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PTEN: a promising pharmacological target to
enhance epithelial wound healing
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PI3Ks (phosphoinositide-3 kinases) produce PIP3 (phosphatidylinositol(3,4,5)-trisphosphate) which mediates signals for cell
survival and proliferation. The tumour suppressor PTEN (phosphatase and tensin homologue) dephosphorylates PIP3 and is a
key negative regulator of PI3K signalling. Recent research highlighted important roles for PI3K/PTEN in cell polarization and
directional cell migration, pointing to a significant role for PTEN in wound healing where spatially organized tissue growth is
essential. Lai et al. (in this issue of British Journal of Pharmacology) have moved a step closer in utilizing PTEN for wound healing
through pharmacological inhibition. Two vanadium derivative inhibitors targeting PTEN significantly elevated the level of
phosphorylated Akt (protein kinase B) and nearly doubled the wound healing rate in monolayer cultures of lung and airway
epithelial cells. Damage to airway and lung epithelia underlies a wide spectrum of significant clinical conditions. With further
experiments, this promising approach may find potential clinical use in situations where enhanced wound healing of
pulmonary and other epithelia is important.
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An efficient repair of breaches to the epithelia of lung and

airway is critical in many respiratory conditions, such as

acute lung injury and asthma, which are common causes of

morbidity and mortality (Shimabukuro et al., 2003). It

appears that there is a promising new approach to enhance

the healing ability of epithelia pharmacologically by targeting

the tumour suppressor phosphatase and tensin homologue

(PTEN) (Lai et al., 2007, this issue).

The class I family of PI3Ks are activated downstream of

membrane receptor tyrosine kinases and G-protein-coupled

receptors. Upon activation, PI3Ks phosphorylate position

three of the inositol ring of PIP2 (phosphatidylinositol 4,5

bisphosphate) converting PIP2 into PIP3 (phosphatidylinositol

3,4,5 trisphosphate), leading to activation of Akt kinase and

other downstream effectors, resulting in enhanced cell

proliferation and survival (Engelman et al., 2006) (Figure 1).

Akt, or protein kinase B, is a serine/threonine kinase, that

comprises three highly homologous members known as

PKBa, PKBb and PKBg in mammals. Akt contains a pleckstrin

homology domain that binds PIP3. Upon binding, Akt

translocates to the plasma membrane where it is activated

via phosphorylation by upstream kinases including the

phosphoinoside-dependent kinase 1. Akt activation plays an

important role in diverse cellular processes such as glucose

metabolism, cell proliferation, apoptosis, transcription and

cell migration. PTEN (phosphatase and tensin homologue

deleted on chromosome 10) is a central negative regulator of

the PI3K signalling cascade. It was discovered to be a tumour

suppressor gene and it is mutated in many advanced cancers.

As a phospholipid phosphatase, PTEN antagonizes PI3K by

converting PIP3 back to PIP2 by dephosphorylation of PIP3 at

the 3-prime position of the inositol ring (Cully et al., 2006).

The balance of PI3K and PTEN activities therefore regulates

important cellular responses, such as the survival of cardio-

myocytes against ischaemia–reperfusion insults (Mocanu and

Yellon, 2007). Recent research has demonstrated that spatially

regulated PI3K/PTEN signalling underlies cell polarization and

directional cell migration (Iijima et al., 2002; Comer and

Parent, 2007). This signalling pathway therefore provides not

only an activation level signal, but also signals for spatial

sensation, which help the cells to define front/back and apical/

basal in the context of their milieu.
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To heal a wound, cells surrounding the wound must

survive, proliferate and, importantly, migrate and grow

directionally to close the wound. The PI3K/PTEN signalling

pathway regulates all of these and may play a role in wound

healing (Tsugawa et al., 2003; Pankow et al., 2006; Xu and Yu,

2007). Injury, and ensuing stimuli such as growth factors and

ATP, initiate PI3K–Akt signalling. Indeed, this signalling

pathway was recently shown to be essential for directional

migration of corneal and skin epithelial cells in response to

injury, and to physiological electrical signals at wounds

(Vanhaesebroeck, 2006; Zhao et al., 2006; Huttenlocher and

Horwitz, 2007). Therefore, effective and specific modulation

of this pathway could open the door to clinical therapies

leading to improved wound healing.

In this issue of the British Journal of Pharmacology, Lai

et al. (2007) present an appealing approach to modifying

PI3K signalling by inhibition of PTEN. Using two pharma-

cological agents targeting PTEN, they have achieved specific

activation of Akt and significant acceleration of monolayer

wound healing in human lung and airway epithelia in vitro.

PTEN has two functional domains. The C2 domain binds

membrane lipids, and the phosphatase domain catalyses

dephosphorylation of PIP3 to PIP2. The phosphatase domain

can also act on polypeptide substrates (Lee et al., 1999).

Vanadium and its derivatives interact with the CX5R motif, a

highly conserved motif of a large family of cysteine-based

phosphatases, leading to reversible inhibition of PTEN. Lai

et al. (2007) tested two newly derived bisperoxovanadium

compounds: bpV(phen) (potassium bisperoxo (1,10-phenan-

throline) oxovanadate) and bpV(pic) (dipotassium bisperoxo

(picolinato) oxovanadate). Studies by other groups have

shown that these two compounds are more specific inhibi-

tors for PTEN, with IC50s about 10–100 fold lower than for

other tyrosine phosphatases (Schmid et al., 2004). The

present study demonstrates that both of these compounds,

bpV(phen) and bpV(pic), in the range of 0.1–10 mM, resulted

in significantly raised levels of phosphorylated Akt, that is

elevated PI3K signalling in non-wounded culture. Dose-

dependent responses were observed in both primary culture

of human airway epithelial cells and a transformed lung

epithelial cell line. Well-controlled experiments using cells

that do not express PTEN proved that bpV(phen) and

bpV(pic) induced an elevation of phosphorylated Akt

through PTEN, confirming the specificity of the two

compounds. In cells or tissues with PTEN inhibition, injury

or other factors that activate PI3K signalling may cause an

elevation of pAkt level even further, although this has yet to

be tested.

Lai et al. (2007) carried out another important assay:

in vitro monolayer wound closure. This is a widely used

experimental model for cell polarization and directional cell

migration. Although in vivo experiments need to be done,

the present results may be highly relevant to wound healing

of airway and lung epithelia in vivo, because both types of

epithelia are a monolayer in vivo. Scrape wounds were made

to the monolayer cultures. Inhibition of PTEN significantly

increased (1) wound closure, and (2) cell numbers migrating

into the scraped area, and these parameters were enhanced

almost twofold when either bpV(phen) or bpV(pic) was used

at a concentration of 0.5–2 mM.

Unlike monolayer cultures of other cell types such as

fibroblasts, when epithelial cells become completely con-

fluent, they form functional barriers and maintain a tight

junction between cells. This increases significantly the trans-

epithelial electrical resistance, a reliable index for barrier

function recovery. Importantly, bpV(phen) and bpV(pic)

also shortened the time for recovery of the trans-epithelial

electrical resistance, in addition to accelerating wound

closure significantly, as observed with time-lapse video

microscopy. The time required to reach 50% of preinjury

value was decreased to B1.5 days with PTEN inhibition,

while control with no PTEN took B3 days. PTEN inhibition

with these two compounds therefore resulted in a significant

acceleration of both morphological and functional recovery

of the epithelial monolayer.

Most of the above conclusions were elegantly confirmed

with two independent sets of experiments in this paper (Lai

et al. 2007). Overexpression of dominant-negative PTEN

and siRNA-mediated suppression of PTEN expression verified

that PTEN inhibition elevates the pAkt level and accelerates

wound closure in transformed lung epithelial cells. The

toxicity and specificity of the two compounds were also

carefully evaluated. Satisfyingly, both bpV(phen) and

bpV(pic), when used at low concentrations (B1mM), did

not cause any obvious toxic effects, while the same con-

centration was effective at inducing a significant elevation of

Akt phosphorylation and accelerating wound healing.

Injury to epithelium releases cells from contact inhibition

and spatial constraints, ruptures cells at the wound edge,

releases growth factors, cytokines, ATP and many other
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Figure 1 Pharmacologically targeting PTEN to enhance wound-healing response. Injury induces PI3K signalling, which activates Akt through
production of PIP3 and stimulates wound-healing responses, such as cell migration, survival and proliferation. PTEN dephosphorylates the
second messenger PIP3 and converts it back to the precursor PIP2, antagonizing the action of PI3K. Targeting PTEN (yellow polygon) with
newly developed pharmacological inhibitors is a promising approach to facilitate PI3K signalling and wound healing. Dashed arrows omit
many links.
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chemicals. Injury may also generate naturally occurring

mechanical and electrical signals. All these factors may

contribute to the co-ordinated cellular response needed to

heal the wound (Block et al., 2004; Zhao et al., 2006; Yin

et al., 2007). PI3K is one of the central signalling elements

mediating multiple extracellular stimuli into cellular re-

sponses. PTEN as the negative regulator counter-balances

PI3K activity (Figure 1). We have tested the role of PI3K and

PTEN signalling in cornea and skin epithelial wound healing

in vitro (Zhao et al., 2006). In monolayer cultures of corneal

epithelial cells and skin keratinocytes, inhibition of PI3K

with Wortmannin significantly decreased cell migration into

the wound. Keratinocytes from mice with the null mutation

of PI3Kg (p110g�/�) resulted in decreased activation of Akt,

while keratinocytes from the conditional knockout of PTEN

(pten�/�) showed elevated pAkt upon electric stimulation

(Zhao et al., 2006). Delayed wound closure in a monolayer of

p110g�/� keratinocytes was very consistent with an increase

in healing rate of keratinocytes from conditional knockout

pten�/� mice when subjected to a physiological electrical

field.

All the above results tie-in nicely with a previous study

demonstrating the importance of PTEN in wound healing of

gastric mucosa (Tsugawa et al., 2003). High blood pressure in

the hepatic portal vein (blood vessel carrying blood from the

digestive tract to the liver) is a clinical condition mainly due

to cirrhosis of the liver. Portal hypertensive gastropathy is a

severe complication in which the gastric mucosa has an

impaired wound-healing response and increased susceptibil-

ity to injury by a variety of damaging agents, such as

ethanol. Tsugawa et al. (2003) found that gastric mucosa

from portal hypertensive rats had an abnormally high level

of tumour necrosis factor-a, which led to increased expres-

sion of a transcription factor called early growth response

factor-1. This transcription factor directly activates PTEN

(Virolle et al., 2001). Tsugawa et al. (2003) demonstrated that

overexpressed/activated PTEN in gastric mucosa from portal

hypertensive rats is responsible for the reduced activation of

the PI3K/Akt pathway and impaired healing of injuries in

gastric mucosa.

These investigations have focused on the phosphatase

function of PTEN to dephosphorylate PIP3 and negatively

regulate the PI3K/Akt pathway. However, the PTEN story

may not end there: PTEN can also regulate cell migration

independently of its lipid phosphatase function, for example

through its protein phosphatase activity in chick embryo

and glioma cells (Maier et al., 1999; Leslie et al., 2007). More

surprisingly, PTEN may inhibit migration of human glioma

cells through the C2 domain, which is thought to be a

membrane lipid binding domain (Raftopoulou et al., 2004).

Suppression of cell proliferation may also be mediated by

the C2 domain, independently of phosphatase activities

(Okumura et al., 2005). Thus PTEN could also regulate cell

migration independently of its lipid phosphatase activities

and PI3K pathway. Vanadium compounds bind the phos-

phatase pocket of PTEN to exert its inhibition, so possible

modulation of the C2 domain should also be considered.

In summary, PTEN appears to be a good therapeutic target

to enhance epithelial wound healing. Pharmacological

approaches to inhibit PTEN may provide a beneficial

outcome as PTEN suppression can be controlled in time

and in space relatively easily through topical application.

The two drugs tested by Lai et al. (2007) offer exciting

opportunities for further experiments, especially on epithelial

wounds in vivo. Perhaps, this can be done in conjunction

with PI3K activators. In addition, it would be interesting to

elucidate the effects of PTEN inhibition on wound healing in

stratified epithelia of skin and cornea. The mechanism of the

effects on proliferation and migration of lipid phosphatase,

protein phosphatase and C2 domain need to be investigated

further. At the same time, new derivatives with higher

potency and specificity add to the battery of PTEN inhibitors

(Rosivatz et al., 2006, 2007), bringing the hope of clinical use

closer to fruition.
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