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ABSTRACT  
Objectives: The aim of this research is to review the importence and the action of aquaporins in normal skin and skin diseases. 
Background: The aquaporins (AQPs) are a family of transmembrane proteins called the major intrinsic proteins (MIPs) forming water 
channels. Currently,13 mammalian aquaporins have been identified (AQP0- AQP12). Some AQPs (aquaglyceroporins) also exhibit glycerol 
and urea permeability. The aquaglyceroporin AQP3 is abundantly expressed in keratinocytes of mammalian skin epidermis. In 
keratinocytes, the major cell type of the epidermis, only the aquaglyceroporins AQP3, 10 were found. The aquaporins in skin play important 
role in skin hydration, keratinocytes differentiation, cell proliferation, wound healing, Skin tumorigenesis and skin immunity and altered 
AQPs expression has been found in a variety of skin diseases such as atopic eczema, erythema toxicum neonatorum and aquagenic 
wrinkling of the palms, vitiligo, psorisis and nonmelanoma skin cancer. Several studies have indicated that the pharmacological modulation 
of water and solute transport targeting AQP may provide novel opportunities for therapeutic interventions in a wide range of human 
disorders. AQPs target inhibitors and AQPs stimulators of their expression, even AQP gene transfer which still under study, are developed 
to provide new therapeutic strategy in anticancer treatment. 
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INTRODUCTION 
 

For many years, scientists assumed that water leaked through the cell membrane, and some water does. But 
the very rapid movement of water through some cells was not explained by this theory . Aquaporins are integral 
membrane proteins from a larger family of  major intrinsic proteins (MIP) that form pores in the membrane of 
biological cells [1].  

The plasma membranes of a variety of different animal and plant cells contain aquaporins through which 
water can flow more rapidly inside the cell than by diffusing through the phospholipid bilayer [2].  

The mammalian AQPs are 13 subtypes. Structural studies of AQP1 indicate a homotetrameric assembly in 
membranes in which each monomer contains six tilted helical segments that form barrel surrounding water pore. 
Functional measurements indicate that AQPs 1, 2,4,5 and 8 are probably water selective, whereas AQPs 3, 7, 9 
and 10 (also called aquaglyceroporins) also transport glycerol and possibly other small solutes [3]. 

Hydration of the stratum corneum is an important determinant of skin appearance and physical properties 
and depends on a number of factors including the external humidity, and its structure, lipid/protein composition, 
barrier properties and concentration of water-retaining osmolytes natural moisturizing factors (NMFs), such as 
free amino acids, ions and other small solutes [4].  

Reduced SC hydration is found in aged skin and in skin diseases including atopic dermatitis, eczema, 
psoriasis, senile xerosis and hereditary ichthyosis [5]. Several studies of SC hydration indicate the importance of 
NMFs in skin disorders associated with dry skin [6]. The discovery of AQP4 autoantibodies as a marker of the 
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neuromyelitisoptica form of multiple sclerosis has allowed precise diagnosis of this disease. Other aquaporin-
based diagnostics are possible. Another area is in aquaporin-based genetics [7]. 

 Genetic diseases caused by loss of functions of aquaporins include nephrogenic diabetes insipidus and 
cataracts, and functionally significant aquaporin polymorphisms are beginning to be explored. Perhaps of 
greatest translational potential is aquaporin based therapeutics. Subset of aquaporins that transport both water 
and glycerol, the ‘aquaglyceroporins’, regulate glycerol content in epidermal, fat and other tissues, and are 
involved in skin hydration, cell proliferation, carcinogenesis and fat metabolism. Aquaporin-based modulator 
drugs are predicted to be of broad potential utility in the treatment of edematous states, cancer, obesity, wound 
healing, epilepsy and glaucoma. These exciting possibilities and their associated challenges are reviewed [7]. 

 
Aquaporins: 

A mammalian cell in culture is almost 90% water by weight. Water interacts with virtually all other 
molecules of the cell .The polarity and hydrogen-bonding properties of water make it a potent solvent  
for many ionic compounds and other polar molecules. It was agreed by most scientists that water passes 
through biological membranes  by simple diffusion through the lipid bilayer [8]. 

 The aquaporins (AQPs) are a family of small (~30 kDa/monomer) membrane transport proteins that 
assemble in membranes as tetramers and act primarily as water-selective pores, facilitating osmotically 
driven water transport across cell plasma  membranes. A single  human  aquaporin channel facilitates water 
transport at a rate of roughly 3 billion water molecules per second. Such transport appears to be bidirectional, 
in accordance with the prevailing osmotic gradient [9]. 

 
2.1.Discovery of the Aquaporins: 

Aquaporins (AQPs) belong to a highly conserved group of membrane proteins called the major intrinsic 
proteins (MIPs) present in all type of organisms and involved in the transport of water and small solutes 
such as glycerol, nitrate and urea (Carbrey and  Agre,  2009). First named channel-like integral membrane 
protein of 28 kDa(CHIP28) which later named as aquaporin-1(AQP1) [10]. 

The discovery of the aquaporins was possible only through the contributions of many researchers over 
several decades.  The first studies of water transport began with the observation that certain amphibian 
tissues, such as the skin or the bladder that are functionally similar to the collecting duct of mammalian 
kidneys,are more permeable to water than other tissues. Hans Ussing and his colleagues 1965 observed that 
amphibian skin is particularly permeable to water [11]. 

Expression of CHIP28 led to increased osmotic water permeability, which was exemplified by 
swelling and bursting in hypoosmotic media that could be reversibly inhibited by HgCl2. Because of its 
apparent water-transporting role, CHIP28 became the first recognized member of the ‘aquaporin’ (AQP) 
family and was renamed AQP1 [12]. 

 
2.3.Aquaporin Structure: 

The structure of AQP is unique Aquaporins reside in the membrane as a tetramer and each of the four 
monomers comprise a channel that folds from 6 transmenbrane α-helices (helix 1-6) connectedthrough 5 loops 
(loop A-E) [13]. 

 
 

 
Fig. 1: Aquaporin Structure [13]. 

 
With their positive, N-terminal ends located at the centre of the protein and their C-terminal ends 

pointing towards either side of the membrane. The helices surround the 20-A° -long and 3–4-A° -wide 
amphipathic AQP channel(1 Å=0.1 nm) [14].  
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loop B and E form half transmembrane helices that fold into the membrane from opposite sides of 
the membrane, effectively creating a seventh transmembrane helix. Each of the half transmembrane helices 
contain the highly conserved aspargine-proline-alanine (NPA)-motif [13].  

AQPs are identified by two asparagine- proline-alanine (NPA) sequence . The polar asparagines create a 
dipole and it thought to be partly responsible for the proton occlusion of  the  pore [15].  

In water selective AQPs, this region is smaller, more polar and is built up by three hydrophilic aromatic 
amino acids (histidine,   phenylalanine,   cysteine)   where histidine is highly conserved. The fourth member 
of this site is represented by the positive arginine, which is conserved among all aquaporins, while in 
aquaglyceroporins it is larger and more hydrophobic with the corresponding amino acids in the aromatic 
region are a glycine, tryptophan and phenylalanine together with the conserved arginine [12]. This allows, 
aquaporins permeation of small solutes such as glycerol, carbon dioxide, ammonia and oxygen through the 
aquaglyceroporin channels [16]. 

 The aromatic/arginine (Ar/R) region is conserved aquaporin constriction site that has been identified to 
be responsible for aquaporin water selectivity. This constriction region forms the narrowest part of the 
channel and is located just above the NPA-motif to the extracellular side of the channel. Tuning of the pore 
selectivity is achieved by differences in the residues of the Ar/R region among the aquaporin family members, 
causing the constriction region to vary in diameter and hydrophobicity  [16]. 
 
2.4.Aquaporins vs. aquaglyceroporins: 
Aquaporins:  

Aquaporins (AQPs) are water selective members of the MIP family, whereas aquaglyceroporins (GLPs) 
transport both water and organic compounds such as glycerol, urea or potentially other small solutes (e.g., 
NH3 and NH+) [3]. 

 
Aquaglyceroporins: 

The best  studied member of the GLP subclass is a glycerol facilitator (GlpF) isolated from E. coli that is 
permeable to glycerol, urea,  and glycine, with very low water permeability [17]. 

 
 Human Skin: 
3.1 Skin Structure: 

The skin is the largest organ in the body, accounting for approximately 16% of the total body weight of an 
adult [18] . It composed of:  

Epidermis The epidermis is composed of stratified keratinised squamous epithelium [19]. The epidermis is 
made up of a number of layers, including : Stratum basale, Stratum spinosum ,Stratum granulosum ,Stratum 
lucidum and Stratum corneum.  

Dermis The dermis lies below the epidermis and above the subcutaneous layer, and is responsible for 
providing nutrients and physical support to the epidermis The dermis is composed of two layers: the reticular and 
papillary layers [20]. 

 
3.2.Functions of the skin: 

The skin has several important functions, including sensation, thermoregulation, protection(skin barrier) and 
synthesis of vitamin D [18]. 

 
 
Fig. 2: Skin Functions [18]. 
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3.2.1. Sensory function: 
The skin is able to react to external stimuli such as cold, heat, pain, touch and  pressure [18]. 
 

3.2.2. Thermoregulatory  function: 
Receptors in the skin monitor temperature and transmit impulses to central control mechanisms in the 

hypothalamus. Thermoregulatory mechanisms occurring in the skin include insulation, sweating and control of 
blood flow[21],[22].  

 
3.2.3. Protective function (Skin Barrier): 

The skin is a physical, protective barrier for the internal organs. It prevents loss of fluids so that the internal 
organs do not dry out. Acidic secretions from the skin prevent colonisation by harmful micro organisms. 

The epidermis also contains Langerhans cells, specialized cells that identify harmful substances and take 
them to white blood cells to be neutralized. The epidermis layer also contains melanin,the skin pigmentation that 
helps filter dangerous ultraviolet (UV) rays and prevents the skin from absorbing them, which can cause wrinkles 
and skin cancer [23]. 

 
3.2.4. Skin hydration: 

The hydration of the skin is essential for its protection [24]. 
 

3.3. Structures that affect skin hydration:- 
1- Water. 2- Natural Moisturizing Factors (NMF). 3- Tight junction structures .4- Aquaporin 3. 
 

3.4. Vitamin D synthesis: 
Vitamin D is synthesised by the skin as a consequence of the exposure of the skin to UV light.  Provitamin 

D (7-dehydrocholesterol, 7-DHC) is converted to previtamin D in the skin by exposure to UV light [18]. 
 
3.5.Psychological function: 

The skin has an important role in psychological wellbein [23]. 
 

Aqps In Normal  Skin: 
4.1 Types And Distribution Of Skin AQPs: 

In skin, AQP1 expression was found by immunocytochemistry in rat dermal capillaries and human 
neonatal dermis. AQP1 was also expressed in microvessels in tumors implanted in skin, where it was involved 
in tumor angiogenesis [25]. 

AQP3, the most studied and well validated AQP in skin . AQP3 expression in plasma membranes in the 
basal layer of keratinocytes  

was also detected in human and mouse skin (F ig3 )  [26], [27]. 

 
 
 

Fig. 3: Schematic of epidermal layers of the skin and AQP3 localization [26]. 
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AQP5 is expressed in sweat glands in humans[28].AQP7 is expressed in the adipocytes in subcutaneous 
tissue.  AQP7 is likely involved in hypertrophy of adipocytes in hypodermis[7]. 

Expression of AQP9 was also reported in cultures  of human differentiated keratinocytes and in the 
stratum granulosum layer of mouse epidermis [29]. 

AQP10 expression was reported by reverse transcriptase-PCR in human keratinocyte cultures [30]. 
 

4.2. Functions of Aquaporins in Skin: 
4.2.1. Skin hydration: 

The importance of the role of AQP3 in the skin facilitated glycerol transport in regulating SC and 
epidermal glycerol content and showed that glycerol content is a key determinant of skin hydration at the 
different levels of the epidermis[31]. 

Importantly, the endogenous levels of glycerol have been shown to be correlated with the level of SC 
hydration as determined by glycerol content analysis of tape-stripped skin and corneometer measurement of 
SC hydration. In addition, immunohistochemical analysis of AQP3 expression shows that the distribution of 
AQP3 reflects the epidermal water allocation and water gradient throughout the epidermis, and that membrane 
water permeability is high, confirming that AQP3 is functional [28] ,[32]. 

 
4.2.2. Keratinocytes differentiation: 

Keratinocytes continually regenerate through regulated proliferation followed by differentiation into the 
suprabasal layers. This  differentiation is essential for the protective barrier function of skin [33]. 

The expression and activity of AQP3 are modulated by extracellular calcium levels. AQP3 was found to 
co-localize with Phospholipase D2 (PLD2) in lipid rafts and co-precipitate from these rafts in a protein 
mediated manner .It has been proposed that AQP3 and PLD2 together comprise a signaling module in 
which AQP3 transports glycerol to PLD2 to synthesize phosphatidyl glycerol [34]. 

Increasing exogenous glycerol co-overexpression of AQP3 or direct provision of phosphatidylglycerol 
induces differentiation and inhibits proliferation in rapidly dividing cells [35]. 

 
4.2.3. Cell proliferation: 

Biochemical studies in epidermal cells of  AQP3-deficient mice showed impaired cellular glycerol 
metabolism and biosynthesis, with reduced ATP content and impaired MAP kinase signaling. These studies 
implicated AQP3- facilitated glycerol transport as a key determinant of cell proliferation [36]. 

 
4.2.4. Wound healing: 

In an in vitro scratch assay of wound healing, wound closure was delayed in AQP3-deficient keratinocytes, 
with reduced cell protrusions seen at the wound edge. These results suggested the involvement of AQP3-
facilitated water transport in keratinocyte migration [31]. 

 
4.2.5. Skin tumorigenesis: 

AQP-facilitated water transport was involved in tumor angiogenesis[25]. As well as in the migration , 
invasiveness, and metastatic potential of tumor cells. In skin tumors, glycerol replacement corrected the 
proliferative defect, which suggestd that glycerol transport in the epidermis is an important determinant of 
tumorigenesis [3],[31]. 

The  proliferative role of glycerol in cell metabolism and the potential role of phosphatidylglycerol in the 
regulation of keratinocyte differentiation suggested that AQP3 mediated glycerol transport in skin is involved 
in complex regulation of cell proliferation and differentiation, which are central features of epidermal 
homeostasis and regeneration  [37]. 
 
4.2.6. Aquaporins & Skin Immunity:  

Dendritic cells (DCs) have the ability to present antigen and play a critical role in the induction of the 
acquired immune response. AQP7-deficient DCs showed a decreased cellular uptake of low-molecular-mass 
compounds (fluorescein isothiocyanate and Lucifer yellow) and high-molecular-mass substances (ovalbumin 
and dextran), suggesting that AQP7 is involved in antigen uptake [38].  

Aquaporin-3 (AQP3) is expressed on T cells and regulates their trafficking in cutaneous immune 
reactions. T cell migration toward chemokines is dependent on AQP3-mediated hydrogen peroxide (H2O2) 
uptake but not the canonical water/glycerol transport [39]. 

 
4.3. AQPs And Systemic Diseases That May Affect The Skin Appearance And Functions: 
4.3.1 AQPs and exocrine disorders: 

In human studies, defective cellular trafficking of AQP5 in the lacrimal gland and abnormal 
distribution of AQP5 in salivary glands has  been reported in patients with Sjogren’s syndrome 
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[40].Therefore, stimulation of glandular AQP5 expression or   function may provide a novel approach for 
treating hyperviscous and  diminished gland secretions in patients with Sjogren’s syndrome [41]. 

 
4.3.2. AQP and obesity: 

The importance of AQP7 as a key component of glycerol metabolism and, as a consequence, of 
glucose metabolism has been demonstrated by some studies on AQP7-null mice [42].  

The loss of AQP7 glycerol transport perturbs the triglyceride fatty acid cycle and the glucose  metabolism 
in the liver and muscle. Thus, AQP7 mediated glycerol transport is a key element in regulation of fat 
accumulation [43]. 

Obesity is implicated in a wide spectrum of dermatologic diseases, including acanthosis nigricans, 
acrochordons, keratosis pilaris, hyperandrogenism and hirsutism, striae distensae, adiposis dolorosa, and fat 
redistribution, lymphedema, chronic venous insufficiency, plantar hyperkeratosis, cellulitis, skin infections, 
hidradenitis suppurativa, psoriasis, insulin resistance syndrome, and tophaceous gout [44] 
 
4.3.3. AQPs and tumors: 

In a tumor-bearing model with melanoma cells implanted subcutaneously into wild type and AQP1 
knockout mice, the AQP1 deficient mice showed significantly slowed tumor growth and improved survival. 
Histological studies clearly indicated a dramatically lower density of microvessels and larger necrotic 
tissues in the tumors from AQP1 deficient mice. Therefore, inhibition of AQP1 function and expression 
may have potential applications in tumor therapy by inhibiting tumor angiogenesis and  thereby  limiting tumor 
growth and spreading  [41]. 

 
Aqps In Skin Disease: 

Altered AQPs expression has been found in a variety of skin diseases such as atopic eczema, 
erythema toxicum neonatorum and aquagenic wrinkling of the palms, vitiligo, psorisis and nonmelanoma skin 
cancer [31],[45]. 

 
5.1. AQPs and Eczema: 

It has been found that the expression of AQP3 in skin biopsies from patients with atopic eczema 
increased. Immunohistochemical investigation showed that, in contrast to healthy skin, strong AQP3 staining 
was found in both the stratum basale and the stratum spinosum. Thus Aquaporin 3 is the predominant 
aquaporin in human skin. Increased expression and altered cellular distribution of AQP3 which are found in 
atopic eczema may contribute to increase water loss and dryskin. (Fig. 4) [46].

  

 

 
Fig. 4: Expression levels of 10 different aquaporins in skin biopsies from patients with atopic eczema 

(closed bars) and healthy controls (open bars)  [46]. 
 
Perhaps increased AQP3 promots hyperproliferation of immature keratinocytes, resulting in abnormal 

barrier function. AQP3 expression was absent in epidermal spongiosis associated with eczema, with the 
suggesting a possible relationship between absence of  AQP3 and intercellular edema [30]. 

 AQP3 facilitated glycerol transport is involved not only in skin hydration and elasticity, based on the 
humectant properties of glycerol, but also in cell proliferation. It is proposed that AQP3 facilitated glycerol 
transport to be of  central importance in generating ATP, which facilitates the cell growth and tumorigenesis. 
AQP3 may serve other functions in keratinocytes as well, based perhaps on AQP3 protein–protein 
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interactions. There remained many basic mechanistic questions about the involvement of AQP3 in cell 
proliferation and the relevance of AQP3 to human skin diseases. The  AQP3 modulation by topical drugs may 
be of benefit in a variety of common skin disorders associated with epidermal hyperproliferation. (Fig.5) [31]. 

 

 
Fig. 5: Proposed mechanism for AQP3-dependent skin hydration, wound healing, and tumorigenesis 

[31]. 
 

5.2 .Aquaporins and Erythema Toxicum Neonatorum: 
Erythema toxicum neonatorum is a common, selflimited rash present in the newborn infants. The 

lesions are histologically characterized by a recruitment of activated immune cells located near the hair 
follicle, in particular dendritic cells, macrophages, and granulocytes . A high incidence of AQP1 and AQP3 
was found in erythema toxicum. Immunostaining showed also AQP3 expression in Langerhans cell, dendritic 
cells, macrophages, neutrophils, and eosinophils in erythema toxicum neonatorum, as well as in epidermal 
keratinocytes, suggesting an involvement of AQP3 in the skin immune system at birth [47]. 

 
5.3. Aquaporins and aquagenic wrinkling of the palms: 

Aquagenic wrinkling of the palms (AWP) is an uncommon condition characterized by the development of 
transient  edematous  whitish papules and plaques on the palms after brief exposure to water [48].  

Although the pathogenesis of AWP is unknown, it may be caused or exacerbated by atopic 
background, hyperhidrosis, and abnormalities in the  eccrine duct or in the stratum corneum [49]. Thus 
aberrant functions of the sweat glands could be involved in the pathogenesis of AWP. Clinical appearance of 
AWP and starch test  [50]. 

AQPs are responsible for rapid osmotic water movement across  the plasma membrane (King et al., 2004). 
Among AQP families, only AQP5 is known to be localized in mammalian sweat glands and has been 
suggested to play some roles in sweat secretion [28],[51]. Some studies have showed that AQP5 protein was 
present exclusively in the dark cells of normal sweat glands and it was shown as an aberrant and 
broadened AQP5 staining that was found in case of AWP [50]. 

 
5.4. The AQPs and Photoaging: 

Skin dryness is an important characteristic of aged skin. Indirect immunofluorescence data showed 
significantly reduced AQP3 expression in  the epidermis as a function of age, as well as in sun-exposed skin 
areas compared to the sun-protected areas, suggesting that protein expression is modified by chronic UV 
radiation. Moreover, for sun exposed areas, outside activities leading to more daily sun exposure induced a 
lower expression of AQP3. These observations provide new insights for the treatment of dry skin due to 
age and insulation [32].  

 
5.5 The AQPs And Vitiligo:  

Vitiligo is an acquired disorder, with underlying genetic susceptibility, characterized by the death or loss 
of skin melanocytes and hence reduced melanin  pigmentation [53]. It has been reported that the basolateral 
membrane AQP3 is delivered to post-Golgi structures directly for the formation of cell-to-cell contacts, where 
it co-accumulates with E-cadherin [54]. 

 These findings suggest a connection between AQP3 and PI3K through the E-cadherin–catenin complex. 
AQP3 protein expression was significantly decreased in the depigmented epidermis compared with the 
normally pigmented epidermis of patients with vitiligo. Transfection of cultured normal human KCs with  
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AQP3 small interfering RNA (siRNA) reduced the expression levels of phosphorylated PI3K, E-cadherin, b-
catenin, and g-catenin, regardless of the calcium concentration. These downstream signaling molecules were 
also decreased in the depigmented epidermis. The results of immunoprecipitation and double staining 
confirmed colocalization of AQP3 with E-cadherin, as well as an active role of AQP3 in E-cadherin expression 
of cell-to- cell contacts. Moreover, AQP3 knockdown induced no increase in differentiating markers at high 
calcium concentrations and reduced survival of KCs, suggesting that reduced AQP3 in vitiliginous KCs might 
be responsible for their reduced survival [55]. 

 
5.6. AQPs And Psoraisis: 

Psoriasis is a chronic disease of the skin, characterized by erythematous plaques with thick scales. Patients 
with psoriasis usually complain of skin dryness. The AQP3 protein immunoreactivity patterns are different in 
psoriatic lesional and peri-lesional skin, compared to the healthy control skin. Not only is the immunoreactivity 
of AQP3 remarkably decreased in the lesional and peri-lesional skin of psoriasis, but the AQP3 protein is 
diffusely expressed in the cytoplasm rather than in the plasma membrane, as it is in the control group [56].  

The cause of decreased AQP3 protein expression in psoriasis is unknown. However,   there are studies 
indicating that tumor necrosis factor (TNF)-α and TNF   receptor-1 signalling decreases AQP3 protein 
expression in some cells in the psoriatic lesion [57] ,[58] .  

Psoriasis is a  T-helper1 (Th1) cytokine dominant skin disorder, and TNF-α production is increased in 
keratinocytes and infiltrated immune cells. This may be related to decreased AQP3 protein expression in 
psoriasis. The retinoic acid, which we use orally and topically in treating photoaging skin, is known to increase 
AQP3 expression in normal human skin [59], [60].  

AQP3, in addition to its known biological importance, should be considered a target for T cell–mediated 
diseases[61].  

AQP3 transports H2O2 and regulates the intracellular H2O2 level in T cells, which is essential for 
chemokine induced cell signaling, at least in terms of the activation of Cdc42. The precise mechanism by 
which AQP3 mediated H2O2 is involved in CXCL12-induced Cdc42 activation remains unknown. Although 
the protein tyrosine phosphatase family has been recognized as one of the potential targets of H2O2 in cell 
signaling, other molecular targets of H2O2 or H2O2-based signal transduction are still largely unknown 
[62],[63], [64]. 

 
5.7. AQP3 & Nonmelanoma Skin Cancer: 

Nonmelanoma skin cancer (NMSC) is 18–20 times more frequent than  cutaneous  malignant  melanoma  
The overall incidence of NMSC, consisting of squamous cell carcinoma (SCC) and basal cell  carcinoma 
(BCC), is increasing . Biochemical studies on epidermal cells of AQP3- deficient mice showed impaired 
cellular glycerol metabolism and biosynthesis, with reduced ATP content and impaired mitogen-activated 
protein kinase signalling [65],[66],[67]. 

AQP3 was reported to play a role in regulation of T-cell migration and cutaneous immune response [45].  
AQP5 are exclusively selective for water while AQP3 can transport water and other small neutral solutes 

such as glycerol. AQP3 increases intracellular glycerol content which is transported to mitochondria to form 
ATP. Mitochondrial ATP formation provides energy for tumor cell proliferation. AQP3 can directly or 
indirectly reduce the natural degradation of HIF-1α/ HIF-2α to increase the expression of vascular endothelial 
growth factor (VEGF), which is a critical regulator in tumor angiogenesis and vessel maturation. AQP3 may 
directly or indirectly activate AKT to increase matrix metalloproteinases( MMPs), resulting in tumor invasion. 
AQP5 induces activation of the epidermal growth factor receptor (EGFR), extracellular receptor kinase 
(ERK1/2) pathway to faciliate tumor cell proliferation and metastasis. In addition, AQP5 is phosphorylated on 
Ser156 and bind the the SH3 domain of Src to promote EMT activity in tumor cells. The roles of AQP3 and 
AQP5 in these pathways are not fully elucidated and still need further exploration [41], [68]. 

 
Aqps As Potential Drug Targets: 

AQP may provide novel opportunities for therapeutic interventions in a wide range of human disorders 
.AQPs appear to be key protein targets to improve the resistance and quality of the skin surface as well as 
to improve aging and sun exposure  induced dryness as shown by their roles in hydrating the living layers of 
the epidermis where the keratinocyte differentiation takes place plus barrier formation and recovery. 
Hydrating skin by stimulating biosynthesis of aquaporins represent a target for skin care development  [32]. 

 
6.1. Drugs That Increase The AQPs Expression: 

The functional significance of aquaporins in epithelial tissues is interested in skin research. As revealed 
by gene knockout studies, AQP 3 are crucial for maintaining the water gradient across the epidermis, and 
thus for many aspects of stratum corneum function, including permeability barrier homeostasis (Jin et al, 
2015). The identification of a new active ingredient that stimulated aquaporin expression in skin and 
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evaluated the ingredient’s benefits using cultured human keratinocytes. [69], [70]. 
 

6.1.1. Green Coffea Arabica L. seed oil: 
Green Coffea Arabica L. seed oil (GCO) is being widely used in cosmetic formulations. The ability of 

GCO to increase AQP3 mRNA expression in cultured keratinocytes and human skin explants has been 
investigated [71].  

Researchers have designed an innovative facial cream which includes ingredients that have been 
documented to improve the appearance of wrinkles, firmness, redness, and texture [72]. 

 Coffea arabica seed oil and Coffea robusta seed extract (which contains chlorogenic acid and caffeine) 
defend against photoaging and support the skin’s structure to restore moisture and hydration for the appearance 
of brighter and firmer youthful looking facial skin [71],[73]. 

 
6.1.2 Hydrolyzed Jojoba Esters: 

 Hydrolyzed jojoba esters are derived from jojoba oil, a unique natural oil expressed from the seed of the 
jojoba plant. . The discovery of  the AQP3 epidermal pathway, glycerol transport in the corneocytes suggests 
that multiple interventional approaches are necessary to achieve adequate, long-acting skin 
moisturization. Glycerol replacement corrects. Defective skin hydration, elasticity, and barrier function 
in aquaporin-3 deficient mice [74].  

Studies have shown that using a basic skin moisturizer supplanted with hydrolyzed jojoba esters and 
glycerin produced acute. Increases  in hydration/moisturization when compared to a control treatment without 
jojoba esters. Jojoba hydrolyzed ester may play a growing role in healthy and disease skin states [75] ,[74]. 

 
6.1.3.Hyaluronic Acid: 

Hyaluronic acid is aquaporin modulating agent. Water, glycerin, and urea are three ingredients commonly 
used in cosmeceutical moisturizers. Modulating aquaporin water channels through cosmeceutical ingredients 
might be the  closest topical approximation to injectable fillers. Currently available topical hyaluronic acid 
filling spheres can help to plump lips and minimize folds around the eyes, but their effect is short lived. 
Substances such as glycerol and urea, if properly formulated, might be able to provide more sustained 
effects through aquaporin modulation. It will most certainly unlock new channels for old cosmeceuticals[76]. 

 
6.1.4. Retinoic Acid: 

Retinoic Acid increases Aquaporin 3 Expression in Normal Human Skin. All-trans retinoic acid (ATRA) 
and its derivatives, commonly called retinoids, are important regulators of several biological processes, 
such as embryogenesis, reproduction, differentiation, proliferation, and apoptosis 77,78 And [70].  

The UV down regulates AQP3 in cultured human skin keratinocytes. Classic antioxidant N-acetyl-L-
cysteine  (NAC) and ATRA inhibit UV induced down regulation of AQP3 and water permeability as well as 
delayed cell motility and wound healing. This provided new implications for antioxidants such as NAC 
and  ATRA’s protective effects against UV  induced dehydration and delayed wound healing and 
permited to develop even better anti-skin dehydration products [79]. 

 
6.2 A cautionary note on cosmetics containing ingredients that increase aquaporin-3 expression: 

Motivated by the relation between skin AQP3 expression and water content or ‘moisturization’, several 
companies have marketed cosmetics containing ingredients that are claimed to increase skin AQP3 
expression.   The increased AQP3 expression is claimed to have anti-ageing, anti-wrinkle, moisturizing and 
various other beneficial effects on skin appearance[33].  

An association was found between epidermal AQP3 expression and skin tumor formation Its expression 
in tumor cells has been found to increase their migration, invasiveness and metastatic potential [80].     

Given the relationship between epidermal AQP3 expression and tumor cell proliferation, caution seems 
warranted in the use of cosmetics  containing ingredients that increase epidermal AQP3 expression [73]. 

 
6.3 Drugs That Inhibit And Distrupt The AQPs Exprssion: 

6.3.1.Aquaporin Inhibitors: 
Mercuric chloride and organic mercurials have been recognized as inhibitors of water transport in red 

blood cells (Macey, 1984), and are used as AQP channel blockers usually in the classical oocyte swelling 
assay [81].  

Similarly, gold, silver, and copper ions , act as non-specific AQP inhibitors. On the downside, these 
metal ions exhibit toxic effects in living cells, thus limiting their use for in vivo studies. 
Tetraethylammonium (TEA), a known blocker of K+ channels ,  was shown to reduce water permeability of 
AQP1-, AQP2- and  AQP4- expressing oocytes by 20–50% (Brooks et al, 2000, Detmers et al, 2006 and Xie 
et al, 2013). It has been demonstrated that AQP3 is downregulated by differentiating agents such as high 
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calcium concentrations and 1, 25-dihydroxyvitamin D3 (Zheng and Bollinger, 2003). Specific channel 
blockers or inhibitors for AQPs are needed as tools for basic and clinical research targeting AQP mediated 
water and solute disorders [82] ,[36], [83]. 

 
6.3.2.Prevention Of Skin Tumorigenesis In Dermatological Field: 

Prevention of skin Tumorigenesis and impairment of epidermal cell proliferation by targeted AQP3 gene 
disruption was studied [84],[85]. 

 
6.3.3. Topiramate As A Novel Therapy For Hyperhidrosis: 

 It was demonstrated that topiramate decreased sweat secretion in mice. Furthermore, in topiramate treated 
anhidrotic mice, membrane AQP5 expression in sweat glands was reduced. Such results  suggested 
dysregulation of AQP5 may be involved in topiramate induced hypohidrosis and topiramate may serve as a 
novel therapy for hyperhidrosis [86],[87]. 

 
Conclusion: 

Aquaporins (AQPs) are a family of water channel proteins distributed in various human tissues, 
responsible for the transport of water and small solutes such as glycerol, even gas and ions. There are 13 
subtypes, denoted AQP0– AQP12. Aquaporin 3, belongs to the aquaglyceroporin subtype of the AQP family. 
It plays a major role in fluid homeostasis, skin hydration, keratinocytes differentiation, cell proliferation, 
wound healing, skin tumorigenesis and skin Immunity. Aquaporins have been implicated in multiple clinical 
disorders such as atopic eczema, vitiligo, psoriasis and skin tumours. AQPs appear to be key protein targets to 
improve the resistance and quality of the skin surface as well as to improve aging and sun exposure induced 
dryness, so that AQPs seem as potential drug targets. 
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