exposed to IL1β however, none of the test combinations 
applied together with IL1β affected Tau protein in AD 
cells. ERα protein expression displayed a similar pattern 
across all IL1β co-treatments in HNDF.  In AD cells, but 
not in HNDF, ERα protein appeared as two bands (with 
the lower band representing the expected 66 kD molecular 
weight). Moreover, with IL1β or IL1β+E2 treatments ERα 
protein expression was similar with its mild increase in the 
presence of all other test compounds.    

Figure 3 presents the effects of TNFα as a stimulator of 
inflammatory responses in the test cells. In the presence of 

TNFα, APOE gene expression increased in HNDF by 26% 
and in the AD fibroblasts by 21% (Figure 3A). In HNDF 
neither E2 nor the Mix revealed any significant effect, 
however APOE gene was upregulated by a co-treatment of 
TNFα and daidzein+genistein (by 94%) or IP6+choline 
(by 42%). In AD cells, APOE gene expression was 
significantly upregulated by daidzein+genistein (65%), E2 
(120%), and Mix (149%), but only mildly by IP6+choline.  

The Tau gene expression revealed a distinct pattern. 
Here, the treatment with TNFα inhibited Tau expression in 
both cell lines (by 67% in HNDF and by 83% in AD cells). 
However, application of TNFα with E2 or the Mix had 
rather mild inhibitory effect in HNDF by 12% and 25%, 
respectively, when compared to TNFα as a control. Co-
administration of TNFα with daidzein+genistein or 
IP6+choline did not show significant effects in HNDF, 
while a mild Tau increase was noted in AD cells (16% for 
daidzein+genistein and 18% for IP6+choline).  

Expression of CSF2 gene substantially increased in the 
presence of TNFα in both cell lines, i.e., 101 x folds in 
HNDF and 50 x folds in AD cells. Interestingly, HNDF 
exposure to TNFα together with daidzein+genistein 
further augmented CSF2 gene expression from 101 x folds 
to 152 x folds. The treatments with E2, Mix, and 
IP6+choline, decreased this gene expression by 23-21 x 
folds. In AD cells, co-administration of TNFα with 
daidzein+genistein and IP6+choline evidently stimulated 
CSF2 expression by 45 x folds and 31 x folds, 
respectively. The pattern of PTGS2 gene expression was 
different. Here, the exposure to TNFα alone, noticeably 
increased its expression in both cell lines, by 11 x folds in 
HNDF and 46 x folds in AD cells. In HNDF, TNFα co-
applied with Mix, daidzein+genistein, or IP6+choline 
augmented PTGS2 expression by 11-12 x folds, whereas 
in AD cells only daidzein+genistein and IP6+choline 
increased this gene expression by ~35 x folds and ~9 x 
folds, respectively. 

Western blot analysis presented in Figure 3B shows 
higher APOE protein expression in HNDF exposed to 
TNFα compared to control, whereas co-treatments of 
these cells with TNFα and daidzein+genistein or 
IP6+choline, mildly decreased APOE protein. Co-
administration of TNFα with the Mix or E2 did not reveal 
significant differences. In AD cells, TNFα itself slightly 
diminished APOE protein expression, but both TNFα+E2 
and TNFα+daidzein+genistein did not further inhibit it, 
while the Mix or IP6+choline had insignificant effects. 
Tau protein expression in HNDF did not change 
significantly by TNFα alone or TNFα co-administered 
with the Mix, daidzein+genistein, or IP6+choline. In 
HNDF co-treated with TNFα and E2, the Tau protein band 
was not detected. In AD cells, TNFα alone and together 
with E2 had no effect on Tau protein expression, however 
the Mix, combination of daidzein+genistein, and 
especially IP6+choline decreased it. The ERα expression 
was inhibited by the combinations containing SERMs and 
by IP6+choline but, interestingly, E2 did not show any 
effect in AD cells.  
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Figure 2. Expression of genes and proteins associated with Alzheimer disease tested in HNDF and AD fibroblasts cultured in inflammatory conditions 
induced with IL1 β. (A) Effects of test combinations of natural compounds on APOE, Tau, CSF, and PTGS2 gene expression at mRNA level. 
Expression of tested genes was performed in cells co-treated with 50 pg/ml of IL1β and 1.0 μg/ml of natural compounds combinations for 48h and 
evaluated with 0.7 μg of mRNA by RT-qPCR as described in Materials and Methods. (B) Effects of test combinations of natural compounds on APOE, 
Tau, and αER protein expression. Protein synthesis was evaluated by Western blot in cells co-treated with 50 pg/ml of IL1β and 1.0 μg/ml of natural 
compounds combination for 48h as described in Materials and Methods. Statistically significant differences between treatments and control are 
presented as # p ≤ 0.05, ∆ p ≤ 0.01, * p ≤ 0.001; control - 0.01% DMSO. 

3.3. Effects of ERs and SAPK Inhibitors on 
Genes and Proteins Expression in 
Fibroblasts Cultured in Non-
Inflammatory and TNFα-induced 
inflammatory Conditions 

To get a glimpse on signaling pathways that may be 
affected by TNFα in HNDF and AD cells, we compared 
the effects of the test compounds to specific anti-
inflammatory drugs/chemical inhibitors. These inhibitors 
included: ICI182,780 (ICI, antagonist of ERα and ERβ 
transcriptional activation but agonist of the G protein-
coupled receptor 30, GPER30), p38 kinase (inhibitor 
SB202190), and JUN kinase (i.e., JNK1 and JNK2, 
inhibitor SB600125). Their effects on APOE, Tau, CSF2, 
and PTGST2 gene expression in HNDF and AD cells 
cultured in inflammatory conditions triggered by TNFα 
are presented in Figure 3A.   

As shown, all test inhibitors stimulated APOE gene 
expression in HNDF in the range of 64-103%, with the 
highest increase observed in the presence of JNKs 
inhibitor. In AD cells, co-administration of TNFα with ICI 
inhibitor decreased APOE gene expression by 22% 
compared to TNFα alone. In the presence of TNFα with 
p38 inhibitor or JNKs inhibitor, APOE transcription 
increased by 19% and 241%, respectively. Moreover, 
TNFα co-administered with ICI inhibitor or p38 inhibitor, 
reversed Tau gene repression by 27% and 72%, 
respectively. In contrast, JNKs inhibitor did not show the 
effect. In AD cells exposed to TNFα together with these 
inhibitors we observed an increase in Tau gene ranging 
from 26% to 95%.  

The effects of inhibitors on TNFα-triggered induction 
of CSF2 and PTGS2 gene expressions showed that in 

HNDF both ICI and JNKs inhibitors increased CSF2 gene 
transcription ranging from 101 x folds to 111 x folds, but 
p38 inhibitor decreased it from 101 x folds to 7 x folds. 
However, in TNFα treated AD cells, ICI inhibitor did not 
affect CSF2 gene expression, whereas p38 inhibitor 
decreased its transcription from 50 x folds to 2 x folds, 
and JNKs inhibitor augmented it from 50 x folds to 346 x 
folds. With respect to PTGS2 gene expression in HNDF, a 
co-treatment with TNFα and ICI inhibitor stimulated its 
expression from 11 x folds to 42 x folds, whereas p38 
inhibitor decreased it from 11 x folds to 2 x folds, and 
JNKs inhibitor did not show a significant effect. In AD 
cells cultured in the same condition PTGS2 gene 
expression was not affected by the ICI inhibitor, whereas 
p38 inhibitor downregulated it (from 46 x folds to 5 x 
folds) and JNKs inhibitor downregulated it from 46 x 
folds to 33 x folds.  

The results of Western blots analysis presented in 
Figure 3B show that in HNDF exposed to TNFα all test 
inhibitors mildly decreased APOE protein expression, 
while Tau protein was mildly inhibited by JNKs inhibitor 
only. In AD cells, in presence of TNFα+p38 inhibitor, the 
APOE protein band was not observed, while all three 
inhibitors reduced Tau protein levels. All pharmaceutical 
inhibitors tested in this study diminished the ERα protein 
level in AD cells but not in HNDF. 

Figure 4 presents the effects of JNKs, p38, and ICI 
inhibitors in comparison to the Mix and E2 in the cells 
cultured in non-inflammatory conditions. As such, APOE 
gene expression in HNDF exposed to p38 inhibitor 
decreased by 29.8%, while JNKs inhibitor slightly 
increased this gene by 26.6%. The E2, Mix and ICI 
inhibitor showed no effect on this gene expression. 
However, in AD cells all inhibitors significantly increased 
APOE gene expression in the range of 50-124% with Mix 
and E2 having no significant effect. Tau gene expression 
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in HNDF was significantly upregulated in the presence of 
a p38 inhibitor by 175.1% and in AD cells all inhibitors 
(especially p38 and ICI inhibitors) increased its expression 
by 56-225%. CSF2 gene expression in HNDF increased in 
the presence of ICI inhibitor by 0.37 x fold, whereas p38 
inhibitor decreased it by 0.49 x fold, with JNKs inhibitor 
having no significant effect. In AD cells, all inhibitors 
strongly inhibited this gene expression (0.78-0.95 x fold) 

with E2 having a significant (5.6 x folds) stimulatory 
effect. In respect to PTGS2 gene, only p38 inhibitor and 
JNKs inhibitors decreased its expression in HNDF by 0.73 
x fold and 0.51 x fold, respectively. However, in AD cells 
all test inhibitors strongly decreased PTGS2 gene 
expression by 0.69 x folds to 0.88 x folds. Both E2 and 
Mix did not show significant effects in both tested cell 
lines.   

 
Figure 3. Expression genes and proteins associated with Alzheimer disease tested in HNDF and AD fibroblasts cultured in inflammatory conditions 
induced with TNFα. (A) Effects of test combinations of natural compounds and select pharmaceutical inhibitors on APOE, Tau, CSF, and PTGS2 gene 
expression at mRNA level. Expression of tested genes was performed in cells co-treated with 67 pg/ml of TNFα and either with 1.0 μg/ml of natural 
compounds combinations or 50 μM p38 inhibitor, 40 nM JNKs inhibitor, 100 nM ICI inhibitor, respectively, for 48h and evaluated with 0.7 μg of 
mRNA by RT-qPCR as described in Materials and Methods. (B) Effects of test combinations of natural compounds on APOE, Tau, and αER proteins. 
Protein synthesis assessed by Western blot in cells co-treated with 50 pg/ml of TNFα and either with 1.0 μg/ml of natural compounds combinations or 
50 μM p38 inhibitor, 40 nM JNKs inhibitor, 100 nM ICI inhibitor, respectively, for 48h as described in Material and Methods. Statistically significant 
differences between treatment and control are presented as # p ≤ 0.05, ∆ p ≤ 0.01, * p ≤ 0.001; control - 0.01% DMSO.   

 
Figure 4. Changes in expression of genes and proteins associated with Alzheimer disease tested in HNDF and AD fibroblasts cultured in non-
inflammatory conditions. (A) Effects of select pharmaceutical inhibitors on APOE, Tau, CSF, and PTGS2 gene expression at mRNA level. Expression 
of tested genes was performed in cells exposed to 50 μM p38 inhibitor, 40 nM JNKs inhibitor, 100 nM ICI inhibitor, 1ug/ml Mix and 1nM ER for 48h 
and evaluated with 0.7 μg of mRNA by RT-qPCR as described in Materials and Methods section. Statistically significant differences between treatment 
and control are presented as # p ≤ 0.05, ∆ p ≤ 0.01, * p ≤ 0.001; control - 0.01% DMSO.   
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4. Discussion 

Alzheimer’s disease presents a significant therapeutic 
challenge. Genetic factors, such as the APOE gene single 
nucleotide polymorphism (i.e., APOE4 isoform) play a 
key role in AD’s etiology. In addition, inflammation status, 
diet and lifestyle factors have been shown to be major 
contributors to AD in both preventive and therapeutic 
aspects. Many years of research have opened the field of 
nutrigenomics showing among others that natural ER 
modulators (i.e. genistein and daidzein) can bind to ERα or 
ERβ and to steroid receptor coactivators with different 
affinities depending on the protein content in the cell type. 
[45,46] Our previous study demonstrated that selective ER 
modulators applied individually can differently affect 
APOE transcription which was cell type specific. [40] Since 
all nutrients interact with each other in cellular metabolism, 
it was important to evaluate the effects of natural 
compounds applied in defined combinations (SERMs, 
phospholipids precursors, and the Mix) on important 
biological markers of AD, such as APOE and Tau, and pro-
inflammatory CSF2 and PTGS2 genes expression and 
APOE, Tau, and ERα expression at protein levels.  

4.1. Integrative Analysis of Genes and 
Proteins Expression in HNDF and  
AD Cells Exposed to E2 and  
Nutrient Combinations 

In non-inflammatory conditions the nutrient 
combinations containing SERMs, such as 
daidzein+genistein, soy iso-flavones extract, and the Mix 
significantly downregulated APOE gene in both cell lines. 
However, E2 itself had only a mild decreasing effect. The 
IP6+choline had an opposite effect by stimulating APOE 
gene, but only in AD cells. Transcription of Tau gene was 
almost totally inhibited in the AD cells by the combination 
of daidzein+genistein, but not E2. However, the Mix 
containing these SERMs compounds together with soy 
iso-flavones, IP6+choline and several other nutrients had 
stimulatory effects. Interestingly, the expression of ERα 
protein was neither affected by SERMs nor by the 
composition of phospholipid precursors. In AD cells, but 
not in HNDF, we detected a double band with anti-ERα 
specific antibody, possibly due to partial post-translational 
modification such as phosphorylation or palmitoylation of 
the total pool of ERα expressed in the cells. [47]  

The involvement of ERs in transcriptional regulation of 
APOE gene (genomic effect of estrogens and 
phytoestrogens) as well as protein translation in 
fibroblasts (non-genomic regulation by estrogen and 
phytoestrogens) has been suggested in our earlier study. 
[40] Also, it has been reported that E2 up-regulates APOE 
gene expression via the estrogen receptor α-mediated 
pathway. [48] Our present study shows that estrogenic 
compounds used in combinations have distinct cellular 
effects when compared to their actions as individual 
compounds. As such, daidzein+genistein administered 
together (ratio 1:1) can induce or repress APOE gene 
transcription depending on the cell type and inflammatory 
conditions, which differs from their individual effects as 

reported earlier, or when these compounds are combined 
with other nutrients, such as in the Mix. [40] 

Our previous results showed no direct correlation 
between the relative expression of APOE gene and APOE 
protein in response to individual compounds. [40] Here, 
we observed the inverse correlation between APOE gene 
and APOE protein expression in the presence of 
daidzein+genistein, with APOE protein being evidently 
elevated in AD cells compared to HNDF. Taking into 
consideration that in various conditions higher APOE 
protein availability such as in macrophages has been 
considered a “healthy” anti-inflammatory response, our 
results might be specific for fibroblasts. Could these 
effects be an indication of a difference between genomic 
and non-genomic responses to SERMs would warrant 
further examination. It is important to emphasize that our 
study evaluated total APOE expression at the genetic and 
protein levels, but not APOE4 allele which has been 
specifically associated with AD risk. Therefore, increased 
APOE gene expression observed with some nutrient 
combinations may not necessarily be negatively linked to 
AD but may relate to positive cardiovascular effects 
mediated by higher HDL levels and the APOE 
involvement in reducing inflammation. 

The Tau protein plays an essential role in the assembly 
and stability of microtubules, cell outgrowth, shape and 
polarity and intracellular cargo. Cumulative evidence has 
demonstrated that dysregulated stress signaling pathways 
and PTMs specifically increased phosphorylation of Tau 
exacerbating its pathological effect and further 
aggravating neuroinflammatory responses. [49] Our 
results show that Tau gene expression in HNDF and AD 
cells treated with daidzein+genistein in non-inflammatory 
conditions was strikingly different. In HNDF the Tau gene 
expression was equal to control, but in AD cells it was 
completely inhibited. These results suggest that Tau gene 
might be sensitive to nutrients deprivation, with AD cells 
being more than HNDF sensitized to such conditions. We 
could see that Tau inhibition could be overturned by E2, 
Mix, soy iso-flavones, IP6+choline, and cytokine 
exposure which we will address later. It is worth 
mentioning that the prolonged culture (i.e., 48h) of HNDF 
and AD cells in non-inflammatory conditions resulted in a 
different expression pattern at the protein levels, likely 
due to their post transcriptional and/or post-translational 
modifications. 

We also observed that in non-inflammatory conditions, 
the CSF2 and PTGS2 genes responded differently 
depending on the cell type. In HNDF, but not in AD cells, 
E2 augmented CSF2 gene expression. However, E2 did 
not affect PTGS2 gene expression in HNDF, but it 
significantly decreased this gene in AD cells. The effects 
of daidzein+genistein on the endogenous CSF2 gene 
transcription differed depending on the cell type as well. 
The daidzein+genistein strongly up-regulated CSF2 in 
HNDF but inhibited it in AD cells. IP6+choline also 
showed cell specific effects by increasing endogenous 
CSF2 gene expression in HNDF and repressing it in AD 
cells. Assuming that CSF2 gene response in HNDF cells 
is what is expected to be seen as a “healthy” outcome, 
different regulatory mechanisms of CSF2 gene 
transcription by daidzein+genistein or IP6+choline appear  
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to be operating in AD cells. This would also indicate that 
both test nutrient combinations could modulate 
inflammatory status in AD cells. Upregulation of CSF2 
gene expression by E2 or by daidzein+genistein in the AD 
cells was impaired. Decreased plasma levels of CSF2 have 
been reported in patients with early Alzheimer’s disease. 
[50] Interestingly, the results obtained with 
daidzein+genistein in repressing PTGS2 gene basal level 
expression in HNDF and AD cells suggest that anti-
inflammatory actions of this combination might occur by 
downregulating or silencing the endogenous level of 
PTGS2 gene. It is worth noticing that selective silencing 
the PTGS2 gene expression has been reported by others. 
[51] As our results indicate this repression became less 
effective at higher concentrations of IL1β or TNFα.   

4.2. Inflammatory Conditions Triggered by 
IL1β and TNFα Affect Genes and 
Proteins Expression in HNDF and AD 
Cells Exposed to Nutrient Combinations 

Inflammation is an important aspect in AD and positive 
effects of estrogen and SERMs have been implied in 
neuroprotection as well as anti-inflammatory effects. [52] 
Among others it has been suggested that blocking 
inflammatory signaling could increase APOE protein 
expression in microglia, indicating that APOE might be 
involved in or associated with inflammatory responses 
before and after the onset of AD pathogenesis. [28,29] 
Our evaluation of the effects of E2 and nutrient 
combinations on the expression of AD-related genes in 
inflammatory conditions induced by cytokines IL1β and 
TNFα showed varied response.   In the presence of IL1β 
there was no direct correlations between APOE gene and 
APOE protein expression similarly to what we observed 
under non-inflammatory cell culture conditions. IL1β did 
not affect APOE gene but significantly downregulated Tau 
gene expression in both cell lines, however, a different 
response was observed at the Tau protein level. IL1β 
increased PTGS2 gene in HNDF, but even more in AD 
cells. Transcription levels of these IL1β induced genes 
were not significantly affected in cells co-treated with any 
test combinations.  

The cells exposed to TNFα showed a different and 
more complex response to test combinations, than with 
IL1β.  TNFα did not affect APOE gene expression but 
strongly inhibited Tau gene in both cell lines. Co-
administration of TNFα with daidzein+genistein, E2, or 
Mix significantly increased APOE gene transcription in 
AD cells, but in HNDF only daidzein+genistein more than 
doubled relative expression of this gene.  TNFα 
stimulation itself significantly increased CSF2 and PTGS2 
genes expression in both cell lines, particularly the PTGS2 
gene in AD cells compared to controls. It is important to 
emphasize the differences in the orders of magnitude (i.e., 
folds of relative gene expression) between IL1β and TNFα 
effects on the pro-inflammatory genes CSF2 and PTGS2. 
The endogenous absolute number of transcripts of PTGS2 

appear significantly higher than CSF2 in non-treated 
HNDF and AD cells. Thus, basal gene transcription levels 
differed by orders of magnitude being in the thousand 
folds for CSF2 and less than a hundred folds for PTGS2 in 

HNDF. These observations might indicate more rapid and 
sensitive expression of CSF2 than PTGS2 gene in 
response to growth factors, pro-inflammatory stimuli or 
infections which may occur at lower IL1β concentrations.  

On the protein level, the patterns of APOE and Tau 
proteins expression in the presence of TNFα differed in 
AD cells and HNDF. As such, all test nutrient 
combinations decreased APOE protein in AD cells with 
its complete inhibition upon treatment with 
daidzein+genistein. On the other hand, Tau protein was 
inhibited by E2 in HNDF but not in AD cells, especially 
in the presence of TNFα. These results would suggest that 
anti-inflammatory effects of the combination of 
daidzein+genistein might involve downregulation or 
silencing the endogenous basal level of PTGS2 gene 
expression, what becomes irrelevant when this pro-
inflammatory gene is under IL1β or TNFα induction. The 
most relevant aspect was the coordinated response of AD 
and HNDF to Mix and E2 on the APOE, Tau, CSF2, and 
PTGS2 genes expression in pro-inflammatory conditions 
(IL1β or TNFα). This would suggest that the entire 
combination of nutrients in the Mix can mimic the cellular 
effects of E2 in both HNDF and AD cells.  Interestingly 
this was not the case with the subsets of the Mix 
ingredients (genistein+daidzein, IP-Choline and iso-
flavonoids) which differently affected these genes in 
HNDF and AD cells.  

4.3. Analysis of Genes and Proteins 
Expression in HNDF and AD Cells 
Exposed to TNFα and Specific Synthetic 
Inhibitors vs Natural Compounds 

SPAKs (i.e., p38 kinase and c-Jun N-Terminal kinases) 
play critical regulatory roles in cellular response to E2, 
growth factors, and stress related cytokines such as IL1β 
and TNFα. In this aspect it was important to evaluate how 
the expression of AD related markers and pro-
inflammatory genes tested in our study is affected by our 
test combinations when compared to synthetic inhibitors 
of ERα and ERβ (ICI inhibitor), p38 MAP kinase (p38 
inhibitor) and JNK1 and JNK2 (JNKs inhibitor) upon 
stimulation with TNFα. We observed that transcription of 
CSF2 and PTGS2 genes was dramatically inhibited by p38 
kinase inhibitor in both cell lines, indicating that TNFα 
induction of pro-inflammatory CSF2 and PTGS2 genes 
depends on the stress activated protein kinase p38, 
possibly through nuclear substrates, such as transcription 
factors or coactivators on gene promoters. [53] The JNKs 
inhibitors had opposite effects showing TNFα-driven 
induction of CSF2 gene in HNDF and even more 
strikingly in AD cells. This would imply that TNFα 
activated JNK1 or JNK2 are involved in the modulation of 
CSF2 gene promoter, possibly by targeting nuclear 
substrates (such as the best-known c-Jun from AP1 
(JUN/FOS), ATF2 transcription factors). In contrast, the 
TNFα-driven PTGS2 gene expression in AD cells was not 
affected by the JNKs specific inhibitor in either cell line. 
When comparing the effects of ICI inhibitor (targeting 
ERα and ERβ activity) with the treatments by TNFα, 
TNFα+E2 and TNFα+ICI inhibitor, we observed a 
different pattern that could suggest that when E2 is bound 
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to ERα or Erβ, then ERs might not be fully functional in 
the nucleus in repressing PTGS2 gene in AD cells because 
PTGS2 level was not affected by TNFα+ICI inhibitor 
compared to TNFα and TNFα+E2  

APOE gene transcription was not significantly affected 
by TNFα or TNFα+E2 in HNDF, but it increased in the 
presence of TNFα+ICI inhibitor. This might suggest the 
participation of ERs in APOE gene transcriptional 
regulation, but we did not pursue this aspect further.  
Surprisingly, the p38 inhibitor did not have a great impact 
on APOE gene expression in AD fibroblasts, whereas 
JNKs inhibitor significantly increased its transcription in 
HNDF and even more in AD cells, corroborating other in 
vivo and in vitro results. [28,29]  

Notably, when both cell types were exposed to 
TNFα+p38 inhibitor, the transcriptional repression of Tau 
gene by TNFα was completely reverted to the control 
levels. This would suggest that the TNFα transcriptional 
repression of the Tau gene promoter might be occurring 
through the TNFα induction of p38 MAPK signaling 
cascade that converges on a nuclear substrate acting on 
Tau promoter. The TNFα+E2 induced repression of Tau 
gene was mildly reversed by TNFα+ICI inhibitor 
treatment in both cell lines. It has been demonstrated that 
ERα and ERβ are the targets of p38 phosphorylation, and 
the membrane bound GPER activates p38 signaling 
cascade. These results may imply that when Tau gene 
promoter is under TNFα stress, ERs may be modulating 
the JNK1 or JNK2 nuclear targets activity.54 In AD cells, 
E2, daidzein+genistein, and the Mix showed similar 
effects to JNKs inhibitor’s on APOE, Tau, and PTSG2 
gene expression which would suggest that these natural 
compounds’ effects can be mediated through c-JUN N-
terminal kinase. Also, E2 can increase APOE gene 
expression through both direct and indirect mechanisms, 
including JNK pathway. [30,31]  

When analyzing APOE, Tau and ERα at the protein 
levels we noticed a striking variability of the protein gel 
resolution pattern in TNFα treated HNDF vs AD cells. 
The TNFα-treated HNDF presented a more uniform 
response to all compounds tested, with the only exception 
of TNFα+E2, where the two expected (~ 50 kD) bands 
corresponding to Tau protein were not present. AD cells 
exposed to TNFα treatment for 48h showed a dramatic 
and variable response compared to HNDF. The most 
striking was the suppression of ERα protein expression in 
AD cells treated with TNFα alone and TNFα+E2 in 
comparison to HNDF. Also, when comparing control AD 
cells and AD cells treated with TNFα alone and TNFα+E2, 
the compounds containing SERMs, IP6+choline, the Mix 
and pharmaceutical inhibitors resulted in abolished ERα 
protein expression. Interestingly the APOE band appeared 
in TNFα treated cells in the presence of JNKs inhibitor. 
Again, if normal cells grown in minimum essential 
nutritional media for 48h and further stressed by TNFα are 
displaying the “normal” response of APOE, Tau and ERα 
protein, we could conclude that AD cells subjected to the 
same metabolic conditions respond differently to E2, the 
Mix, and daidzein+genistein.  

 

4.4. Effects of ERs and SERMs on Specific 
AD Aspects 

The results of our study point to the significant role of 
SERMs in modulating AD-associated metabolic aspects. It 
has been known that polyphenols such as genistein, 
daidzein or other phytoestrogens can bind to ERα and Erβ, 
ERs coactivator complexes, and can ameliorate 
inflammatory responses. [46,55,56] Genistein and 
daidzein are plant-derived phytoestrogens, abundant in 
soybeans. They are selective estrogen receptor modulators, 
and compete with estrogens for binding to ERα, ERβ, and 
GPER as well as work as agonists or antagonists of ERs 
and coactivator complexes on transcriptional 
activation/repression of target genes. [57,58] Considering 
the results of our previous and current study, we could 
conclude that AD cells cultured in minimum essential 
media for 48h and stressed with TNFα might have non-
functional nuclear ERs and even more dysfunctional ERα 
activity in the cytoplasm. [40] It is also important to 
emphasize that AD cells, but not HNDF subjected to the 
same TNFα induced inflammatory conditions showed a 
small pattern of pan APOE recovery in the presence of E2, 
the Mix, and with IP6+choline. Also, AD cells cultured in 
non-inflammatory conditions displayed noticeable 
downregulation of APOE, Tau, CSF2, and PTGS2 genes 
expression in the presence of daidzein+genistein when 
compared to HNDF undergoing the same treatment. This 
would confirm either direct or indirect involvement of 
SERMs and ERs in basal regulation of these genes. 
Towards this it has been demonstrated that lipid modified 
(palmitoylated) ERα resides at the plasma membrane and 
E2-ERα signaling occurs though non-genomic effects and 
the ratio of ERα/ERβ in the cells can alter the E2-like 
properties of estrogen receptor modulators. [59,60] We 
would like to emphasize that both HNDF and AD cells 
exposed to IL1β or TNFα uniformly downregulated Tau 
gene expression. At the protein level the major difference 
in HNDF and AD cells occurred under co-treatment with 
TNFα and test combinations. It has been suggested that 
reduced estrogen receptor signaling has a potential role in 
the AD pathogenesis and it has been shown that ERα can 
co-localize with neurofibrillary tangles in AD disease and 
ERα interacts with Tau protein in vivo. [57,61,62] Thus, 
these natural compounds are of a great interest as potential 
“natural” therapeutics. It is important to point out that 
nuclear receptors such as ERs can regulate transcription of 
genes that lack DNA binding response elements, and in 
these cases, gene regulation is mediated by ligands 
dependent or independent protein-protein interactions with 
coactivators or corepressors forming complexes and 
binding to other transcription factors. Moreover, estrogens 
are also involved in regulating physiological processes 
such as associated with learning and memory. [63,64] 

5. Conclusions 

In summary, our results show cell specific and  
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inflammation-dependent effects of nutrient combinations 
on the AD-related metabolic markers. In particular, the 
regulatory functions of estrogen bound ER on the 
transcription of pro-inflammatory genes CSF2 and PTGS2 
supports the hypothesis that nuclear ER signaling might 
be impaired in AD patients. This would correlate with 
differing APOE, and Tau gene promoter responses to 
genistein and daidzein individually and in the combination. 
Our study shows that protective role of estrogens in AD 
metabolism could be mimicked by the mixture of natural 
compounds containing natural SERMs, phospholipid 
precursors, and other agents such as vitamins and minerals 
(the Mix). Additional compounds present in this mixture 
can further enhance AD-related positive effects through 
complementary cellular mechanisms (i.e. antioxidant 
effects, mitochondrial protection, bioenergy). Our findings 
provide scientific foundation for further investigations of 
nutrients interactions in searching for natural approaches 
to AD and other forms of dementia. 
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