


be up-regulated in neurons in the context of an HIV-infected
CNS.
InHAND, the sustained immune response can produce neu-

ronal injury despite viral control (47). In the brain, viral parti-
cles such as gp120 can cause macrophages and/or astrocytes to
release various cytokines and chemokines (nitric oxide, TNF-�,
IL-1, IL-6, monocyte chemoattractant protein 1), resulting in
further neuronal stress and cell death. Production of IL-1 by
astrocytes leads to an increase in SDF-1 (25). The �7-nAChR
has been shown to contribute to the regulation of inflammation
in macrophages (the cholinergic anti-inflammatory pathway);
however, the sustained immune response and increased pro-
duction of SDF-1 could cause alterations in �7-nAChR func-
tion. Immune responses depend on the equilibrium between
pro- and anti-inflammatory cytokines, and alterations of this
equilibrium could convert a beneficial inflammatory response
into a pathologic process (48). In this context, gp120 and SDF-1
could have synergistic effects, leading to up-regulation of the
�7-nAChR and subsequent neuronal death. Interestingly, a
similar up-regulation of �7-nAChR has been observed in
macrophages derived fromHIV� donors,5 but the implications
of these findings for macrophage function and inflammation
remain to be explored.

5 L. Y. Ballester, C. M. Capó-Vélez, W. F. García-Beltrán, F. M. Ramos, E.
Vázquez-Rosa, R. Ríos, J. R. Mercado, R. I. Meléndez, and J. A. Lasalde-
Dominicci, unpublished data.

FIGURE 6. Proposed mechanism for gp120-induced up-regulation of the
� 7-nAChR.Activation of CXCR4 by SDF-1 or gp120 causes activation of the
Ras-Raf-MEK pathway. This leads to activation of Egr-1, a known transcription
factor for the �7-nAChR gene (CHRNA7). Activation of Egr-1 leads to an
increase in �7-nAChR mRNA levels.

FIGURE 5. Real-time PCR and Western blot analysis of � 7-nAChR on SH-SY5Y and gp120-transgenic mice.A, SH-SY5Y cells were treated with gp120 at
different time points. Up-regulation of �7-nAChR is observed after exposure to gp120 (n� 3). B, levels of Egr-1 mRNA increased transiently in SH-SY5Y cells after
gp120 treatment (n � 3). C, increase in the levels of�7-nAChR mRNA was observed in the striatum of gp120-transgenic mice (7.55 � 0.77, n � 3) compared with
WT (1.0 � 0.1, n � 4) animals. D, Western blot analysis of protein extracts from striatum revealed increase in �7-nAChR protein in gp120-transgenic (TG) mice
compared with WT.
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To validate our results in an in vivo model, we used trans-
genic mice that express HIV-gp120 under the glial fibrillary
acidic protein promoter. HIV-gp120 has been shown to induce
neuropathological changes in mice similar to those seen in
HAND patients (49, 50), making it a suitable model to study
gp120-mediated neurotoxicity. Consistent with the results
from in vitro experiments, we observed that �7-nAChRmRNA
and protein levels are increased in theCNS of gp120-transgenic
mice. However, the �7-nAChR up-regulation appears to be
restricted to the striatum, a component of the basal ganglia and
a region greatly affected in HAND patients (47).
Our results are in agreement with experiments performed by

Kaul et al. (51) showing that gp120IIIB and SDF-1 are neuro-
toxic only in the presence of the CXCR4 receptor. In these
experiments it was shown that inhibiting p38 prevented the
gp120 and SDF-1 neurotoxicity. Interestingly, it has been
shown that induction of Egr-1 requires p38 activity (52). These
data, in conjunction with our results, suggest the existence of a
neurotoxic pathway in which CXCR4 activation leads to a p38-
dependent Egr-1 induction that increases �7-nAChR expres-
sion levels and causes cell death.
In conclusion, our experiments suggest that the�7-nAChR is

a previously unrecognized contributor to HIV neurotoxicity.
Drugs that antagonize theCXCR4 or�7-nACh receptorsmight
be of therapeutic benefit in the treatment of HAND.
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Figure S1. Time course of gp120 effects on acetylcholine-stimulated currents in SH-SY5Y 
cells. (A) Whole-cell representative current traces recorded from either control SH-SY5Y cells or 
cells treated with 1500 nM gp120 for 1, 24, or 48 hours. (B) The average current density for control 
SH-SY5Y cells was 19.7 ± 2.8 pA/pF (n = 14). The average current density for cells exposed to 
gp120 for 1, 24, and 48 hours was 31.9 ± 5.5 pA/pF (n = 10), 39.3 ± 8.6 pA/pF (n = 14), and 35.6 ± 
6.9 pA/pF (n = 9), respectively.  Currents were recorded as described for Figure 1. *, p-value < 0.05	  

Figure S2. Up-regulation of the α7-nAchR requires activation of MEK. (A) Whole-cell 
representative current traces recorded from SH-SY5Y cells, cells treated with SDF1, or cells treated 
with SDF1 and PD98059.  (B) The average current density for SDF1-treated cells was 107.1       ± 
22.6 pA/pF (n = 12) and was 50.1 ± 13.1 pA/pF (n = 13) for cells treated with SDF1 and SDF1 + 
PD98059.  

Figure S3. Real-time PCR  and Western blot analysis of α7-nAChR in hippocampus of gp120-
transgenic mice.  No difference in α7-nAChR mRNA (A) or protein levels (B) was detected in the 
hippocampus of gp120 transgenic mice as compared with WT (n = 3).     

 

Supplemental videos. Ca2+ mobilization in SH-SY5Y cells. HIV-gp120 treated SH-SY5Y cells 
stimulated with ACh (VS2) present larger calcium mobilization when compared to control cells 
(VS1).  The specific α7-nAchR antagonist MLA inhibits Ca2+ mobilization in response to ACh 
(VS3 and VS4), showing that the change in intracellular [Ca2+] requires this receptor.   
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