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Abstract

Neuroinflammation is a fundamental mechanism in Alzheimer’s disease (AD) progression. The 

stress-induced activation of the p38α mitogen-activated protein kinase (MAPK) leads to increased 

production of proinflammatory cytokines and neurodegeneration. We investigated the effects of an 

isoform selective p38α MAPK inhibitor, MW01-18-150SRM (MW150), administered at 2.5 

mg/kg/day (i.p.; 14 days) on early entorhinal cortex (EC) alterations in an AD mouse model 

carrying human mutations of the amyloid precursor protein (mhAPP). We used 

electrophysiological analyses with long-term potentiation (LTP) induction in EC-containing brain 

slices and EC-relevant associative memory tasks. We found that MW150 was capable of rescuing 

LTP in 2-month old mhAPP mice. Acute delivery of MW150 to brain slices was similarly effective 

in rescuing LTP, with a comparable efficacy to that of the widely used multi-kinase inhibitor 

SB203580. MW150-treated mhAPP mice demonstrated improved ability to discriminate novel 

associations between objects and their position/context. Our findings suggest that the selective 

inhibition of the stress-activated p38α MAPK with MW150 can attenuate the EC dysfunctions 

associated with neuroinflammation in an early stage of AD progression.
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1. Introduction

Early stage neuroinflammation has emerged to crucially contribute to neurodegeneration 

from genetic studies (Benedet et al., 2015; C, 2015; Saykin et al., 2015), preclinical animal 

models and clinical pathology (Heppner et al., 2015; Van Eldik et al., 2016; Wyss-Coray and 

Rogers, 2012). Specific to the pathophysiology of Alzheimer’s disease (AD), the p38 

MAPK cascade is activated in both glia and neurons in response to an array of central 

nervous system (CNS) disease-relevant stressors (Schnoder et al., 2016; Xing et al., 2011, 

2015). In particular, Aβ peptide binding to the microglial receptor for advanced glycation 

end products (RAGE) induces p38 MAPK signaling and cytokine overproduction, which 

then leads to the activation of p38 MAPK in neurons, and ultimately to intraneuronal 

translocation of Aβ, tau phosphorylation in AD-relevant residues and cortical synaptic 

dysfunction (Anderton et al., 2001; Criscuolo et al., 2017; Ferrer et al., 2005; Li et al., 2003; 

Origlia et al., 2008; Peel et al., 2004; Takuma et al., 2009; Zhu et al., 2005). Approaches 

based on drug-resistant knock-in mice (O’Keefe et al., 2007), tissue-selective conditional 

knock-out mice (Kang et al., 2008), and isoform specific p38αMAPK inhibitors (Roy et al., 

2015; Watterson et al., 2013; Zhou et al., 2017) demonstrated that the p38α isoform is 

critically involved in the increased cytokine production after an inflammatory challenge. 

Therefore, the p38α MAPK appears as an ideally located target for pharmacological 

strategies aimed at attenuation of disease progression or neuroprotection. Recently, a highly 

selective p38α MAPK inhibitor named MW01-18-150SRM (referred to as MW150) has 

been made available, which proved effective in ameliorating hippocampus-dependent 

associative and spatial memory deficits in two distinct AD-relevant animal models (Roy et 

al., 2015). MW150 was shown to reduce brain interleukin-1β (IL-1β) and tumor necrosis 

factor-α (TNFα) release and to increase the microglia in close proximity to amyloid 

plaques, with no significant effects on normal microglia protective functions or plaque load 

(Zhou et al., 2017). Moreover, pharmacokinetic assays demonstrated that MW150 has good 

oral bioavailability, high cell permeability, and attractive distribution across the blood-brain 

barrier (Roy et al., 2015). Finally, MW150 screening against a critical set of cytochrome 

P450 (CYP) isoforms indicated a low potential for pharmacological interaction and adverse 

events (Roy et al., 2015), making it a good candidate for a clinical trial. Recent evidence 

points to the entorhinal cortex (EC) as a crucial site for associative memory formation 

(Moser et al., 2008) and as the brain region primarily affected during neurodegeneration 

(Stranahan and Mattson, 2010). In the context of the EC, layer II neurons are exquisitely 

vulnerable to age-related alterations (Braak and Braak, 1991; Gomez-Isla et al., 1996). In 

our previous work, we reported that transgenic mice (mhAPP) with progressive Aβ 
accumulation (Mucke et al., 2000) present synaptic dysfunctions in the EC layer II as early 

as at 2 months of age (Criscuolo et al., 2017). These, and the related associative memory 

deficits, can be reverted by inhibition of microglial RAGE which reduces the activation of 

p38 MAPK (Criscuolo et al., 2017). We therefore wanted to investigate the impact of 

p38αMAPK inhibition on EC impairment in the mhAPP mouse model of AD using MW150 

systemic administration.
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2. Materials and Methods

2.1. Animals

We used either 2- or 6-month old male mhAPP transgenic mice (APPsweInd, lineJ20) and 

their littermate controls (C57BL/6J background). mhAPP transgenic mice overexpress an 

alternatively spliced human APP (hAPP) minigene that encodes hAPP695, hAPP751, and 

hAPP770 bearing mutations linked to familial AD (V717F, KM670/671NL) (Mucke et al., 

2000). All experiments were conducted in accordance with the principles of animal care and 

experimentation in the guidelines of the Italian Ministry of Health (Legislative Decree n. 

116/92) and the European Community (European Directive 86/609/EEC). The Ministry of 

Health approved the use of animals in this protocol (n. 192/2000-A and n.74/2017). Every 

effort was made to minimize the number of animals used and their suffering.

2.2. Drugs and treatment

MW01-18-150SRM (MW150) was provided by Dr. M. Watterson. MW150 is an isoform-

selective p38αMAPK inhibitor, which was synthesized and characterized as previously 

reported (Roy et al., 2015). The MW150 compound was in hydrochloride hydrate form 

(MW = 490.43) and was dissolved in sterile 0.9% saline. We treated 2-month and 6-month 

old mhAPP and WT mice with a daily dose of either MW150 (2.5 mg/kg/day) or saline 

vehicle by intraperitoneal injection (i.p.) for 14 days. 4-(4-Fluorophenyl)-2-(4-

metylsulfinylphenyl)-5-(4-pyridyl)-1H-imidazole (SB203580), an isoform unspecific 

inhibitor of p38 MAPK (Tocris Bioscience) was prepared in dimethyl sulfoxide (DMSO) as 

stock solutions. For the in vitro administration, drugs were diluted to the final concentration 

in artificial CSF (aCSF) solution (mM: NaCl, 119; KCl, 2.5; CaCl2, 2; MgSO4, 1.2; 

NaH2PO4, 1; NaHCO3, 6.2; glucose, 10; HEPES, 10) and continuously perfused over slices 

starting at least 15 min before HFS, as in Origlia et al. (2008; 2014).

2.3. EC slice preparation and electrophysiology

For field recordings, we prepared EC-containing slices from mhAPP or WT mice as 

described previously (Origlia et al., 2008; Criscuolo et al., 2017). To induce long-term 

potentiation (LTP) we used a high frequency stimulation (HFS, 3 trains of 100 pulses at 100 

Hz, at 10 s interval). The magnitude of LTP was calculated as the average of the field 

excitatory post-synaptic potentials (fEPSPs) amplitudes recorded in the last 10 min and 

expressed as percentage change relative to the baseline period. The application of solutions 

containing different compounds and vehicles were performed in different slices during the 

same experimental session. Data collection and analysis were performed in blind by two 

different operators.

2.4. Behavioral testing for EC-dependent associative memory tasks

The behavioral testing was performed as described in (Wilson et al., 2013). The Novel 

object-place recognition task (OPRT) and the Novel object-place-context recognition task 

(OPCRT) took place the day after and the second day after the 14th day of treatment, 

respectively. Testing took place in a 60-cm square box with 40-cm high walls that could be 

shaped with two sets of contextual features (hereby 1 and 2). The objects used were easily 
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cleanable 3D household objects approximately the same size as a mouse in at least one 

dimension and made from plastic, metal or glass. Exploration of the objects was monitored 

via an overhead camera. After one week of extensive handling to habituate the mice to the 

experimenter, mice were individually habituated to the white context for one hour for 3 

consecutive days. Behavioral testing proceeded in the following stages:

1. OPRT. Following 5 min of exploration in context 1, mice were given a sample 

trial where they were allowed to explore two different novel objects freely for 3 

min. They were then removed from the box and placed in a holding cage for 1 

min inter trial interval while the box was cleaned and shaped for the test trial. In 

the test trial, mice were presented with the same context as used in the sample 

trial, except there were two copies of one of the previously presented objects. 

Therefore, in the test trial one of the copies held the same location as in the 

sample trial (familiar OP association), while the other copy was presented in a 

novel location (novel OP association).

2. OPCRT. The first two sessions were repeated as above. For sample trial 2 (3 

min), mice were exposed to context 2 and left to explore the same two objects 

but in opposite position from where they were in context 1. In the test trial, two 

copies of one of the previously presented objects were presented within one of 

the contexts, so that one of the copies had been seen in that location within that 

context before (familiar OPC association), while the other copy had been 

presented in that location and context before, but not in that location within that 

particular context (novel OPC association).

The object used in novel/familiar association, the side of presentation of the 

novel association, and the context used were counterbalanced as much as 

possible among experimental groups. In all the experiments, exploration time 

was counted when the mice were in the object close proximity (within 2 cm) 

with the nose directed towards it, sniffing or touching the object with the nose. 

Exploration time was not counted when the nose was pointing away from the 

object even if the mice were beside the object, running around it, sitting or 

climbing on it. To check for reliability the same separate observer re-scored a 

subset of videos in a blind fashion for each task and these scores were found to 

be consistent within 10% of the experimenter’s. The reliability among the two 

raters, (G.R. and M.S) who performed and scored behavioral tests independently 

was evaluated for a subset of videos (22%) that were scored in a blind fashion by 

both the experimenters. We calculated intra-class coefficient (ICC) estimates and 

their 95% confident intervals using SPSS statistical package version 22 (SPSS 

Inc, Chicago, IL) based on a mean-rating (k = 2), absolute-agreement, 2-way 

mixed-effects model. We obtained an ICC (2, 2) value of 0.958 (95% CI 0.874–

0.984), indicating excellent inter-rater reliability (Portney and Watkins, 2000). 

For each task we converted observation scores into discrimination indices [DI = 

(time at novel − time at familiar)/(time at novel + time at familiar)] to determine 

the rates of exploration of novel relative to familiar OPC associations. Figure 2.A 

reports a schematic representation of the tasks. The Open Field Test was used to 

control for changes in locomotion and anxious behavior. Testing took place in 

Rutigliano et al. Page 4

Neurobiol Aging. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the same box described above. Each animal was placed in the box for five 

minutes. We used the open-source toolbox developed by Patel, et al. 2014 to 

automatically compute the total ambulatory distance as well as the amount of 

time spent in outer zones versus inner zones (40×40), presented as a function of 

total time in the maze (Patel et al., 2014).

2.5 Statistical analysis

All data are reported as mean ± SEM. For electrophysiology statistical comparisons between 

experimental groups or between fEPSP amplitudes measured during baseline and after HFS 

were performed by applying a two-way repeated-measures ANOVA with pair wise multiple 

comparison procedures (Holm–Sidak method, Sigmaplot 12.0). For behavioral experiments, 

a one-way ANOVA was applied to determine the differences in average DI, exploration 

rates, total ambulatory distance, and thigmotaxis. One-sample t-tests were also used to 

determine whether the average discrimination index for each group was different from 

chance (hypothesized mean = 0). A p value < 0.05 was considered significant. For tests that 

did not reveal a statistical difference, we have reported the observed (post-hoc) power 

analyses, which were performed using G*Power 3.0.10.

3. Results

3.1. MW150 rescues LTP in EC-containing slices from early stage AD mice

Young (2-month old) mhAPP mice present no alterations in basic synaptic transmission but 

a selective LTP impairment in the EC intrinsic circuitry (Criscuolo et al., 2017). We tested 

whether MW150 could prevent synaptic plasticity impairment at this age. We found a 

statistically significant difference between groups (F (3, 27) = 5.436, p = 0.005). Treating 

mhAPP mice with MW150 for 14 days was sufficient to restore a robust LTP upon HFS of 

the EC superficial layer. The mean LTP was in fact significantly increased with respect to 

mhAPP vehicle-treated mice (120 ± 6% of baseline, mice n = 4, slices n = 7, vs. 100 ± 4% 

of baseline, mice n = 4, slices n = 5; p = 0.024; Fig. 1.A) and was comparable to that 

recorded in WT vehicle-treated slices (128 ± 4% of baseline, mice n = 5, slices n = 11, p = 

0.208; Fig. 1A). Notably, MW150 at the concentration tested did not affect synaptic 

plasticity in WT mice, as mean LTP was not significantly different from that in vehicle-

injected WT mice (118 ± 4%, mice n = 4, slices n = 8; p = 0.235, with a power of 0.829; Fig. 

1.A). Screening assay demonstrate that MW150 has a high permeability to CNS (Roy et al., 

2015), however we further confirmed the efficacy of the compound after acute application 

on EC slices using a concentration that was shown to inhibit the phosphorylation activity of 

p38αMAPK. Perfusion with 10μM MW150 was capable of rescuing LTP expression in EC 

slices from mhAPP mice (F(4,25) = 4.561, p = 0.007; 137 ± 7% of baseline, mice n = 4, 

slices n = 6 vs. 104 ± 4% of baseline, mice n = 4, slices n = 6 in vehicle mhAPP slices; p = 

0.007; figure 1.B). A comparable rescue was obtained with perfusion with 1μM SB203580 

(133 ± 10% of baseline, mice n = 4, slices = 6, p = 0.014; figure 1.B) even though the effect 

was limited to the late-phase of LTP, consistently with a previous finding in slices treated 

with Aβ (Origlia et al., 2008). This first part of results demonstrated that MW150 has a 

protective effect on synaptic function at an early stage of neurodegeneration in mhAPP mice 

by acting on MAPK. In order to verify whether this effect could be retained as the AD 
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phenotype progresses, we investigated 6-month old mhAPP mice. At this stage of 

neurodegeneration, evidence exists of diffuse amyloid immunoreactivity in the molecular 

layer of the dentate gyrus, and in the neocortex (Mucke et al., 2000). As reported in figure 

1C, there was a statistically significant difference between groups (F(3, 21) = 8.005, p < 

0.001), as HFS induced a stable LTP in vehicle-injected WT, but not in mhAPP EC slices 

(128 ± 7% of baseline, mice n = 4, slices n = 6 vs 97 ± 3% of baseline, mice n = 4, slices n = 

6; p = 0.002). A statistically significant LTP was observed, however, after 14-day treatment 

with MW150 (114 ± 3% of baseline, mice n = 4, slices n = 7; vs. vehicle-treated mhAPP, p = 

0.022). The LTP in mhAPP mice treated with MW150 was not significantly different as 

compared to WT slices (p = 0.128 vs vehicle-treated WT; p = 0.095 vs MW150-treated WT, 

with an acceptable power of 0.959; figure 1.C).

3.2. MW150 improves EC-dependent associative memory in mhAPP mice

We have previously reported that synaptic dysfunction is associated with impairment in 

associative memory, as the lateral EC superficial layers are involved in the combined 

elaboration of spatial (referred to context and objects position) and non-spatial (referred to 

objects) information (Criscuolo et al., 2017). In particular, the lateral EC is required for 

recognition of objects that have been experienced in a specific context and its lesion causes a 

selective impairment in in the execution of the OPRT and OPCRT memory tasks in the rat 

(Tsao et al., 2013; Wilson et al., 2013). We have confirmed that WT mice with selective 

lesions of the lateral EC show a similar impairment without affecting the recognition of a 

novel object in the execution of the ORT task (Criscuolo et al., 2017). Moreover, we 

demonstrated that synaptic deficit and activation of p38MAPK observed in the EC intrinsic 

circuitry of mhAPP mice are associated with a selective impairment in EC-dependent tasks 

as associative (OPRTand OPCRT) but not non-associative memories (ORT) were affected. 

Therefore, the next step was to investigate behaviorally the effect of MW150 in mhAPP 

mice. At 2 months of age, vehicle-treated (14 days of i.p. saline) mhAPP mice displayed 

impaired ability to discriminate novel associations of objects with their position and 

surrounding context, as compared to age-matched vehicle-treated WT mice (OPRT, F (3, 22) 

= 7.954, p < 0.001; OPCRT, F (3, 22) = 9.509, p < 0.001). The mean DI for mhAPP mice 

was significantly lower than the DI of WT mice for both OPRT (−0.06 ± 0.03, n = 8 vs. 0.33 

± 0.08, n = 6; p = 0.003) and OPCRT (−0.08 ± 0.03, n = 8 vs. 0.43 ± 0.09, n = 6; p = 0.001). 

According to the above findings from electrophysiology, a 14-day MW150 treatment had no 

effect on memory function in control WT mice (0.40 ± 0.12, n = 6, p = 0.584 with a power 

of 0.960 in OPRT and 0.26 ± 0.10, n = 6, p =0.195 with a power of 0.986 in OPCRT vs. 

vehicle treated WT); however, it was capable of ameliorating the cognitive performances of 

mhAPP mice as revealed by DI, which resulted in significant increase with respect to 

vehicle-injected mhAPP mice, and comparable to controls, in both tests (OPRT: 0.43 ± 0.10, 

n = 6; p = 0.002 vs. vehicle-treated mhAPP; p = 0.733 vs. vehicle-treated WT; OPCRT: 0.46 

± 0.11, n = 6; p = 0.001 vs. vehicle-treated mhAPP; p = 0.797 vs. vehicle-treated WT; Fig. 

2B). No significant differences were found in locomotor and anxiety-related behavior. At 2 

months of age, mice in different groups traveled overlapping total ambulatory distance in the 

box (F (3, 8) = 1.240, p = 0.36) and spent similar amount of time in outer zones (F (3, 8) = 

0.363, p = 0.78) versus inner zones (F (3, 8) = 0.934, p = 0.47).
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At a later stage of neurodegeneration (6 months of age), MW150 confirmed its protective 

effect on EC-dependent associative memory functions (OPRT, F (3, 22) = 14.980, p < 0.001; 

OPCRT, F (3, 22) = 7.407, p = 0.001). Novel association-discriminating performances were 

significantly improved in mhAPP mice treated with MW150 for 14 days (OPRT: 0.56 

± 0.13, n = 6; p < 0.001 vs. −0.05 ± 0.04, n=8 in vehicle treated mhAPP mice; OPCRT: 0.09 

± 0.04, n = 6; p = 0.028 vs. −0.10 ± 0.05, n= 8 in vehicle treated mhAPP mice), with no 

significant differences in DI as compared to vehicle-treated WT mice (OPRT: p = 0.218 with 

a power of 1.0; OPCRT: p = 0.161 with a power of 0.942). No significant differences were 

observed between groups either in terms of total locomotor activity (F (3, 8) = 4.846, p = 

0.33) or time spent in outer zones (F (3, 8) = 0.383, p = 0.77) versus inner zones (F (3, 8) = 

0,515, p = 0.68).

4. Discussion

The EC intrinsic circuitry is selectively vulnerable to synaptic plasticity alterations and 

corresponding associative memory impairment in a mouse model of progressive amyloid-

dependent neurodegeneration (mhAPP) (Criscuolo et al., 2017). These deficits are 

associated with increased activation of RAGE and downstream phosphorylation of the 

p38MAPK, key events in amyloid-dependent neuroinflammation (Anderton et al., 2001; 

Criscuolo et al., 2017; Dai et al., 2016; Ferrer et al., 2005; Li et al., 2003; Origlia et al., 

2008; Peel et al., 2004; Zhu et al., 2005). Therefore, p38MAPK are particularly suited as 

targets to retard or even halt neurodegeneration. Aβ-dependent synaptic failure driven by 

microglia is prevented by the p38MAPK inhibitor SB203580 in hippocampal slices (Wang 

et al., 2004) and EC (Origlia et al., 2014; Origlia et al., 2008). The α isoform of the 

p38MAPK has emerged as an interesting druggable site, as its inhibitors showed attenuation 

of neuroinflammation, synaptic alterations, and cognitive impairments (Bachstetter and Van 

Eldik, 2010; Watterson et al., 2013). In the present study we found that the selective 

inhibition of the p38α MAPK with an established efficacy dose of MW150 is capable of 

rescuing LTP in EC-containing slices and ameliorating EC-dependent associative memory 

functions in 2-month mhAPP mice. MW150 efficacy profile in the EC, one of the earliest 

affected brain regions in amyloid-induced neurodegeneration (Stranahan and Mattson, 

2010), supports a potential role for MW150 as a disease-modifying drug in an early disease 

stage, before the appearance of AD-like histopathological findings. Our results were 

confirmed in a later stage of the disease progression, that is in mhAPP mice aged 6 months. 

The same drug could therefore act in different time windows, with increased potential for 

efficacy.

Our findings support MW150 as a drug candidate aimed at modifying the 

neuroinflammation-synaptic dysfunction cycle via the selective inhibition of the stress-

activated p38α MAPK in the interacting microglia and neurons (Rask-Andersen et al., 2014; 

Watterson et al., 2013). A potential limitation of our study, which could confound the 

interpretation of results, is the variability in the early phase post-HFS for up to 15 min, 

emerging from the visual inspection of scatterplots in figure 1. We used fEPSP recordings in 

the EC, which has been rarely investigated with respect to hippocampal slices. For 

consistency with our previous work, as the main parameter we used the changes in the 

amplitude of fEPSP, which mirror the changes in the slope of the negative potentials and 
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correlate with changes in the magnitude of a monosynaptic current sink when using cortical 

slices preparation (Mitzdorf, 1985). This may generate more variability in the early phase 

post-HFS with the presence of either post-tetanic potentiation or depression (Origlia et al., 

2009; Origlia et al., 2008). This may be due also to the more complex circuitry that is 

present in the cortical layering with respect to the classical CA1 recording in the 

hippocampus, where the slope is the commonly used parameter.

MW150 treatment has already proved efficacious in the suppression of hippocampal-

dependent associative and spatial memory deficits either in a preventative or in treatment 

paradigm (Roy et al., 2015). These effects are mediated by the modulation of stress-induced 

proinflammatory cytokine release driven by overactivated p38α MAPK, without changes in 

the microglia protective responses (Zhou et al., 2017). Specifically, the effects of MW150 

were mediated by the increased release of IL-1β and TNFα but not IL-6. Together with 

efficacy, what makes MW150 particularly promising in the pursuit of drug candidates for 

AD are its pharmacological features of high target selectivity, oral bioavailability, brain 

penetrance and safety (Roy et al., 2015). These issues have indeed limited the development 

of p38α MAPK inhibitors so far, in the context of complex illnesses that require repeated 

administration, long-lasting exposure, and compatible use with other approved molecules in 

vulnerable subjects. In conclusion, MW150 and similar p38α MAPK inhibitors are worth 

exploring as therapeutic interventions to improve clinical outcomes in the early stages of 

neurodegeneration.
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Highlights

• The p38αMAPK inhibitor MW150 rescues Entorhinal cortex -synaptic 

plasticity in AD mice

• MW150 treatment ameliorates EC-dependent associative memory in early 

stage AD mice

• The p38α MAPK inhibitors are worth exploring as therapeutics in 

neurodegeneration
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Figure 1. Impairment of LTP in mhAPP slices is prevented by MW150
A) In 2-month old animals, LTP induction and maintenance was not affected by 14-day 

treatment with MW150 (2.5 mg/kg i.p.) in WT (open triangles) but rescued a normal LTP in 

slices from mhAPP mice (grey diamonds). Controls received 14-day i.p. injection of the 

vehicle (saline). B) Acute inhibition of p38MAPK by slices perfusion with either SB203580 

(1μM) or MW150 (10μM) did not affect LTP in control WT (open circles and triangles) but 

was capable of rescuing a robust LTP in mhAPP slices with a comparable efficacy (light and 

dark grey diamonds). C) In vivo treatment with MW150 (2.5 mg/kg i.p.) confirmed its 

efficacy in 6-month old mhAPP mice. The mean LTP in the EC of mhAPP + MW150 mice 

(grey triangles) was comparable to controls (open circles and triangles) and significantly 

increased respect to mhAPP + vehicle group. Error bars indicate SEM
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Figure 2. 
MW150 treatment improves associative memory based on object recognition in mhAPP 

mice. In (A) left and right panel report a schematic depiction of the sample and test trials 

within the novel object place recognition task (OPRT) and novel object place/contest 

recognition task (OPCRT), respectively; In (B–C) plots represent individual discrimination 

indices (DI) for each mouse (white circles) and the average DI (black circle) calculated for 

each group of either 2-month old or 6-month old mice. Average DI are presented as mean ± 

SEM.
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