
 

Stem cell protection mechanisms in planarians:
the role of some heat shock genes
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ABSTRACT  Planarians contain a large population of stem cells, named neoblasts, and use these 
for continuous turnover of all cell types. In addition, thanks to the amazing flexibility of these cells, 
planarians respond well to the effects of stressful situations, for example activating regeneration 
after trauma. How neoblasts respond to stress and support continuous proliferation, maintaining 
long-term stability, is still an open question. Heat shock proteins (HSPs) are a complex protein 
family with key roles in maintaining protein homeostasis, as well as in apoptosis and growth-
related processes. We recently characterized some planarian homologs of hsp genes that are highly 
expressed in mammalian stem cells, and observed that some of them are critical for neoblast 
survival/maintenance. The results of these studies support the notion that some HSPs play crucial 
roles in the modulation of pathways regulating stem cell activity, regeneration and tissue repair. 
In this review we compare the evidence available for planarian hsp genes and focus on questions 
emerging from these results.
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Introduction

Planarians have emerged as a valuable model system in re-
generation and stem cell research because of their remarkable 
ability to regenerate complete worms from small body fragments 
(Gentile et al., 2011). In these organisms regeneration dynamics 
and tissue homeostasis rely on the availability of a population of 
adult stem cells, named neoblasts. Neoblasts have the potential to 
self-renew and to give rise to all cell types of the body, providing us 
with a unique system to study the complex relationships between 
the mechanisms that regulate the maintenance of homeostasis and 
the reactivation of developmental programs during regeneration. 
Regeneration is a common phenomenon in planarians. After an 
injury, the initial step of regeneration is the wound healing, neces-
sary to prevent disruption of body fluid balance, and to reduce the 
invasion of pathogens. Then neoblasts proliferate at the injury site 
to form the blastema, which is an accumulation of cells showing 
an undifferentiated morphology. Blastemal cells will eventually dif-
ferentiate and regenerate the missing parts (Handberg-Thorsager 
et al., 2008). In addition to the impressive regenerative power, 
planarians are always in the process of remaking their body through 
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continuous cell turnover, growing and shrinking in volume and 
length depending on food availability. Unlike most other animals, 
the body patterning mechanisms are always active in planarians 
and this raises the question of how their stem cells can support 
continuous proliferative activity maintaining long-term stability. 
The impact of time and age on adult stem cells has recently been 
studied in mammals and the concept of a generalized decline in 
tissue regenerative responses, associated with depletion and/or a 
loss of function of adult stem cells, is beginning to emerge (Rando, 
2006; Sahin and Depinho, 2010). The stem cell strategies in coping 
to exposure to injury or other critical stress conditions remains to 
be defined in planarians.

The cellular stress response represents the main mecha-
nism by which the organisms adapt and survive to the effects of 
environmental and physiological stressors during their lifetime. 
Central to this mechanism is the function of a conserved group of 
stress-related proteins, including the heat shock proteins (HSP) 
(Lindquist and Craig, 1988). HSPs are a set of evolutionarily an-
cient and conserved molecular chaperones with a relevant role in 



128    M.E. Isolani et al.

the control of folding and quality of cellular proteins. Failure in the 
HSP-mediated protection mechanisms results in the accumulation 
of misfolded proteins, which is a common element for many protein 
conformation disorders. HSP nomenclature, typically based on 
their molecular weight, discriminates five major families: HSP100s, 
HSP90s, HSP70s, HSP60s, and small heat shock proteins (sHSPs). 
Although most of HSPs are constitutively expressed and required 
for normal cell development and functioning, several inducible 
members can be transcriptionally upregulated by stress events. 
Basically, HSPs function ensures fidelity and proper regulation of 
eukaryotic protein expression, and allows cells to adapt to gradual 
changes in their environment and to survive in otherwise lethal 
conditions. It is worthwhile also to recall that HSPs have been found 
to be involved in stem cell proliferation, inhibition of apoptosis and 
cancer (Lemieux et al., 1997; Garrido et al., 1998; Helmbrecht et 
al., 2000; Joly et al., 2010). Some HSPs are overexpressed in 
several malignant tumours, and their inhibition has recently been 
regarded as a promising therapeutic tool against various cancers 
(Didelot et al., 2007).

While the function of HSPs as molecular chaperones has been 
extensively characterized in differentiated cells, their role in stem 
cells remains unclear. It has been found that high levels of hsp 
expression and elevated stress tolerance characterize mammalian 
embryonic stem (ES) cells. These transcripts are downregulated 
upon differentiation, suggesting that stress defence, including HSPs 
function, is crucial for stem cells (Saretzki et al., 2004; Hernebring 
et al., 2006; Baharvand et al., 2008; Saretzki et al., 2008). A role 
for HSPs in proliferation and self-renewal of stem cells has been 
suggested: HSPs might directly trigger or protect signaling interme-
diates in essential proliferative/differentiation cascades (Prinsloo et 
al., 2009). HSPs have also been related to differentiation events of 
hematopoietic stem cells through a mechanism crucial in protecting 
transcription factors which drive proliferation and differentiation 
towards a specific lineage (D’Alessandro et al., 2010). Due to the 
presence of neoblasts, planarians may significantly contribute to 
the understanding of the role of HSPs in stem cells. While some 
studies have mainly focused on the role of HSPs as biomarkers 
of genotoxic stress in planarians (Guecheva et al., 2003; Sánchez 
Navarro et al., 2009), only recently hsp gene expression and 
function has been characterized in these organisms with the aim 

to assess how these proteins contribute to the mechanisms that 
regulate stem cell activity (Conte et al., 2009, 2010; Fernández-
Taboada et al., 2011). Table I summarizes the current information 
on hsp genes recently characterized in planarians.

Heat shock protein (hsp) genes in planarians

Small hsp genes
The small HSP (sHSP) family consists of highly heterogeneous 

members, associated with nuclei, cytoskeleton and membranes, 
that have been implicated in maintaining protein homeostasis, but 
also in protein folding diseases and cancer (Kriehuber et al., 2010). 
In addition, some shsps genes have been found highly expressed 
in mammalian ES cells, and downregulated upon differentiation 
(Saretzki et al., 2004; Saretzki et al., 2008). The typical trait of sHSPs 
is a conserved a-crystallin core domain, which refers to the most 
famous family member, the eye-lens protein a-crystallin (Horwitz, 
2003). We recently identified a shsp-related gene in D. japonica 
(unpublished data). Comparison of the deduced amino acids with 
protein data bank showed that this gene (Djshsp) encodes a putative 
polypeptide belonging to the a-crystallin small heat shock proteins 
superfamily. An almost identical gene was identified by in silico 
analysis of the genome of Schmidtea mediterranea (Supplementary 
Fig. 1). Although some members of the group of sHSPs seem to 
play a neuroprotective role in the brain (Kirbach and Golenhofen, 
2011), our preliminary results do not provide any clear evidence 
of preferential distribution of Djshsp transcripts in the planarian 
CNS. Djshsp transcripts are in fact ubiquitously distributed in the 
planarian body, and no preferential accumulation in the CNS has 
been detected (Fig. 1A). Real time RT-PCR using RNA obtained 
from dissociated cell fractions, enriched in neoblasts by progres-
sive filtering through nylon meshes of different pore size (Salvetti 
et al., 2005; Rossi et al., 2007), provided further information on 
the cell type(s) expressing Djshsp. We found that Djshsp was pref-
erentially concentrated in the fraction that included cells of large/
medium size (Fig. 1B). Moreover, since Djshsp expression was not 
affected by X-ray treatment (not shown), this indicates that Djshsp 
is not expressed in neoblasts. In addition the genomic survey of S. 
mediterranea also identified three different regions with significant 
similarity to the a-crystallin core domain (v31.015603; v31.007045; 

Fig. 1. Characterization of a small hsp gene in D. japonica. (A) Whole mount in situ hy-
bridization of Djshsp in an intact D. japonica (ventral view). Scale bar: 1mm. (B) Expression 
level of Djshsp in cell fractions obtained by filtration through nylon meshes, visualized by 
real time RT-PCR. Expression level is indicated in relative units, assuming the value of 50 
mm nylon meshes as unitary. The expression values of 8 mm (c) and 20 mm (b) nylon mesh 
samples were compared with those of 50 mm (a) nylon mesh samples using an analysis of 
variance (ANOVA). *P<0.05.

BA
v31.000527) suggesting that other shsp genes are 
present in planarians. Further studies are required 
to investigate the possibility that the genes encoding 
these putative sHSPs are involved in cytoprotection 
mechanisms of planarian stem cells.

hsp40/DnaJ genes
A proteomics approach to decipher the molecular 

nature of planarian stem cells recently identified a 
member of the hsp40/DnaJ gene family as a stem 
cell-specific hsp gene (Fernández-Taboada et al., 
2011). The complete hsp40 planarian gene, identi-
fied in silico in S. mediterranea (genomic region 
v31.000.171), encodes a protein of 345 aminoacids, 
typified by the conserved J domain at the N terminus 
followed by a Gly/Phe-rich region (Supplementary 
Fig. 2). The presence of HSP70 binding motifs in 
the J domain suggests functional interaction with 
HSP70s. HSP40 members are in fact important 
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for the function of HSP70s chaperones, primarily by stimulating 
their ATPase activity (Qiu et al., 2006). Based on the presence/
absence of the Gly/Phe-rich region and/or cysteine repeats, the 
HSP40 proteins have been categorized into three groups, which 
may show functional diversity (Qiu et al., 2006). The Gly/Phe-rich 
region classifies the planarian HSP40 as a type II HSP40 protein. 
Interestingly, the co-chaperone Mrj, a mammalian member of the 
type II group of HSP40 (also known as DnaJB6), has been found 
to be necessary for self-renewal of neural stem cells (Watson et 
al., 2009). It is intriguing to speculate that a conserved type II 
HSP40 co-chaperone-mediated activity may exist for the control 
of self-renewal and proliferation of stem cells in diverse organ-
isms. Further analysis of the planarian Hsp40/DnaJ homolog will 
be useful to unravel the function of this molecular co-chaperone 
in planarian stem cells. 

hsp60 genes 
HSP60s are well characterized members of the ‘chaperonin’ 

class of proteins, mainly localized in mitochondria, but also detected 
in the cytosol of eucaryotic cells. These proteins act as oligomers 
and play an essential role in the folding of many proteins, avoiding 
possible misfoldings. Recent work also demonstrates that HSP60 
can be detected extracellularly, as well as in the cell membrane, 
and the extracellular location is not only the consequence of cell 
destruction, but the result of an active secretion mechanism (Cap-
pello et al., 2008; Ohashi et al., 2009). Extracellular complexes of 
HSPs and peptides appear to act as ‘danger signals’ to the immune 
system to trigger an innate immune response. For example they 
can have effect as ligands of the receptors of the Toll-like (TLR) 
signal-transduction pathway causing apoptosis or cell survival, 
depending on the status of the stressed cell (Ohashi et al., 2000; 
Asea, 2008). Interestingly, hsp60 transcripts have been found 
up-regulated in stem and cancer cells (Baharvand et al., 2008; 

Cappello et al., 2008). A gene encoding a potential HSP60 protein 
has been identified in the planarian D. japonica (Djhsp60) (Rossi 
et al., 2007; Conte et al., 2010) and a very similar gene is present 
in the related species S. mediterranea (H.21.6h; Eisenhoffer et al., 
2008). Whole-mount in situ hybridization of intact animals provided 
evidence that the expression pattern of Djhsp60 is reminiscent of 
the parenchymal distribution of neoblasts, accordingly with the 
transcriptional profile detected by microarray analysis (Rossi et al., 
2007). However, after a lethal dose of X-ray irradiation (30Gy), we 
observed transient upregulation of hsp60 transcripts in postmitotic 
tissues, such as intestine and nerve cells, while the parenchymal 
expression declined at undetectable level (Fig. 2A-C). The intestinal 
Djhsp60 hybridization signal may be already present in unirradiated 

Fig. 2. Expression of Djhsp60 and phenotypic effects of its RNAi-
mediated knockdown in D. japonica. (A-C) Whole mount in situ hybrid-
ization in 30 Gy-irradiated planarians. (A) An unirradiated planarian. (B) 3 
days after irradiation. (C) 7 days after irradiation. (D-G) Bright-field images 
of Djhsp60 (RNAi) phenotypes: the planarian fragments were analyzed 5 
days after amputation. (D,E) head fragments. (D) A water-injected control. 
(E) Djhsp60 (RNAi). (F,G) tail fragments. (F) A water-injected control. 
(G) Djhsp60 (RNAi). (H-K) Djhsp60 whole mount in situ hybridization in 
regenerating fragments. (H) A head fragment, 2 days after amputation. 
(I) A head fragment, 4 days after amputation. (J) A tail fragment, 2 days 
after amputation. (K) A tail fragment, 4 days after amputation. Dorsal view, 
anterior is up. Scale bars: 1 mm. 

Planarian gene Expression/localization 
Irradiation 
sensitivity RNAi phenotype Proposed function References 

Djshsp Ubiquitously distributed U N.D. Unknown Work in progress 

Smed hsp40 Neoblasts S Tissue regression, lysis in several weeks Stem cell self-renewal/proliferation Fernández-Taboada et al.  (2011) 

Dj/Smed hsp60 Neoblasts S Tissue regression Cytoprotection/immunoregulatory effects Conte et al. (2010) 
Fernández-Taboada et al. (2011) 

Dj/Smed hsp70 Ubiquitously distributed U N.D. Unknown Conte et al. (2009) 
Ma et al. (2009) 

Dj/Smed mot Neoblasts and committed 
progeny 

S Tissue regression, Curling around the ventral 
surface, death in  several weeks 

Stem cell viability/ sequestration of p53 Conte et al. (2009) 
Fernández-Taboada et al. (2011) 

Dj/Smed hsp90 Gastrodermis and neoblasts S Reduction of animal size, inability to eat, death 
in several weeks 

Cytoprotection Conte et al. (2011) 

TABLE 1

PLANARIAN HSP GENES

N.D.: not determined; U: unsensitive; S: sensitive
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animals, masked by the high signal in the parenchyma. However 
it is interesting to note that a similar behavior after irradiation has 
already been described for another hsp-related gene in planarians 
(Djmot: Conte et al., 2009). The X-ray-induced transient activation 
of transcriptional response of hsp60 and Djmot suggests that both 
genes, although constitutively expressed in neoblasts, also repre-
sent a ‘first line of defence’ for particularly susceptible postmitotic 
cells, playing relevant ‘chaperone’ functions in damage-associated 
responses. RNA interference (RNAi) demonstrates that the function 
of Djhsp60 is required for neoblast viability and regeneration. In 
fact, Djhsp60RNAi caused some tissue regression in intact animals 
(data not shown). When amputated, the injected fragments ap-
peared unable to regenerate (Fig. 2D-G). However only a limited 
number of Djhsp60(RNAi) planarians (23/150) did not regenerate. 
The majority of the injected specimens regenerated, but some of 
them exhibited a smaller blastema. The phenotypes appeared due 
to a decreased number of neoblasts, as deduced by the reduced 
expression of the neoblast-specific marker Djmcm2 (data not 
shown). Although we cannot exclude that DjHSP60 plays only an 
auxiliary role in the mechanisms involved in survival/maintenance 
of planarian stem cells, we think that these results may be due 
to the effect of other genes that could compensate for the loss 
of hsp60 function. To support this hypothesis we observed that 
Djhsp60 (RNAi planarians) were able to completely recover their 
regenerative abilities after the treatment.

Although constitutively expressed in neoblasts, Djhsp60 is tran-
siently upregulated in the regeneration blastema, a region devoid 
of neoblasts (Fig. 2 H-K). It is interesting to note that transient 
activation of Djhsp60 homologs has been detected in the early 
blastema of other regenerating systems, for example, during fin 

abnormal peptides from inside to the cell surface and warning the 
immune system that the cell has become stressed (Habich et al., 
2007; Trivedi et al., 2010). Amputation trauma could generate a 
stressful environment that activates an inflammatory status, physi-
ologically regulated by the immune system. Both HSP60-mediated 
cytoprotective and immunoregulatory effects might be fundamental 
to accomplish and maintain the appropriate levels of thousands of 
proteins, necessary to ensure the complex and dynamic succession 
of events that determine the regenerative success. 

hsp70 genes
The 70-kDa heat shock proteins (HSP70s) represent the largest 

and well-studied stress-related protein family, including members 
related to the prokaryotic chaperone, referred to as DnaK (Gene-
vaux et al., 2007). Many proteins belonging to this family have been 
identified from yeasts to humans. Some of these appear strictly 
inducible, i.e. expressed only under stress conditions, while the 
constitutive (or cognate) counterparts are expressed in unstressed 
cells. The various HSP70s are found in the cytosol and in organelles, 
such as the ER, mitochondria, and chloroplasts, where assist a 
large variety of protein folding processes, preventing aggregation 
and promoting the native state. Under stress, HSP70s appear to 
play an essential role in refolding of misfolded and aggregated 
proteins (Mayer and Bukau, 2005). The various members of this 
family share structural and biochemical properties. All of them in 
fact bind and hydrolize ATP by an ATPase domain and interact 
with other proteins by a protein binding domain. 

Although our in silico search revealed that several hsp70-related 
genes are present in the planarian genome (not shown), only two 
different members of this family have been characterized so far: 
Djhsp70 and Djmot (Conte et al., 2009; Ma et al., 2009). Djhsp70 
is an inducible gene, significantly up-regulated in response to 
temperature changes, amputation and starvation (Ma et al., 2009). 
Our whole mount in situ hybridizations demonstrated that Djhsp70 
transcripts are widely distributed along the planarian body and 
up-regulated in the regenerative blastema (Fig. 3A-C).

Djmot encodes a peculiar heat-uninducible HSP70 member, 
showing high similarity with mammalian Mortalin. Djmot transcripts 
have been detected in neoblasts and early progenitors of intact 
and regenerating planarians (Conte et al., 2009, 2010). These 
results implicate that planarian stem cells, similarly to mamma-
lian ES cells (Saretzki et al., 2004), constitutively express high 
levels of a Mortalin-like protein that are progressively eliminated 
when these cells undergo differentiation. Although Mortalin is a 
pleiotropic chaperone, a major function of this protein has been 
related to the control of cellular immortality (Wadhwa et al., 2002). 
After Djmot RNAi, planarians showed ventral curling and lysis and 
failed to regenerate (Conte et al., 2009). This phenotype, typically 
observed when stem cells are eliminated from planarians (Pearson 
and Sánchez Alvarado, 2010), indicates that this protein plays a 
major role in the self-preservation program of planarian stem cells. 
Does this ability implement the basic functionalities that allow these 
cells to survive to stochastic processes that damage cells in the 
environment? Although the mechanism(s) by which DjMot acts 
in vivo remain to be determined, detection of a variable number 
of cells with a senescent morphology in Djmot(RNAi) planarians 
(never observed in control animals) strongly supports this pos-
sibility. As senescence-associated biomarkers are not available 
in planarians, we can only hypothesize that a reduced amount of 

Fig. 3. Expression pattern of Djhsp70, 
as visualized by whole mount in situ 
hybridization. (A) An intact planarian. 
(B) A head fragment regenerating a tail, 3 
days after amputation. (C) A tail fragment 
regenerating a head, 3 days after amputa-
tion. Dorsal view. Scale bar: 1 mm.

B

C

A
regeneration in fish or limb 
regeneration in amphibia 
(Makino et al., 2005; Pearl 
et al., 2008). Transient 
overexpression of some 
HSPs, including HSP60, 
has also been observed 
during the early phase 
of liver regeneration in 
mouse, and inhibition of 
these proteins delayed the 
progress of the process 
(Shi et al., 2007). Although 
the function of HSP60 
in blastemal cells is still 
unknown, these findings 
underline the central role 
of HSP60 in regeneration. 
To what extent regenera-
tion may trigger a stress 
response? It has been 
suggested that, as a 
chaperonin, HSP60 plays 
a protective role for the 
correct folding of newly 
formed proteins. Several 
reports also indicate that 
HSP60 plays immunoreg-
ulatory functions, moving 
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this protein triggers a senescent status in neoblasts. Vertebrate 
and invertebrate mortalins have the ability to prevent senescence 
and apoptosis and promote cell immortalization by sequestering 
p53 protein in the cytoplasm (Wadhwa et al., 2002; Walker et al., 
2006; Sherman et al., 2007). Cross-reaction with a heterologous 
antibody, designed against the mortalin p53-binding region also 
suggests that Djmot possesses an active p53-binding domain. In 
this context we speculate that the specific expression of Djmot 
in neoblasts could be linked to the need to ensure constitutive 
activation of an efficient cell immortalization mechanism, crucial 
to guarantee the proliferative efficiency of the whole planarian 
stem cell system.

hsp90 genes
Heat shock protein 90 (HSP90) is one of the most abundant 

chaperones orchestrating folding, maintenance of structural and 
conformational integrity of a large number of target substrates, 
including transcription factors and kinases. Consistent with its role 
in maintaining the structure and function of key regulatory ele-
ments, it has been found that inactivation of HSP90 machinery may 
reveal cryptic genetic variations, influencing signal transduction, 
chromatin remodelling, epigenetic regulation or apoptosis (Sato 
and Siomi, 2010). Furthermore, a fraction of HSP90 has recently 
been identified at the cell surface and has been correlated with 
cell motility and invasion capability of cancer cells. HSP90 proteins 
consist of three domains, an N-terminal, ATP-binding domain, a 
middle (M), ATP-hydrolysis regulating domain and a C-terminal 
domain. The chaperoning activity of HSP90 depends on its ability 
to hydrolyze ATP, as well as on its potential to recruit and form 
stable complexes with Hsp70/Hsp90/Organizing Protein (Hop) 
co-chaperones, through the conserved EEVD C-terminus motif. 

We recently reported the first characterization of an hsp90-related 
gene (Djhsp90) in the planarian D. japonica (Conte et al., 2011). 
The dynamics of changes in the expression profile in response 
to various stress conditions clearly demonstrates that Djhsp90 
encodes a stress-induced protein. We also observed that the 
Djhsp90 functional inactivation by RNAi induced lethal phenotypic 
consequences in planarians. Most of the hsp90(RNAi) animals 
became in fact very small in size, were unable to eat and died in 
a few weeks. Our data support the rationale that the activity of 
hsp90 achieves in vivo critical cytoprotective effects in the gas-
trodermis of planarians. The presence of Djhsp90 transcripts in 
the intestine appears to sustain this role (Fig. 4A,B; Conte et al., 
2011). However, expression of Djhsp90 was also detected in the 
parenchyma of unstressed animals, localized in small neoblast-
like cells (Fig. 4C). Although Djhsp90 expression may be limited 
only to neoblasts committed towards the gastrodermal fate (Conte 
et al., 2011), the multiplicity of roles assigned to HSP90 proteins 
supports the possibility that DjHSP90 plays different function(s) 
in planarian stem cells, possibly influencing signal transduction 
and/or chromatin remodelling mechanisms. Further studies are 
necessary to identify the relationships between DJHSP90 and 
planarian stem cells. 

Concluding remarks

It is becoming increasingly apparent that the activity of HSPs 
plays a key role in the protein homeostasis of stem cells, controlling 
the proper protein-folding, binding interactions and subcellular or 
extracellular position of individual proteins. Embryonic stem cells 
express high levels of HSPs to ensure protective functions that 
are essential for maintaining their unlimited potential for growth 
and differentiation. Somatic stem cells, generally recruited to 
areas of tissue damage and regeneration in adult organisms, 
also constitutively activate HSPs to overcome various stress 
situations. In the present review we summarized recent work de-
scribing the expression and function of a number of hsps genes 
in planarians, in an attempt to better understand the role of the 
stress response in the control of the exceptional stem cell system 
of these organisms. It has been reported that, while activation of 
hsps genes in specialized cells generally occurred in response 
to stress, most of these genes were constitutively expressed in 
planarian stem cells. RNAi-mediated knockdown of specific hsp 
members negatively affected stem cell growth and regeneration 
potential. These results demonstrate that, similarly to that found 
in mES, specific HSPs play essential roles on planarian stem cell 
growth and viability. Elucidation of the interactions among different 
HSPs, as well as their relationships with other molecules (such 
as those of apoptotic pathways), represents a future goal of this 
research. In addition, characterization of hsp genes in organ-
isms with exceptional regenerative abilities, such as planarians, 
has the potential to enhance our knowledge on the molecular 
mechanisms that cause their up or downregulation during stem 
cell differentiation. Studies on other animal models of regenera-
tion demonstrate that, similarly to that observed in planarians, 
enhanced expression of hsps occurs in response to the initial 
trauma of wounding. Upregulation of hsp genes certainly plays a 
role in maintaining protein homeostasis necessary to initiate the 
regeneration process, however other functions related for example 
to the activation of mechanisms of inflammatory response cannot 
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Fig. 4. Expression of Djhsp90 in D. japonica. (A) Whole mount in situ 
hybridization in an intact planarian. (B,C) In situ hybridization on transverse 
wax sections, dorsal is up. (B) A transverse section showing hybridization 
signal in the gut branches. Some Djhsp90-expressing cells can be also 
detected in the parenchyma (arrow). (C) Enlarged view of the basal region 
of a gut branch showing some labelled neoblast-like cells (arrows). Scale 
bar: 1 mm in (A); 200 mm in (B) and 50 mm in (C). 
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be ruled out. Ultimately, understanding the molecular aspects 
that control the local microenvironment after wounding could be 
of importance for regenerative medicine applications in humans.
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