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Abstract
The inevitable attrition of skin due to ultraviolet radiation, termed photoaging, 
can be partially restored by treatment with retinoid compounds. Photoaged skin 
in lightly pigmented individuals, clinically presents with the appearance of wrin-
kles, increased laxity, and hyper- and hypopigmentation. Underlying these visible 
signs of ageing are histological features such as epidermal thinning, dermal–epi-
dermal junction flattening, solar elastosis and loss of the dermal fibrillin microfi-
brillar network, fibrillar collagen and glycosaminoglycans. Retinoid compounds 
are comprised of three main generations with the first generation (all-trans reti-
noic acid, retinol, retinaldehyde and retinyl esters) primarily used for the clinical 
and cosmetic treatment of photoaging, with varying degrees of efficacy, tolerance 
and stability. All-trans retinoic acid is considered the ‘gold standard’ for skin re-
juvenation; however, it is a prescription-only product largely confined to clinical 
use. Therefore, retinoid derivatives are readily incorporated into cosmeceutical 
formulations. The literature reported in this review suggests that retinol, retinyl 
esters and retinaldehyde that are used in many cosmeceutical products, are effi-
cacious, safe and well-tolerated. Once in the skin, retinoids utilize a complex sig-
nalling pathway that promotes remodelling of photoaged epidermis and dermis 
and leads to the improvement of the cutaneous signs of photoaging.
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Résumé
L'altération inévitable de la peau due aux rayons ultraviolets, appelée 
photovieillissement, peut être partiellement restaurée par un traitement à 
base de composés rétinoïdes. Chez les personnes à la pigmentation claire, le 
photovieillissement de la peau se manifeste au plan clinique par l'apparition de 
rides, un relâchement accru et une hyperpigmentation ou hypopigmentation. 
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INTRODUCTION

The skin is the largest organ of the human body and pro-
tects the internal organs from external insults [1]. It is a 
highly complex tissue with multiple cell types and struc-
tures that are divided into three anatomical layers: the 
epidermis (composed mainly of keratinocytes, but also 
containing antigen-presenting Langerhans' cells and 
pigment-producing melanocytes [2]); the dermis, a complex 
extracellular matrix (ECM) synthesized by fibroblasts; and 
the hypodermis, a layer of shock absorbing adipose tissue, 
a reservoir for pluripotent stem cells [3]. The superficial 
stratified epithelium of the epidermis is separated from the 
deeper anatomical layers by a specialized basement mem-
brane, the dermal–epidermal junction (DEJ). Keratinocytes 
arise in the stratum basale from stem cells, that can prolif-
erate almost continuously and subsequently differentiate to 
form the keratinocyte strata of the epithelium. On terminal 
differentiation, these flattened, enucleated and keratinized 
cells of the stratum corneum function as a physical barrier 
against pathogens and irritants/toxins [4], and together with 
tight junctions within the living epidermal cells [5], contrib-
ute to the regulation of trans-epidermal water loss.

SKIN AGEING

The skin undergoes a biological attrition of function 
and morphology as it ages driven by both intrinsic and 

extrinsic factors. Intrinsic, or chronological ageing, refers 
to the internal, genetically driven and natural reduction 
of skin function usually associated with areas of skin that 
are protected from ultraviolet radiation (UVR), such as 
the buttock. Photoaging is defined by the structural and 
physiological attrition in skin function and morphology in 
body sites, such as the face or forearm, that are frequently 
exposed to UVR [6]. In white Northern European popu-
lations, chronic photoexposure often results in skin that 
has deep, coarse wrinkles, increased laxity, and hyper and 
hypopigmentation [7–9]. The extensive remodelling un-
derlying these visible signs of ageing can be observed histo-
logically (Figure 1) with epidermal thinning and flattening 
of rete ridges at the DEJ compromising skin structure and 
function [10, 11]. The diminishment of the fibrillin-rich 
microfibrillar (FRM) network in the papillary dermis is 
one of the histological hallmarks of photoaged skin that, 
in part, contributes to the clinical appearance of wrinkles 
and increased skin laxity [12]. Furthermore, extracellular 
matrix (ECM) remodelling due to UVR-mediated ECM 
breakdown or induction of alternative splicing of the 
elastin gene leads to inadequate synthesis and deposition 
of non-functional elastin by dermal fibroblasts [13] lead-
ing to accumulation of disorganized elastotic material or 
solar elastosis [14–17]. Extracellular matrix remodelling 
also involves UVR-induced crosslinking of collagen fibrils 
[18, 19], altered collagen glycation, expression and deposi-
tion (e.g. collagens type I and VII) [20, 21] and changes 
to the expression of other key ECM components (e.g. 

Ces signes visibles du vieillissement sont sous-tendus par des caractéristiques 
histologiques telles que l'amincissement de l'épiderme, l'aplatissement de la 
jonction dermo-épidermique, l'élastose solaire et la perte du réseau microfibrillaire 
de fibrilline dermique, du collagène fibrillaire et des glycosaminoglycanes. Les 
composés rétinoïdes sont constitués de trois générations principales, la première 
génération (acide tout-trans rétinoïque, rétinol, rétinaldéhyde et esters de 
rétinyle) étant principalement utilisée pour le traitement clinique et cosmétique 
du photovieillissement, avec des degrés variables d'efficacité, de tolérance et 
de stabilité. L'acide tout-trans rétinoïque est considéré comme la référence en 
matière de rajeunissement de la peau; il s'agit toutefois d'un produit délivré 
uniquement sur ordonnance, dont l’utilisation est largement limitée au domaine 
clinique. Les dérivés rétinoïdes sont donc volontiers incorporés ds formulations 
cosméceutiques. La littérature citée dans cette synthèse bibliographique laisse 
penser que le rétinol, les esters de rétinyle et le rétinaldéhyde, utilisés dans de 
nombreux produits cosmétiques, sont efficaces, sûrs et bien tolérés. Une fois dans 
la peau, les rétinoïdes utilisent une voie de signalisation complexe qui favorise le 
remodelage de l'épiderme et du derme photovieillis, et conduit à l'amélioration 
des signes cutanés du photovieillissement.
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loss of fibulin-5, loss of glycosaminoglycans) [12, 22–24]. 
Together, these changes alter the biophysical properties of 
the skin and define the photoaged phenotype.

All-trans retinoic acid (ATRA) and derivative com-
pounds have been shown to effectively mitigate cutaneous 
photoaging when used clinically and cosmetically [25, 26]. 
This article reviews the family of retinoid compounds and 
discusses the clinical evidence that supports their cosme-
ceutical efficacy, together with their proposed mechanism 
of action.

RETINOID COMPOUNDS

Retinoids are a class of compounds which are chemically 
related to vitamin A, a lipophilic hormone comprised of an 
isoprenoid chain attached to a beta-ionone ring and occur 
both naturally and as synthetic derivatives [27]. Vitamin 
A is required for multiple biological processes such as vi-
sion [28], reproduction and embryogenesis [29]; and cel-
lular processes such as proliferation, differentiation and 
apoptosis [30]. As vitamin A cannot be synthesized by the 
body, it is an essential dietary vitamin [31]. Vitamin A also 
occurs naturally as retinyl esters and beta-carotene which 
are converted to retinol (ROH) during digestion and back 
to retinyl esters for storage in the liver [27]. Metabolic pro-
cessing of ROH within cells yields the biologically active 
ATRA which can activate nuclear retinoic acid receptors 
(RARs) and retinoid X receptors (RXRs) [30].

The retinoid family are categorized into three main groups, 
or generations, based on their structure and time of intro-
duction to practice. Naturally occurring retinoids – ATRA 
(or tretinoin), ROH, retinaldehyde (RAL), 9-cis-retinoic 

acid (alitretinoin) and 13-cis-retinoic acid (isotretinoin) – 
comprise first-generation, non-aromatic compounds which 
also include retinyl esters (Figure  2a). Second-generation 
retinoids are mono-aromatic compounds that possess an 
N-terminal benzene ring and include etretinate and acitre-
tin (Figure 2b). Poly-aromatics, that is, those with multiple 
aromatic rings, such as tazarotene and adapalene, are exam-
ples of third-generation retinoids (Figure 2c). A more recent 
generation of retinoid, derived from pyranones, such as se-
letinoid G and trifarotene, are categorized as the fourth gen-
eration (Figure 2d) [25, 32, 33].

Retinoid compounds are routinely used in the treat-
ment of various skin diseases and conditions. In this 
review, we focus on the use of these compounds in treat-
ment of photoaging.

RETINOID SIGNALLING 
PATHWAYS

Retinoid compounds exert their actions by utilizing the 
intracellular retinoid signalling pathway. It is well es-
tablished that dietary ROH (from oily fish, fruits and 
vegetables  [34]) relies on the retinol binding protein 4 
(RBP4)/stimulated by retinoic acid 6 (STRA6) system to 
enter and exert its effects in the cell [35]. Once in the cell, 
cytoplasmic-free ROH is sequestered by another ROH car-
rier protein, cellular retinol binding protein 1 (CRBP1). 
Sequestered ROH can be accessed by the enzyme, lecithin: 
retinol acyltransferase which preferentially drives the bio-
synthesis of retinyl esters for storage [36]. Alternatively, 
ROH can be processed into the active metabolite, ATRA, 
in a two-step reaction where alcohol dehydrogenase 

F I G U R E  1   Characteristics of photo-protected and photoaged skin. Histologically, young photo-protected skin (a) has a thick epidermis 
and highly convoluted dermal–epidermal junction with interdigitations into the dermis called rete ridges (white arrows). Dermally, there are 
fibrillin-rich microfibrils (black arrows) within the papillary dermis. In contrast, photoaged skin (b) exhibits a thinner epidermis, flattened 
dermal–epidermal junction (with marked loss of rete ridges) and loss of fibrillin-rich microfibrils.
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converts ROH to RAL, then retinaldehyde dehydrogenase 
converts RAL into ATRA (Figure 3) [37, 38].

Intracellular lipid-binding proteins (iLBPs) facilitate 
the translocation of ATRA isoforms into the nucleus. 
There are multiple iLBP families that bind retinoids, fatty 
acids and other hydrophobic ligands in a 1:1 complex [37, 
39]. Of particular interest are cytoplasmic retinoic acid-
binding protein 2 (CRABP2) and the fatty acid-binding 
protein 5 (FABP5), which facilitate translocation of ATRA 
from the cytoplasm into the nucleus. Nuclear transloca-
tion of ATRA via CRABP2 leads to the activation of nu-
clear RARs. RARs exist in three isoforms in the nucleus, 
α, β and γ [40] and in the presence of ATRA, RAR iso-
forms heterodimerize with one of the three RXR isoforms, 
either α, β or γ. The newly formed RAR/RXR heterodimer 
with ATRA and co-activator protein then bind to DNA re-
sponse elements known as retinoic acid response elements 
(RAREs) that possess the binding motif A/GGG/TTCA 
[41]. This leads to transcription of anti-proliferative genes 
and cell growth arrest [42, 43]. Conversely, FABP5 delivers 
ATRA to PPARβ/δ, one of three isoforms of receptors that 
function as transcription factors by binding to peroxisome 
proliferator response elements (PPREs) [44]. PPARβ/δ 
heterodimerization with an RXR isoform takes place and 
leads to activation of cell survival and proliferation genes 

such as FIAF, ADRP and PDK-1 (Figure 3) [45]. The other 
PPAR isoforms, PPARγ and PPARα, bind fatty acids and 
eicosanoids thus playing a vital role as lipid sensors and 
in lipid metabolism regulation [44] but have a very low 
ATRA binding affinity.

An alternative signalling pathway where STRA6-mediated 
activation of the JAK/STAT pathway has also been shown to 
take place [46]. Binding of the extracellular retinol–protein 
complex to STRA6 results in the activation of the JAK/STAT 
pathway by initially recruiting JAK2 to phosphorylate the cy-
tosolic SH2 domain of STRA6. This, in turn, leads to phos-
phorylation and activation of the transcription factor, STAT5. 
Phosphorylated STAT5 then translocates to the nucleus to 
direct STAT5-mediated transcription of target genes such 
as SOCS3 and PPARγ [47]. Interestingly, Romana et al. [48] 
demonstrated that topical retinol attenuated stress-induced 
signs of ageing via EGF-mediated EGFR activation [48], thus 
suggesting another possible retinoid signalling pathway.

MECHANISM OF ACTION OF 
RETINOIDS IN SKIN

Percutaneous penetration of topical ROH formulations is 
vital to the delivery of active retinoid to skin cells. In the 

F I G U R E  2   Categorization of retinoid 
compounds. Characterization of the 
retinoid family of compounds is based 
on structure and time of introduction. 
These are categorized as: Non-aromatic 
(a), mono-aromatic with an N-terminal 
benzene ring (b), poly-aromatic (c) and 
pyranone-derived (d). Compounds 
that have been used in cosmeceutical 
formulations indicated with an 
asterisk (*).
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imiquimod-induced murine model of psoriasis, expres-
sion of RBP4 in healthy skin is low, increasing only on in-
duction of psoriasis-like lesions [49]. This suggested that 
topical ROH enters the cell via an RBP4-independent path-
way. It should be noted that the RBP4 receptor, STRA6, 
is expressed in all the layers of the epidermis (mainly cy-
toplasmic) and in dermal fibroblasts [49]. Therefore, the 
transport of ROH and other retinoids across the plasma 
membrane during topical application remains to be clari-
fied, although it has been suggested that retinoids may dif-
fuse across the plasma membrane into the cell; however, 
facilitating membrane transporters, if any, in the skin re-
main to be confirmed [50].

There is little known about the intracellular mech-
anisms involved in processing other topically applied 
ROH derivatives; yet we can hypothesize that retinyl es-
ters may be first metabolized into ROH by retinyl ester 
hydrolase and oxidized by alcohol dehydrogenase to 

form RAL. Retinal dehydrogenase may then act on RAL 
to produce ATRA [51]. The effect of ATRA in skin is 
dependent upon cell type and disease/condition. In cer-
tain conditions, ATRA has anti-proliferative and apop-
totic effects (i.e., in the treatment of hyperproliferative 
conditions, such as psoriasis [52]), whilst in others, cell 
survival and proliferation are enhanced (i.e., in the treat-
ment of age-associated epidermal atrophy [53]). These 
opposing effects have been attributed to the epidermal 
[54, 55] intracellular expression ratio of iLBPs, CRABP2 
and FABP5. It has been shown that a high CRABP2/
FABP5 ratio leads to activation of anti-proliferative and 
pro-apoptotic transcriptional activity via RAR/RXR (ex-
pressed in epidermal keratinocytes and dermal fibro-
blasts [56, 57]) activation whilst a low CRABP2/FABP5 
ratio is linked with proliferative and survival effects via 
PPARβ/δ activation (Figure  3) [44, 45, 58]. Moreover, 
treatment of age-associated epidermal atrophy with 

F I G U R E  3   The retinoid signalling pathway. Systemic and topical retinol enters the cell via different pathways but are processed 
intracellularly in the same way. Processing of retinol to retinoic acid leads to activation of the RAR/RXR or PPARβ/δ/RXR pathways via 
translocation by CRABP2 or FABP5, respectively. The CRABP2/FABP5 ratio determines which of the nuclear receptors is activated. A 
higher CRABP2/FABP5 ratio drives RAR/RXR receptor heterodimerization and activation of cell growth arrest and apoptosis. Conversely, 
a lower CRABP2/FABP5 ratio drives activation of proliferation and differentiation by activating the PPARβ/δ-RXR pathway.
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retinoic acid or retinol treatment of aged skin also led 
to the upregulation of anti-ageing genes, collagen I 
(COL1A1) and III (COL3A1) [53].

RETINOIDS IN COSMETIC 
FORMULATIONS

The first documented use of retinoids for cosmetic purposes 
came in 1983 when the use of ATRA for the management 
of mild to moderate facial wrinkles was described, result-
ing in a reduction of wrinkles and improved skin texture 
[59]. In 1961, U.S. Society of Cosmetic Chemists founding 
member, Raymond Reed coined the term “cosmeceutical” 
to describe a category of products that functioned as both 
as a ‘cosme'tic and pharma ‘ceutical’ (possessing bioac-
tive activity) [60]. The term was further popularized by 
Dr Albert Kligman [61] who demonstrated, using electron 
microscopy, that the use of ATRA could induce changes to 
the epidermal architecture of facial skin [62]. Subsequent 
studies reported activation of dermal fibroblasts and de 
novo synthesis of collagen bundles in the dermis of ir-
radiated nude mice following topical ATRA treatment 
[63] and a double-blind, vehicle-controlled study demon-
strated the skin rejuvenating benefits of ATRA on photo-
damaged skin [64]. These early studies pioneered the way 
for the modern-day, widespread topical use of retinoids to 
improve the appearance of photoaged skin in both a clini-
cal and cosmetic context.

Considered as the ‘gold standard’ in anti-ageing treat-
ment [65], ATRA is not used in topical cosmeceutical for-
mulations. It is available as prescription-only due to the 
mild to moderate skin irritation, such as erythema, peeling 
and burning, observed after prolonged application  [66]. 
Interestingly, it is these ATRA-associated skin irritancy is-
sues which may contribute, in part, to the active remodel-
ling of the cutaneous microenvironment that improve the 
clinical features of photodamaged skin [67–69].

Therefore, alternative retinoid compounds are used in 
cosmetic anti-ageing products delivering similar clinical 
endpoints without the ATRA-associated adverse events 
[70].

ATRA precursors are commonly used in cosmeceuti-
cal formulations, due to their better stability and tolerance 
compared to ATRA [71, 72]. Retinyl esters exhibit greater 
chemical and photo-stability, and are better tolerated 
than ROH or ATRA [73]. However, there is little evidence 
of the efficacy of individual retinyl esters in improving 
photoaged skin alone; rather, data suggest that benefits 
may be seen when used in combination with other com-
pounds such as hydroxy acids [74]. Retinaldehyde is used 
less commonly in cosmetic products but presents a better 
safety profile compared to ATRA [75]. However, long-term 

and accelerated stability testing of commercial retinoid-
containing cosmetics revealed formulation-dependent 
chemical and physical instabilities [76].

RETINOID TREATMENT OF 
PHOTOAGING

Retinoid compounds have been shown to result in 
improvement of the symptoms of photoaged skin. 
Application of topical ATRA (0.025%–0.1% w/w) to aged 
facial skin has been demonstrated to reduce fine and 
coarse wrinkling, hyperpigmentation and improved skin 
texture [64, 77, 78]. Histologically, ATRA treatment re-
sults in compaction of the stratum corneum and epidermal 
thickening, [67, 77, 79] indicative of FABP5-mediated acti-
vation of proliferation and differentiation of the epidermal 
keratinocytes. As described, the retinoids can elicit both 
inhibitory (via RARs) or activatory (via PPARβ/δ) effects 
on keratinocyte survival, proliferation and differentiation 
dependent upon the CRABP2/FABP5 ratio. In aged skin, 
the CRABP2/FABP5 ratio is higher due to a decrease in 
expression of CRABP2 in the epidermis [80]. Therefore, 
the FABP5-PPARβ/δ pathway is predominant in aged 
skin, which is consistent with the epidermal proliferation 
and increased turnover observed following ATRA treat-
ment. Conversely, ATRA treatment inhibits fibroblast 
matrix metalloproteinase (MMP)-1 synthesis in an RAR-
dependent manner [81]. Therefore, the response to ATRA 
treatment in aged skin is a complex process that involves 
skin layer-dependent effects.

In over-the-counter retinoid products, the ROH con-
centration ranges between 0.05% and 0.3% [82]. Dose-
dependent in vivo studies (starting from 0.1% [83]) show 
improvement in the appearance of wrinkles, dyspigmen-
tation and skin texture following sustained application 
[84, 85]. Mellody et al. [86] demonstrated that a 0.3% ROH 
formulation was equally efficacious in the positive remod-
elling of dermal and epidermal structure as a 1% formu-
lation (Figure 4), but the lower concentration was better 
tolerated in northern European skin [86]. Therefore, whilst 
marginal gains are observed with increasing concen-
trations, a lower ROH concentration, such as 0.3%, may 
lessen skin irritancy and improve consumer tolerance.

Retinaldehyde has been explored as a potential photo-
aging treatment but to a lesser extent than ROH. In the 
published clinical studies available, a concentration of 
0.05% (w/w) RAL improved photoaged skin by increasing 
epidermal thickness and cutaneous elasticity as assessed 
by ultrasound and rheological techniques following 1-year 
of application [87]. Furthermore, 0.1% RAL applied daily 
for 8 weeks was better tolerated and as effective as glycolic 
acid chemical peels, in reducing wrinkles and improving 
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skin texture of photoaged skin [88]. A randomized double-
blind study of a female Korean cohort found that both 
0.05% and 0.1% RAL improved overall photoaging by re-
ducing wrinkles, transepidermal water loss and increasing 
skin hydration. Interestingly, there was no significant dif-
ference between the two concentrations other than 0.1% 
RAL improving the patients' melanin index [75].

Retinyl retinoate is a synthetic retinyl ester created 
by a condensation reaction between ROH and ATRA. 
This retinyl ester exhibits better photo- and thermal 
stability compared to ROH and has equal bioactivity to 
ATRA, as shown by in vitro deposition of collagen fol-
lowing treatment [89]. Retinyl retinoate (0.06%) applied 
twice daily for 8- or 12-weeks significantly improved 
periorbital wrinkles in Korean women (>30 years old) 
compared to ROH (0.075%) or placebo and severe side 
effects were not observed [90]. In an early study, Green 
et  al. [74] found that 0.15% retinyl propionate induced 
no significant differences compared to placebo in the 
clinical and histological features of photoaged skin in 
75 subjects following 24 weeks of application, whilst Fu 
et al. [91] found that 0.3% retinyl propionate in formu-
lation with niacinamide and peptides, reduced wrinkles 
after 8 weeks. At 24 weeks, this formulation similarly 
improved signs of photoaging but was better tolerated 
than ATRA [91]. However, this may have been due to the 
effects of the other active ingredients (i.e. niacinamide 
[92] and peptides; See ref. [93]).

Retinyl propionate (0.37%) in combination with 
climbazole, a topical antifungal, was better tolerated and 
more efficacious than 0.1% retinol, showing improvement 
in deep wrinkles in 45 healthy Caucasian females follow-
ing a 16-week facial study [94]. In another study, retinyl 
propionate and hydroxypinacolone retinoate (a cosmetic-
grade retinyl ester) synergistically improved skin ageing in 
Chinese subjects by improving wrinkles, transepidermal 
water loss, skin elasticity and smoothness. Expectedly, 
this combination elicited similar efficacy to ROH without 
the adverse effects [95]. In a study of Asian males (mean 
age of 25.5 years), application of two commercially avail-
able creams containing retinyl palmitate in a split-face 
study showed significant improvements in skin smooth-
ness and wrinkling after 60 days [96]. Similarly, Rawlings 
et al. [97] found that in cohort of 25 female subjects com-
prising of multiple ethnicities, an oil-based ATRA pal-
mitate improved fine lines, wrinkles, pigmentation and 
overall skin texture over 12-weeks [97]. Watson et al. [98] 
assessed the efficacy of a commercially available cosmetic 
anti-ageing product containing retinyl palmitate, peptides 
and antioxidants. Histological analysis in nine photoaged 
subjects following a 12-day patch test showed significant 
deposition of FRM and procollagen I in the papillary der-
mis [98].

In studies where a retinoid is used in formulation with 
other actives [91, 94, 97, 98], care should be taken when 
interpreting the benefits as solely retinoid mediated. In 

F I G U R E  4   Retinol-induced increase in epidermal thickness and dermal fibrillin deposition. Retinol induces remodelling by increasing 
epidermal thickness and the dermal deposition of fibrillin-rich microfibrils (FRM) in photoaged skin following 12-day patch test under 
occlusion. (a) Representative images showing immunostaining for fibrillin-rich microfibrils. (b) Quantification of FRM deposition by ordinal 
scoring. (c) Quantification of epidermal thickness. Statistical significance for differences between the treatments compared to the baseline 
control was assessed by repeated-measures one-way ANOVA followed by a Dunnett's multiple comparison test (*p < 0.05). (Extracted from 
Mellody et al. [86]).
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fact, it is possible that the benefits observed could have 
been due to a single ingredient (e.g., peptides) or a syner-
gistic combination of ingredients.

Retinoid-induced epidermal changes

Whilst the mechanism of how topically applied retinoids 
penetrate the stratum corneum to induce their activity is 
yet to be fully elucidated, these compounds act upon the 
epidermis to stimulate basal keratinocyte proliferation 
resulting in epidermal hyperplasia [99, 100]. Although 
retinoids are anti-inflammatory compounds [101], their 
topical application often causes skin irritancy termed 
retinoid-induced dermatitis. The dryness and scaling of 
retinoid-induced dermatitis is associated with changes to 
the expression of cornified envelope proteins (e.g., loricirin 
and small-proline-rich proteins) [68], loss of corneocyte co-
hesion [102], hyperproliferation of the basal keratinocytes 
[103] and accelerated desquamation [104]. These physi-
ological changes in response to ATRA and other retinoids, 
alter the functional integrity of the epidermal barrier result-
ing in increased trans-epidermal water loss [62, 105–107]. 
Retinoid-induced dermatitis is often short-lived although 
some reports of intermittent irritancy have been associated 
with continued use [108]. The overall integrity of the skin's 
barrier eventually improves, and the use of emollients can 
help to counter irritancy problems [109, 110].

Thickening of the stratum corneum is concomitant 
with a reduction in expression of the cell-to-cell interac-
tion proteins forming the desmosomal and tight junctions 
[102, 111]. In addition, topical ROH (1% or 0.3%) reduces 
E-cadherin expression throughout the epidermis [86] 
and this may expedite keratinocyte motility through the 
epidermal strata towards their terminal-differentiation 
fate [112]. Recent data in black skin suggest both ATRA 
(0.025%) and ROH (1% and 0.3%) mediate epidermal re-
modelling through increased keratinocyte proliferation 
(increased Ki67 expression) [113] in a manner similar to 
that previously observed in white skin [86].

Retinoids used alone [114–118], or in combination 
with other actives such as hydroquinone [119–122], re-
duce hyperpigmentation in photoaged skin. However, the 
mechanism is unclear since a direct inhibitory effect upon 
melanocytes and melanogenesis has not been fully estab-
lished [123]. Conflicting data have been reported in the 
irradiated skin of mice treated with retinoids [124]; their 
ability to reduce hyperpigmentation may be driven by in-
direct mechanisms such as keratinocyte proliferation. The 
rapid turnover of keratinocytes accelerates their move-
ment through epidermal strata and may limit the time 
available to allow acquisition of melanin deposits within 
keratinocytes. This may explain why reduced seasonal 

melanin ascent to the supra-basal layers in response to 
retinol has been reported [125].

Hyaluronic acid (HA) is the main glycosaminoglycan 
present in skin and is known for its water-holding capac-
ity [126]. HA levels in the skin have been shown to de-
crease with age and result in loss of skin moisture in turn 
affecting skin firmness [127]. In a 52-week double blind 
clinical study of aged skin, Li et  al [128] showed an in-
crease in hyaluronan synthase enzyme expression which 
significantly increased the epidermal production of HA 
following treatment with a stabilized retinol formulation. 
This further showed the multifaceted benefits of retinol 
treatment in aged skin.

Retinoid-induced remodelling of the 
dermal ECM

Retinoid-induced remodelling of the dermal ECM may 
also occur in conjunction with epidermal changes. This 
is particularly evident in aged or photoaged skin, where 
ECM synthesis (deposition of fibrillar collagens and FRM) 
is reduced. Dermal fibroblasts are the main cell type re-
sponsible for homeostatic remodelling the dermal ECM. 
However, their inability to metabolize systemic ATRA 
but not ROH [129], suggests that keratinocytes are the key 
player responsible for the observed responses following 
topical application of retinoids. Multiple studies have used 
ATRA (4-day occlusion) and ROH (12-day occlusion) in 
skin patch tests and have shown that the papillary dermal 
FRM network is replenished by treatment [69]. The pro-
pensity of keratinocytes to express fibrillin [12, 130] and 
the lack of dermal fibroblasts proximal to the DEJ suggests 
basal keratinocytes are likely responsible for inducing the 
de novo synthesis and deposition of the papillary dermal 
FRM network, induced by topical retinoid treatments [12].

Retinoids have been shown to activate the synthe-
sis of new collagen by dermal fibroblasts [99, 100, 131]. 
Simultaneously, MMP activity is reduced and that of tis-
sue inhibitors of matrix metalloproteinases increased 
[132, 133]. Interestingly, a recent double-blind compara-
tive study found that ROH augmented collagen deposition 
above that seen with ATRA [134], suggesting differences 
in their pharmacodynamics. Furthermore, retinol can im-
prove skin hydration by upregulating glycosaminoglycan 
production [135].

CONCLUSION AND FUTURE 
PERSPECTIVES

Exposure to UVR is inevitable but measures such as the 
use of topical ATRA and its precursors can be successfully 

 14682494, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ics.13013 by A

*Star R
esearch E

ntities, W
iley O

nline L
ibrary on [16/08/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



      |  9MAMBWE et al.

used to normalize skin function and improve the clini-
cal appearance of photoaged skin. Retinoid signalling is 
a complex process and whilst much is known about the 
overall mechanisms involved, specific details of how 
retinoids exert their pluripotent actions remain unclear. 
However, the literature suggests that the CRABP2/FABP5 
ratio is critical in determining the effect of retinoid treat-
ment. Furthermore, retinoids exert opposing effects on 
cell proliferation; with pro-proliferative effects observed 
when treating photoaged skin yet anti-proliferative effects 
are observed for psoriasis treatment [136].

Although this review has focussed on the positive 
changes afforded to skin following retinoid treatment, 
striking a balance between tolerability, safety & efficacy 
is an ongoing challenge. Identifying the optimal retinoid 
dose where significant efficacy is achieved combined with 
the least tolerance issues continues to be investigated. 
This is especially important in skin of colour where intol-
erance has a greater risk of inducing post inflammatory 
hyperpigmentation (PIH) [137]. Nevertheless, the devel-
opment of new technologies that facilitate their chemical 
and photo-stability, and percutaneous penetration, prom-
ises greater opportunity for the continued use of retinoids 
to rejuvenate skin in both pharmaceutical and cosmeceu-
tical formulations.

Whilst this review identified some literature describ-
ing the use of retinoids in Asian and black skin, there re-
mains scope of further investigation of the benefits and 
risks of retinoid use in more diverse skin types. For exam-
ple, chronically photo-exposed skin of colour (Fitzpatrick 
phototypes V–VI) is biomechanically characterized by loss 
of elasticity and firmness and histologically by the thin-
ning of the epidermis, loss of rete ridges and dermal ma-
trix proteins, for example, FRM and fibulin-5 [138]. These 
are hallmarks of photoaging that are routinely treated 
with retinoids in lightly pigmented skin (Fitzpatrick pho-
totypes I–III). Therefore, determining the optimal con-
centrations, assessing tolerance and determining best 
practices of assessing efficacy for each ATRA precursor is 
important to address photoaging in skin of colour. In con-
clusion, topical retinoids are an effective, accessible and a 
relatively low-risk rejuvenation strategy for the improve-
ment of skin photoaging.
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