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ABSTRACT 

It is unclear how the nutritional supplement chicken extract (CE) enhances cognition. Human 

apolipoprotein E (ApoE) can regulate cognition and this isoform-dependent effect is associated 

with N-methyl-D-aspartate receptor (NMDAR). To understand if CE utilizes this pathway, we 

compared NMDAR signaling in neuronal cells expressing ApoE3 and ApoE4. We observed that 

CE increased S896 phosphorylation on NR1 in ApoE3 cells and this was linked to higher protein 

kinase C (PKC) activation. However, ApoE4 cells treated with CE have lowered S897 

phosphorylation on NR1 and this was associated with reduced protein kinase A (PKA) 

phosphorylation. In ApoE3 cells, CE increased calmodulin kinase II (CaMKII) activation and 

AMPA GluR1 phosphorylation on S831. In contrast, CE reduced CaMKII phosphorylation, and 

led to higher de-phosphorylation of S831 and S845 on GluR1 in ApoE4 cells. While CE 

enhanced ERK/CREB phosphorylation in ApoE3 cells, this pathway was down-regulated in both 

ApoE4 and mock cells after CE treatment. These results show that CE triggers ApoE isoform-

specific changes on ERK/CREB signaling. 
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1. INTRODUCTION 

Chicken extract (CE) is widely consumed as nutritional supplement in many societies 1, 2 and 

it is composed of water soluble substances extracted from gently cooked chicken muscle 3. This 

supplement has been reported able to enhance cognition 4-6, by improving attention and working 

memory during mental task performance 7. However, little is known about the cellular 

mechanisms underlying this function. 

The human apolipoprotein E (apoe) gene is genetically linked to cognitive function in ageing 

and diseases 8-14. This gene is located on chromosome 19 encoding a 35 kDa protein 15 that exists 

in 3 isoforms, E2, E3 and E4 16, 17. These isoforms differ by amino acid substitutions at two 

positions (residues 112 and 158) 18. 

ApoE is synthesized in various organs 15 and high expression is detected in the liver 19 and in 

the brain 20. Non-demented aged ApoE4 carriers experience faster cognitive decline 21-23. Similar 

impairment is also observed in mice expressing human ApoE4 24, 25. This ApoE isoform-

dependent effect on cognition is linked to the N-methyl-D-aspartate receptor (NMDAR) 26-30.  

NMDARs are glutamate-gated ion channels comprising an assembly of three major subunits 

31-33 that are pivotal for learning and memory, and the induction of long-term synaptic plasticity 

34-37. NMDAR1 (NR1) is the obligatory subunit of the heterotetramer receptor 31-33. Changes in 

NMDAR subunits composition and localization have been detected during ageing 38-41. NMDAR 

function is mediated by calcium (Ca2+) ions leading to the activation of the transcription factor 

cAMP/calcium-dependent response element binding partner (CREB) inside the cells 31, 37, 42, 43. 

The function of NMDAR is closely associated with AMPAR activation 44, 45. Neurons expressing 

ApoE4 were reported to have lower NMDAR and AMPAR functions 46, leading to lower LTP 30. 

To understand if CE effect on cognition involves the ApoE-NMDAR pathway, we have 

conducted this study to compare NMDAR signaling in cells expressing ApoE3 and ApoE4. 
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2. MATERIALS AND METHODS 

2.1 Antibodies and chemicals. 

All chemicals used in this study were purchased from Sigma-Aldrich. The chicken extract (CE) 

powder used in this study was provided by Dr. Paramjeet Singh (Cerebos Pacific Ltd) and this 

health supplement is available under the trade name Brands’ Essence of Chicken (BEC). The 

chemical composition of CE has been characterized 47, and commercial CE preparation was 

~100µg/ml 48. CE solution was prepared 6 in PBS and stored in aliquots at -80°C. 

The primary antibodies used in this study were anti-huApoE (Calbiochem, Cat#178479), anti-

NR1 (Cell Signal Tech, Cat#5704), anti-pNR1(S896) (Cell Signal Tech, Cat#3384), anti-

pNR1(S897) (Cell Signal Tech, Cat#3385), anti-GluR1 (Cell Signal Tech, Cat#8850), anti-

pGluR1(S831) (Santa Cruz Biotech, Cat#16313), anti-pGluR1(S845) (Cell Signal Tech, 

Cat#8084), anti-CaMKII (Cell Signal Tech, Cat#3357), anti-pCaMKII(T286) (Cell Signal Tech, 

Cat#3361), anti-ERK1/2 (Cell Signal Tech, Cat#9258), anti-pERK1/2 (Invitrogen, Cat#44689G), 

anti-CREB (Cell Signal Tech, Cat#9197), anti-pCREB(S133) (Cell Signal Tech, Cat#9191), anti-

PKA-Cα (Cell Signal Tech, Cat#5842), anti-pPKA-Cα(T197) (Cell Signal Tech, Cat#5661), anti-

PKCα (Abcam, Cat#137807), and anti-pPKCα(T497) (Abcam, Cat#76016). 

 

2.2 Plasmids, cell culture and transfection. 

The cDNA for human ApoE3 was purchased from Invitrogen, and the ApoE4 cDNA was 

kindly provided by Drs. Katherine Youmans and Mary Jo LaDu (University of Illinois, Chicago, 

USA). The human ApoE3 and ApoE4 sequences were cloned into the expression vector 

pcDNA6.2-DEST (Life Technologies).  

The experimental protocol (#009/10) involving the maintenance and euthanasia of the ApoE-

knockout (ApoE KO) mice was approved by the Institutional Animal Care and Use Committees 

(IACUC) at the National University of Singapore. The ApoE-KO cell line was created using the 

Page 5 of 31 Food & Function

Fo
od

&
Fu

nc
tio

n
A

cc
ep

te
d

M
an

us
cr

ip
t



5 

immortalization method described before 49. Briefly, primary cortical neurons from ApoE KO 

mice 50 were immortalized using the SV40 gene 49, 51, 52. The cells were grown in DMEM 

supplemented with 10% fetal bovine serum, 5% penicillin-streptomycin-amphotericin B and 5% 

sodium pyruvate, and maintained at 37oC in a humidified incubator supplied with 5% CO2. 

Expression vectors containing no insert (mock), ApoE3 and ApoE4 were electroporated into the 

ApoE-KO cells using the Amaxa® Nucleofector® kit V (Lonza) according to manufacturer’s 

instructions. Selection for cells containing the required construct was performed in DMEM with 

5μg/ml blasticidin (Life Technologies). Selected clones were maintained in DMEM containing 

2μg/ml blasticidin (Life Technologies). 

 

2.3 SDS-PAGE and western blot analysis. 

In this study, PBS (as control) or CE (100µg/ml) was added to the growing cells and incubated 

for 24hrs in a humidified CO2 (5%) incubator at 37°C. After CE treatment, cells were lysed in ice-

cold 1x RIPA lysis buffer (Cell Signaling Technology) containing detergents such as 1% Nonidet 

P40 and 1% sodium deoxycholate together with the protease inhibitors cocktail tablet (Roche). 

This lysis buffer also contains sodium orthovanadate, pyrophosphate and glycerophosphate, which 

can act as phosphatase inhibitors. The cellular samples were subjected to brief sonication and 

centrifugation at 14,000rpm for 10 minutes at 4oC.  

Cellular samples were resolved on 7.5-10% tris-glycine sodium dodecyl sulfate-polyacrylamide 

gel electrophoresis (SDS-PAGE) and transferred to nitrocellulose membrane (BioRad). The 

Precision Plus protein™ standard (Bio-Rad Laboratories, Hercules, California USA) was used as a 

molecular weight standard and ran together with the samples on the same piece of gel. The 

separated proteins were transferred onto a nitrocellulose membrane, probed with the respective 

antibodies and exposed to horseradish peroxidase (HRP)-conjugated secondary antibodies. The 
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reactive protein bands were visualized by chemiluminescence on the Image Station 4000R 

(Carestream Health Inc) using the SuperSignal® West Dura Substrate (Pierce) system.  

Immunoblotting of β-actin (Sigma) was included in all western blot analysis to ensure 

comparable protein loading. Each immunoblotting was repeated up to four times using different 

preparations of the same cell line.  

 

2.4 Densitometry analysis. 

Densitometry analysis was performed 53 by measuring the optical densities of the targeted 

protein bands relative to the endogenous -actin level from the same cell lysate sample. For 

protein phosphorylation, the optical densities of the phosphorylated protein bands were measured 

relative to the targeted total protein level from the same cell lysate sample. The analysis was 

performed using the NIH ImageJ software. 

 

2.5 Statistical analysis 

Significant differences were analyzed using Student’s t-test. Confidence levels for statistical 

significance were set at P < 0.05. 
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3. RESULTS 

3.1 Expression ApoE isoforms in ApoE knockout cell line. 

ApoE is expressed in many neuronal and non-neuronal tissues 15 and cell lines 20. Many 

human ApoE transgenic mouse models 54 were therefore created on ApoE knock-out (KO) 

background 55-61. 

To better understand the cellular function of ApoE without the presence of the endogenous 

mouse ApoE, we have stably transfected human ApoE3 and ApoE4 into the ApoE KO cell line, 

generated using the immortalization method described before 49. A mock cell line was generated 

by stably transfecting ApoE KO cells with the same expression vector without any ApoE insert. 

Immunoblotting detected ApoE protein band only in the ApoE3 and ApoE4 transfected cells but 

not in the mock transfected cells (Figure 1A). We also observed higher ApoE level in ApoE3 

cells as compared to ApoE4 cells. This difference in ApoE level was also detected in ApoE 

knock-in mice 62-64 and in non-demented APOE4 carriers 64. 

We next examined if the chicken extract (CE) solution will affect ApoE expression in the 

transfected cell lines. Cells expressing ApoE3 and ApoE4 were incubated with either CE 

solution (+) or PBS (-). Western blot analysis showed CE treatment lowering ApoE expression 

only in the ApoE4 cells (Figure 1B). Densitometric analysis indicated a reduction of 56% ApoE 

expression in the ApoE4 cell line (Figure 1C). No significant change in ApoE expression was 

detected in the ApoE3 cells after CE treatment. 

 

3.2 Differential NR1 phosphorylation in ApoE expressing cells after CE treatment. 

ApoE4 was reported to impair synaptic plasticity by reducing N-methyl-D-aspartate receptor 

(NMDAR) function 26-30. NMDAR1 (NR1) is the obligatory subunit of the heterotetramer 

receptor 31-33. We therefore examined if CE treatment can alter the activation of the NR1 subunit. 
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In ApoE3 expressing cells, CE treatment increased the phosphorylation of serine residue 896 

(S896) on NR1 by 33%. But in the ApoE4 cells, CE treatment de-phosphorylated serine 897 

(S897) on NR1 by 70% (Figure 2). CE treatment has no effect on NR1 phosphorylation (S896 

and S897) in the mock cells. 

 

3.3 Changes on NRI phosphorylation is linked to differential PKA/PKC activation. 

NR1 phosphorylation on S896 was reported to be regulated by protein kinase C (PKC), 

whereas NR1 phosphorylation on S897 was regulated by protein kinase A (PKA) 65. 

PKA is a heterotetramer composed of a regulatory subunit dimer and a catalytic subunit 

dimer 66. The catalytic subunit can be spliced into three isoforms (Cα, Cβ, Cγ). In ApoE4 cells, 

we observed that the phosphorylation of T197 on the Cα subunit of PKA (PKA-Cα) was reduced 

by 17% (Figures 3A and 3B). No significant change was observed in ApoE3 cells. 

PKC in contrast has more than 12 different isoforms. The PKC isoforms are serine/threonine 

kinases involved in wide range of physiological processes including differentiation and brain 

function 67. PKC α isoform (PKC α) is ubiquitously expressed and is activated in response to 

many different kinds of stimuli. Here, we detected T497 phosphorylation on PKC α was 

increased by 11% in ApoE3 but not ApoE4 cells (Figures 3C and 3D). 

 

3. 4 AMPA GluR1 phosphorylation in ApoE expressing cells is altered after CE treatment. 

Another major glutamate receptor that exists alongside NMDAR is AMPA receptor 

(AMPAR) 31. These two receptors are found to co-localize in many synapses. Changes in 

NMDAR phosphorylation therefore could regulate AMPAR activation. 44, 45.  

We found that CE treatment increased GluR1 S831 phosphorylation by 37% in ApoE3 cells. 

However, S831 phosphorylation was reduced in mock and ApoE4 cells by 25% and 40% 

respectively (Figures 4A and 4B).  
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On the other hand, GluR1 phosphorylation at S845 was reduced by 49% after CE treatment in 

ApoE4 cells. CE treatment however, did not cause any significant change in S845 

phosphorylation in both mock and ApoE3 cells (Figures 4A and 4C). 

 

3.5 Effect of CE on CaMKII activation in ApoE expressing cells. 

ApoE effect on NMDAR function requires calcium (Ca2+) signaling 68. The secondary 

messenger effects of Ca2+ are mostly mediated via Ca2+-sensing protein kinases such as 

calmodulin kinase II (CaMKII) 69 that is able to dock with NMDAR. CaMKII has catalytic and 

regulatory domains. The binding of Ca2+ to its regulatory domain activates the kinase 70 and this 

involves the autophosphorylation at threonine 286 (T286). CaMKII activation is maintained by 

PKA by preventing the dephosphorylation of T286 71. 

CE treatment in ApoE3 cells caused a 36% increase in CaMKII phosphorylation at T286 

(Figures 5A and 5B). But, CaMKII T286 phosphorylation was reduced in mock and ApoE4 cells 

by 49% and 26% respectively after CE treatment (Figures 5A and 5B).  

 

3.6 ERK/CREB signaling in ApoE cells after CE treatment. 

A major signaling cascades regulated by Ca2+ influx through NMDAR is the downstream 

extracellular signal-regulated kinase (ERK) pathway 72, 73, which culminates in CREB-mediated 

gene transcription to influence neuronal survival and plasticity 37, 72-74. 

ERK proteins are regulated by the dual phosphorylation of threonine 202 (T202) and tyrosine 

204 (Y204) on ERK1 and, threonine 185 (T185) and tyrosine 187 (Y187) on ERK2 75. In ApoE3 

cells, ERK phosphorylation was increased by 30% after CE treatment. However, CE reduced 

ERK phosphorylation by 35% in both mock and ApoE4 cells (Figures 6A and 6B).  

CREB is activated by phosphorylation at Serine 133 (S133) by several signaling pathways 

including ERK 74. In ApoE3 cells, we found that CE treatment increased CREB phosphorylation 
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at S133 by 54%. But, CE treatment increased the de-phosphorylation of CREB S133 by 20% in 

both mock and ApoE4 cells (Figures 6A and 6C). 
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4. DISCUSSION 

Chicken extract (CE) has been reported to enhance memory function 4-6. In this study using 

cells expressing ApoE3 and ApoE4, we observed that CE can trigger specific activation on 

NMDAR and AMPAR, and this is linked to specific changes on the ERK/CREB signaling 

pathway. 

While ApoE is mainly expressed by astrocytes, the protein can also be detected in neurons 76, 

77. Neurons expressing ApoE4 were reported to have lower NMDAR and AMPAR functions 46, 

leading to lower LTP 30. This association between ApoE and NMDAR/AMPAR could account 

for ApoE isoform-dependent effect on cognition 26-30.  

To understand if this ApoE function underlies CE effect on cognition, we have stably 

transfected human ApoE3 and ApoE4 into the immortalized ApoE KO neuronal cell line. We 

found that CE treatment increased S896 phosphorylation on NR1 in ApoE3 cells. NR1 

phosphorylation on S896 was reported to be regulated by protein kinase C (PKC) 65, and 

increased PKC phosphorylation was detected in ApoE3 cells.  

In ApoE4 cells however, NR1-S897 phosphorylation was reduced. This phosphorylation 

was observed to be regulated by protein kinase A (PKA) 65. Therefore, the detected lowering of 

NR1 S897 phosphorylation could be associated with lowered PKA phosphorylation in ApoE4 

cells. 

NR1 phosphorylation could affect AMPAR activation as these two receptors are found to co-

localize in many synapses 44, 45. While GluR1 S831 phosphorylation was increased in ApoE3 

cells, this residue was significantly de-phosphorylated in mock and ApoE4 cells. 

In contrast, GluR1 S845 phosphorylation was only reduced in ApoE4 cells, and this 

reduction could be linked to lower PKA phosphorylation since study has reported PKA 

activation regulates GluR1 S845 phosphorylation 78. Further, the concomitant decrease in NR1 

S897 and GluR1 S845 phosphorylation could be mediated by the phosphatase calcineurin (CaN) 
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inhibiting PKA 34, 79 and this shifts the direction of synaptic plasticity towards long-term 

depression (LTD) formation. 

In ApoE3 cells, increased CaMKII phosphorylation could up-regulate the phosphorylation of 

GluR1 S831 but not S845 after CE treatment. Phosphorylation of this residue was shown to 

induce LTP via PKC 80-82.  

CE reduced CaMKII phosphorylation in ApoE4 cells. This could contribute to higher de-

phosphorylation of both S831 and S845 on GluR1. Notably, the decreased phosphorylation of 

GluR1 S831 mimics that of CaMKII but not of PKC in CE-treated mock and ApoE4-transfected 

cells. Interaction between CE and ApoE could mediate the binding of Ca2+ to CaMKII to activate 

the kinase and/or for sustaining the auto-phosphorylated form of CaMKII. However, ApoE3 

expression level remains unchanged even though CaMKII activation increases in CE-treated 

ApoE3 cells. This implies that interaction between CE and ApoE may not be the limiting factor 

in modifying CaMKII activity as it may already have been at a saturated level with the amount 

of ApoE expressed in the cell lines. Hence, there may be other limiting factors in ApoE3-

transfected cells that mediate the increased CaMKII activity.  

On the other hand, the percentage of reduction in the phosphorylation of GluR1 S831 in CE-

treated ApoE4 cells is almost twice that of CE-treated mock neurons. It is tempting to speculate 

that the extensive decrease in GluR1 S831 phosphorylation in ApoE4 cells is due to the additive 

effect of reduced activation of CREB and CaMKII since both are upstream regulators of GluR1 

S831.  However, mock cells also exhibit a similar decrease in CREB activity and the magnitude 

of reduction in CaMKII T286 auto-phosphorylation is 2-fold higher compared to that of ApoE4 

cells after CE treatment. Hence, it is unlikely that CREB and CaMKII are the main contributors 

in down-regulating GluR1 S831 in ApoE4 cells. One possibility is that ApoE4 which is still 

produced at a low level in ApoE4 cells but completely absent in mock neurons after treatment 

may pose a detrimental effect in activating phosphatases (PP1/PP2) and CaN that can 
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dephosphorylate GluR1 at S831 in conjunction with the decreased phosphorylation by its 

activators. It is unclear if the gain-of-adverse-function of ApoE4 increases the dephosphorylation 

of GluR1 at S831 after CE treatment. 

ERK1/2 activation can lead to NMDAR-mediated neuroprotection in neurons 37, 68, 72-74 and 

ApoE is involved in regulating this NMDAR-dependent ERK/CREB signaling 28, 83. This 

regulation involves interaction between ApoE, NR1 and the ApoE receptor ApoEr2 84. 

CREB-coupled synaptic activity is associated with long-term changes in neuronal plasticity 

and this is thought to underlie learning and memory 37, 74. ApoE3 expression can lead to higher 

ERK1/2 phosphorylation and CREB activation as compared to ApoE4 28, 30, 83. Here, we 

observed that CE treatment enhanced ERK/CREB signaling in ApoE3 cells. But, this treatment 

reduced ERK/CREB phosphorylation in cells expressing ApoE4 and mock transfected cells. This 

similarity in ApoE4 and mock cells could be due to the lowered ApoE4 expression after CE 

treatment. 

The lower ApoE4 expression could decrease the binding of ApoE to ApoEr2 and/or reduces 

ApoEr2 level 28. This will disrupt the multi-protein complexes comprising ApoE, ApoEr2 and 

NMDAR 84, reducing CaMKII and NMDA activation 85, and downstream signaling pathways 86-

89 in CE-treated ApoE4 cells. 

CE is abundant in proteins, amino acids and peptides, including bioactive peptides such as 

carnosine (β-alanyl-L-histidine) and its derivative, anserine (β-alanyl-1-methyl-L-histidine) 5. 

These endogenous imidazole dipeptides are present in high concentration in human brain and are 

neuroprotective 90-93. 

Carnosine is able to cross the blood brain barrier (BBB) 94, enhancing LTP and cognitive 

performance in rats 95. This function resembles Cerebrolysin, a neuropeptide that mimics the 

action of endogenous neurotrophic factors to protect synaptic integrity and improves cognition 

96. 
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It is interesting to note that another hydrolyzed CE preparation termed chicken meat 

ingredient-168 (CMI-168) isolated from chicken meat using a proprietary technology was 

reported to enhance cognition probably via promoting attention and prefrontal cortex functions 5. 

 

5. CONCULUSIONS 

In summary, this study shows that CE triggers ApoE isoform-specific ERK/CREB signaling 

changes. Although CE has been reported to enhance memory function 4, 6, our study suggests that 

this beneficial effect could be ApoE-isoform dependent. Further studies to examine the impact of 

ApoE isoform on the neuroprotective effect of CE could benefit and probably slow the age-

related cognitive decline process. 
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FIGURE LEGENDS 

Figure 1. CE treatment reduced ApoE4 expression.  

(A) Western blot analysis of ApoE in the mock-transfected cell line and transfected cells 

expressing ApoE3 and ApoE4. (B) ApoE expression without (-) and with (+) chicken extract 

(CE) treatment in mock, ApoE3 and ApoE4-transfected cell lines. The blot in (A) and (B) is a 

representative of four independent experiments. β-actin was used as a loading control in each 

sample. Blot images were cropped for comparison. (C) Densitometry analysis of ApoE relative 

to β-actin level was performed using the NIH ImageJ software. Each value represents the mean ± 

SEM for individual experiments (n=4). Lower ApoE4 expression was detected after CE 

treatment (*p=0.01 using Student’s t-test). 

 

Figure 2. Effect of CE treatment on NR1 expression and phosphorylation in ApoE cell 

lines.  

(A) Immunoblotting of total NMDA Receptor subunit 1 (NR1), phosphorylated NR1 (S896) and 

(S897) in mock, ApoE3 and ApoE4-transfected cell lines without (-) and with (+) chicken 

extract (CE) treatment. The blot is a representative of four independent experiments. Blot images 

were cropped for comparison. Densitometry analysis of (B) phosphorylated NR1 (S896) and (C) 

NR1 (S897) relative to total NR1 in mock, ApoE3 and ApoE4-transfected cell lines without (-, 

white bar) and with (+, grey bar) CE treatment was performed using the NIH ImageJ software. 

Each value represents the mean ± SEM for individual experiments (n=4). NR1 phosphorylation 

at S896 in ApoE3 cell lines was increased whereas NR1 phosphorylation at S897 in ApoE4 cells 

was reduced after CE treatment. (B) *p=0.04; (C) *p<0.001 using Student’s t-test. 
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Figure 3. CE treatment reduced PKA phosphorylation in ApoE4 cells but increased PKC 

phosphorylation in ApoE3 cells. 

Immunoblotting of the (A) protein kinase A Cα subunit (PKA Cα) and (C) protein kinase C α 

subunit (PKC α) expression and phosphorylation in mock, ApoE3 and ApoE4-transfected cell 

lines without (-) and with (+) CE treatment. The blot is a representation of four independent 

experiments. Blot images were cropped for comparison. Densitometry analysis of 

phosphorylated (B) PKA (T197) and (C) PKC (T497) relative to total PKA and PKC 

respectively, in mock, ApoE3 and ApoE4-transfected cell lines without (-, white bar) and with 

(+, grey bar) CE treatment. The analysis was performed using the NIH ImageJ software. Each 

value represents the mean ± SEM for individual experiments (n=4). PKA phosphorylation in 

ApoE4 cells was reduced while PKC phosphorylation in ApoE3 cells was increased after CE 

treatment. (B) *p=0.005; (C) *p=0.01 using Student’s t-test. 

 

Figure 4. Effect of CE treatment on GluR1 expression and phosphorylation in ApoE cell 

lines.  

(A) Immunoblotting of AMPA Receptor subunit GluR1, phosphorylated GluR1 (S831) and 

(S845) in mock, ApoE3 and ApoE4-transfected cell lines without (-) and with (+) chicken 

extract (CE) treatment. The blot is a representative of four independent experiments. Blot images 

were cropped for comparison. Densitometry analysis of (B) phosphorylated GluR1 (S831) and 

(C) GluR1 (S845) relative to total GluR1 in mock, ApoE3 and ApoE4-transfected cell lines 

without (-, white bar) and with (+, grey bar) CE treatment was performed using the NIH ImageJ 

software. Each value represents the mean ± SEM for individual experiments (n=4). (B) GluR1 

phosphorylation at S831 was increased in ApoE3 cells but reduced in mock and ApoE4 cell lines 

(*p=0.02; **p<0.001, using Student’s t-test). (C) In contrast, GluR1 phosphorylation at S845 

was only affected in ApoE4 cells after CE treatment. (*p=0.01, using Student’s t-test) 
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Figure 5. CE treatment altered CaMKII expression and phosphorylation in ApoE cell lines. 

(A) Immunoblotting of total CaMKII and phosphorylated CaMKII (T286) in mock, ApoE3 and 

ApoE4-transfected cell lines without (-) and with (+) CE treatment. The blot is a representative 

of four independent experiments. Blot images were cropped for comparison. Densitometry 

analysis of (B) phosphorylated CaMKII (T286) relative to total CaMKII in mock, ApoE3 and 

ApoE4-transfected cell lines without (-, white bar) and with (+, grey bar) CE treatment was 

performed using the NIH ImageJ software. Each value represents the mean ± SEM of duplicate 

assays for individual experiments (n=4). CaMKII phosphorylation at T286 was increased in 

ApoE3 cells but reduced in mock and ApoE4 cell lines after CE treatment. (*p=0.03; **p<0.001, 

using Student’s t-test). 

 

Figure 6. Effects of CE treatment on ERK1/2 and CREB expression and phosphorylation 

in ApoE cell lines.  

(A) Immunoblotting of ERK1/2 and CREB expression and phosphorylation in mock, ApoE3 and 

ApoE4-transfected cell lines without (-) and with (+) chicken extract (CE) treatment. The blot is 

a representative of four independent experiments. Densitometry analysis of (B) ERK1 

(T202/Y204)/ERK2 (T185/Y187) and (C) CREB (S133) phosphorylation relative to total 

ERK1/2 and CREB respectively, in mock, ApoE3 and ApoE4-transfected cell lines without (-, 

white bar) and with (+, grey bar) CE treatment was performed using the NIH ImageJ software. 

Each value represents the mean ± SEM for individual experiments (n=4). ERK1/2 and CREB 

phosphorylation were increased in ApoE3 cells but reduced in mock and ApoE4 cell lines after 

CE treatment. (B) *p=0.004; **p=0.03, using Student’s t-test. (C) *p=0.02; **p=0.04, using 

Student’s t-test. 
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Figure 5 (Yong et al)
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Figure 6 (Yong et al)
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