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Abstract YWHAE (14-3-3ε) protein levels are considered to
be a reliable biomarker for neurodegeneration. The YWHAE
protein interacts both directly and indirectly with human im-
munodeficiency virus (HIV) accessory proteins, leading to
cell death. The purpose of this study was to examine the
relationship between YWHAE polymorphisms and HIV-
associated neurocognitive disorder (HAND) and the relation-
ship between YWHAE protein levels and HAND. A cross-
sectional study using random samples of HIV-seropositive
(n =20) and HIV-seronegative (controls) (n =16) women from
the Hispanic-Latino Longitudinal Cohort of Women was
conducted. Individuals who are HIV-seropositive and hetero-
zygous at the rs4790084/rs1204828 loci in the YWHAE gene
were 3× more likely to display reduced cognitive functioning,
to have received a HAND diagnosis, and to have less
YHWAE protein expressed than homozygotes. Western blots
from cerebral spinal fluid indicate that the HIV-seropositive
women with HAND expressed 4.5× less YWHAE compared

to HIV-seropositive cognitively normal women (94 % sensi-
tivity, 84 % specificity; HIV-seropositive vs. controls). There-
fore, polymorphism in YWHAE may be a genetic risk factor
for HAND and levels of YWHAE protein are a likely bio-
marker for neurocognitive status in HIV-seropositive women.
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Introduction

Individuals infected with the human immunodeficiency virus
(HIV) are at risk of developingHIV-associated neurocognitive
disorders (HAND), regardless of adequate response to the use
of combined antiretroviral treatment (cART) (Rackstraw
2011). In the handful of studies reported, HIV-seropositive
women appear to be more likely to manifest cognitive impair-
ments (Wojna et al. 2007;Wojna et al. 2006). As more women
are infected, there is a need for understanding whether poten-
tial differences in cognition exist with respect to biomarkers
(Wojna et al. 2006). In men, the 14-3-3 gene family of proteins
is a proposed biomarker for HIV-associated dementia (HAD)
or HIVencephalitis (Gelman and Nguyen 2010; Wakabayashi
et al. 2001). Thus, studies in HIV-seropositive women will
contribute to further understanding of the mechanisms in-
volved between 14-3-3s and HAND.

The 14-3-3s are a group of highly conserved proteins with
seven isoforms (σ, β, γ, ε, ζ, τ/θ, and η) and two phosphor-
ylated isotypes (α and δ), which together comprise approxi-
mately 1 % of the total brain proteins (Aitken et al. 1995).
These small acidic molecules interact physically with over
300 proteins and are involved in cell cycling and apoptosis
pathways (Berg et al. 2003). In humans, 14-3-3ε (known as
YWHAE) is expressed throughout the brain and is the most
ancient isoform conserved in every species examined
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(Mignon-Ravix et al. 2010). In healthy individuals, YWHAE
is not detectable in cerebral spinal fluid (CSF); however,
YWHAE protein has been detected in the CSF of men diag-
nosed with HAD (Wakabayashi et al. 2001). Similarly, in
men, there are higher levels of YWHAE in the postmortem
brains of those with HIV infection when compared to the
levels seen in HIV-seronegative individuals who do not have
the virus (Gelman and Nguyen 2010). That conclusion sup-
ports the idea that YWHAE is a biomarker of neuronal de-
generation. Also, the presence of YWHAE in the CSF is
considered a biomarker of neurodegeneration induced by
Creutzfeldt–Jakob disease (CJD), but it has not been seen to
be specifically upregulated in the CSF from patients with any
other neurodegenerative disorders (reviewed in Morales et al.
2012b). In CJD studies, gender does not appear to affect levels
of YWHAE expression (Collins et al. 2006). To date, there are
no published studies on the relationship between YWHAE
protein levels and less severe forms of neurocognitive decline,
or are there any studies that were conducted with more than a
few women.

CSF collection is an invasive procedure; therefore, an
alternative to identify genetic biomarkers for risk of
neurocognitive decline would be recommended. Loss of
YWHAE and neighbor genes in humans leads to Miller–
Dieker syndrome; a severe form of retardation (Berg et al.
2003). Mice that lack YWHAE (Ywhae−/−) display impaired
memory and enhanced anxiety, in addition defects in neuronal
migration. However, no studies to date have examined single
polymorphism changes in YWHAE in relation to any con-
firmed neurodegenerative disease.

Results

The HIV-seropositive women in the study were similar in
respect to age, education, and other demographic/
socioeconomic factors compared with the HIV-seronegative
women (Morales et al. 2012a; Wojna et al. 2007; Wojna et al.
2006). In examining the frequency of YWHAE polymor-
phisms, we found that individuals who are heterozygotes at
rs4790084 (A/G_A) were also heterozygous at the rs1204828
(T/C_T) loci with strong linkage disequilibrium (D prime=
0.933, r squared=0.871, LOD=9.64).

We examined whether YWHAE polymorphisms are relat-
ed to any biological measures, HAND diagnosis, and/or neu-
ropsychological domains. The only biological measure that
differed between genotypes was HIV RNA plasma viral load
(log10 copies/ml) with the rs4790084(rs1204828) heterozy-
gous [A/G_A(T/C_T)] which show lower levels of CSF
YWHAE when compared to homozygotes [G/G(C/C)]
(Table 1). We found that 9 out of the 10 HIV-seropositive
individuals that are heterozygous displayed cognitive impair-
ments as compared to only 3 out of 10 of the homozygotes

(p <0.006, Table 1). According to the Mann–Whitney U test,
the overall neuropsychological performance z score (NPZ)
(p <0.02, Table 1) and the frontal executive function was
different between polymorphism groups in HIV-seropositive
women (p <0.02, Table 1). No genotype differences in
neurocognitive performance were seen in HIV-seronegative
subjects (Table 1). At the rs1873827 site, only three individ-
uals per group displayed T/C variations, so further analysis
was not deemed necessary.

The rs4790084 and rs1204828 polymorphisms are located
in introns and are likely an effect of expression at the level of
transcription or splicing. This conclusion is supported by our
evidence that there are lower YWHAE levels in the homozy-
gotes than there are in the heterozygotes (p <0.02, Table 1).
Genotype differences were not seen when the western blots
were reprobed with pan 14-3-3 antibody (Table 1).

Nonparametric Mann–WhitneyU tests indicated no differ-
ences between normal vs. impaired cognition with regard to
any biological measure in the HIV-seropositive subjects ex-
cept of higher cluster of differentiation 4 (CD4) levels in the
cognitive impaired group which included all individuals with
asymptomatic impairment (ANI), minor cognitive motor dis-
turbance (MCMD), and HAD combined (p <0.03, Table 2).
The highest levels of CD4 are seen in those with MCMD
(1,081±118, n =4) followed by ANI (849±266, n =2), and
then by HAD (771±241, n =4). Limited sample numbers did
not allow for further comparison between levels of HAND.

Of the six control CSF samples provided by John Hopkins
University, one showed a detectable level of YWHAE (0.43±
0.10) and pan 14-3-3 (0.07±0.07).We compared this to 17 out
of 19 samples from the HIV-seropositive women (Table 2,
Fig. 1) (CSF from one individual not sufficient for analysis).
Control and HIV-seropositive samples were run together on at
least three to five replicate gels. The two CSF samples within
the HIV-seropositive samples that were not positive for
YWHAE or pan 14-3-3 were identified as having come from
individuals who had been diagnosed as cognitively impaired.
This result supports the idea that YWHAE (94 % specificity,
83% sensitivity) is a potential biomarker for HIV-seropositive
individuals. Our findings are consistent with a previous one
showing higher YWHAE rates in men with HAD compared to
non-HIV subjects (Wakabayashi et al. 2001).

Although the presence of YWHAE is confirmed in other
neurological disorders, we investigated whether YWHAE
might be useful as an indicator of cognitive impairment in
HIV patients. Using the 17 subjects who were positive for
YWHAE, a Mann–Whitney U test of HIV-seropositive wom-
en stratified by cognitive function was conducted. The im-
paired cognition group displayed lower CSF YWHAE levels
(Table 2), while the pan 14-3-3 levels were similar between
groups (Table 2). The impaired group had lower CSF
YWHAE levels and was more likely to be heterozygous at
both the rs4790084 and rs1204828 loci. The cognitively
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impaired group had lower NPZ scores and frontal executive
function. In all HIV-seropositive CSF samples (n =19),
Spearman’s correlations indicated reduced frontal executive
function (r =0.50, p <0.04) and psychomotor speed (r =0.59,
p <0.02) z scores which correlated to lower YWHAE protein
levels (n =17). No correlations were found between CSF
YWHAE/pan 14-3-3 protein levels and other biological mea-
sures or neurocognitive domains.

Discussion

The identification of strong association between polymorphic
changes in YWHAE and HAND diagnosis in HIV-
seropositive women suggests that YWHAE is a potential ge-
netic risk factor for the development of HAND. In addition,
YHWAE appears to be a protein biomarker in CSF that reflects
the state of cognitive function in women with HIV. The high
rate of specificity and sensitivity of YHWAE protein levels in
HIV subjects is consistent with previous studies in HIV-

seropositive men (Gelman and Nguyen 2010; Wakabayashi
et al. 2001).

We propose that individuals heterozygous at rs4790084
(rs1204828) in YWHAE are at risk for HAND as a conse-
quence of neurodegeneration. The YWHAE polymorphism
may represent a simple genetic indicator of risk for cognitive
decline in HIV-seropositive individuals, thus an indicator that
can be assessed easily using saliva. However, an increased
sample size, the examination of men, and additional longitu-
dinal studies are necessary to confirm these results. The ge-
netic polymorphisms we identified to be associated with HIV
neurocognitive decline are not within the protein coding re-
gion, they lie within introns. Therefore, we propose that
polymorphic changes affect the transcription or the splicing
of YWHAE. Since lower levels are detected in the heterozy-
gotes and that YWHAE expression is necessary for healthy
neuronal functioning (Berg et al. 2003). Loss of YWHAE is
one possible explanation for why heterozygotes display
higher levels of cognitive impairments. Another explanation
is that HIV-seropositive women with chronic longstanding

Table 1 Effects of polymor-
phisms in YWHAE on
neurocognitive testing

Mean±SEM, Mann–Whitney U
test, significant difference
p <0.05 in italics

CSF cerebral spinal fluid, RNA
ribonucleic acid, CPE central
nervous system penetration index,
NPZ overall neurological perfor-
mance z score, BDI Beck
Depression Inventory
aMean optical density of western
blot expression
b z scores

HIV-seronegative

rs4790084(rs1204828)

p value HIV-seropositive

rs4790084(rs1204828)

p value

G/G(C/C) A/G_A(T/C_T) G/G(C/C) A/G_A(T/C_T)

N 5 11 10 10

Age 37.2±4.1 43.3±2.8 0.14 42.8±2.6 41.5±4.1 0.58

Education (years) 13.2±0.6 13.6±0.8 0.56 13.0±1.0 12.8±0.3 0.74

Cognitive status

Normal 70 % 10 % 0.006

Impaired 30 % 90 %

HIV RNA viral load, log10 copies/ml

CSF (n) 2.0±0.2 (8) 1.7±0.02 (10) 0.28

Plasma (n) 2.8±0.3 (10) 1.8±0.03 (10) 0.03

CD4 (cells/mm3) 595±101 781±126 0.31

CD4 nadir (cells/mm3) 354±81 562±118 0.21

Treatment

Naïve (n) 20 % (2) 28.6 % (2)

% ART (n) 0 % (0) 14.3 % (1)

% HAART (n) 80 % (8) 57.1 % (6)

CPE (n) 9.6±0.8 (8) 7.0±1.4 (8) 0.32

YWHAE in CSFa 16.8±4.0 (9) 5.5±0.9 (8) 0.02

pan-14-3-3 in CSFa 15.1±3.6 (9) 11.3±2.9 (7) 0.45

BDI 8.8±4.5 7.1±2.6 0.70 6.3±1.4 12.9±4.2 0.08

I. NPZb 0.3±0.2 0.3±0.1 0.42 0.4±0.2 −0.1±0.1 0.02

II. Neuropsychological domains/subtests

1. Frontal executiveb 0.3±0.5 0.1±0.3 0.07 0.3±0.2 −0.1±0.3 0.02

2. Psychomotor speedb 0.3±0.1 0.2±0.2 0.95 0.1±0.2 −0.3±0.2 0.20

3. Verbal memoryb 0.1±0.1 0.3±0.2 0.87 0.6±0.2 0.3±0.2 0.64

4. Motor speedb 0.4±0.2 0.6±0.2 0.87 0.7±0.4 −0.3±0.3 0.08
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HAD have incurred chronic neurodegeneration leading to
depleted YWHAE levels. Future postmortem histological
analysis of HIV patients would help to determine the levels
of YWHAE in the brain in association to genotype. Consid-
ering that YWHAE protein is needed to prevent cell apoptosis
(Fig. 1) (Che et al. 2010; Iskander et al. 2004; Lipton 1992;
Morales et al. 2012b; Ushijima et al. 1995), we would expect
based on studies in HIV-seropositive males and CJD patients
to see higher levels of YWHAE in postmortem brains from
females, compared to HIV-seronegative female brains
(Gelman and Nguyen 2010; Torres et al. 2012). However,

based on our results, we would expect to see an inverse
relationship between level of neurocognitive impairment at
the time of death and the level of YWHAE protein in the HIV-
seropositive brains. Our hypothesis is also consistent with a
study in CJD patients where 14-3-3s were present in the CSF
of those in the early stages of the disease, but not in those with
the most severe neuronal atrophy (Boesenberg-Grosse et al.
2006; Shiga et al. 2006; Torres et al. 2012).

One of the greatest challenges faced by clinicians is how to
track the progression of particular diseases. Is it possible to
measure a specific protein expression to determine disease
progress? Our study in women supports the idea that YWHAE
is a potential candidate for tracking disease progression in
HIV-seropositive patients. This idea is supported by evidence
that YWHAE is also present in the CSF of men with HAD
(Gelman and Nguyen 2010;Wakabayashi et al. 2001). Gender
comparison studies of HIV-seropositive patients have not
been conducted; however, studies that have looked at gender
in relation to YWHAE expression in the CSF found no
differences (Cohen 1988; Collins et al. 2006; Geschwind
et al. 2003). This supports the idea that YWHAE should be
a universal biomarker.

Our analyses of HIV-seropositive normal vs. impaired
cognition women demonstrated that the impaired group ex-
presses less YWHAE protein; this impaired group also had
lower overall NPZ scores and reduced frontal executive func-
tion. Correlations indicate that lower NPZ scores are associ-
ated with lower YWHAE protein levels. These findings sug-
gest that YWHAE protein level reduction may indicate a
decline in overall neurocognitive function. No correlations
with pan 14-3-3 in any of the groups were found. Consistent
with our results in healthy humans, 14-3-3s are rarely detected
immunologically; this finding was confirmed in macaque’s
models (Hsich et al. 1996).

In addition, 14-3-3s (including YWHAE) have been shown
to directly and indirectly interact with HIV-accessory proteins
(reviewed in Morales et al. 2012b). The HIV-1-encoded gly-
coprotein 120 (gp120) which is an envelope protein stimulates
the entry of the virus into the host cell and induces neurotox-
icity via the B cell lymphoma-extra large (Bcl-XL) protein/B
cell lymphoma 2 antagonist of cell death apoptosis pathway,
which is mediated by the binding of 14-3-3s (Fig. 1) (Iskander
et al. 2004; Lipton 1992; Morales et al. 2012b; Ushijima et al.
1995). Cell culture studies suggest that 14-3-3ε levels are
inversely associated with gp120 expression, with lower levels
of 14-3-3ε observed at higher concentrations of gp120
(Kapasi et al. 2001). Our research supports this theory. The
lower levels of CSF YWHAE in HIV-seropositive women
were associated with more severe neurocognitive impairment.
Although most HIV-infected individuals are now being treat-
ed with cART and are responding to treatment with less viral
replication and improved immune status, there still may be a
continuous production of virus proteins including gp120

Table 2 Profile of HIV-seropositive women by HAND diagnosis

Neurocognitive status

Normal Impaired p value

N 7 10

Age (years) 40.3±3.0 42.0±4.2 0.74

Education (years) 13.1±1.1 12.7±0.5 0.68

Cognitive status

% ANI 20 %

% MCMD 40 %

% HAD 40 %

HIV RNA viral load, log10 copies/ml

CSF (n) 2.1±0.3 (7) 1.7±0.1 (10) 0.38

Plasma (n) 2.7±0.5 (6) 2.0±0.2 (10) 0.18

CD4 (cells/mm3) 464±43 831±118 0.03

CD4 nadir (cells/mm3) 306±61 560±109 0.07

Treatment

Naïve (n) 28.6 % (2) 11.1 % (1)

% ART (n) 0 % (0) 11.1 % (1)

% HAART (n) 71.4 % (5) 77.9 % (7)

CPE (n) 9.0+0.9 (5) 8.0±1.2 (9) 0.91

YWHAE in CSFa 19.5±4.6 5.7±1.1 0.005

pan 14-3-3 in CSFa 15.9±4.2 11.5±2.7 0.56

% YWHAE heterozygotesc 14.3 % 70 % 0.02

Beck Depression Inventory 6.5±2.4 13.1±3.3 0.07

I. NPZ3 0.5±0.1 −0.1±0.1 0.003

II. Neuropsychological domains/subtests

1. Frontal executiveb 0.7±0.1 −0.1±0.1 0.002

2. Psychomotor speedb 0.2±0.2 −0.4±0.2 0.19

3. Verbal memoryb 0.4±0.3 0.4±0.2 0.57

4. Motor speedb 0.7±0.1 −0.1±0.4 0.10

Mean±SEM, Mann–Whitney U test, significant difference p <0.05 in
italics

CSF cerebral spinal fluid, RNA ribonucleic acid, ANI asymptomatic
neurocognitive impairment, MCMD mild cognitive motor disorder,
HAD HIV-associated dementia, NPZ neurological performance z score
aMean optical density of western blot expression
b rs4790084(rs1204828) genotype
c z scores
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responsible in part for the continual HIV-related
neurodegeneration (Heaton et al. 2010). In the presence of
gp120, we propose that neuronal cells no longer able to utilize
YWHAE to prevent apoptosis, YWHAE is release when the
neurons undergo apoptosis, then the protein is degraded lead-
ing to reduced protein levels in the CSF as the disease pro-
gresses (Fig. 1) (Boesenberg-Grosse et al. 2006; Morales et al.
2012b; Shiga et al. 2006; Torres et al. 2012). Consistently with
our theory in CJD patients, higher levels of 14-3-3s in CSF
correspond to higher lactate dehydrogenase activity which is a
marker for cell death (Torres et al. 2012).

Viral protein R (Vpr) is an HIVaccessory protein that plays
a role in CD4+ T cell and macrophage viral infection by
transporting the virus for integration into the host genome
(Cohen et al. 1990; Kino and Pavlakis 2004; Kogan and
Rappaport 2011; Vodicka et al. 1998; Zhao et al. 1994a, b),
as well as by, cell cycle arrest at the G2/Mitosis (M) transition
(Matsuda et al. 2006). 14-3-3 proteins, including 14-3-3ε,
normally regulate cell cycle progression by binding to a
phosphatase (cyclin division cycle 25C, Cdc25C) leading to
the dephosphorylation of B1-p34Cdc2 (Bolton et al. 2008;
Gardino and Yaffe 2011; He et al. 1995). The C-terminal
region of Vpr interacts with the C-terminal region of 14-3-
3ε, and when it binds with Cdc25C, it cannot remove the
phosphate from B1-p34Cdc2; therefore, the cell cycle is
arrested at G2/M leading to cell VPR-medicated apoptosis
(Kino et al. 2005a, b).

In the post era of cART, the nadir CD4 cell count is
consistently associated with the presence of HAND (Heaton
et al. 2010). In our study, we observed higher levels of CD4

and lower levels of viral HIV in the HIV-impaired women.
However, the CD4 cell count analyzed that represent the
actual CD4 cell counts does not reflect the nadir value. It is
likely that HIV-seropositive women with cognitive impair-
ment are using or responding better to cART since most of
themwere on cART (80% of those with cognitive impairment
vs. 70 % with normal cognition, Table 1). This cross-sectional
study used only one sample taken within 24 h before or after
testing. The grouping of ANI, MCMD, and HAD together
affects significantly the observation of differences between
groups that can be and should be assessed in future studies
using larger cohort analysis. To fully understand the relation-
ship between YWHAE and other biological measures, future
studies should track the subjects with repeated biological
testing.

Although a plasma biomarker for HAND is urgently needed,
at present there are no reliable plasma markers for HAND. One
of the most consistent marker associated with monocyte acti-
vation and inflammation is soluble CD14 (Lyons et al. 2011),
which has been shown to be associated with neurocognitive
status in HIV-seropositive individuals. In our study, we did not
examine the potential relationship between plasma YWHAE
and neurocognitive performance, which would be appropriate
in future studies. There is evidence that 14-3-3σ is upregulated
in plasma of patients with lung cancer (Xiao et al. 2005) and
ovarian cancer (Mhawech-Fauceglia et al. 2009) possibly due
to the body trying to fight the infection and prevent apoptosis.
Also, determining the relationship between YWHAE polymor-
phism and blood plasma levels would be advantageous in the
future. Taking into account the limitations of this study, our

Fig. 1 Proposed model of
relationship between YWHAE
(14-3-3ε) and HIVaccessory
protein gp120. a Binding of
YWHAE (14-3-3ε) is necessary
to prevent apoptosis in neurons
via association with
phosphorylated B cell lymphoma
2 (Bcl-2) antagonist of cell death
(Bad) protein bound to Bcl-2,
thereby suppressing apoptosis. b
Gp120-dependent
dephosphorylation of BAD at
Serine-112 prevents YWHAE
binding allowing for its
association with the Bcl-XL
leading to apoptosis. Apoptosis of
the neuron leads to the release of
YWHAE and its eventual
degradation
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research indicates that YWHAE protein expression is highly
sensitive and specific in the CSF of women infected with HIV.
Additionally, individuals with the rs4790084(rs1204828) poly-
morphisms in YWHAE are more likely to be present when
there is a HAND diagnosis and lower levels of YWHAE. The
fact that YWHAE also interacts with HIV accessory proteins
strongly supports the notion that it is a good candidate to be a
biomarker for neurodegeneration in those individuals with HIV.

Methods

Study participants

The present study includes subjects from the Hispanic-Latino
Longitudinal Cohort of Women, which is part of the
NeuroAIDS Specialized Neuroscience Research Program
(SNRP) at the University of Puerto Rico (UPR), Medical
Sciences Campus (MSC). This unique cohort of Puerto Rican,
Spanish-speaking, HIV-seropositive women was character-
ized by viral immune profile, neurological exams, and neuro-
psychological performance. Neurocognitive performance was
determined using the modified American Academy of Neu-
rology HAD criteria (Luo et al. 2003; Wojna et al. 2006). All
our studies have been approved by the UPR-MSC Institution-
al Review Board (IRB). This cross-sectional study was direct-
ed at a random sample collected in 2009 of 20 HIV-
seropositive women and 16 HIV-seronegative women
(controls) (Luo et al. 2003; Wojna et al. 2006). The neuropsy-
chological assessment of the HIV-seropositive women includ-
ed four different functional domains: frontal executive func-
tion, psychomotor speed, verbal memory, and motor speed.
Individual z scores were calculated using a reference group of
35 HIV-negative women (Wojna et al. 2007). Dr. Carlos Pardo
at Johns Hopkins University, Baltimore, MD (JHU), provided
the HIV-seronegative (control) CSF samples from patients
examined by a neurologist for non-HIV-related conditions
(three of six normal participants (no neurological disorders),
two of six with multiple sclerosis, one of six with common
variable immune deficiency) with appropriate consent from
JHU IRB as banked samples for biological testing.

HIV cognitive impairment determination

Cognitive status was determined using the American Acade-
my of Neurology HIV dementia criteria (American Academy
of Neurology AIDS Task Force 1991; 1996), which includes
criteria for asymptomatic cognitive impairment. For the pur-
pose of this study, we compared subjects with normal cogni-
tive function (n =8) and those with (1) impaired cognition
(ANI), (2) MCMD, and (3) HAD (Table 1).

Polymorphisms

Quantitative polymerase chain reaction was performed using
custom-made TaqMan probes for three single nucleotide poly-
morphisms in YWHAE, rs4790084 (60 °C), rs3752826
(61 °C), and rs1873827 (60 °C) (Ikeda et al. 2008), using
the Applied Biosystem standard protocol for saliva or blood.

Protein analysis

Western immunoblots were conducted following standard
procedures (Bio-Rad Laboratories, Inc.), using 20 μL aliquots
of CSF, 1:1, with sample buffer run on a 12% SDS-PAGE gel.
CSF samples were quantified with a Bradford assay, and
corrections were made to final protein levels. The membranes
were treated with a primary dilution of 1:5,000 rabbit
YWHAE (cat.#sc-1020) or rabbit pan 14-3-3 (cat.#sc-1657)
from Santa Cruz Biotechnology, Inc., and 1:5,000 of anti-
rabbit HRP for the secondary antibody. The NIH/3T3 fibro-
blast whole cell lysate (sc-2210) was used to identify the
YWHAE-positive band. Both the HIV-seropositive samples
and the control samples were run together in random order on
at least three replicate gels (Fig. 2). Protein levels were calcu-
lated by subtracting mean gray values from the background
with the same positive sample on each gel to correct for
variations between gels. The Adobe Photoshop Creative Suite
3 analysis tool was used for this process.

Data analysis

All data were collected using standardized data forms provided
with assessments and analysis using SPSS software, version
15. Mann–Whitney U or Chi-square tests were conducted
between genotype homozygotes (rs4790084 [G/G] and
rs1204828 [C/C]) vs. heterozygotes (rs4790084 [A/G, n =9
or A/A, n =1] and rs1204828 [T/C, n =9 or T/T, n =1]), within
HIV status groups or betweenHIV cognitive status (normal vs.
impaired) groups. Spearman’s correlations were conducted
between YWHAE protein levels, biological markers, and neu-
ropsychological test z scores. For all analyses, a p value lower
than 0.05 was considered statistically significant. Sensitivity
and specificity of CSF analysis was done with cross-tabulation
and Chi-square analysis using control (HIV-seronegative)

Fig. 2 Representative western blot of CSF samples. CSF samples were
added to 12 % SDS-PAGE gel, transferred to PDVF membrane, and
blotted for YWHAE with subsequent reblots with pan 14-3-3. 1 , NIH/
3T3 whole cell lysate; 2 , HIV-seropositive impaired subject; 3 , HIV-
seropositive normal subjects
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samples provided from the Johns Hopkins University CSF
repository.
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