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Owing to effective tissue removal by

evaporation, the CO2 laser is now

widely used in a variety of surgical

procedures, including oral surgery, as

an alternative to the traditional scalpel

(1–3). Currently, the pulsed CO2 laser

set at relatively low energy level,

termed the coagulation mode, has been

successfully used in dental clinics for

treatment of superficial lesions of the

oral mucosa, such as inflammatory

and/or ulcerated lesions. The thera-

peutic concept of this treatment

modality differs from that of the tra-

ditional CO2 laser in that the irradia-

tion is performed not simply to ablate

but also to coagulate the target tissue

and thereby it is expected to offer more

conservative and minimally invasive

surgery for treatment of oral soft

tissue disorders, including periodontal

lesions.

Despite its extensive clinical use,

however, this treatment modality is
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Background and Objective: The therapeutic rationale of low-energy pulsed CO2

laser coagulation mode has not been clarified yet. We conducted this study to

characterize the effect of low-energy pulsed CO2 laser coagulation mode irradia-

tion of the rat gingiva in terms of the expression of heat shock proteins.

Material and Methods: Laser irradiation was achieved with the parameters of

5 W, 600 ls pulse duration, and fluence of 326 J/cm2. The gingiva dissected at

different times after irradiation was processed for immunohistochemical exami-

nation of the expression of the heat shock proteins, Hsp70 and Hsp25.

Results: One hour after irradiation, the epithelial keratinocytes facing the laser

wound exhibited an overexpression of Hsp70 in their nucleus. The connective

tissue cells facing the laser wound, which included fibroblasts and capillary

endothelial cells, showed de novo expression of Hsp70 at 3 h post-irradiation,

the level of which peaked at 1 d and thereafter decreased. An enhanced and/or de

novo expression of Hsp25 in the connective tissue cells facing the laser wound

became evident at 3 h after irradiation, and after 1 d the Hsp25-expressing cells

increased in number and spread over the wound as wound repair progressed.

There was a temporospatial difference in the expression pattern between Hsp70

and Hsp25, with only a few cells appearing to co-express both heat shock proteins.

Conclusion: The CO2 laser treatment in coagulation mode produced the expression

of heat shock proteins, and the findings suggest that while Hsp70 mainly conferred

cell protection, Hsp25 was involved in the progress of wound repair as well as cell

protection.
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still empirical, and there is no evidence-

based clinical trial to substantiate the

clinical benefits of this laser mode. To

establish reliable laser treatment using

this laser mode, we must fully under-

stand the tissue reaction to the irradi-

ation and the subsequent repair

process. We recently conducted an

experimental study using this laser

mode to obtain basic data for its clin-

ical translation and suggested that the

coagulation necrosis produced in the

rat gingiva per se did not disturb but in

fact promoted the repair process and

subsequent tissue remodelling (4). This

result prompted us to elucidate further

how the gingival tissue responded to

this specific type of laser beam and

how this laser approach may have

influenced the subsequent repair

process and tissue remodelling.

Wound healing is a complex bio-

logical process that involves an orderly

series of cellular and molecular events

that are temporally and spatially reg-

ulated. The thermal effects caused by

the laser in coagulation mode are

rather subtle and not obviously visible.

Among the most sensitive biological

indicators of thermal stress are heat

shock proteins (Hsps), also called

stress proteins. Heat shock proteins

have been found in all organisms, and

these proteins are expressed not only to

protect damaged cells in response to a

variety of environmental stresses but

also to facilitate a variety of biological

processes by acting as a molecular

chaperone in unstressed conditions

(5,6). Heat shock proteins are classified

into several groups according to their

molecular weight, and among the most

extensively studied is the Hsp70 family

(7). The Hsp70 family consists of sev-

eral members, the best known of which

are the heat-inducible Hsp72 and the

constitutively expressed Hsp73/Hsc73.

A small heat shock protein family

including murine Hsp25, a homologue

of the human Hsp27, is expressed in

both stressed and unstressed condi-

tions and is involved in the regulation

of cell growth and differentiation (8),

cytoprotection (9) and modulation of

apoptosis and inflammation (10,11).

Furthermore, its chaperone function

also plays an important role in assem-

bling and stabilizing actin filaments,

and thereby it also functions in cell

motility and migration (12). Thus, any

or all of these functions of heat shock

proteins are thought to be essential for

the process of wound healing. The

present study was undertaken to fur-

ther characterize the wound made by a

laser in the coagulation mode in terms

of the expression of Hsp70 and Hsp25

with emphasis on their role in cell

protection and promotion of repair.

Material and methods

Animals

Adult male Wistar rats, weighing 280–

300 g, were used in this study. All

experiments were conducted in accor-

dance with the regulations of the Ohu

University Animal Care and Use

Committee.

Laser irradiation

A CO2 laser with a wavelength of

10.6 lm (Panalus C05S�; Panasonic

Shikoku Electronics Co., Ltd,

Matsuyama, Japan) was used in this

study. Prior to this study, we performed

a preliminary test of the effect of vari-

ous parameters on the rat gingiva and

thereby determined those by which

the thermal damage, i.e. coagulation

necrosis, extended over the whole

gingiva without surface ablation.

The irradiation was performed with

the parameters of 5 W peak power and

600 ls pulse duration with a 6 ms off

time. Under general anaesthesia

induced and maintained by an

intraperitoneal injection of sodium

pentobarbital (50 mg/kg), a laser-pro-

duced wound that was 1.5 mm wide by

3.0 mm long was made on the palatal

gingiva of the first molar by slowly

moving the contact tip mounted on a

handpiece along the tooth surface for

20 s. This contact tip produced a beam

with a diameter of 1.5 mm. The cal-

culated fluence obtained with the

present parameters was 326 J/cm2, and

this irradiation caused a chalky white

discoloration of the gingival surface

without ablating the surface (Fig. 1).

A size-matched scalpel-made wound

reaching the underlying bone and pre-

pared at the same location as the laser-

made wound, i.e. gingivectomy, was

made in other rats and served for

comparison.

Tissue procurement

Animals were killed by cervical dis-

location under general anaesthesia

with sodium pentobarbital at different

times from 1 h to 7 d after irradiation

(six rats at each time point) and scalpel

gingivectomy (four rats at each time

point), and then the maxillae were ex-

cised and fixed in 4% paraformalde-

hyde in 0.1 M phosphate buffer

(pH 7.4) at 4�C for 18 h. After decal-

cification in a 10% EDTA solution, the

specimens were embedded in paraffin.

Immunohistochemistry

Deparaffinized and rehydrated sections

of 4 lm thickness were incubated for

20 min in 0.3% hydrogen peroxide in

phosphate-buffered saline (PBS) to

inactivate endogenous peroxide. Non-

specific protein binding was attenuated

by incubation for 20 min with normal

goat serum. Then individual sections

were incubated with one of the

following antibodies: mouse anti-

human Hsp72/73 monoclonal antibody

(diluted 1:100; Calbiochem, Darms-

tadt, Germany) or goat anti-human

Hsp27 (diluted 1:750; Santa Cruz Bio-

technology, Santa Cruz, CA, USA) for

1 h at room temperature. The sections

were next incubated for 30 min with

the appropriate secondary antibody,

i.e. biotinylated goat anti-mouse

IgG antibody or biotinylated donkey

anti-goat antibody (diluted 1:100;

Fig. 1. Rat gingiva immediately after CO2

laser irradiation. The irradiated gingiva

shows a chalky white discoloration (arrow)

but no obvious surface defect.
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Chemicon, Temecula, CA, USA) and

then with streptavidin-conjugated

horseradish peroxidase complex (His-

tofine SAB-PO kit; Nichirei, Tokyo,

Japan) for 30 min. After development

of the peroxidase reaction with diam-

inobenzidine, the sections were count-

erstained with haematoxylin.

Double immunofluorescence

In order to examine the temporospatial

relationship of Hsp70 and Hsp25, dou-

ble immunofluorescence was performed

according to the methods described by

Ito et al. (13). Briefly, deparaffinized

sections were first incubated with anti-

human Hsp27 goat antibody, followed

by incubation with biotinylated donkey

anti-goat antibody, and thenwithAlexa

Fluor 488-conjugated streptavidin (di-

luted 1:250; Invitrogen, Carlsbad, CA,

USA). Next, the sections were incu-

bated with mouse anti-human Hsp72/

73 antibody, followed by labelling with

Cy3-conjugated (Cy3 is another name of

indocarbocyanine) goat anti-mouse

antibody (diluted 1:500; Jackson

ImmunoResearch, West Grove, PA,

USA). After having beenwashed in PBS

followed by distilled water, the slides

were mounted with ProLong Antifade

Kit (Molecular Probes, Eugene, OR,

USA) and examined with an Axi-

overt 2000Mmicroscope equippedwith

a LSM510 laser confocal microscopy

system (Carl Zeiss, Oberkochen,

Germany).

Results

Histological findings on the healing
of the laser-made wound

Histological findings on the wound

healing of the rat gingiva after irradi-

ation with CO2 laser in coagulation

mode were described in our previous

study (4), but for the sake of under-

standing, a brief description of them is

presented again here. While the gingi-

val epithelium at the irradiation site

showed a distinct feature of coagula-

tion necrosis and shortly after was

sloughed off, the lamina propria did

not show any visible histological

alteration by 1 d post-irradiation

(Fig. 2A). After 1 d, although the

irradiated lamina propria retained its

connective tissue architecture, it was

gradually invaded by newly formed

fibroblasts and blood vessels from the

adjacent connective tissue. The regen-

erating epithelium migrated along the

surface of the coagulated lamina pro-

pria (Fig. 2B). By 7 d post-irradiation,

the re-epithelization was complete, and

the irradiated lamina propria had been

mostly replaced by the regenerating

connective tissue cells (Fig. 2C).

At 1 d after scalpel gingivectomy, the

wound was filled with an admixture of

blood coagulum, purulent exudates

and tissue debris (Fig. 2D). At 3 d

post-scalpel gingivectomy, a small

amount of newly formed connective

tissue was observed at the wound edge,

but the wound was still largely

occupied by fibrinopurulent exudates

and tissue debris. The regenerating

epithelium (RE) showed downward
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Fig. 2. Histological features of laser-irradiated rat gingiva compared with scalpel gingivectomy. (A) One day after irradiation. The gingival

epithelium shows a feature of necrosis but the lamina propria does not show any visible histological alteration. LW, laser wound; RE,

regenerating epithelium. (B) Three days after irradiation. Both re-epithelization and replacement by regenerating connective tissue (RC) have

progressed. (C) Seven days after irradiation. Re-epithelization is mostly complete, and regenerated gingiva has recovered its original contour.

(D) One day after scalpel gingivectomy. The scalpel wound (SW) is filled with an admixture of blood coagulum, purulent exudates and

necrotic tissue debris. (E) Three days after scalpel gingivectomy. A small amount of new connective tissue has formed at the wound edge

(arrows). Regenerating epithelium has migrated towards the wound bottom. (F) Seven days after scalpel gingivectomy. The re-epithelization

is mostly complete but the regeneration of connective tissue is insufficient to recover the original gingival contour.
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migration along the wound edge

(Fig. 2E). At 7 d post-scalpel gingivec-

tomy, the re-epithelization was almost

complete but the connective tissue

regeneration was insufficient to recover

the original gingival contour (Fig. 2F).

Immunohistochemical expression of
heat shock proteins

Expression of Hsp70 — In the non-

irradiated normal gingiva, although all

layers of the epithelium showed a weak

and diffuse cytoplasmic labelling of

Hsp70, no labelling was detected in the

gingival lamina propria. At 1 h after

irradiation, an increased labelling of

Hsp70 was noted in both the nucleus

and the cytoplasm of the epithelial

keratinocytes adjacent to the necrotiz-

ing ones (Fig. 3A). At 3 h, connective

tissue cells at the border zone of the

gingiva and periodontal ligament,

which included fibroblasts, osteoblasts,

cementoblasts and capillary endothe-

lial cells, appeared to exhibit labelling

of Hsp70 (Fig. 3B), and thereafter

their labelling intensity increased. At

1 d, not only the nucleus but also the

cytoplasm of those cells showed an

intense labelling (Fig. 3C,D). The

labelling in the epithelium was tran-

sient and mostly disappeared at 1 d

post-irradiation (Fig. 3C). The level of

Hsp70 expression in the connective

tissue cells peaked at 1 d post-irradia-

tion and thereafter rapidly became

reduced, and only a few labelled cells

were detected after day 3 (Fig. 3E).

No labelling was detected in the

connective tissue around the scalpel-

made wound throughout the experi-

mental period (Fig. 3F).

Expression of Hsp25 — In the non-

irradiated rat gingiva, all layers of the

gingival epithelium except for the

stratum corneum were positive for

Hsp25. In the lamina propria, many,

but not all, of the vascular endothelial

cells constitutively expressed Hsp25,

whereas the labelling was absent in

most of the fibroblasts. The labelling in

both epithelial keratinocytes and con-

nective tissue cells was localized exclu-

sively in the cytoplasm.

At 6 h after irradiation, the con-

nective tissue cells facing the laser

wound, which included fibroblasts as

well as capillary endothelial cells,

appeared to show an intense nuclear

labelling of Hsp25 (Fig. 4A,B),

whereas the labelling had disappeared

from the cells within the wound. On

and after 1 d post-irradiation, Hsp25-

positive capillaries and fibroblasts

increased in number and labelling

intensity and spread over the wound,

prominent among which were tiny

capillaries (Fig. 4C,D). Keratinocytes

migrating on the surface of the laser

wound exhibited an intense nuclear

and cytoplasmic labelling (Fig. 4C). At

day 7, a significant number of fibro-

blasts filling the healing laser wound

exhibited a definite cytoplasmic label-

ling of Hsp25 (Fig. 4E,F).

At 6 h after scalpel gingivectomy,

neither up-regulation nor nuclear

translocation of Hsp25 was noted at

the wound edge, although Hsp25-

positive capillaries were sporadically

found (Fig. 5A,B).At day 3, in addition

to capillary endothelial cells, a few

fibroblasts showed cytoplasmic labelling

of Hsp25 in the regenerating connective

tissue (Fig. 5C). By day 7, Hsp25-posi-

tive fibroblasts had increased in number,
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Fig. 3. Expression of Hsp70. (A) One hour after irradiation. Epithelial keratinocytes facing

the necrotizing epithelium (NE) show nuclear and cytoplasmic labelling. (B) Three hours

after irradiation. Connective tissue cells facing the laser wound (LW) show an intense

labelling. PDL, periodontal ligament; AB, alveolar bone. (C) One day after irradiation. An

increased labelling is observed at the gingiva–periodontal ligament (PDL) junction and the

surface of alveolar bone but no labelling is observed in the regenerating epithelium (arrows).

(D) High-power view of boxed area in C. Connective tissue cells, including osteoblasts, show

nuclear and cytoplasmic labelling. (E) Three days after irradiation. A weak labelling is found

at the gingiva–periodontal ligament junction. (F) One day after scalpel gingivectomy. No

labelling is noted.
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but they were fewer and lower in

labelling intensity compared with those

in the laser wound (Fig. 5D).

Double-immunofluorescence staining for

Hsp70 and Hsp25 — To examine the

temporospatial relationship between

Hsp70 and Hsp25, we observed double-

immunofluorescence-stained sections by

confocal laser microscopy. At 6 h post-

irradiation, the Hsp25-labelling zone

was located behind the Hsp70-labelling

zone, and a few cells showed the

co-labelling of Hsp70 and Hsp25

(Fig. 6A). At day 1, the two zones

appeared to overlap each other, and a

number of cells showed co-labelling of

the two heat shock proteins, with the

remaining cells being positive for either

Hsp70 or Hsp25 (Fig. 6B). The

co-labelling was found predominantly

in capillary endothelial cells and less

frequently in fibroblasts. After day 3,

Hsp25-positive cells increased in

number and invaded into the laser

wound beyond the original wound

margin, whereas the Hsp70-positive

cells decreased in number (Fig. 6C).

Co-labelled cells were no longer

observed.

The double-immunofluorescence

staining was not carried out for the

scalpel wounds because the expression

of Hsp70 was totally absent in the

connective tissue.

Discussion

The CO2 laser used for the present

study delivers a defocused beam emit-

ted by lower peak power with a longer

off time compared with the conven-

tional pulsed CO2 laser. Owing to this

property, the irradiated tissue does not

evaporate but undergoes coagulation

necrosis. Our previous study revealed

that when the rat gingiva was irradi-

ated with this laser mode, the sur-

rounding tissue promptly responded

with activation of cell proliferation;

thereafter, the coagulated tissue was

replaced by newly formed connective

tissue (4). The present study has shown

that such tissue responses are preceded

by the overexpression of Hsp70 and

Hsp25, suggesting their participation

in the progress of wound repair and

tissue remodelling.

The overexpression of Hsp70 was

noted in the nucleus of epithelial

keratinocytes adjacent to the necrotiz-

ing ones as early as 1 h after irradia-

tion, and de novo expression of Hsp70

was found in the connective tissue at

3 h. Heat shock protein 70 has been

shown to play a significant role in res-

cuing stressed cells by helping damaged

proteins refold or by participating in

the synthesis of new proteins to replace

damaged proteins (14,15). Thereby, the

stressed cells can withstand an injury

that would otherwise be lethal. The

nuclear translocation of Hsp70 has

been demonstrated to promote resolu-

bilization of heat-induced protein

aggregates by reactivation of thermally

denatured enzymes in the nuclei of

recovering cells (16,17). Thus, the

Hsp70-positive zone can be interpreted

as a front line of tissue survival against

heat stress generated by the laser beam.

The finding that non-thermal stress

caused by the scalpel did not bring

about any detectable expression of
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Fig. 4. Expression of Hsp25 in the laser wound. (A) Six hours after irradiation. Periodontal

ligament (PDL) cells show enhanced labelling of Hsp25. AB, alveolar bone; LW, laser

wound. (B) High-power view of boxed area in A. Fibroblasts, osteoblasts and capillary

endothelial cells show intense nuclear labelling. (C) Two days after irradiation. Regenerating

connective tissue cells (RC) have grown into the laser wound. Regenerating epithelium (RE)

displays an intense nuclear and cytoplasmic labelling. (D) High-power view of boxed area in

C. The labelling has disappeared from the nuclei of fibroblasts (arrows) and capillary

endothelial cells. Notable are tiny capillaries (V) exhibiting intense cytoplasmic labelling.

(E) Seven days after irradiation. The laser wound has been replaced by newly formed con-

nective tissue. (F) High-power view of boxed area in E. Many fibroblasts show cytoplasmic

labelling.
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Hsp70 in the cells around the cut edge

seems to support this interpretation.

The connective tissue cells facing the

laser wound also showed the up-regu-

lation and nuclear translocation of

Hsp25 at 6 h post-irradiation. In con-

trast, the scalpel incision did not result

in any notable changes in the expres-

sion pattern of Hsp25 at the same time

point. Thus, as in the case of Hsp70,

we consider the early up-regulation of

Hsp25 to have been induced in

response to the laser-generated heat

stress and to have conferred the cell

protection. Heat shock protein 25 had

been implicated in protecting cells

through the stabilization and/or resto-

ration of cytoskeletal elements in

stressed cells (18,19). Nuclear translo-

cation of Hsp25 can prevent the irre-

versible denaturation/aggregation of

heat-unfolded nuclear proteins (19).

When the temperature elevation is

slight, as in the laser wound margin,

heat shock may appear to kill cells not

by irreversible damage of critical

structures of the cells but via activation

of a programmed cascade of events

leading to cell death, i.e. apoptosis

(10). Heat shock protein 70 has been

shown to confer cell protection from

apoptosis through inhibition of mito-

chondria-dependent apoptosis signal-

ling, suppression of c-Jun N-terminal

kinase (JNK) activation and activation

of Bcl-2 family members, whereas

Hsp25 blocks Fas/APO-1-mediated

cell death and also interferes with the

JNK–mitochondria pathway at differ-

ent points from Hsp70 (10,20). Thus, it

seems likely that the expression of both

Hsp70 and Hsp25 at the wound margin

indicates their anti-apoptotic function.

Heat shock protein 70 and Hsp25

showed temporospatially different

expression patterns in response to the

laser irradiation. Heat shock pro-

tein 70 was more rapidly expressed

than Hsp25. The co-expression of the

two heat shock proteins depicted by

double immunofluorescence was unex-

pectedly less frequent, and even when
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200 µm 50 µm
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D

Fig. 5. Expression of Hsp25 in the scalpel wound. (A) Six hours after scalpel gingivectomy.

No up-regulation of Hsp25 is evident at the wound edge. SW, scalpel wound. (B) High-

power view of boxed area in A. Only a few capillary endothelial cells show cytoplasmic

labelling but there is no nuclear labelling. AB, alveolar bone. (C) Three days after scalpel

gingivectomy. A number of capillaries and a few fibroblasts in the regenerating connective

tissue (RC) show labelling with weak to moderate intensity. RE, regenerating epithelium.

(D) Seven days after scalpel gingivectomy. A significant number of fibroblasts in the

regenerating connective tissue show labelling, but the intensity is not as high as in the laser

wound.

A

B

C 3 d

1 d

6 h

50 µm

50 µm

50 µm

Fig. 6. Merged images of confocal immu-

nofluorescence microscopy. Heat shock

protein 70-positive cells are stained red and

Hsp25-positive cells are stained green.

(A) Six hours after irradiation. Most of the

Hsp70-positive cells are localized ahead of

the Hsp25-positive zone. A few cells stained

yellow (arrowheads), indicating co-labelling

of Hsp70 and Hsp25. PDL, periodontal

ligament; LW, laser wound. (B) One day

after irradiation. Heat shock protein 70-

positive cells (red) and Hsp25-positive cells

(green) are localized in overlapping areas,

and some fibroblasts and capillaries show

co-labelling (yellow, arrowheads). (C) Three

days after irradiation. Heat shock pro-

tein 25-positive cells, probably capillary

endothelial cells, invade into the laser

wound. Heat shock protein 70-positive cells

are decreased. No definite co-labelling is

observed.
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the localization of the two heat shock

proteins appeared to overlap, many

cells expressed either Hsp70 or Hsp25.

The co-expression was predominantly

found in capillary endothelial cells and

less frequently in fibroblasts. Although

both Hsp70 and Hsp25 have been

implicated in protecting cells, the exact

role of each may differ depending on

the cell type and context. The diversity

may be attributed to the difference in

the chaperone machinery for cell pro-

tection. Members of the Hsp70 family

facilitate chaperone function in

an ATP-dependent manner, whereas

Hsp25 can act as an ATP-independent

chaperone through phosphorylation of

itself by the mitogen activated protein

kinase (MAPK) cascade.

Heat shock protein 25-expressing

cells increased in number with time

after laser irradiation and invaded into

the laser wound after day 2, notable

among which were the cells of tiny

capillaries, presumed to be sprouting

capillaries. A significant number of

fibroblasts consisting of the regener-

ated gingival connective tissue exhib-

ited a definite cytoplasmic expression

of Hsp25. A strong cytoplasmic

expression of Hsp25 was also noted in

the keratinocytes migrating on the

wound surface. We speculate from

these findings that Hsp25 plays a sig-

nificant role in the onset and advance

of tissue repair that occurs after laser

irradiation. Supporting this specula-

tion, cells expressing Hsp25 were fewer

and the expression intensity was lower

in the scalpel wound than in the laser

wound, and this expression pattern of

Hsp25 seemed to be closely correlated

with the less active and delayed con-

nective tissue regeneration in the scal-

pel wound.

Heat shock protein 25 has been

shown to modulate microfilament

dynamics in a manner dependent on

its phosphorylation, and thereby to

regulate cell adhesion, elongation,

migration and matrix contraction (12),

which are essential for wound healing.

In this regard, it is of interest to note

the translocation of Hsp25. Found in

the cytoplasm of both keratinocytes

and connective tissue cells in the non-

irradiated gingiva, Hsp25 was rapidly

translocated into the nucleus after

irradiation. When the tissue regenera-

tion commenced, after day 2, it was

relocated into the cytoplasm. Studies

have reported that nuclear Hsp25

contributes to an increased chaperone

capacity of cells by binding unfolded

nuclear protein to protect them from

stress (21), whereas cytoplasmic

Hsp25 acts as a molecular chaperone

to stabilize the cytoskeleton and

thereby facilitates the healing process

(9). Thus, we speculate that Hsp25

plays a dual role in the laser wound,

i.e. cell protection and promotion of

repair, and that its translocation is

indicative of this role shift. Heat

shock protein 70 has also been re-

ported to participate in improvement

of wound healing (22,23). In the laser

wound, however, the expression of

Hsp70 was transient; it peaked at 1 d

after irradiation and thereafter rapidly

decreased. Thus, it is more likely that

Hsp70 in the laser wound plays a role

mainly in protecting cells from the

heat stress.

In conclusion, the rat gingival tissue

promptly responded to the irradiation

of the CO2 laser in the coagulation

mode by expressing Hsp70 and Hsp25.

We suggest that while Hsp70 mainly

confers cell protection, Hsp25 plays a

dual role, cell protection and promo-

tion of repair.
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