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Abstract: Apolipoprotein E (apoE) and apoE-mimetic peptides exert prominent anti-inflammatory effects. We de-
termined the anti-inflammatory effects of novel apoE receptor mimetics, composed of the LDL receptor-binding 
domain of apoE (aa 133-152, ApoEp) or ApoEp with 6 lysines (6KApoEp) or 6 aspartates added at the N-terminus 
(6DApoEp). BV2 microglia and human THP-1 monocytes were treated with lipopolysaccharide (LPS) in the absence 
or presence of ApoEp, 6KApoEp or 6DApoEp, followed by determination of pro-inflammatory tumor necrosis factor 
α (TNFα) and interleukin-6 (IL-6) release by ELISA. As signaling intermediates of inflammation, Signal Transducer 
and Activator of Transcription 3 (STAT3), Janus-Activated Kinase2 (JAK2) and p38 and p44/42 MAPK phosphoryla-
tion levels were determined by Western blot analysis. In addition, we isolated splenocytes from female htau mice 
treated with 6KApoEp or 6K for 28 weeks, followed by determination of concanavalinA (conA)-mediated interferon 
gamma (IFNγ) release. 6KApoEp starting at 2.5 µM significantly reduced LPS-mediated TNFα and IL-6 secretion in 
BV2 and THP-1 cells in a dose-dependent manner. In BV2 cells, 6KApoEp reduced TNFα secretion more effectively 
than 6DApoEp and ApoEp, which was blocked by PCSK9 treatment, suggesting a role for LDL receptors. 6KApoEp 
also inhibited LPS-induced p44/42 MAPK, JAK2 and STAT3 phosphorylation, while enhancing p38 MAPK phos-
phorylation. In addition, conA induced significantly less IFNγ release in splenocytes derived from htau mice treated 
with 6KApoEp compared with those treated with 6K. Thus, 6KApoEp most effectively reduces LPS-mediated neuro-
inflammation by interacting with LDL receptors, thus representing a novel anti-inflammatory agent for treatment of 
neurodegenerative disease.
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Introduction 

Several lines of evidence show that apolipopro-
tein E (apoE) is involved in various functions in 
the periphery and central nervous system 
(CNS) including cholesterol metabolism and 
protection against oxidation and atherosclero-
sis [1-3]. ApoE is a 299 amino acid glycosylated 
protein of 34-kDa that serves as a ligand for 
low density lipoprotein family of receptors (LD- 
LR) [4]. The LDLR-binding domain of apoE is 
between residues 133-152 of the protein, 
where multiple basic amino acids are present 
[5]. LDLR is a trans-membrane receptor that 
facilitates the endocytosis of plasma lipopro-
tein particles containing apoB100 and apoE in 
the periphery and brain, respectively [6, 7].  

ApoE in the CNS is synthesized and secreted by 
astrocytes and microglia [8]. Microglia are the 
primary immunocompetent cells within the 
brain and are believed to play a significant role 
in mediating neuronal injury in neurodegenera-
tive disease and inflammation [9]. It is reported 
that microglia can be activated by LPS, promot-
ing the production of inflammatory cytokines 
such as IL-6 and TNFα and reactive oxygen spe-
cies [10]. One mechanism by which apoE might 
affect acute and chronic neurological disease is 
by modulating microglia and astrocytes [11-14]. 
Indeed, apoE knockout enhances microglial 
and astrocyte-mediated inflammatory respons-
es in the brains of neonatal mice [15]. Thus, 
therapeutic agents targeting apoE and its re- 
ceptors hold great promise as treatments to 
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prevent or reduce neuroinflammation associat-
ed with neurodegenerative diseases such as 
Alzheimer’s disease.

TNFα, IL-6 and IFNγ are among the major pro-
inflammatory cytokines which when adminis-
tered to humans produce fever, inflammation, 
tissue destruction and, in some cases, shock 
and death [16, 17]. p38 and p44/42 MAPK, 
Signal Transducer and Activator of Transcription 
3 (STAT3) and Janus-Activated Kinases (JAK) 
play a role in LPS-induced IL-6 and TNFα expres-
sion [18-20], while IL-6 preferentially activates 
STAT3 phosphorylation through the activation 
of JAK [21]. IFNγ also induces two parallel but 
coordinated pathways which regulate the ex- 
pression of proinflammatory cytokines, tran-
script synthesis by the JAK-STAT pathway and 
transcript stabilization by the p38 MAPK path-
way [22]. Reducing the biological levels and 
activities of proinflammatory cytokines and its 
signaling intermediates should be considered 
in any potential anti-inflammatory strategy.  

In the present study, we determined and com-
pared the anti-inflammatory effects of small 
bioactive peptides formed from the LDLR bind-
ing domain of ApoE (ApoEp) alone or after modi-
fication by addition of 6 lysine or 6 aspartate 
residues at its N-terminus (6KApoEp and 6D- 
ApoEp). We compared the effectiveness of 
ApoEp, 6DApoEp and 6KApoEp in reducing LPS- 
induced proinflammatory TNF-α and IL-6 secre-
tion in BV2 microglia and THP-1 monocytes. In 
addition, we determined the effectiveness of 
6KApoEp in suppressing LPS-induced MAPK, 
JAK2 and STAT3 phosphorylation. Finally, we 
determined if treatment of htau mice with 
6KApoEp reduces concanavalin A-mediated 
release of IFNγ from isolated splenocytes.  

Materials and methods

Materials and reagents 

Dulbecco’s modified Eagle’s medium (DMEM), 
fetal bovine serum (FBS), penicillin-streptomy-
cin, trypsin-ethylenediaminetetraacetic acid 
(EDTA) and lipopolysaccharide (LPS) were pur-
chased from Millipore-Sigma (Burlington, MA, 
USA). RPMI media was purchased from ATCC 
(Manassas, VA, USA). Antibodies for Western 
blot analysis were obtained from Cell Signaling 
Technology, Inc. (Danvers, MA, USA). The mou- 
se IL-6, TNFα and IFNγ enzyme-linked immuno-

sorbent assays (ELISA) and RBC lysis kits were 
obtained from eBioscience Inc. Pharmingen 
(San Diego, CA, USA) and the human TNFα 
ELISA kit was obtained from Proteintech Group 
Inc. (Rosemont, IL USA). BV2 mouse microglia 
and THP1 human monocytes were obtained 
from ATCC.

BV2 microglia and THP-1 monocyte culture  

BV2 microglia and THP-1 monocytes were 
maintained in DMEM or RPMI media, respec-
tively, containing 10% FBS, 100 U/ml penicillin-
streptomycin and 5% CO2 at 37°C. For treat-
ment, cells were cultured in 24 well plates at 1 
× 105 cells/well containing DMEM and 5% FBS 
overnight and then treated with LPS at 100 ng/
ml in the absence or presence of 6KApoEp at 
2.5, 5 or 10 µM for 3 h. In addition, BV2 microg-
lia were treated with 6KApoEp, 6DApoEp or 
ApoEp at 10 µM alone or in combination with 
LPS (100 ng/ml). In order to determine the role 
of LDL receptors in the anti-inflammatory effect 
of 6KApoEp, BV2 microglia were pretreated 
with proprotein convertase subtilisin/kexin ty- 
pe 9 (PCSK9 [23, 24]) at 10 µg/ml for 2 h fol-
lowed by treatment with LPS (100 ng/ml) in the 
absence or presence of 6KApoEp (10 µM) for 1 
h. Following treatment, the cultured media was 
collected for TNFα and IL-6 ELISA.

In order to determine the effect of 6KApoEp on 
STAT3, JAK2 and p38 and p44/42 MAPK phos-
phorylation, BV2 cells were treated with LPS 
(100 ng/ml) in the absence or presence of 
6KApoEp (10 µM) for 15, 30 or 60 min, fol-
lowed by Western blot analysis of cell lysates. 
BV2 cells were also treated with 6KApoEp at 10 
µM, the p38 MAPK inhibitor SB203580 at 20 
µM or the p44/42 MAPK inhibitor PD98059 at 
50 µM for 1 h followed by treatment with LPS 
(100 ng/ml) for 1 h.

Primary splenocyte culture 

All animal experiments were performed in 
accordance with the USF Institutional Animal 
Care and Use Committee and approved proto-
cols and guidance of the National Institutes of 
Health. Transgenic female htau mice harbo- 
ring all six isoforms of human MAPT (B6.
Cg-Mapttm1(EGFP)Klt Tg(MAPT)8cPdav/J, Stock #00- 
5491, The Jackson laboratory, Bar Harbor, ME, 
USA) at 10 wk of age were treated with 6KApoEp 
(n = 6) or 6K (n = 6) daily at 10 µg/mouse/day 
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for 28 wk via intra-nasal administration. Briefly, 
with a good grip on the loose skin over the 
scruff, the mouse was turned on its back with 
the neck parallel to the ground and 2 µl of 
6KApoEp or 6K dissolved in PBS at 2.5 µg/µl 
was administered to each nostril via a micropi-
pette held at a 45 degree angle and with an 
interval of 10-15 sec between nostrils.  

After treatment, mice were euthanized and 
their spleens were harvested, homogenized in 
PBS and filtered through a strainer to obtain a 
single cell suspension. The splenocytes were 
centrifuged at 300-400×g at 4°C, resuspend-
ed in 5 ml RBC lysis buffer and allowed to stand 
at RT for 4-5 min. Twenty milliliters of PBS were 
then added to stop the reaction, the suspen-
sion was centrifuged again and the cells were 
resuspended in culture medium on 24-well 
plates at 3×106/well. These cells were treated 
with concanavalin A (conA) at 5 µg/ml between 
24 and 48 h, followed by collection of condi-
tioned media for IFNγ ELISA. 

ELISA 

The levels of IL-6, TNFα and IFNγ in conditioned 
media were measured using a mouse IL-6, 
mouse and human TNFα and mouse IFNγ ELISA 
kits according to the manufacturer’s instru- 
ctions. 

Western blot

For determination of the effects of 6KApoEp on 
STAT3, JAK2 and p38 and p44/42 MAPK phos-
phorylation, treated BV2 cells were washed in 
ice-cold PBS, lysed in cell lysis buffer and cen-
trifuged at 4°C for 20 min. Supernatants were 
resolved by 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and 
proteins were transferred onto PVDF mem-
branes, blocked with blocking buffer, hybrid-
ized with anti-pSTAT3, -pJAK2, -p38 or -p42/44 
MAPK antibody (1:1,000) overnight at 4°C,  
and then incubated with secondary antibody 
(1:500). Bands were visualized using chemilu-
minescence and band density was analyzed by 
Image J for Windows. Total protein concentra-
tion was determined by BCA assay.  

Statistical analysis

All experiments were repeated a minimum of 
three times. For data analyses, SPSS (version 

16.0; SPSS, Inc., Chicago, IL, USA) was used to 
test for data normality and homogeneity of vari-
ance. All data are present as mean ± S.E.M. 
Comparisons between two sample means were 
made using a t-test, while comparisons bet- 
ween multiple means were made by one-way 
analysis of variance (ANOVA). A value of P < 
0.05 was considered to indicate a statistically 
significant difference.

Results

ApoE receptor mimetic 6KApoEp reduces LPS-
stimulated TNFα and IL-6 production via acti-
vating LDL receptors

Previous studies have found that apoE reduces 
neuroinflammation in cell culture and mouse 
models [11-15]. In the present study, we devel-
oped a novel apoE mimetic (6KApoEp), derived 
from the apoE LDLR binding domain with 6 
lysine residues attached at the N-terminus. We 
then treated BV2 microglia and THP-1 mono-
cytes with 6KApoEp at 10 µM alone or LPS at 
100 ng/ml in the absence or presence of 
6KApoEp at 2.5, 5 or 10 µM for 3 h followed by 
determination of TNFα and IL-6 concentrations 
in conditioned media by ELISA (Figure 1A-C). In 
BV2 microglia, LPS increased TNFα from 85.7 ± 
16.0 to 778 ± 27 pg/ml and IL-6 from 55.5 ± 
7.0 to 446 ± 18.8 pg/ml. LPS also increased 
TNFα from 21.8 ± 7.5 to 925.0 ± 27.8 pg/ml in 
THP-1 monocytes. 6KApoEp reduced LPS-
induced TNFα and IL-6 in a dose dependent 
fashion, starting at 5 µM for BV2 microglia and 
2.5 µM for THP-1 monocytes. 6KApoEp at 10 
µM maximally reduced LPS-induced TNFα and 
IL-6 by approximately 50% in BV2 microglia and 
at 5 µM maximally reduced LPS-induced TNFα 
by 90% in THP-1 monocytes. 

In additional studies, we compared the effec-
tiveness of ApoEp, 6KApoEp and 6D (6 aspar-
tate residues) ApoEp in reducing LPS-induced 
TNFα production in BV2 cells (Figure 1D). While 
6KApoEp, ApoEp and 6DApoEp alone had no 
effect on TNFα production, these peptides 
reduced LPS-induced TNFα production by 
approximately 80%, 50% and 50%, respective-
ly, underscoring the superior effectiveness of 
6KApoEp in reducing LPS-mediated neuroin-
flammation. We also pretreated BV2 cells with 
PCSK9 at 10 µg/ml for 2 h to downregulate LDL 
receptors before treatment with LPS in the 
absence or presence of 6KApoEp (Figure 1E). 
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While PCSK9 alone had no effect on LPS-
induced TNFα production, 6KApoEp failed to 
decrease TNFα production in the presence of 
PCSK9. Thus, 6KApoEp appears to reduce LPS-
induced TNFα production by activating LDL 
receptors.  

6KApoEp reduces LPS-induced p44/42 MAPK 
and JAK2/STAT3 phosphorylation 

Previous studies found that LPS-induced TNFα 
release required phosphorylation of both p38 
and p44/42 MAPK [25, 26]. Thus, we deter-
mined the effect of 6KApoEp on LPS-induced 
p38 and p44/42 MAPK phosphorylation in BV2 
microglia. BV2 microglia were treated with LPS 
at 100 ng/ml for 0, 15, 30 and 60 min, in the 

absence or presence of 6KApoEp at 10 µM, fol-
lowed by determination of p38 and p44/42 
MAPK phosphorylation by Western blot (Figure 
2A-D). LPS alone increased both p38 and 
p44/42 MAPK phosphorylation in a time-
dependent manner, reaching maximal phos-
phorylation at 60 min of treatment. 6KApoEp 
enhanced LPS-induced p38 MAPK phosphory-
lation between 15 and 60 min of treatment and 
p44/42 MAPK phosphorylation at 15 min of 
treatment, but reduced p44/42 MAPK phos-
phorylation at 60 min of treatment.  

Further studies suggest that p38 and p44/42 
MAPK reciprocally regulate each other by a 
cross talk mechanism [27, 28]. In order to 
determine if 6KApoEp reciprocally regulate p38 

Figure 1. 6KApoEp reduces LPS-induced TNFα and IL-6 secretion. Mouse microglia (BV2) and human monocytes 
(THP-1) were treated with 6KApoEp alone at 10 µM or LPS at 100 ng/ml in the absence or presence of 6KApoEp 
at 2.5, 5 or 10 µM for 3 hours followed by determination of TNFα and IL-6 release by ELISA (A-C). In addition, BV2 
cells were treated with 6KApoEp, ApoEp or 6DApoEp at 10 µM in the absence or presence of LPS at 100 ng/ml for 
3 h (D). In order to determine the role of LDLR in the anti-inflammatory effect of 6KApoEp, BV2 cells were treated 
with LPS at 100 ng/ml, 6KApoEp at 10 µM or LPS and 6KApoEp for 1 h alone or after pretreatment with PCSK9 at 
10 µg/ml for 2 h (E). 6KApoEp reduced LPS-stimulated release of TNFα and IL-6 in a dose-dependent fashion more 
effectively than ApoEp and 6DApoEp, which was diminished by PCSK9. Results expressed as means ± S.E.M. of 3-5 
independent experiments. Asterisk indicates P < 0.05 compared with LPS treatment alone (A-D) or LPS + 6KApoEp 
treatment (E).  
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Figure 2. 6KApoEp attenuates LPS-induced p44/42 MAPK phosphorylation. BV2 microglia were treated with LPS at 100 ng/ml in the absence or presence of 6KA-
poEp at 10 µM for 0, 15, 30 or 60 min. Total (p38 and p44/42) and phosphorylated p38 and p44/42 MAPK (P-p38 and P-p44/42) in cell lysates was determined 
by WB, utilizing anti-total p38 (Cell Signaling, #9212), anti-total p44/42 (#4695), anti-phospho p38 (#4511) and anti-phospho p44/42 antibodies (#4370) (A-D). 
In addition, BV2 cells were pretreated with the p38 MAPK inhibitor SB203580 at 20 µM, the p44/42 MAPK inhibitor PD98059 at 50µM or 6KApoEp at 10µM for 
60 min followed by treatment with LPS at 100 ng/ml for 60 min (E-H). Representative blots are shown for each condition and band density ratio of phospho-p38 
to total p38 and phospho-p44/42 to total p44/42 MAPK determined by densitometry analysis are shown below each blot. Full non-adjusted images of WB shown 
in Figure S1. PD98059 and 6KApoEp reduced LPS-induced p44/42 MAPK phosphorylation while enhancing p38 MAPK phosphorylation. In contrast, SB203580 
reduced LPS-induced p38 MAPK phosphorylation while enhancing p44/42 MAPK phosphorylation. Total p38 and p44/42 MAPK were similar across conditions. 
Results expressed as means ± S.E.M of three experiments. Asterisk indicates P < 0.05 compared with LPS alone.
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and p44/42 MAPK phosphorylation, we treated 
BV2 cells with LPS in the absence or presence 
of the p38 MAPK inhibitor SB203580, the 
p44/42 MAPK inhibitor PD98059 or 6KApoEp 
followed by determination of p38 and p42/44 
MAPK phosphorylation by WB (Figure 2E-H). 
SB203580 decreased LPS-induced p38 MAPK 
phosphorylation, while reciprocally enhancing 
p44/42 MAPK phosphorylation. In contrast, 
PD98059 and 6KApoEp decreased LPS-in- 
duced p44/42 MAPK phosphorylation, while 
reciprocally enhancing p38 MAPK phosphoryla-
tion. Thus, 6KApoEp appears to reciprocally 
enhance p38 MAPK phosphorylation by inhibit-
ing p44/42 MAPK. 

In addition to activation of MAPK, the proin-
flammatory effect of LPS may be mediated by 
activation of the JAK2/STAT3 pathway [19-21]. 
In order to determine if 6KApoEp inhibits this 
pathway, we treated BV2 cells with LPS in the 
absence or presence of 6KApoEp, followed by 
determination of JAK2 and STAT3 phosphoryla-
tion by WB (Figure 3A-D). LPS increased JAK2 
and STAT3 phosphorylation in a time-depen-
dent manner, reaching maximal phosphoryla-
tion at 30-60 min of treatment. 6KApoEp treat-
ment blocked LPS-induced JAK2 phosphoryla-
tion, while reducing STAT3 phosphorylation, 
between 15 and 60 min of treatment. Thus, the 

anti-inflammatory effect of 6KApoEp may be 
mediated by inhibition of the LPS-induced 
JAK2/STAT3 pathway.

Splenocyte IFNγ release is reduced by 
6KApoEp treatment in vivo 

In order to determine if 6KApoEp has an anti-
inflammatory effect in vivo, we treated female 
htau mice with 6KApoEp or 6K daily at 10 μg/
mouse/day for 28 wk by intranasal administra-
tion. After treatment, mice were euthanized 
and splenocytes were isolated and treated with 
concanavalin A (conA) at 5 µg/ml overnight. 
IFNγ release from splenocytes isolated from 
6KApoEp-treated mice was significantly re- 
duced compared with those isolated from 
6K-treated mice (Figure 4). Thus, 6KApoEp 
treatment in vivo reduces splenocyte release of 
IFNγ.  

Discussion

In the present study, we tested the anti-inflam-
matory properties of a novel apoE mimetic pep-
tide (6KApoEp), consisting of the apoE LDLR 
binding domain (aa 133-152, ApoEp) linked 
with 6 lysine residues at its N-terminus. 
6KApoEp reduced LPS-induced TNFα and IL6 
production in a dose-dependent fashion start-

Figure 3. 6KApoEp attenuates LPS-induced JAK2 and STAT3 phosphorylation. BV2 cells were treated with LPS at 
100 ng/ml in the absence or presence of 6KApoEp at 10 µM for 0, 15, 30 or 60 min. Total (JAK2 and STAT3) and 
phosphorylated JAK2 and STAT3 (p-JAK2 and p-STAT3) in cell lysates was then determined by WB, utilizing anti-total 
JAK2 (Cell Signaling, #3230), anti-total STAT3 (#9132), anti-phospho-JAK2 (#3774) and anti-phospho STAT3 anti-
bodies (#9131). Representative blots are shown for each condition and band density ratios of p-JAK2 to JAK2 and 
p-STAT3 to STAT3 determined by densitometry analysis are shown below each blot. Full non-adjusted images of WB 
shown in Figure S2. LPS-induced JAK2 and STAT3 phosphorylation was reduced by 6KApoEp between 15 and 60 
min of treatment. Total JAK2 and STAT3 levels were similar across treatment conditions. Results are expressed as 
mean ± S.E.M. Asterisk indicate P < 0.05 compared with LPS alone.  
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ing at 5 µM in BV2 microglia and 2.5 µM in 
THP-1 monocytes (Figure 1A-C), together with 
reduced p44/42 MAPK, JAK2 and STAT3 phos-
phorylation (Figures 2 and 3). This reduction of 
LPS-induced TNFα elicited by 6KApoEp was 
greater than that elicited by ApoEp alone or by 
6DApoEp, consisting of ApoEp with 6 aspar-
tates linked at its N-terminus (Figure 1D). In 
addition, this anti-inflammatory effect of 6K- 
ApoEp was blocked by treatment with PCSK9, 
which downregulates LDLR [23, 24], suggesting 
a role for LDLR activation (Figure 1E). 6KApoEp 
treatment of htau mice by intra-nasal adminis-
tration also reduced ConA-mediated release  
of IFNγ by isolated splenocytes (Figure 4). 
Together these results indicate that 6KApoEp 
may be a novel anti-inflammatory peptide for 
treatment of neurodegenerative diseases.

Inflammation in the central nervous system is a 
common feature of many age-related neurode-
generative diseases. Activation of microglia 
and p38 and p44/42 MAPK pathways occur in 
most chronic neurodegenerative diseases, 
such as AD, Parkinson’s disease (PD), amyo-
trophic lateral sclerosis (ALS), as well as in their 
animal models [29]. LPS directly activates p38 
and p44/42 MAPK (ERK1/2) in microglial cell 
culture, increasing the production of proinflam-
matory cytokines such as TNFα that are 
believed to be involved in neuronal damage 
[30]. Since excessive proinflammatory cytokine 

production can further activate p38 MAPK in 
microglia, astrocytes and neurons, a potential 
positive feedback loop can result that exacer-
bates disease. IL-6 is a member of the IL-6-type 
cytokine family with pro- and anti-inflammatory 
properties. They activate Janus tyrosine Kinase 
family members (JAK1 and JAK2), leading to 
the activation of transcription factors of the 
Signal Transducer and Activator of Transcription 
(STAT) family [31, 32]. Conversely, JAK2 activa-
tion can further mediate IL-6 production, since 
JAK2-specific inhibition blocks IL6 production 
as well as STAT3 phosphorylation in the periph-
eral circulation and cancer cells [33, 34]. The 
present study suggests that 6KApoEp poten-
tially reduces neuroinflammation by reducing 
p44/42 MAPK, JAK2 and STAT3 phospho- 
rylation.  

Apolipoprotein E has emerged as a pivotal anti-
inflammatory agent in a number of neurode-
generative diseases, including AD, PD, cerebro-
vascular disease (CVD), multiple sclerosis (MS), 
traumatic brain injury (TBI), HIV-encephalitis, 
cerebral palsy (CP), vascular dementia, and 
ischemic stroke [13, 35, 36]. In addition, an 
increasing body of evidence suggests that apoE 
and apoE-mimetic peptides exert prominent 
anti-inflammatory effects [12]. ApoE signaling 
via VLDL-R or apoER2 promotes macrophage 
conversion from the pro-inflammatory M1 to 
the anti-inflammatory M2 phenotype, repre-
senting a novel anti-inflammatory activity of 
apoE [37]. In addition, there is mounting evi-
dence that apoE influences innate as well as 
acquired immunity. Effects on innate immunity 
have been demonstrated by the ability of apoE 
to inhibit stimulation of cultured neutrophils by 
urate crystals [38] as well as lymphocyte prolif-
eration by interleukin-2 and -4 [39, 40]. In addi-
tion, apo E-deficient mice have impaired innate 
immune responses to Listeria monocytogenes 
[41] and reduced production of anti-inflamma-
tion factors such as IL-10 mainly from microglia 
and TGF-beta mainly from astrocytes, resulting 
in severe inflammation [15]. Thus, targeting 
apoE may be a potential anti-inflammatory 
approach for the prevention and treatment of 
various neurodegenerative and peripheral dis-
eases in humans [42].

It is notable that 6KApoEp enhanced p38 
MAPK while reducing p44/42 MAPK phosphor-
ylation in BV2 microglia, suggesting that 6K- 
ApoEp has a primary action to reduce p44/42 

Figure 4. 6KApoEp treatment in vivo reduces sple-
nocyte IFN-γ release. Htau female mice at 10 weeks 
of age were treated with 6KApoEp (n = 6) or 6K (n = 
6) daily at 10 µg/mouse/day for 28 wk by intranasal 
administration, followed by isolation of splenocytes, 
overnight treatment with concanavalin A (ConA) and 
determination of IFNγ levels in conditioned media 
by ELISA Splenocyte IFNγ release was significantly 
reduced by 6KApoEp compared with 6K treatment. 
ELISA results presented as mean ± S.E.M. of IFNγ 
(ng/mg total intracellular protein). Asterisk indicates 
P < 0.05 compared with 6K treatment.
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MAPK phosphorylation, which reciprocally en- 
hances p38 MAPK phosphorylation by a cross-
talk mechanism. Likewise, treatment with the 
p44/42 MAPK inhibitor PD 98059 increased 
p38 MAPK phosphorylation, while treatment 
with the p38 MAPK inhibitor SB203580 in- 
creased p44/42 MAPK phosphorylation. Such 
reciprocal regulation or crosstalk of MAPK p38 
and p44/42 has become increasingly recog-
nized as a means to allow “reciprocal equilibri-
um” between MAPK p38 and p44/42 phos-
phorylation, involving concordant activation of 
protein kinases and phosphatases [27, 28].  

Our results using cultured BV2 microglia and 
THP1 monocytes support a role for 6KApoEp as 
an anti-inflammatory agent with potential for 
the treatment of neurodegenerative disease. In 
order to confirm these findings in vivo, we treat-
ed htau mice with 6KApoEp by daily intranasal 
(i.n.) administration for 28 weeks and deter-
mined its effect on IFNγ release by isolated 
splenocytes. Treatment with 6KApoEp reduced 
concanavalin A (ConA)-induced splenocyte IFNγ 
release compared with treatment with 6K alone 
(Figure 4). Inflammation of the CNS during mul-
tiple sclerosis and experimental autoimmune 
encephalomyelitis is characterized by increased 
levels of IFNγ, a cytokine not normally expressed 
in the CNS [43]. IFNγ has been shown to regu-
late T cell proliferation and cytokine production, 
with profound implication for onset and pro-
gression of disease [44, 45]. In addition, IFNγ is 
known to induce two parallel but coordinated 
pathways regulating the expression of genes 
encoding proinflammatory cytokines, transcript 
synthesis regulated by the JAK-STAT pathway 
and transcript stabilization regulated by p38 
MAPK [22]. By reducing IFNγ release, 6KApoEp 
and potentially other ApoEp derived peptides 
hold great promise for therapeutic manage-
ment of neuroinflammation.
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Figure S1. 6KApoEp attenuates LPS-induced p44/42 MAPK phosphorylation. Original images of Western blots 
showing total (p38 and p44/42) and phosphorylated p38 and p44/42 MAPK (P-p38 and P-p44/42) in BV2 cells 
after treatment with LPS at 100 ng/ml for 0-60 min in the absence or presence of 6KApoEp (A, B). Also shown are 
original images for total and phosphorylated p38 and p44/42 MAPK after pretreatment with SB203580, PD98059 
or 6KapoEp for 60 min followed by treatment with LPS at 100 ng/ml (C, D).
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Figure S2. 6KApoEp attenuates LPS-induced JAK2 and STAT3 phosphorylation. Original images of Western blots 
showing total (JAK2 and STAT3) and phosphorylated JAK2 and STAT3 (p-JAK2 and p-STAT3) in BV2 cells after treat-
ment with LPS at 100 ng/ml for 0-60 min in the absence or presence of 6KApoEp.


