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Abstract Neuronal cell dysfunction and apoptosis are the

main causes of the invasion of the central nervous system

by human immunodeficiency virus type 1 (HIV-1),

although the underlying mechanism has not been well

understood. Recent research has shown that curcumin

might play an important role in regulating HIV-1 devel-

opment. Heat shock protein 70 (HSP70), a protein induced

by heat, was reported to inhibit apoptosis through various

cell signaling pathways in brain. Overexpression of HSP70

could effectively protected neurons in many animal and

cellular models of dementia. In the present study, the

expression of HSP70 in the gp120 V3 loop peptide-induced

neuronal apoptosis was investigated. Our results demon-

strated that gp120 V3 loop peptide could induce primary

rat cortical neuronal apoptosis. We also found that cur-

cumin could increase HSP70 expression. In addition, the

expression level of both HSP70 mRNA and HSP70 protein

were dependent on the curcumin dose in the rat cortical

neurons. Curcumin could improve HSP70 expression in

gp120 V3 loop peptide-induced primary rat cortical

neuronal apoptosis. In general, our results indicated that

curcumin played an important role in the gp120 V3 loop

peptide induced neuronal apoptosis by regulating HSP70.

Keywords Curcumin � HIV-1 � gp120 � Heat shock
protein 70 � Apoptosis

Introduction

Since the first Acquired Immune Deficiency Syndrome

(AIDS) case was reported in the 1980s, the human

immunodeficiency virus type 1 (HIV-1) pandemic has

claimed over 38.6 million lives worldwide and remains one

of the major threats to human health with no effective

vaccine available. During the disease progression, HIV-1

enters the central nervous system (CNS) at an early stage.

Once HIV-1 invades the CNS, it causes significant dam-

ages to the nervous system, resulting in neurodegenerative

diseases or neurocognitive disorders. Because HIV-1 does

not directly infect neurons, cell death and dysfunction in

the CNS caused by soluble virus proteins are the charac-

teristics of HIV-1-related neuronal injury. HIV-1 can infect

CD4? T cells and macrophages, leading to the depletion of

CD4? T cells. During HIV-1 infection, the virus binds to

the CD4 receptor on the cell surface through the viral

glycoprotein subunit gp120. Next, a conformational change

occurs in gp120, allowing the virus to bind to a chemokine

receptor (CCR5 or CXCR4). Eventually, the HIV mem-

brane fuses with the cell membrane through a conforma-

tional change in the trans-membrane glycoprotein, gp41.

Additional studies have shown that gp120 could directly

interact with neurons, resulting in the neuronal apoptosis

[1]. In fact, the severity of brain damage was positively

correlated with gp120 expression levels in HIV-1-infected
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individuals [2]. Those findings provided further evidence

that gp120 plays a key role in HIV-1-associated nervous

system impairment. At the end of the last century, highly

active antiretroviral therapy (HAART) was introduced into

clinical practice. HAART was effective in suppressing the

systemic HIV-1 viral load and in reducing the mortality

rates and incidence of systemic opportunistic infections in

AIDS patients. However, chronic infection in the central

nervous system (CNS) by HIV-1 still prevails because the

blood–brain barrier (BBB) can prevent the permeation of

antiviral drugs, lowering the effectiveness of the HAART

treatment [3].

HSP70, a 70-kDa heat-shock protein, is a stress-induced

molecule that is expressed in response to various types of

central nervous system injuries, including stroke, trauma,

and neurodegenerative disorders [4]. HSP70 could stimulate

HIV-1 or simian immunodeficiency virus (SIV) inhibitors,

such as APOBEC3G [5]. Furthermore, human CD4? T cells

could be inhibited by microbial HSP70 [6]. Recent findings

have showed that HSP70 has had neuro-protective capability

in neurodegenerative diseases such as Parkinson’s disease.

This capability was partially due to its role as a chaperone

that could attenuate protein aggregation and toxicity and

partially due to more direct anti-apoptosis effects.

Curcumin is a hydrophobic polyphenol derived from the

root of turmeric (Curcuma longa), a rhizomatous herba-

ceous perennial plant of the ginger family. Many studies

have shown that curcumin has antioxidant [7], anti-in-

flammatory [8], antimicrobial [9], and anti-carcinogenic

capabilitie [10]. It was previously reported that curcumin

could improve the learning and memory of rats with HIV-

1-gp120-induced memory disorders [11]. Our study was

designed to investigate whether curcumin could prevent

HIV-1-gp120-mediated nerve cell neuron damages by

inhibiting the neuronal apoptosis through the HSP70

pathway.

Materials and Methods

Animals

A total of 15 1- to 2-day-old Sprague–Dawley rats were

obtained from the Animal Center of Guangdong province

[License No. SCXK (yue) 2006-0015)]. All animal

experiment protocols were reviewed and approved by the

Ethic Committee of the Third Affiliated Hospital of

Guangzhou Medical University.

Cell Cultures

Primary rat cortical neurons were prepared and cultured

following the protocol previously reported [11], with slight

modifications. Briefly, 1-day-old neonatal Sprague–Daw-

ley rats were euthanized and sterilized with 75 % alcohol.

Their scalps and skulls were incised to harvest cerebral

hemispheres. The cerebral cortex was washed twice with

ice-cold D-Hanks’ solution, and the blood vessels were

removed with straight iris forceps. Fresh cortical tissues

were sectioned into approximately 1-mm slices using for-

ceps and then werer placed in 15-mL centrifuge tubes

containing D-Hanks’ solution and 0.25 % trypsin (volume

ratio = 2:1). The sliced tissues were digested for 10 min at

37 �C before the digestion was quenched with 10 % FBS/

DMEM/F12. The digested tissues were then mechanically

dispersed by lightly blowing with a pipette. The resultant

suspension was centrifuged at 1000 rpm for 5 min, and the

supernatant was discarded. The residues were subsequently

suspended in 10 % FBS/DMEM/F12, and the suspension

was filtered through a 200 mesh stainless steel screen cloth

into a new 15-mL centrifuge tube. The filtered suspension

was transferred to a culture flask so that fibroblasts could

be removed through differential adhesions. Next, neurons

were seeded with a density of 1 9 106 cells/well onto

poly-L-lysine (0.1 mg/mL, Sigma Aldrich-Fluka, St. Louis,

MO, USA)-coated cover slips on a 6-well culture plate,

followed by incubation in a saturated and humidified

incubator containing 5 % CO2 and 95 % air at 37 �C for

4 h before the culture medium was replaced with 2 % B27

neurobasal medium (Life Technologies-Gibco, Grand

Island, NY, USA). In the following weeks, half of the

medium was replaced with fresh medium twice a week.

The cultures were monitored to ensure that neurons con-

stituted more than 95 % of the total cell population. All of

the following experiments were performed using primary

rat cortical neurons cultured for 7 days.

HIV-1 gp120 V3 Loop Peptide

According to a previously reported [12]. The HIV-1 IIIB

gp120 V3 loop was synthesized by Shanghai Apeptide

(Shanghai, China; sequence: NNTRKSIRIERGP-

GRAFVTIGKIG; molecular formula: C114H199N41O31;

molecular weight: 2.64 kDa).

Analysis of Cortical Neuron Apoptosis

The FITC Annexin V/Dead Cell Apoptosis Kit (Life

technologies, USA) was used to measure cell apoptosis.

Annexin V was labeled with a fluorophore to identify

apoptotic cells by binding to phosphatidylserine (PS)

exposed on the outer leaflet. Propidium iodide (PI), which

labeled with red-fluorescent, could bind tightly to nucleic

acid in dead cells. Beriefly, primary rat cortical neurons

were seeded with a density of 2 9 105 cells/well in a

6-well culture plate for 5 days. The seeded cells on the
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plate were then incubated with HIV-1 gp120 V3 loop

(1 mg/mL) for another 48 h, followed by the apoptosis

analysis using the flow cytometry method. The above

cultured cells were washed twice with cold PBS before

being resuspended in 19 binding buffer with a concen-

tration of 1 9 106 cells/mL. Next, 100 lL of the resulted

suspension (1 9 105 cells) was transferred to a 5-mL cul-

ture tube containing 5 lL of FITC Annexin V and 5 lL PI.

The resultant mixture was gently vortexed and incubated

for 15 min at RT (25 �C) in the dark before 400 lL of 19

binding buffer was added into each tube. The resultant cells

were analyzed by flow cytometry within 1 h. The green

fluorescence of Annexin V-FITC was measured using FL1,

and the red fluorescence of PI was measured using the FL3

channel. Fluorescent compensation was adjusted for nor-

mal neurons to remove the spectral overlap and confirm the

exact gate site.

Construction of the Adenoviral Vector System

Briefly, according to our previous study [13], the HSP70

gene was linked to the pShuttle Vector. The confirmed

pshuttle vector was linearized with the PmeI (NEB)

restriction endonuclease. Next, 20 lL of electro competent

AdEasier cells were mixed with an additional 8.0 lL of

ethanol-precipitated. The linearized shuttle vector was

placed in an ice-cold 2-mm cuvette. Pulses were delivered

at 2500 V, 200 O and 25 mF in a Gene pulser electropo-

rator (Bio-Rad, USA). The transformation mix was re-

suspended in 100 lL of LB medium plated placed in an

LB/kanamycin plate and was placed in a 37 �C incubator to

grow overnight (16–20 h). The 20 smallest colonies were

picked, and each was grown in 2.5 mL of LB medium

containing 25 mg m/L kanamycin for 15 h in a 37 �C
orbital shaker. Next, we performed mini-preps, using the

conventional alkaline lysis method to check the size of

super-coiled plasmids by running one-fifth of each mini-

prepson on a 0.8 % agarose gel. PacI restriction digestion

was performed on candidate selected clones. Correct

recombinants yielded a larger fragment with molecular

weight approximately 30 kb and a smaller fragment of

approxiamtedl 3.0 or 4.5 kb (data not shown).

Western Blot Analysis

Apoptosis Western Blot Cocktail was purchased from

Abcam (Cambridge, MA). Cells or tissues were washed

twice with ice-cold PBS and were harvested in with sample

buffer. The resultant suspensions were centrifuged at

12,0009g for 30 min at 4 �C to yield the soluble extracts

with the protein concentration determined using the BCA

kit (Pierce Chemical Co., Rockford, IL). The same amount

of proteins (40 lg) for each sample was resolved in SDS-

PAGE. After electrophoresis, proteins were transferred to

nitrocellulose membranes and then incubated in TBST

containing 5 % nonfat milk at room temperature for 1 h.

The resultant blots were then incubated with primary

antibodies overnight at 4 �C. The antibodies used in the

Western blot analysis included HSP70 and b-actin anti-

bodies (Abcam, USA). The blots were next washed with

TBST, and the membranes were then incubated with the

corresponding horseradish peroxidase-conjugated sec-

ondary antibodies (Cell signaling, USA). The signals were

visualized using ECL (Pierce Chemical Co. USA) and then

recorded on X-ray films.

RNA Extraction and Quantification of Real Time

PCR

The cells were incubated for 8 min in 25 mL lysis solution

containing DNase I at room temperature. The incubation

was subsequently quenched with 2.5 lL of stop solution,

followed by RT reaction. Each RT reaction mixture con-

tained 1.5 lL of 109 RT Buffer, 0.15 lL of dNTP Mix,

0.19 lL of RNase Inhibitor, 1 lL of MultiScribe (TM) RT,

4.16 lL of nuclease-free water, 3 lL of RT primer, and

5 lL of Cells-to-CT sample lysate. Unless otherwise

indicated, all reagents used were purchased from ABI

(Applied Biosystems). The RT reaction was carried out on

a thermal cycler (gene AMP PCR system 9700) at the

following conditions: 30 min at 16 �C, 30 min at 42 �C,
and 5 min at 85 �C. The products were stored at 4 �C.

Reactions for qRT-PCR including that those for nega-

tive control were performed in duplicate. The hybridization

probe assay specifically for real-time PCR detection of

mRNAs was optimized using the 29 TaqMan Mastermix

and TaqManm RNA assay following the manufacturer’s

instructions. To evaluate the repeatability of the RT-PCR at

the level of the single cell, the cDNA reaction after RT for

individual cell was repeated for three times. The PCR

reaction mixture contained 10 lL 29 TaqMan Mastermix,

1 lL of TaqManm RNA assay, 7.67 lL of Nuclease-free

water, and 1.33 lL of RT products. Reactions were carried

out in a thermal cycler (ABI 7500 real-time PCR) under the

following conditions: 95 �C for 10 min, followed by 40

cycles of 95 �C for 10 s and 58 �C for 60 s. We used a

relative quantification method with cell-number normal-

ization in this study. DCt was calculated as DCt = Ct

(calibrator) – Ct (test), with Ct value of the first sample set

as the default. The change was calculated as ratio

(test/calibrator) = 2 Ct (calibrator) – Ct (test). Unless

otherwise indicated, all relative quantifications were car-

ried out using this method. Significance was defined

according to p values from two-tailed t test analysis, for

single-cell DCt comparisons, one-tailed t test analysis was

performed.
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Statistical Analysis

The data are expressed as the mean ± SD. Statistical sig-

nificance was assessed by Student’s t tests or ANOVA, as

appropriate. A p value less than 0.05 indicated statistical

significance.

Results

HIV-1 gp120 V3 Loop Peptide Induces Primary Rat

Cortical Neuronal Apoptosis

Apoptosis is an important feature of HIV-1-associated

central neurological dysfunction. Apoptotic neurons have

been observed in the CNS of HIV-1-infected patients [14].

The ratio of apoptotic cells was examined by flow

cytometry in this study. After the neuron cells were treated

with 0.5 or 1.0 lg/mL peptide, the ratio of apoptotic cells

was 14.3 ± 1.5 or 64.72 ± 5.9 % respectively (Fig. 1).

The above results indicated that HIV-1 gp120 V3 loop

peptide could induce the apoptosis of primary rat cortical

neurons by activating the caspase-dependent pathway.

Curcumin Reverses gp120 V3 Peptide-Induced Cell

Apoptosis

We analyzed the effect of gp120 V3 peptide induced cell

apoptosis in the presence of curcumin. As shown in the

Fig. 2, the ratio of apoptotic cells induced by the peptide

was examined by flow cytometry. When the cells were

treated with 0.5 lg/mL peptide, the ratios of the later and

early apoptotic cells were 12.8 ± 3.4 and 4.4 ± 0.4 %,

resepectively (Fig. 2b). When the cells were treated with

1 lg/mL curcumin, the ratio of later and early apoptotic

cells were 3.1 ± 0.2 and 2.0 ± 0.1 %, respectively

(Fig. 2c, d). In addition, the expression of cleaved caspase-

3, an apoptosis-specific protein, increased in a dose-de-

pendent manner. Compared with the gp120-peptide-treated

group, curcumin (1 lg/mL) decreased the expression of

cleaved caspase-3 in the presence of gp120 peptide, while

the expression of procaspase-3 was increased (Fig. 2e, f).

These results indicated that curcumin reverses the later and

early cell apoptosis induced by gp120 V3 peptide.

HIV-1 gp120 V3 Peptide Decreases the Expressions

of HSP70 in Primary Rat Cortical Neurons

We use Western blot and real-time PCR assay to measure

HSP70 protein and gene expression in the primary rat

cortical neurons treated with HIV-1 gp120 V3 loop pep-

tide. Our research showed that this peptide could reduce

the expressions level of HSP70 and HSP70 protein in

primary rat cortical neurons in a dose-dependent manner

(Fig. 3). Compared with the control group (100 % of rat

cortical neurons), the experimental groups treated with 0.5

and 1 mg/mL HIV-1 gp120 V3 loop peptide had signifi-

cantly lower HSP70 and HSP70 (65.6 ± 3.5 and

15.1 ± 1.3 %, respectively).

Fig. 1 HIV-1 gp120 V3 loop peptide induces the apoptosis of

primary rat cortical neurons. Primary rat cortical neurons that had

been cultured for 7 days were treated with corresponding medium for

48 h and then were subjected to apoptosis analysis. a–c Apoptosis of

neurons was determined by flow cytometry. Experiments were

repeated three times (the experimental groups vs. the control group,

*p\ 0.05)
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Fig. 2 Curcumin reverses gp120-peptide-induced cell apoptosis.

HIV-1 gp120 V3 loop peptide could induce the apoptosis of primary

rat cortical neurons. Primary rat cortical neurons that had been

cultured for 7 days were treated with corresponding medium for 48 h

and then were subjected to apoptosis analysis. a–d Apoptosis of

neurons was determined by flow cytometry. e, f Apoptosis of neurons
was determined by Western blot analysis of cleaved caspase-3 and

procaspase-3 (experimental groups vs. medium control group,

*p\ 0.05; **p\ 0.05). Experiments were repeated three times

Fig. 3 Expression of HSP70 in

rat cortical neurons. After rat

cortical neurons were treated

with peptide for 48 h, the

expressions levels of HSP70

and HSP70 were analyzed by

real-time PCR and Western

blot, respectively. a The

expression of HSP70 was

analyzed by Western blot. b The

expression of HSP70 was

analyzed by real-time PCR.

Each sample was tested three

times, and the data are presented

as the mean ± SD. The

experiments were repeated

twice, and repeatable results

were obtained (mean ± SD,

n = 3, *p\ 0.01)
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Curcumin Could Increase the Expression of HSP70

in Primary Rat Cortical Neurons

We used Western blot and real-time PCR assay to measure

the effects of HSP70 protein and gene expression on the

primary rat cortical neurons treated with curcumin. Our

research demonstrated that curcumin increases the

expressions level of HSP70 and HSP70 protein in primary

rat cortical neurons in a dose-dependent manner (Fig. 4).

Compared with medium control (100 % of rat cortical

neurons), the experimental groups treated with 0.5 and

1 lg/mL curcumin had significantly higher expression

levels of HSP70 and HSP70 (1.5 ± 2.5 and 2.1 ± 1.2 %

fold, respectively).

Curcumin Could Reverse the Negative Important

of HIV-1 gp120 V3 Peptide on the Expression

of HSP70 in Primary Rat Cortical Neurons

We used Western blot and real-time PCR assay to measure

the impact of curcumin on HSP70 protein and gene expres-

sion in neurons treated with HIV-1 gp120 V3 loop peptide.

The primary rat cortical neurons were treated with HIV-1

gp120V3 loop peptide for the first 4 h, before 0.5 or 1 lg/mL

curcumin was added. It turned out that curcumin could

reverse the impact of the peptide on the expression ofHSP70

and HSP70 protein in primary rat cortical neurons in a dose-

dependent manner (Fig. 5). Compared with medium control

(100 % of rat cortical neurons), the experimental groups

treated with 0.5 or 1 lg/mL curcumin had significantly

higher expressions levels of HSP70 and HSP70 protein

(1.1 ± 0.1 and 1.2 ± 0.2 % fold, respectively).

Curcumin Decreases the HIV-1 gp120 V3 Loop

Peptide Induced Apoptosis Through the HSP70

Pathway

We used flow cytometry to measure the impact of cur-

cumin on the HSP70 pathway in neurons treated with HIV-

1 gp120 V3 loop peptide. The primary rat cortical neurons

were treated with HIV-1 gp120 V3 loop peptide first for

4 h before we silenced HSP70 by HSP70 siRNA or over-

expressed HSP70 by Adenovirus vector system before

1 lg/mL curcumin was added. Curcumin was shown to

decrease apoptosis through the HSP70 pathway compared

with that in the gp120-peptide-treated group, the ratio of

apoptosis cell was decreased in the group treated with

HSP70siRNA and curcumin. Furthermore, the ratio of

apoptosis cell was increased in the curcumin-treated group

with HSP70 overexpression compare with that in the

HSP70 siRNA treatment group (Fig. 6). We also used

Western blot and real-time PCR assay to measure apoptosis

protein expression to determine the protection of curcumin

on the HSP70 pathway in neurons treated under the con-

dition of HIV-1 gp120 V3 loop peptide. As shown in

Fig. 7, corresponding to the expression of procaspase-3

decreasing, the expression of cleaved caspase-3, an apop-

tosis-specific protein, increased in the group treated with

Fig. 4 Curcumin increased the

expressions of HSP70 and

HSP70 protein in primary rat

cortical neurons in a dose-

dependent manner. a The

expression of HSP70 was

analyzed by Western blot. b The

expression of HSP70 was

analyzed by real-time PCR. The

experiments were repeated

twice, and repeatable results

were obtained (mean ± SD,

n = 3, *p\ 0.01)
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HSP70siRNA and curcumin Furthermore, corresponding to

the expression of procaspase-3 increasing, the expression

of cleaved caspase-3 decreased in the curcumin-treated

group with HSP70 overexpression. These results indicated

that curcumin decreased the gp120 V3 loop peptide-in-

duced apoptosis through the HSP70 pathway.

Fig. 5 Curcumin reversed the

expressions levels of HSP70

and HSP70 protein in primary

rat cortical neurons treated with

HIV-1 gp120 V3 loop peptide.

a The expression of HSP70 was

analyzed by Western blot. b The

expression of HSP70 was

analyzed by real-time PCR.

Each sample was tested in

triplicate, and the data were

presented as the mean ± SD

(the experiments were repeated

twice, and repeatable results

were obtained, *p\ 0.01;

**p\ 0.05)

Fig. 6 Curcumin reverses the gp120-peptide-induced apoptosis by

targeting HSP70. Primary rat cortical neurons that had been cultured

for 7 days were treated with corresponding medium for 48 h and then

were subjected to apoptosis analysis by flow cytometry. a Control:

b gp120 peptide. c gp120 peptide ? HSP70 siRNA ? curcumin;

d gp120 peptide ? HSP70 ? curcumin. Each sample was tested in

triplicate, and the data were presented in mean ± SD

2002 Neurochem Res (2015) 40:1996–2005
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Discussion

Although there is no evidence that HIV-1 could directly

infect neurons, the central nervous system becomes dam-

aged once HIV-1 invades into the central nervous system.

HIV-1 soluble virus proteins, such as gp120 protein, could

induce cell apoptosis and dysfunction in the CNS [15].

Our research also found that HIV-1 gp120 V3 loop

peptide directly induced apoptosis of primary rat cortical

neurons, in agreement with these previous results. We

demonstrated that HIV-1 gp120 V3 loop peptide could

lower the expressions of HSP70 in a dose-dependent

manner. However, curcumin could reverse the impact of

HIV-1 gp120 V3 loop peptide on HSP70 expressions.

Curcumin reversed the gp120-peptide-induced apoptosis

through the HSP70 pathway. During the course of HIV

infection, the binding of gp120 to the CXCR4 or CCR5

receptors triggers the intracellular responses, including

activations of the transcription factors, the MAPK pathway,

and ion channels [16–18]. It is speculated that the primary

mechanism of HIV entry into the central nervous system

(CNS) is via a ‘‘Trojan Horse’’ mechanism and that HIV

neurotoxicity is primarily an indirect effect of HIV infec-

tion. It was reported that the viral products, such as gp120,

Tat, Nef, Vpr and Rev, participated in the progression of

HIV-1 infection of CNS [19, 20]. HIV-1 gp120, an

envelope protein that mediates the entry of the virus into

the host cell [21, 22], has been shown to induce neuro-

pathological changes in mice similar to that seen in HAND

patients [23, 24]. In addition, HIV-1 gp120 can induce the

neurotoxicity through various pathways such as caspase-3

pathway [25, 26].

HSP70, a 70-kDa heat-shock protein, is a stress-induced

molecule in response to various types of central nervous

system injuries, including stroke, trauma, and neurode-

generative disorders. HPS70 has high neuro-protective

capability [27] and plays an important role in the folding,

assembling, and stabilization of newly synthesized pro-

teins, the refolding of mis-folded proteins, the degradation

of abnormal proteins, and the activation of regulatory

proteins [28]. Recent findings have suggested that HSP70

showed some neuro-protective effects in treating neu-

rodegenerative diseases such as Parkinson’s disease. The

high neuro-protective capability of HPS70 may be due to

its role as a chaperone that attenuates protein aggregation

and toxicity and its direct anti-apoptotic capability [29].

Others have also reported that HPS70 showed strong pro-

tective effects on the CNS in vivo [30] and in vitro [31].

Recently, Boris and colleagues found that HSP70 modu-

lated both Apaf-1 caspase-dependent and AIF caspase-in-

dependent pathways, resulting in the attenuation of

apoptosis and ultimately inhibition of neuronal cell death

both in primary cortical neurons and SH-SY5Y cells [32].

Our data revealed that gp120 V3 loop peptide could induce

primary rat cortical neuronal apoptosis and decrease the

expression levels of HSP70 and HSP70. These data suggest

Fig. 7 Curcumin reverses

gp120-peptide-induced

apoptosis through the caspase-3

pathway. Primary rat cortical

neurons that had been cultured

for 7 days were treated with

corresponding medium for 48 h

and then were subjected to

apoptosis analysis. a The

expression of procaspase-3 and

cleaved caspase 3 were

analyzed by Western blot. b The

expression of procaspase-3 and

cleaved caspase 3 were

analyzed by real-time PCR.

Each sample was tested in

triplicate, and the data were

presented in mean ± SD (the

experiments were repeated

twice, and repeatable results

were obtained, *p\ 0.01;

**p\ 0.05)
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that there is a relationship between HSP70 and the apop-

tosis in CNS. Overexpression of HSP70 could alleviate the

gp120-peptide-induced apoptosis.

An ideal anti-neurons apoptosis candidate compound

should have three properties: low cost, minimal side effects

with high capability to penetrate the blood–brain barrier,

and high efficacy. Curcumin may fit all three criteria very

well. Curcumin exhibited strong anti-oxidant capability

comparable to that of vitamins C and E [33]. It is a potent

scavenger of various reactive oxygen species, including

superoxide anion radicals, hydroxyl radicals [34, 35] and

nitrogen dioxide radicals [36]. Another critical character-

istic of curcumin is its ability to cross the blood–brain

barrier [37]. Our work also proved that curcumin might

have high anti-HIV efficacy. In our experiment, curcumin

was incubated with primary rat cortical neurons at 2.5 and

5 lM for 48 h. The experiment showed that curcumin

could reverse the inhibition on HSP70 induced by gp120

peptide and increase the expressions of HSP70 and HSP70.

Our results showed that gp120 V3 loop peptide could

induce primary rat cortical neuronal apoptosis. In addition,

the expressions levels of both HSP70 mRNA and HSP70

protein were curcumin-dose-dependent in the rat cortical

neurons treated with curcumin for 48 h. Curcumin could

improve HSP70 expression in gp120 V3 loop peptide-in-

duced primary rat cortical neuronal apoptosis. Curcumin

played an important role in the gp120 V3 loop peptide-

induced neuronal apoptosis by regulating HSP70.
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