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Abstract

Circulating heat shock protein 60 (Hsp60) and heat shock protein 10 (Hsp10) have been associated with pro- and anti-
inflammatory activity, respectively. To determine whether these heat shock proteins might be associated with the immune
activation seen in HIV-infected patients, the plasma levels of Hsp60 and Hsp10 were determined in a cohort of 20 HIV-
infected patients before and after effective combination anti-retroviral therapy (cART). We show for the first time that
circulating Hsp60 levels are elevated in HIV-infected patients, with levels significantly reduced after cART, but still higher
than those in HIV-negative individuals. Hsp60 levels correlated significantly with viral load, CD4 counts, and circulating
soluble CD14 and lipopolysaccharide levels. No differences or correlations were seen for Hsp10 levels. Elevated circulating
Hsp60 may contribute to the immune dysfunction and non-AIDS clinical events seen in HIV-infected patients.
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Introduction

In mammals heat shock protein 60 (Hsp60) and heat shock

protein 10 (Hsp10) are found in the mitochondria where they

assemble into two back-to-back heptameric Hsp60/Hsp10 rings

that function as ATP-dependent protein folding machines [1,2].

Both Hsp60 and Hsp10 are also found in the circulation, where

they appear to be associated with pro-inflammatory [3,4,5] and

anti-inflammatory [2] activities, respectively. Elevated levels of

circulating Hsp60 have been associated with a number of disease

states including type 2 diabetes [6], hepatitis B [7], cardiovascular

disease [8], atherosclerosis [4,9], colorectal cancer [10], periodon-

titis [11] and juvenile idiopathic arthritis [12], with circulating

levels also reported to be remarkably constant over time [13].

Herein we describe an analysis of the levels of circulating Hsp60

in HIV-infected patients before and after suppressive combination

antiretroviral therapy (cART). We undertook this analysis because

(i) translocation of bacterial products, such as lipopolysaccharide

(LPS), into the circulation is a key cause of chronic immune

activation in HIV patients [14,15] and extracellular Hsp60 has

been reported to augment inflammation via Toll like receptor 4

(TLR4), the receptor for LPS [5,16], and (ii) increased apoptosis

has been observed in HIV-infected patients on or off cART [17],

with extracellular Hsp60 reported to promote apoptosis, again via

TLR4 [18,19,20]. Whether Hsp10 interacts with Hsp60 in the

extracellular milieu is unknown, but such an interaction has been

suggested as a potential mechanism of action of XTollH [1].

XTollH is an Hsp10-based injectable biological drug being

developed as an immunomodulatory agent, primarily for treat-

ment of inflammatory autoimmune diseases [2,21]. The circulat-

ing levels of Hsp10 were thus also analyzed.

Materials and Methods

Patient and control samples
Plasma samples from HIV-infected patients (n = 20) were

collected as part of a previously reported study [14]. The study

protocol was approved by the ethics committee of Alfred Health,

and all patients provided written informed consent (Melbourne,

Asutralia). The plasma samples were taken before, and (a mean of

13536 SD 918 days) after administration of cART. The mean age

of the patients was 446 SD 11 years at the time of cART

initiation, and all but 1 participant was male. Three patients were

also hepatitis C antibody positive, and none were positive for

hepatitis B surface antigen (HBsAg). HIV RNA copies, CD4+ T

cell counts, plasma LPS and circulating soluble CD14 (sCD14)

levels were also determined, as described previously [14]. Plasma

samples collected from 25 individuals seeking non-occupational

post-exposure prophylaxis, who emerged to be HIV negative, were
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also tested for circulating Hsp60 levels. Commercially available

serum samples from HIV negative individuals were also tested for

Hsp10 levels. Full details of all samples are provided in Table S1.

Capture ELISA tests for Hsp60 and Hsp10
Plasma samples were collected in standard EDTA tubes, spun at

1000 g for 15 mins and supernatants aliquoted and stored at

280uC. Thawed samples were diluted 1 in 5 in PBS prior to

analysis. Hsp60 levels were determined using the Hsp60 ELISA kit

from Stressgen (Ann Arbor, MI, USA); the detection limit was

0.1 ng/ml of plasma. Circulating Hsp10 levels were measured

using a sandwich ELISA, developed and optimised in-house. The

assay used anti-Hsp10 goat polyclonal antibody (R&D Systems,

Minneapolis, MN, USA) as both the immobilised capture and

detection antibodies, and was optimised and validated by spiking

plasma and serum with undetectable Hsp10 levels with recombi-

nant Hsp10 [1]. The assay had a detection limit of 0.5 ng of

Hsp10 per ml for plasma and 0.4 ng/ml for serum (data not

shown).

Statistical analyses
Statistical analysis was performed using SPSS for Windows

(version 19; SPSS, Chicago, IL, USA). Heat shock protein levels in

separate groups were compared using the non-parametric

Kolmogorov-Smirnov test; the data was not normally distributed

and had large differences in variances. The non-parametric

Wilcoxon matched-pair signed-rank test was used to compare heat

shock protein levels before and after cART treatment with each

patient providing a matched pair of data; the data was not

normally distributed. Correlations were analysed using the non-

parametric Spearman’s rank correlation test, which provides a p

value and a Spearman rank correlation coefficient (rho), which

ranges from 21 (perfect negative correlation) to +1 (perfect

positive correlation) with 0 denoting no correlation.

Results

The plasma Hsp60 levels were determined in a cohort of HIV-

infected patients before cART (pre-cART) and (13536 SD

918 days) after cART (post-cART) in the same patients. When

the Hsp60 levels were compared (treating pre- and post-cART as

independent groups), the plasma Hsp60 levels were significantly

higher pre-cART, with both pre- and post-cART levels also

significantly higher than those found in a group of HIV-negative

individuals (Fig. 1A, Table S1) (see also below). When the pre- and

post-cART Hsp60 levels were plotted for each patient (treating

data for each patient as a matched pair), a significant difference

between pre- and post-cART levels was again evident, with Hsp60

Figure 1. Circulating Hsp60. (A) Hsp60 levels, as measured by Hsp60 ELISA Kit (Stressgen, Ann Arbor, MI, USA), are shown for plasma samples from
20 HIV-infected patients before and after cART, and for plasma samples from 25 individuals seeking non-occupational post-exposure prophylaxis who
emerged to be HIV negative. For cohort details see Table S1. Statistical comparisons between groups by the non-parametric Kolmogorov-Smirnov
test. (B) Hsp60 – plasma levels of Hsp60 before and after cART (the same data as shown in A), with data from each patient treated as a matched pair
and represented by a single line. HIV RNA – HIV RNA copies per ml before and after cART, with data from each patient treated as a matched pair. CD4
count – CD4 counts before and after cART, with data from each patient treated as a matched pair. Dotted lines represent patients who were also
seropositive for Hepatitis C. Statistical analysis used the non-parametric Wilcoxon matched-pair signed-rank test.
doi:10.1371/journal.pone.0045291.g001

Figure 2. Hsp60 correlations with biomarkers. Correlations between plasma Hsp60 levels and plasma viral loads (HIV RNA), blood CD4 counts
(CD4 count), plasma LPS levels (LPS) and plasma soluble CD14 levels (sCD14). Statistical analysis was performed using Spearman’s rank correlation
test; both p values and Spearman rank correlation coefficients (rho) are shown.
doi:10.1371/journal.pone.0045291.g002

Elevated Hsp60 in HIV-Infected Patients
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levels falling after cART in all but one patient (Fig. 1B, Hsp60). As

expected following cART, HIV RNA levels were reduced to below

detection (,50 RNA copies/ml) (Fig. 1B, HIV RNA) and the

CD4 counts increased significantly (Fig. 1B, CD4 count) [14].

cART also resulted in a significant drop in circulating levels of

sCD14 and LPS in these patients (Fig. S1A) [14].

Hsp60 levels in HIV-infected patients post-cART remained

significantly higher than those found in the cohort of HIV-

negative individuals, who were recruited following presentation for

non-occupational post-exposure prophylaxis (Fig. 1A). The Hsp60

levels found in these HIV-negative individuals were comparable to

those reported for healthy control individuals in a recent study

[10]. The mean age of the HIV-negative cohort was 31.2 and the

HIV-infected patients post-cART was 47.6 (Table S1), so this data

was not derived from age matched cohorts. However, if the 10

youngest from the HIV-negative group and the 11 oldest from the

post-cART group were removed to make the mean ages similar

(and the same test as shown in Fig. 1A applied) significance was

retained (p = 0.002, Kolmogorov-Smirnov test). In addition,

circulating Hsp60 levels have been reported to decline with age

[22], so age adjustment based on this report [22] would further

increase the difference between HIV-negative and HIV-infected

individuals.

When circulating Hsp60 levels were correlated with plasma

HIV RNA (copies/ml), plasma LPS and plasma sCD14 levels,

statistically significant positive correlations were evident in each

case (Fig. 2, HIV RNA, LPS, sCD14). Hsp60 levels and CD4

counts also demonstrated a statistically significant negative

correlation (Fig. 2, CD4 count). These results show for the first

time that effective cART is associated with a reduction in the levels

of circulating Hsp60 in HIV-infected patients, with Hsp60 levels

also correlating with several major biomarkers of HIV infection.

However, no significant correlations emerged if pre- and post-

cART data were analyzed separately, indicating that the main

effect was dependent on cART.

There were no significant differences in circulating Hsp10 levels

in HIV-infected patients before and after cART, or between HIV-

infected patients and samples from HIV-negative individuals

(Fig. 3, Table S1). None of the correlations (shown in Fig. 2 for

Hsp60 levels) between clinical biomarkers and Hsp10 levels were

significant (data not shown). These observations suggest that

circulating Hsp60 and Hsp10 levels are independently regulated in

this setting. However, when all the available data (from HIV

infected patients pre- and post-cART, and HIV-negative individ-

uals) was used, a significant positive correlation between Hsp10

and Hsp60 levels did emerge (Fig. S1B), which perhaps indicates

some level of co-regulation.

Discussion

The higher levels of circulating Hsp60 in HIV-infected patients

raise a number of questions regarding its source and activity.

Hsp60 may be released from cells as a result (i) of viral infection, as

reported for Hepatitis B infection of hepatocytes [7] and/or (ii) of

translocation of Hsp60 to the cell surface as a result of apoptosis

[18] and/or (iii) of active secretion in exosomes [23]. Current

evidence suggests that circulating Hsp60 contributes to inflamma-

tion [3,4,5], a view perhaps consistent with the good correlation

between Hsp60 levels and circulating levels of sCD14 (Fig. 2,

sCD14), a biomarker of monocyte activation [24]. Given the

association between elevated Hsp60 levels and cardiovascular

disease in HIV-negative individuals [8,9], the elevated Hsp60

levels in HIV-infected patients may contribute to the increased risk

of cardiovascular disease seen in these patients [25]. Hsp60 has

also been shown to increase apoptosis of osteoblasts in vitro [20]

and to increase bone absorption in rats [26]. Elevated Hsp60 levels

may thus also contribute to the increased risk of osteoporosis seen

in HIV-infected patients [27]. The current study also suggests that

circulating Hsp60 levels do not return to normal after cART

(Fig. 1A). Elevated Hsp60 may thus also contribute to the ongoing

immune dysfunction and/or non-AIDS clinical events (such as

cardiovascular disease) in HIV-infected patients on cART [24].

However, whether circulating Hsp60 represents a clinically

informative biomarker or even a viable target for therapeutic

intervention remains to be explored.

Supporting Information

Figure S1 (A) The change in circulating LPS and sCD14 levels

between pre-cART and post-cART plasma samples, and (B)

Spearman’s rank correlation test comparing plasma Hsp10 levels

with plasma Hsp60 levels using all available data.

(PDF)

Table S1 Clinical data and Hsp60 and Hsp10 levels for HIV-

infected patients and HIV-negative individuals. This table

provides all the data for each sample used in the study. The data

was used to generate the figures and calculate statistical

significances.

(PDF)
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Figure 3. Circulating Hsp10. (A) Plasma Hsp10 levels in 20 HIV
patients before and after cART, and Hsp10 levels in samples from 23
HIV-negative individuals, as measured by an in-house Hsp10 capture
ELISA. Statistical comparisons between groups by Kolmogorov-Smirnov
test. (HIV negative samples were obtained from both plasma and
commercially available serum samples; Hsp10 levels were not
significantly different in plasma and serum – Table S1). (B) Hsp10 levels
(the same data as shown in A) with data from each patient treated as a
matched pair and represented by a single line. Statistics by Wilcoxon
matched-pair signed-rank test.
doi:10.1371/journal.pone.0045291.g003

Elevated Hsp60 in HIV-Infected Patients

PLOS ONE | www.plosone.org 3 September 2012 | Volume 7 | Issue 9 | e45291



References

1. Johnson BJ, Le TT, Dobbin CA, Banovic T, Howard CB, et al. (2005) Heat

shock protein 10 inhibits lipopolysaccharide-induced inflammatory mediator
production. J Biol Chem 280: 4037–4047.

2. Corrao S, Campanella C, Anzalone R, Farina F, Zummo G, et al. (2010)
Human Hsp10 and Early Pregnancy Factor (EPF) and their relationship and

involvement in cancer and immunity: current knowledge and perspectives. Life

Sci 86: 145–152.
3. Lewthwaite J, Owen N, Coates A, Henderson B, Steptoe A (2002) Circulating

human heat shock protein 60 in the plasma of British civil servants: relationship
to physiological and psychosocial stress. Circulation 106: 196–201.

4. Grundtman C, Kreutmayer SB, Almanzar G, Wick MC, Wick G (2011) Heat

shock protein 60 and immune inflammatory responses in atherosclerosis.
Arterioscler Thromb Vasc Biol 31: 960–968.

5. Osterloh A, Kalinke U, Weiss S, Fleischer B, Breloer M (2007) Synergistic and
differential modulation of immune responses by Hsp60 and lipopolysaccharide.

J Biol Chem 282: 4669–4680.
6. Yuan J, Dunn P, Martinus RD (2011) Detection of Hsp60 in saliva and serum

from type 2 diabetic and non-diabetic control subjects. Cell Stress Chaperones

16: 689–693.
7. Kondo Y, Ueno Y, Kobayashi K, Kakazu E, Shiina M, et al. (2010) Hepatitis B

virus replication could enhance regulatory T cell activity by producing soluble
heat shock protein 60 from hepatocytes. J Infect Dis 202: 202–213.

8. Rizzo M, Macario AJ, de Macario EC, Gouni-Berthold I, Berthold HK, et al.

(2011) Heat shock protein-60 and risk for cardiovascular disease. Curr Pharm
Des 17: 3662–3668.

9. Xu Q, Schett G, Perschinka H, Mayr M, Egger G, et al. (2000) Serum soluble
heat shock protein 60 is elevated in subjects with atherosclerosis in a general

population. Circulation 102: 14–20.
10. Hamelin C, Cornut E, Poirier F, Pons S, Beaulieu C, et al. (2011) Identification

and verification of heat shock protein 60 as a potential serum marker for

colorectal cancer. FEBS J 278: 4845–4859.
11. Rizzo M, Cappello F, Marfil R, Nibali L, Marino Gammazza A, et al. (2012)

Heat-shock protein 60 kDa and atherogenic dyslipidemia in patients with
untreated mild periodontitis: a pilot study. Cell Stress Chaperones 17: 399–407.

12. Wu CT, Ou LS, Yeh KW, Lee WI, Huang JL (2011) Serum heat shock protein

60 can predict remission of flare-up in juvenile idiopathic arthritis. Clin
Rheumatol 30: 959–965.

13. Shamaei-Tousi A, Steptoe A, O’Donnell K, Palmen J, Stephens JW, et al. (2007)
Plasma heat shock protein 60 and cardiovascular disease risk: the role of

psychosocial, genetic, and biological factors. Cell Stress Chaperones 12: 384–
392.

14. Rajasuriar R, Booth D, Solomon A, Chua K, Spelman T, et al. (2010) Biological

determinants of immune reconstitution in HIV-infected patients receiving

antiretroviral therapy: the role of interleukin 7 and interleukin 7 receptor alpha

and microbial translocation. J Infect Dis 202: 1254–1264.

15. Brenchley JM, Price DA, Schacker TW, Asher TE, Silvestri G, et al. (2006)

Microbial translocation is a cause of systemic immune activation in chronic HIV

infection. Nat Med 12: 1365–1371.

16. Li Y, Si R, Feng Y, Chen HH, Zou L, et al. (2011) Myocardial ischemia activates

an injurious innate immune signaling via cardiac heat shock protein 60 and Toll-

like receptor 4. J Biol Chem 286: 31308–31319.

17. Gaardbo JC, Hartling HJ, Gerstoft J, Nielsen SD (2012) Incomplete Immune

Recovery in HIV Infection: Mechanisms, Relevance for Clinical Care, and

Possible Solutions. Clin Dev Immunol 2012: 670957.

18. Goh YC, Yap CT, Huang BH, Cronshaw AD, Leung BP, et al. (2011) Heat-

shock protein 60 translocates to the surface of apoptotic cells and differentiated

megakaryocytes and stimulates phagocytosis. Cell Mol Life Sci 68: 1581–1592.

19. Kim SC, Stice JP, Chen L, Jung JS, Gupta S, et al. (2009) Extracellular heat

shock protein 60, cardiac myocytes, and apoptosis. Circ Res 105: 1186–1195.

20. Kim YS, Koh JM, Lee YS, Kim BJ, Lee SH, et al. (2009) Increased circulating

heat shock protein 60 induced by menopause, stimulates apoptosis of osteoblast-

lineage cells via up-regulation of toll-like receptors. Bone 45: 68–76.

21. Kulkarni OP, Ryu M, Kantner C, Sardy M, Naylor D, et al. (2012)

Recombinant chaperonin 10 suppresses cutaneous lupus and lupus nephritis

in MRL-(Fas)lpr mice. Nephrol Dial Transplant 27: 1358–1367.

22. Rea IM, McNerlan S, Pockley AG (2001) Serum heat shock protein and anti-

heat shock protein antibody levels in aging. Exp Gerontol 36: 341–352.

23. Merendino AM, Bucchieri F, Campanella C, Marciano V, Ribbene A, et al.

(2010) Hsp60 is actively secreted by human tumor cells. PLoS One 5: e9247.

24. Lichtfuss GF, Hoy J, Rajasuriar R, Kramski M, Crowe SM, et al. (2011)

Biomarkers of immune dysfunction following combination antiretroviral therapy

for HIV infection. Biomark Med 5: 171–186.

25. Friis-Moller N, Reiss P, Sabin CA, Weber R, Monforte A, et al. (2007) Class of

antiretroviral drugs and the risk of myocardial infarction. N Engl J Med 356:

1723–1735.

26. Koh JM, Lee YS, Kim YS, Park SH, Lee SH, et al. (2009) Heat shock protein 60

causes osteoclastic bone resorption via toll-like receptor-2 in estrogen deficiency.

Bone 45: 650–660.

27. Ofotokun I, McIntosh E, Weitzmann MN (2012) HIV: inflammation and bone.

Curr HIV/AIDS Rep 9: 16–25.

Elevated Hsp60 in HIV-Infected Patients

PLOS ONE | www.plosone.org 4 September 2012 | Volume 7 | Issue 9 | e45291


