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Regulation of cell fate by caspase-3 and Protein Kinase Cδ and heat shock protein 27 
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Abstract 

Caspase-3, an essential executioner of apoptosis, is responsible for regulating the number of 

cells in the immune system.  During inflammation, malignant transformation or differentiation, 

prolonged monocyte survival is mediated by the inhibition of caspase-3 activation.  Caspase-3 is 

regulated by pro- and anti-apoptotic factors that act as checkpoints to determine cellular life span.  

We investigated the role of hsp27 and PKCδ on caspase-3 activation and found an additional 

anti-apoptotic role for the small heat shock protein 27 (Hsp27).  We found that caspase-3, PKCδ 

and Hsp27 are differentially localized during monocyte apoptosis and monocytes/macrophage 

differentiation.  We showed that the expression of Hsp27 is constitutively high in human 

monocytes and increased dramatically during monocyte/macrophage differentiation.  

Furthermore, we found that silencing of Hsp27 showed an increase in apoptotic cells upon 

treatment with chemotherapeutic drugs.  We investigated the mechanisms by which PKCδ and 

Hsp27 regulate caspase-3 and mapped the domains of the association of caspase-3 with its two 

direct regulators.  We showed that the carboxy-terminal domain of Hsp27 associates with the 

amino-terminal domain of caspase-3 and found that binding of Hsp27 inhibited the autocatalytic 

cleavage required for caspase-3 activation.  These results suggest that caspase-3 activation and 

subsequent the regulation of the cellular life span is regulated by anti- and pro-apoptotic factors. 

Introduction 

Apoptosis is a central homeostatic process that regulates cell numbers of metazoans.  Caspases 

are highly conserved cysteine proteases essential for apoptosis (Steller 1995) and are 
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constitutively expressed as inactive precursors which become activated by proteolytic cleavage 

(Cohen 1997; Nicholson and Thornberry 1997).  Caspase-3 is a key effector caspase involved in 

numerous apoptotic pathways.  The first step for caspase-3 activation is mediated by initiator 

caspases such as caspase-8 and caspase-9 (Thornberry and Lazebnik 1998).  The former binds to 

cytochrome c and, through a mitochondrial-dependent pathway, initiates the apoptotic cascade 

(Li et al. 1997).  Monocytes, key components of the innate immune system, are originated in the 

bone marrow daily and circulate in the bloodstream for 24-48 h (Cline et al. 1978).  In the 

absence of survival stimuli, monocytes undergo spontaneous apoptosis (Fahy et al. 1999).  The 

monocyte-apoptotic-fate is halted by inflammatory stimuli, differentiation factors, or malignant 

transformation which prolong monocyte survival by somehow inhibiting the activation of 

caspases (Cline et al. 1978; Mangan et al. 1993; Fahy et al. 1999; Kelley et al. 1999).  

Macrophages are derived from monocytes, but unlike monocytes they can live up to three months 

and are more resistant to undergo apoptosis (Thomas et al. 1976).  Macrophages are distributed 

throughout every organ where they recognize a wide range of antigens (Ross and Auger 2002).  

Monocytes and macrophages have distinct cell surface receptors like CD14 and mannose 

receptor respectively, allowing these cells to respond to particular antigens and provide a 

convenient marker to identify the two populations (Mahoney et al. 2000).  Thus 

monocytes/macrophages constitute the main innate line of defense in the blood and organs.  The 

activation of caspase-3 is central in the execution of spontaneous monocyte apoptosis; 

inflammatory stimuli or differentiation factors, such as macrophage colony-stimulating factor 

(M-CSF), promote monocyte survival by blocking caspase-3 activation (Fahy et al. 1999; Kelley 

et al. 1999; Goyal et al. 2002).  Monocyte/macrophage accumulation is involved in the 

pathogenesis and progression of a number of diseases, including atherosclerosis, chronic 

inflammation and cancer (Hance et al. 1985; Smith et al. 1995; Rajavashisth et al. 1998).  Hence, 
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understanding the mechanisms that regulate the activation of caspases is of great importance to 

manipulate cellular life span.  Recent attention has been focused on the heat shock proteins 

(Hsps) and Protein kinase C family as regulators of survival and cell death.  Protein kinase C 

(PKC) constitutes a family of serine/threonine protein kinases consisting of at least 10 different 

isoforms classified into three subgroups based on their cofactor requirements as follows: 

classical, novel, and atypical (Mellor et al. 1998).  The involvement of PKC in the regulation of 

apoptosis is well documented, functioning either as activators or inhibitors of apoptosis, 

depending on the particular cell type and the specific apoptotic stimulus (Dempsey et al. 2003, 

Tan et al.).  PKCδ, a member of the novel sub-class, is abundantly expressed in human 

monocytes (Monick et al. 1998) and one of the first substrates of caspase-3 to be identified 

(Ghayur et al. 1996).  Activation of PKCδ during apoptosis was observed in several cell types in 

response to a variety of stimuli (Khwaja et al, 1999, Shizukuda, Y et al. 2002, Reyland et al. 

1999). Recently, we showed that caspase-3 phosphorylation by PKCδ acts as a pro-apoptotic 

signal during spontaneous and etoposide-induced apoptosis of monocytes (Voss et al. 2005).  Hsp 

represent a conserved family of proteins with chaperone activity and are induced under stress 

conditions (Hartl and Hayer-Hartl 2002).  Hsp members are classified based on their molecular 

weight into large and small (sHsp).  Hsp70 and Hsp90 are members of the large Hsp group while 

Hsp27 and αB-crystallin belong to the sHsp group, that have recently emerged as regulators of 

apoptosis (Jacquier-Sarlin et al. 1995; Mehlen et al. 1996; Concannon et al. 2003).  In human 

monocytes, heat shock induced expression of Hsp70 has been correlated with monocyte survival 

(Lang et al. 2000).  High levels of Hsp27 provide a marker of increased malignancy in breast 

cancer (Hansen et al. 1999).  Overexpression of Hsp27 has been shown to prevent apoptosis by 

associating with cytochrome c resulting in the inhibition of caspase-9 (Bruey et al. 2000).  In 

addition, αB-crystallin has been suggested to act as a negative regulator of apoptosis during 
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skeletal muscle development by inhibiting caspase-3 activation (Kamradt et al. 2002).  Our study 

shows a new checkpoint for the anti-apoptotic role of Hsp27 in the activation of the apoptotic 

cascade.  We found that caspase-3, PKCδ and hsp27 are differentially localized during monocyte 

apoptosis and monocytes/macrophage differentiation.  We showed that Hsp27 is constitutively 

expressed in the monocyte lineage and unlike classical Hsps is not upregulated during heat shock 

stimulation.  We found that Hsp27 relocalizes to the nucleus during spontaneous monocyte 

apoptosis.  The relocalization of Hsp27 is blocked by a caspase-3 inhibitor or by differentiation 

factor M-CSF.  Hsp27 expression increases and is solely cytoplasmic during monocyte-to-

macrophage differentiation.  We showed that caspase-3 associates with PKCδ and hsp27 in non-

apoptotic cells.  We found that the prodomain of caspase-3 is necessary for the association and 

Hsp27 acts by inhibiting caspase-3 activation.  We demonstrate that the overexpression of Hsp27 

promotes survival whereas silencing of Hsp27 expression by RNA interference increased 

apoptosis.  Taken together, our findings suggest an additional role of Hsp27 as an anti-apoptotic 

modulator of caspase-3, providing a novel checkpoint in the regulation of monocyte/macrophage 

life span.  

Material and Methods 

Purification of monocytes and macrophages.  Monocytes were isolated by clumping as 

previously described (Doseff et al. 2003).  To obtain monocyte-derived macrophages, monocytes 

were cultured on plates in RPMI 1640, 10% FBS, 1% penicillin-streptomycin and 20 ng/ml of 

MSCF for up to seven days.  Heat shock was performed at 42°C in 5% CO2 incubator for 30 min 

in monocytes and 2 h in THP-1 cells followed by a recovery at 37°C for different time 

Transient transfection and immunofluorescence.  Macrophage transfection with siRNA 

constructs was conducted as previously described (Voss et al. 2005) and 72 h after transfection 

cells were treated with 10 or 100 μM Etoposide for 12 h.  Cells were staining using anti-Hsp27 
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and caspase-3 antibodies followed by secondary antibody conjugated to FITC or PE respectively.  

For immunofluorescence studies, cells were stained with anti-Hsp27, anti-active caspase-3 or 

inactive caspase-3 antibodies followed by secondary antibodies conjugated to FITC or PE.  

Nucleolus was stained with 50 ng/ml DAPI (4’6-diamidino-2-phenylindole). 

Extracts, Immunoprecipitation and Immunoblots.  Extracts were prepared by lysing cells in 

buffer B as described in Voss et al. 2007.  Extracts were centrifuged and supernatants were 

loaded as soluble fractions.  The pellets (Insoluble fractions in Fig. 1) were lysed in buffer C (8 

M urea).  Monocyte or Hela cells extracts were immunoprecipitated with an anti-caspase-3, anti-

Hsp27, anti-Xpress, anti-caspase-9 antibody or an isotype control.  Samples were analyzed by 

immunoblotting with anti-caspase-3, anti-PKCδ, anti-GAPDH, anti-Lamin B anti-Xpress, anti-

caspase-9 or anti-Hsp27 antibodies. 

FACS analysis.  Cells were stained with Annexin V-FITC and 7-AAD using the Annexin V-

FITC apoptosis detection kit or with FITC conjugated anti-active-casp-3 following the 

manufacturer’s specification.  Hsp27 expression was detected using an anti-Hsp25 conjugated PE 

antibody.  Flow cytometry analysis was performed using Becton Dickinson FACS ARIA. 

Caspase activity  Caspases activities were determined by the AFC assay as previously described 

(Voss et al. 2005).  Recombinant Hsp27 and Hsp90 were mixed at different molar ratios for 30 

min on ice.  Caspase-9 was added and samples were incubated at 37°C for 2 hrs.  AFC was 

determined using a Cytofluor 4000 fluorometer (Filters: excitation; 400 nm, emission; 508 nm).   

Results 

Hsp27 is expressed constitutively in human monocytes.  To evaluate whether sHsps regulate 

human monocytes life span, we investigated the level of expression of Hsp27 and αB-crystallin 

in human primary monocytes.  Western blot analysis of whole cell lysates from freshly isolated 

(Fig. 1A, NT), heat-shock stimulated (Fig. 1A, HS) and apoptotic human monocytes (Fig. 1A, A) 
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revealed high constitutively expression of Hsp27.  In contrast, αB-crystallin, was undetectable by 

immunoblotting in the primary human monocytes under all of the conditions tested (Fig. 1A).  In 

contrast to Hsp27, the expression of Hsp70 was low in fresh and apoptotic monocytes (Fig. 1A, 

NT, A) but consistent with previous studies, Hsp70 expression was induced upon heat shock 

(Fig. 1A, Hsp70) and (Lang et al. 2000). 

These results show a differential pattern of expression of Hsp70, αB-crystallin, and Hsp27 in 

monocytes and suggests an important role of Hsp27 in the monocytes. 

Localization of PKCδ, Hsp27 and caspase-3 are changing during monocyte apoptosis.  We 

have previously shown that human monocytes undergo spontaneous apoptosis, a process that 

requires activation of caspase-3 (Fahy et al. 1999).  Consistently, we found that human 

monocytes cultured for different lengths of time showed active caspase-3 as early as 4 h during 

monocyte life span and approximately 40% of the cells have active caspase-3 at 8 h (Fig. 1B).  

We next determined the localization of Hsp27 and PKCδ during spontaneous monocyte 

apoptosis.  Monocytes were cultured for different lengths of time and separated into soluble and 

insoluble fractions and analyzed by immunoblotting using anti-Hsp27 and anti-PKCδ antibodies.  

We showed that non-apoptotic monocytes, Hsp27 and PKCδ are predominantly localized in the 

soluble fraction, with significantly lower levels in the insoluble fraction (Fig. 1C, 0 h).  A 

significant increase of Hsp27 and the activated form of PKCδ (cleaved PKCδ) were observed in 

the insoluble fraction after 8 h or 16h of culturing (Fig. 1C, 8-16h).  While GAPDH was found in 

the soluble fraction and Lamin B was found in the insoluble fraction at all the time points tested 

(Fig. 1C).  We further investigated the localization of endogenous PKCδ, Hsp27 and caspase-3 

by immunoflurorescence during the life span of primary human monocytes.  We found that all 

three proteins localized to the cytoplasm of fresh monocytes, but at 8 h, Hsp27 and the cleaved 

form of PKCδ were found in the nucleus of monocytes undergoing apoptosis (Fig. 1D).  
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Endogenous inactive (stained in red) and active caspase-3 (in green) was found routinely in the 

cytoplasm in both fresh and apoptotic primary human monocytes (Fig. 1D).  To determine if 

localization of Hsp27 was dependent on caspase-3 activity, we next inhibited monocyte apoptosis 

by culturing monocytes for 8 h with 75 μM of the caspase-3 inhibitor DEVD-FMK or a survival 

factor M-CSF (Kelley et al. 1999).  We found that Hsp27 localized to the cytoplasm in DEVD or 

M-CSF treated cells (Fig. 1E see DEVD and M-CSF).  These results indicated that re localization 

of Hsp27, and active PKCδ is depend on the activation of caspase-3, since treatment with the 

caspase-3 inhibitor DEVD-FMK or M-CSF showed Hsp27 and active PKCδ localization in the 

cytoplasm. 

Hsp27 and PKCδ are associating with caspase-3.  Previous studies suggested the role of sHsp at 

different levels in the apoptotic cascade (Arrigo and Muller 2002).  To determine the role of 

Hsp27 in monocyte life span, we next established whether Hsp27 associated with caspase-3 and 

PKCδ.  Lysates from human monocytes were immunoprecipitated (IP) with an anti-caspase-3 

antibody (IP: anti-Casp-3, Fig. 2A, lane 2), or with an isotypes control (IP: Control, Fig. 2A, lane 

1) and were analyzed by immunoblotting.  We found that caspase-3 co-immunoprecipitated with 

Hsp27 and PKCδ (Fig. 2A, lane 2), whereas no caspase-3, Hsp27 or PKCδ were detected in the 

control IP (Fig. 2A, lane 1).  To better define the association of caspase-3 with Hsp27, Hela cells 

were transfected with plasmids encoding caspase-3 polypeptides: p12, p17, prop17, p17p12, and 

full-length prop17p12 carrying the Xpress epitope or a vector control as previously described 

(Chen et al. 2003).  Twenty-four hrs after transfection, lysates (Fig. 2B, Inputs lanes 7 to 12) 

were immunoprecipitated with anti-Hsp27 antibodies (Fig. 2B, lanes 1 to 6).  Immunoblotting 

with the anti-Xpress antibodies showed that Hsp27 associates with full-length caspase-3 (Fig. 2B, 

lane 2) and with the prop17 polypeptide (Fig. 2B, lane 4).  All other caspase-3-polypeptides 

failed to associate with Hsp27 (Fig. 2B, lanes 3, 5, and 6).  These results demonstrate the specific 
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interaction of Hsp27 with caspase-3 and show that the prodomain of caspase-3 is necessary for 

this association.   

Hsp27 inhibits caspase-3 activation.  To investigate the functional role of the association of 

caspase-3 and Hsp27, we determined the effect of Hsp27 on the activation of caspase-3.  

Recombinant full-length caspase-3 (Casp-3) was mixed in various molar ratios (equimolecular 

1:1 or 1:2: two molecules of Hsp27 per molecule of caspase-3) with Hsp27 for 30 min on ice to 

promote complex formation.  Active caspase-9 was added to the mixture to induce the first 

cleavage and activation of caspase-3 for 2 h and caspase-3 activity was determined via the 

DEVD-AFC assay.  In this enzymatic assay, addition of Hsp27 resulted in a dramatic inhibition 

of the activity of caspase-3 (Fig. 3A, black bars).  The inhibitory effect on caspase-3 activity 

seems specific to Hsp27, as Hsp90 failed to modulate caspase-3 activity (Fig. 3A, white bars).  

Furthermore, we showed that Hsp27 is not blocking caspase-3 activation by inhibiting the 

activity of caspase-9 (Fig. 3B, black bars) or Hsp90 on active caspase-9 (Fig. 3B, white bars).  

Next, we investigated the mechanisms by which Hsp27 is affecting caspase-3 activation.  Making 

use of the same samples utilized to obtain Fig. 3A we showed by immunoblotting with anti-

caspase-3 antibody that Hsp27 is able to prevent the processing of the prop17 fragment into the 

p17 fragment.  These results suggest that Hsp27 at a 2:1 molar ration is able to bind to the 

prodomain and inhibit the autocatalytic processing of caspase-3 activation (Fig. 3C, 2:1 vs. 0:1). 

Hsp27 depletion increases apoptosis of macrophages.  Based on our findings that 

overexpression of Hsp27 can confer resistance to apoptosis (data not shown), we hypothesized 

that the level of Hsp27 was likely to vary during the differentiation of monocytes to 

macrophages.  We differentiated human monocytes for 7 days in the presence of M-CSF and 

differentiation was monitored by morphologic changes and in the increase in the mannose 

receptor marker (Mahoney et al. 2000, Ezekowitz et al. 1991) (Fig. 4A and B).  We found that 
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expression of Hsp27 increased constantly at days 3 and 7 when most of the monocytes have 

differentiated into macrophages (Fig. 4C).  Moreover, we found that Hsp27 co-localized with 

caspase-3 in the cytoplasm of seven-day-old macrophages (Fig. 4D). We investigated the effect 

of silencing the expression of Hsp25, the Hsp27 mouse homologue, in the macrophage cell line 

RAW264.7.  Macrophages were transfected with siRNA against Hsp25 (siRNA-Hsp25) or with a 

scramble control (siRNA-Control).  The expression of Hsp25 was down-regulated by 3-fold 48 h 

after transfection (Fig. 5A).  Next, macrophages were transfected with siRNA-Hsp25 or siRNA-

Control and treated for 12 h with 100 μM etoposide to induce apoptosis.  The number of 

apoptotic cells was determined by AnnexinV/7AAD staining after sorting Hsp25+ and Hsp25- 

cells.  We found that 33% of the macrophages transfected with siRNA-Control and sorted for 

Hsp25+ cells undergo apoptosis after etoposide treatment (Fig. 5B).  In sharp contrast 85% of the 

macrophages transfected with siRNA-Hsp25 undergo apoptosis upon treatment with etoposide 

(Fig. 5B).  These demonstrate that the reduction of Hsp27 expression increases the efficacy of the 

chemotherapeutic agent etoposide to induce apoptosis of macrophages, cells with reduced ability 

to undergo cell death. 

Discussion 

The cellular life span in cells of the monocytic lineage is determined by the activation of 

caspase-3, an essential component of the apoptotic machinery (Fahy et al. 1999).  The activation 

of caspases is regulated by pro and anti-apoptotic factors (Degterev et al. 2003).  Here, we 

propose an additional anti-apoptotic checkpoint for Hsp27 through its inhibition of caspase-3 

activation (Fig.6).  We show that Hsp27, is constitutively high expressed and its expression is not 

unlike classical Hsps modulated by heat shock (Fig. 1A), highlighting the differential regulation 

of Hsp27 in monocytes.  Changes in localization of Hsp27 during heat shock have been reported 

(Arrigo et al. 1988; McClaren and Isseroff 1994).  Consistent with these findings, we found that 
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Hsp27 relocalizes to the nucleus during monocyte apoptosis (Fig. 1C-D).  In addition, we found 

that active PKCδ localizes to the nucleus as well during apoptosis.  Notably, the relocalization of 

Hsp27 and active PKCδ occurred around the same time as caspase-3 activation (Fig. 1C).  We 

demonstrated that the blockage of monocyte apoptosis with the caspase-3 inhibitor DEVD-FMK 

or the differentiation factor M-CSF was accompanied with the persistent localization of Hsp27 in 

the cytoplasm (Fig. 1E).  Hsp27 has been postulated to act as an anti-apoptotic factor by 

interacting with components of the apoptotic cascade, like cytochrome c or DAXX, (Bruey et al. 

2000; Charette et al. 2000; Pandey et al. 2000).  Our findings showed that Hsp27 directly 

associates with caspase-3 (Fig. 2A, B) and that both inactive caspase-3 and Hsp27 localized in 

the cytoplasm of non-apoptotic monocytes and human macrophages (Fig. 1D, 4D).  Furthermore, 

we determined that the association was mediated by the prodomain of caspase-3 (Fig. 2B) and 

using an in vitro system we showed that Hsp27 was the only Hsp that inhibited caspase-3 

activation (Fig. 3).  This study demonstrates the role of Hsp27 in the regulation of monocyte life 

span through its association with caspase-3 (Fig. 6).  The increase in Hsp27 expression observed 

in macrophages may tilt the balance from cell death to cell survival, suggesting a role for Hsp27 

in the prolonged survival of macrophages, and the resistance to cell death of macrophages and 

malignant transformed leukemia (Fig. 6).  Relocalization of Hsp27 to the nucleus may provide an 

additional mechanism to free the apoptotic caspases of its ‘anti-apoptotic-brake’, allowing the 

execution of programmed cell death in primary cells that have a short life span (Fig. 6).  Taken 

together these observations suggest an additional anti-apoptotic checkpoint of Hsp27 by 

regulating caspase-3 activation and thus controlling monocyte life span.  Therapies involving 

depletion of Hsp27 might prove effective to help down-regulate the accumulation of 

monocytes/macrophages and be clinically useful for enhancing tumor cell death or controlling 

inflammation.  
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Figure 1. Hsp27 expression and localization during spontaneous monocyte apoptosis.  
A: Whole cell lysates of fresh non-apoptotic (NT), monocytes cultured for 16 h (apoptotic, A), and heat shock 
monocytes (HS) were resolved by SDS-PAGE and immunoblotted with anti-Hsp27, anti-αB-crystallin, anti-Hsp70, 
and anti-β-tubulin antibodies
B: Human monocytes were cultured for different lengths of time and analyzed by flow cytometry using CD14-APC 
and anti-active-caspase-3-FITC antibodies.
C: Nuclear (N) and cytoplasmic (C) fractions were obtained from freshly isolated untreated monocytes or 
undergoing spontaneous apoptosis cultured for 8 and 16 h.  Fractions were resolved by SDS-PAGE and 
immunoblotted with anti-Hsp27, anti-inactive, and active caspase-3 antibodies. The same membranes were 
immunoblotted with anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and lamin B antibodies as 
cytoplasmic and nuclear markers, respectively..
D-E: Fresh, monocytes undergoing spontaneous apoptosis, and monocytes treated with M-CSF (20 ng/ml) or 
DEVD-FMK (75 μM) to promote survival, (cultured for 8 h) were stained with anti-Hsp27 (green), anti-PKCδ
(Green), anti-caspase-3 antibody (inactive in red) or anti-active-caspase-3 (green). Nuclei were stained with DAPI. 
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Figure 2. Hsp27 and PKCδ associates with caspase-3 in human monocytes.
A: Lysates of fresh human monocytes were immunoprecipitated using an anti-caspase-3 antibody (Casp-3), 
isotypes control (Control). Immunoprecipitates (IP) and input were immunoblotted with anti-caspase-3, anti-
Hsp27, and anti-PKCδ antibodies.
B: Lysates from Hela cells expressing various domains of caspase-3 or Hsp27 were immunoprecipitated (IP) 
with anti-Hsp27 or caspase-3 antibodies and IP and input were immunoblotted with anti-Xpress, anti-myc, 
anti-Hsp27 and anti-caspase-3 antibodies. 
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Figure 3. Hsp27 inhibits the autocatalytic cleavage of caspase-3 in vitro.
Full length caspase-3 (Caspase-3) was incubated with Hsp27 (white bars) or Hsp90 (black bars) at molecular 
ratios (1:0, 1:1, 1:2) for 30 min on ice. Active caspase-9 was added to the mix and incubated for 2 h at 37°C 
before determining caspase-3 and caspase-9 activity. 
A: Caspase-3 activity was determined using the DEVD-AFC assay. 
B: Caspase-9 activity was determined using the LEHD-AFC assay.
C: Same reactions were used to determine caspase-3 processing by immunoblotting with anti-caspase-3 
antibodies. Results for experiments A and B are expressed as average ± SEM (n=3).
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Figure 4. Hsp27 expression is increased during monocyte differentiation and localized in the 
cytoplasm of differentiated cells.
Human monocytes were differentiated ex-vivo for different lengths of time. 
A: Morphological changes were visualized during monocyte differentiation by microscopy.  
B: Lysates from monocytes of two different donors at different stages during differentiation were 
separated by SDS-PAGE and blotted with anti-Hsp27 and anti-β-tubulin antibodies.
C: Cells at different stages of differentiation were stained with anti-Hsp27 (green) and anti-
caspase-3 (inactive, red) antibodies and DAPI.
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Figure 5. Hsp25 silencing promotes macrophage apoptosis. 
A-B: Raw macrophages were transfected with scramble siRNA-Control or siRNA-
Hsp25 and treated with 10 μM etoposide for 12 h or left untreated (NT) and silencing 
determined by immunoblotting with anti-Hsp25 and β-tubulin antibodies.  Percentage of 
apoptotic cells was determined with Annexin-V-FITC and 7-AAD in cells sorted by 
FACS based on their Hsp25 expression. 
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