
Int J Cosmet Sci. 2022;44:625–635.	 ﻿	    |  625wileyonlinelibrary.com/journal/ics

Received: 8 April 2022  |  Accepted: 28 June 2022

DOI: 10.1111/ics.12799  

O R I G I N A L  A R T I C L E

Multifaceted amelioration of cutaneous photoageing by 
(0.3%) retinol

Kieran T. Mellody1,2   |   Eleanor J. Bradley3  |   Bezaleel Mambwe1   |   
Lindsay F. Cotterell1,2   |   Orsolya Kiss1,2   |   Poonam Halai1,2   |   Zeena Loftus3  |   
Mike Bell3   |   Tamara W. Griffiths1,2  |   Christopher E. M. Griffiths1,2,4   |    
Rachel E. B. Watson1,2,4

1Centre for Dermatology Research, 
The University of Manchester & 
Salford Royal NHS Foundation Trust, 
Manchester Academic Health Science 
Centre, Manchester, UK
2Manchester Institute for Collaborative 
Research on Ageing, University of 
Manchester, Manchester, UK
3No7 Beauty Company, Walgreens 
Boots Alliance, Nottingham, UK
4NIHR Manchester Biomedical 
Research Centre, Manchester 
University NHS Foundation Trust, 
Manchester Academic Health Science 
Centre, Manchester, UK

Correspondence
Rachel E. B. Watson, Centre for 
Dermatology Research, The University 
of Manchester & Salford Royal 
NHS Foundation Trust, Manchester 
Academic Health Science Centre, 
Manchester, UK.
Email: rachel.watson@manchester.
ac.uk

Funding information
NIHR Manchester BRC, Grant/Award 
Number: BRC/DERM/001 MFT; 
Walgreens Boots Alliance

Abstract
Background: Although retinol skin care products improve the appearance of 
photoaged skin, there is a need for an effective retinol concentration that provides 
skin benefits without irritation.
Objective: To compare the efficacy of topical 0.1%, 0.3% and 1% retinol in remod-
elling the cutaneous architecture in an in vivo experimental patch test study, and 
to determine tolerance of the most effective formulations when used in a daily 
in-use escalation study.
Methods: For the patch test study, retinol products were applied under occlusion, 
to the extensor forearm of photoaged volunteers (n = 5; age range 66–84 years), 
and 3 mm skin biopsies obtained after 12 days. Effects of different retinol concen-
trations, and a vehicle control, on key epidermal and dermal biomarkers of cel-
lular proliferation and dermal remodelling were compared to untreated baseline. 
Separately, participants (n = 218) recorded their tolerance to 0.3% or 1% retinol 
over a six-week, approved regimen, which gradually increased the facial applica-
tions to once nightly.
Results: Retinol treatment induced a stepwise increase in epidermal thickness 
and induced the expression of stratum corneum proteins, filaggrin and KPRP. 
0.3% retinol and 1% retinol were comparably effective at inducing keratinocyte 
proliferation in the epidermis, whilst reducing e-cadherin expression. Fibrillin-
rich microfibril deposition was increased following treatment with 0.3% and 1% 
retinol (p < 0.01); other dermal components remained unaltered (e.g., fibronec-
tin, collagen fibrils, elastin), and no evidence of local inflammation was detected. 
The in-use study found that 0.3% retinol was better tolerated than 1% retinol, with 
fewer and milder adverse events reported (χ2(1) = 23.97; p < 0.001).
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INTRODUCTION

Chronic exposure to solar ultraviolet radiation results in 
clinical features associated with cutaneous ageing typi-
cally characterized as hypertrophic photoageing, i.e., the 

presence of wrinkles, coarseness, skin laxity and hyper-
pigmentation [1]. This hypertrophic photoaged phenotype 
is underscored by a remodelled cutaneous microenviron-
ment, epidermal thinning and loss of rete ridges [2–4], 
dermal solar elastosis [5], loss of fibrillin-rich microfibrils 

Conclusions: This study suggests that 1% and 0.3% retinol concentrations were 
similarly effective at remodelling photodamaged skin in an in vivo model of long-
term use. Use of 0.3% retinol in the escalation study was associated with fewer 
adverse reactions when applied daily. Hence, 0.3% retinol may be better tolerated 
than 1% retinol, thereby allowing longer-term topical application.

K E Y W O R D S

formulation, photodamage, skin barrier, skin physiology/structure

Résumé
Contexte: Même si les produits de soins pour la peau à base de rétinol améliorent 
l'apparence de la peau photovieillie, il est nécessaire d'obtenir une concentration 
efficace de rétinol procurant des bénéfices cutanés sans irritation.
Objectif: Comparer l'efficacité du rétinol à 0.1%, 0.3% et 1% en application locale 
dans le remodelage de l'architecture cutanée dans une étude d'irritation cutanée 
in vivo expérimental, et déterminer la tolérance des formulations les plus effi-
caces lorsqu'elles sont utilisées dans une étude à doses progressives quotidiennes 
en cours d'utilisation.
Méthodes: Pour l'étude d'irritation cutanée, des produits à base de rétinol ont été 
appliqués sous occlusion, sur le muscle extenseur de l'avant-bras de volontaires 
présentant des signes de photovieillissement (n = 5; tranche d'âge: 66 à 84 ans), 
et des biopsies cutanées de 3 mm ont été obtenues après 12 jours. Les effets des 
différentes concentrations de rétinol, et d'un véhicule témoin sur les principaux 
biomarqueurs épidermiques et dermiques de la prolifération cellulaire et du re-
modelage dermique ont été comparés à ceux observés à une région non traitée. 
Séparément, les participants (n = 218) ont enregistré leur tolérance au rétinol à 
0.3% ou 1% au cours d'un schéma posologique approuvé de six semaines, qui a 
progressivement augmenté les applications faciales à une fois par nuit.
Résultats: Le traitement par rétinol a induit une augmentation progressive 
de l'épaisseur épidermique, et a induit l'expression des protéines de la couche 
cornée, la filaggrine et le KPRP. Le rétinol à 0.3% et le rétinol à 1% étaient aussi 
efficaces pour induire la prolifération des kératinocytes dans l'épiderme, tout en 
réduisant l'expression de la cadhérine E. Le dépôt de microfibrilles riches en fi-
brilline a augmenté après un traitement par rétinol à 0.3% et 1% (p < 0.001).
Conclusions: Cette étude suggère que les concentrations de rétinol de 1% et 0.3% 
étaient aussi efficaces pour remodeler la peau photolésée dans un modèle in vivo 
lors d'une utilisation à long terme. L'utilisation de rétinol à 0.3% dans l'étude à 
doses progressives a été associée à moins d'effets indésirables lorsqu'il est appli-
qué quotidiennement. Par conséquent, le rétinol à 0.3% peut être mieux toléré 
que le rétinol à 1%, permettant ainsi une application topique à plus long terme.
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(FRM) from the papillary dermis [6], and changes to the 
abundance and cross-linking of collagen fibrils [1, 7, 8], 
thereby altering the appearance of the skin and its bio-
physical properties [9].

Many skincare treatments, from non-invasive topical 
applications to minimally invasive micro needling and 
skin peels, aim to reduce the visible facial signs of skin 
ageing [10]. All-trans retinoic acid (ATRA) is the gold-
standard treatment prescribed by dermatologists for treat-
ing photodamaged skin [11]. Retinol, converted by cells 
into ATRA, is used commonly in over-the-counter topical 
anti-ageing cosmetics. It signals to cells via the ‘stimulated 
by retinoic acid 6’ (STRA6) receptor [12, 13] and the cyto-
plasmic retinoid-binding proteins (CRBP) I and II recep-
tors, the latter being the predominant isoform present in 
skin [14, 15]. Intracellularly, ATRA binds the nuclear ret-
inoic acid receptor (RAR) family that regulate the expres-
sion of multiple genes [16–20].

Mechanisms resulting in photodamage [21] alter epi-
dermal architecture and affect the structural composition 
of the dermal extracellular matrix (ECM) [22]. Improving 
the clinical features of hypertrophic photoageing with 
cosmetics or ‘cosmeceuticals’ requires the inclusion of 
active compounds, such as retinoids, capable of remodel-
ling cutaneous dermal structure [23]. Retinoids reduce the 
clinical appearance of wrinkles by thickening the epider-
mis, stimulating collagen synthesis and restoring the FRM 
network at the dermal-epidermal junction (DEJ) [24–26]. 
However, retinoids—ATRA, its derivatives and precur-
sors, including retinol—can cause skin irritation, lead-
ing to poor patient and/or consumer tolerance [27]. The 
amount of retinol approved for inclusion in topical cos-
metics applications spans a wide range of concentrations 
(0.05%–1%), guided in each country by local consumer 

safety recommendations [28]. Agreement on an effec-
tive retinol concentration that achieves cosmetic benefits 
whilst reducing undesirable side effects is lacking.

Here, we conducted the Manchester Patch Test (MPT) 
assay [25], an in vivo protocol that mimics the effects of 
longer-term topical application, to compare the effective-
ness of a range of retinol concentrations used in cosmetic 
products (0.1%, 0.3% and 1%) to induce changes in pro-
teins associated with ageing and/or photoageing. These 
included epidermal biomarkers associated with prolifera-
tion (Ki67) and barrier integrity (filaggrin, keratin proline-
rich protein [KPRP]) plus deposition of key dermal ECM 
proteins, known to be altered in photodamaged skin 
(fibrillar collagens; elastin and FRMs). To determine if 
the application of 0.3% compared with 1% retinol reduced 
cutaneous irritation, a six-week, self-reporting dermato-
logical study was performed, where the number of retinol 
formulation applications gradually increased from twice 
weekly to once nightly, with participants self-reporting 
their tolerance profiles.

MATERIALS AND METHODS

Tissue sample acquisition and preparation

Five healthy, white (Fitzpatrick skin phototype I-III) but 
photoaged volunteers (male = 1: female = 4; age range 
66–84 years) were recruited to the study. The formu-
lations used in the patch test study were simple oil-in-
water emulsions (a gel cream format) comprising water, 
glycerin, butylene glycol, dimethicone and a preservative 
system. Retinol formulations (30 μl of the oil-in-water 
emulsion plus retinol at 0.1%, 0.3% and 1% w/w) and its 

Target Supplier Clone (dilution)

Epidermal

Filaggrin Atlas Antibodies Polyclonal (1:1000)

Keratinocyte proline-rich protein (KPRP) Abcam Polyclonal (1:100)

e-Cadherin Abcam HECD-1 (1:500)

Ki67 Abcam SP6 (1:500)

Cleaved caspase-3 Cell Signalling D3E9 (1:100)

Papillary dermis

Fibrillin-rich microfibrils (FRM) Abcam 11C1.3 (1:250)

Collagen VII Sigma Aldrich LH7.2 (1:100)

Pro-collagen I Millipore M-58 (1:250)

Fibronectin Leica Biosystems 568 (1:500)

Inflammatory markers

Macrophages, CD68 Abcam KP1 (1:60)

M2 macrophages, CD206 Abcam Polyclonal (1:600)

T A B L E  1   Antibodies and suppliers 
used for the immunohistochemical 
detection of biomarkers
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vehicle control were applied to the extensor aspect of 
photodamaged forearm under Finn chamber occlusion 
[25]. A further site was occluded without formulation 
to assess baseline levels of skin biomarkers of damage. 
Formulations were re-applied on days 4 and 8, with 3 mm 
punch biopsies taken from each site on day 12 following 
1% lignocaine anaesthesia (n  =  5 biopsies per volun-
teer). Biopsies were snap frozen in liquid nitrogen and 
embedded in optimal cutting temperature compound 
(Miles Laboratories, Elkhart, IN, USA). All biopsy sam-
ples were cryosectioned at 10  μm thickness. The study 
was conducted in accordance with the principles of the 
Declaration of Helsinki, with written informed consent 
(Manchester University Research Ethics Committee ref-
erence: 15528).

Biomarker detection and imaging

Immunohistochemistry was used for detection of a panel 
of biomarkers associated with skin ageing or photoage-
ing to observe alterations in tissue expression within 
the epidermis and dermis following topical treatment 
(for the list of antibodies used, see Table 1). Histological 
staining for melanin was performed using the modified 
Warthin-Starry procedure [29], and epidermal thick-
ness analyzed on hematoxylin and eosin (H&E) stained 
sections. Picrosirius Red staining, viewed under cross-
polarized light, was used to measure collagen birefrin-
gence against the total tissue area. Weigert's resorcin 
fuchsin was used to detect elastin fibres within the tissue. 
Immunohistochemistry was performed as previously de-
scribed [30]. Sections were fixed with 4% paraformalde-
hyde and hydrated in tris-buffered saline (TBS; 100 mM 
Tris, 150 mM NaCl). Sections were permeabilized with 
0.5% Triton-X100 for 10 min prior to antibody incuba-
tions for 1 h at room temperature or overnight at 4°C. 
Sections were washed in TBS, prior to incubation with 
Alexa Fluor® conjugated, anti-rabbit or anti-mouse sec-
ondary antibody (Life Technologies, UK). Negative con-
trols were concurrently incubated with a serum-only 
block. An Olympus pE-300 microscope was used to 
image tissue sections.

Image analysis

Biomarker analysis was performed on stained cryosections 
using Fiji software [31], and samples were only unblinded 
by researchers upon completion of analysis. Filaggrin 
deposition was performed by measuring the mean width 
of positive staining within the stratum granulosum, span-
ning the length of the epidermis in each field of view. 

At least six measurements of epidermal depth were per-
formed on each H&E stained section, from the bottom of 
the stratum corneum to the base of the epidermis, exclud-
ing the descending protrusions that form the rete ridges. 
Convolution was determined by dividing the length of 
the epidermis measured in a straight line by the undulat-
ing epidermal length [32]. Global collagen, elastin fibres 
and dermal fibronectin staining were expressed as per-
centage positive staining within the tissue area. Melanin 
was expressed as a ratio of positive staining normalized 
against the epidermal area. Keratinocyte proliferation was 
determined by enumerating the number of Ki67-positive 
epidermal cells in each field of view. Cell counting was 
also used to determine the number of epidermal cells ex-
pressing cleaved caspase-3; CD68+- and CD68+/CD206+-
positive dermal macrophages were also enumerated. 
Scoring of FRM and procollagen I immunostaining was 
performed independently by two researchers (KTM, PH) 
using a 5-point ordinal scale, as previously described [24]. 
The average mean score for each site/test area from both 
independent analyses was reported. Plot profiles were 
used to measure collagen VII, expressed as area under the 
curve (AUC).

Statistical analysis

Differences between the test formulations compared to un-
treated occluded baseline were analyzed using a repeated-
measures analysis of variance (RM one-way ANOVA; 
significance taken as p < 0.05). Mean values (± standard 
error of the mean; SEM) are displayed graphically.

Consumer tolerance study

Healthy women aged between 35 and 70 years and with 
self-perceived photoaged skin, including facial wrinkles 
and uneven skin tone/pigmentation, were recruited for a 
six-week home-use consumer tolerance study (n = 218). 
The formulations used were again oil-in-water emulsions 
(a gel cream format), comprising those in the patch test, 
along with bisabolol, peptides and thickeners to improve 
the formulation aesthetics for an at-home consumer 
study. The study was performed in the UK between July 
2019 and March 2020. Other eligibility criteria included 
not having used retinol-containing products for at least 
three months prior to the study and be regular users of 
sun protection factor (SPF)-containing day creams and 
night creams.

Cohort one (n = 115) applied a formulation contain-
ing 0.3% w/w retinol, whilst cohort two (n = 103) applied 
a formulation containing 1% w/w retinol. Participants 
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were required to apply the retinol products at home to 
the full face, avoiding the delicate eye and lip areas, in 
the evenings only. Participants were asked to apply two 
full pumps of the product (supplied in an airless pump 
pack) at each application equivalent to approximately 
0.3  ml. This was followed by application of their usual 
night-time moisturizer, which was applied every evening 
of the study even when retinol was not applied. Their 
usual SPF day cream was also applied every morning of 
the study to reduce the risk of photosensitivity, in line 
with recommended usage instructions for high strength 
retinol formulations and to help ensure participant safety 
during the study.

The retinol formulation application regimen and the 
guidelines for classifying mild, moderate or severe skin re-
actions were designed (MB TWG ZL), as follows (Tables 2 
and 3).

Tolerance profile study analysis

Self-reported tolerance data were gathered from the vol-
unteers on a weekly basis and grouped according to the 
most severe reaction reported during the course of the 
study. A participant, for example, reporting three mild re-
actions and one moderate reaction would be classified as 
having had a moderate reaction. Participants not report-
ing reactions were deemed fully tolerant to the retinol for-
mulation. The tolerance profiles of the two cohorts (0.3% 
and 1% retinol) were compared using a chi-square statisti-
cal test using JMP software.

RESULTS

Occlusion with retinoids can sometimes induce signs of 
cutaneous irritation in the form of local erythema, scal-
ing or mild blistering. In this MPT assay, two volunteers 
showed no signs of cutaneous irritation on retinol treat-
ment, one volunteer had mild erythema in response to 1% 
retinol only, one volunteer had mild erythema in response 
to both 0.1% and 0.3% retinol and moderate erythema in 
response to 1% retinol, and one volunteer had mild blister-
ing in response to 0.3% retinol only. As macrophages are 
involved in dermal ECM remodelling and skin sensitiza-
tion, we investigated their infiltration within the dermis 
in response to retinol occlusion. However, we found no 
significant change in CD68+ cells, a pan-marker of mac-
rophages or in the number of CD68+/CD206+ cells, mark-
ers of M2 macrophages, compared with the baseline (data 
not shown).

To investigate the effect of retinol on the epidermal 
barrier structure, immunostaining for filaggrin and KPRP 
was performed [33, 34]. Due to the fragility of the stra-
tum corneum in frozen histological samples, particularly 
in those treated with retinol, we were unable to perform 
accurate quantification of these biomarkers across the 
full depth of the stratum corneum. However, we were able 
to observe a visible increase in the deposition of KPRP 
within the partially intact stratum corneum in response to 
all concentrations of retinol. Measurement of the depth of 
filaggrin immunostaining from the stratum granulosum, 
descending towards the stratum basale, was also possible 
(Figure 1a).

Week Application frequency
Application 
number

1 Twice a week on non-consecutive evenings Application 1+2

2 Twice a week on non-consecutive evenings Application 3+4

3 Three times a week on non-consecutive evenings Application 5–7

4 Three times a week on non-consecutive evenings Application 8–10

5 Every evening Application 11–17

6 Every evening Application 18–24

T A B L E  2   Application regimen in 6-
week tolerance study

Skin reaction classification (adapted from REF)

1—MILD Tingling, stinging, tightness, blemishes/spots, peeling, dryness 
without soreness, slight redness, slight feeling of heat/burning

2—MODERATE Red, angry and sore to the touch, blind pimples beneath the surface 
of the skin, large area of dryness, rash

3—SEVERE Red, angry and sore without touching, eczema-like and persistent. 
Reactions can include broken skin, blistering or an extended 
rash

T A B L E  3   Guidelines for classification 
of cutaneous skin reactions
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Treatment of photoaged skin with retinol in-
duced a dose-dependent thickening of the epidermis 
(mean ± SEM; baseline, 42.3  μm ± 4.8; vehicle control, 
42.4  μm ± 3.5; 0.1% retinol, 81.62 μm ± 8.5; 0.3% retinol, 
92.7  μm ± 8.2; 1% retinol, 122.3  μm ± 31.2; Figure  1b); 
DEJ convolution remained unaltered across all treat-
ments (data not shown). A concentration-dependent in-
crease in positive filaggrin staining occurred in response 

to 0.1% retinol (mean ± SEM; 22.3 μm ± 2.8) and reached 
levels of statistical significance with 0.3% (25.3 μm ± 3.4, 
p < 0.05) and 1% retinol (28.0 μm ± 4.1, p < 0.05) compared 
to baseline samples (13.2 μm ± 2.9), with the vehicle con-
trol having no effect (12.4 μm ± 2.0; Figure 1c). As topical 
retinoids have been shown to reduce ultraviolet radiation-
induced hyperpigmentation, we further analyzed mel-
anin distribution; here, a concentration-dependent 

F I G U R E  1   Retinol treatment induces keratinocyte proliferation and expression of proteins required for skin barrier function. 
(a) Representative images showing immunostaining for keratinocyte proline-rich protein [KPRP], filaggrin and e-cadherin/Ki67 staining 
within the epidermis. (b) Quantification of epidermal thickness, (c) filaggrin abundance, (d) melanin distribution and (e) Ki67 expression 
are shown. Statistical significance for differences between treatments compared with the baseline control was assessed by repeated-measures 
one-way ANOVA followed by a Dunnett's multiple comparison test (*p < 0.05, **p < 0.01).
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reduction in melanin coverage was detected in the epi-
dermis following treatment with significance observed at 
0.3% retinol (mean ± SEM; baseline, 23.0% ± 4.6; vehicle 

control, 23.1% ± 5.4; 0.1% retinol, 18.1% ± 4.4; 0.3% retinol, 
14.4% ± 3.4; 1% retinol, 13.0% ± 3.6) (Figure 1d).

To determine if other epidermal changes occurred, 
co-immunostaining was performed for e-cadherin (to 
visualize cell-to-cell junctions) and Ki67, a protein that 
accumulates intracellularly during mitosis (Figure  1a). 
Keratinocyte proliferation as determined by Ki67 expres-
sion was increased in response to 0.1% retinol (Figure 1e; 
cells/field of view, mean ± SEM; 14.0 ± 1.6) which became 
significant following treatment with 0.3% (33.0 ± 6.6, 
p < 0.05) and 1% retinol products (20.8 ± 1.8, p < 0.01). The 
expression of Ki67 was unaffected by treatment with vehi-
cle control. The rate of apoptosis was further investigated, 
but no increase in caspase-3-positive cells was observed, 
regardless of treatment (data not shown). Expression of 
e-cadherin was significantly reduced following retinol 
treatment, regardless of concentration (Figure 1a). Having 
established that retinol, particularly at the higher doses 
(0.3% and 1%), influenced the epidermis by inducing kera-
tinocyte proliferation, we investigated the remodelling of 
dermal ECM components.

We performed immunostaining for FRM and quan-
tified their abundance within the papillary dermis 
(Figure  2). Both vehicle and 0.1% retinol occlusion re-
sulted in a small increase in FRM over baseline values 
(mean ± SEM; baseline, 2.3 ± 0.2; vehicle, 3.1 ± 0.2; 0.1% 
retinol, 3.0 ± 0.3; Figure  2a), reaching levels of signifi-
cance in response to both 0.3% (3.6 ± 0.1, p < 0.01) and 1% 
retinol products (3.3 ± 0.2, p < 0.05). No changes in global 

F I G U R E  2   Retinol (0.3%) induces significant deposition of fibrillin-rich microfibril within the papillary dermis. (a) Representative 
images showing immunostaining for fibrillin-rich microfibrils at the papillary dermis. (b) Quantification of fibrillin-rich microfibril 
deposition data, presented as the mean ± SEM. 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).

F I G U R E  3   Superior tolerance of 0.3% and 1% retinol by 
consumers using a daily un-use regimen. Consumer self-reported 
tolerance profiles of individuals applying 0.3% (n = 115) and 1% 
(n = 103) retinol formulations to the face in a six-week regimen. 
Data shows the percentage of individuals reporting their reactions 
to the formulations as mild, moderate or severe. Participants 
reporting no reactions were considered fully tolerant to the retinol 
formulations. These individuals were categorized with those 
reporting mild reactions that were considered to fall within the 
scope of acceptable responses to a topical retinol skin care regimen.
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elastin, fibronectin or collagen (mature or newly synthe-
sized) were observed, in agreement with previous short-
term patch test studies [24].

Effectiveness of over-the-counter retinol products 
in ameliorating the clinical signs of photoageing relies 
upon consumer compliance to long-term treatment reg-
imens. A retinol tolerance study was therefore designed 
to safely and as closely as possible reflect the consumer 
experience of retinol formulation application, tolerance 
and compliance at home. Female participants were asked 
to apply either a 0.3% (cohort one; n = 115) or 1% (cohort 
two; n  =  103) retinol formulation to their face at home 
for six weeks, gradually increasing the number of applica-
tions to once nightly for the final fortnight. These higher 
concentrations were chosen based on their effectiveness 
at remodelling the cutaneous microenvironment and their 
likelihood of causing tolerance issues due to their potency. 
Participants were asked to self-report any skin reactions 
and to grade them as either mild, moderate or severe 
(Table 2) on a weekly basis.

Four participants failed to complete from the 0.3% formu-
lation cohort as compared with 23 individuals from the 1% 
retinol cohort due to declared tolerance issues. In the 0.3% 
retinol cohort, 80 of the volunteers (69.6%) reported no reac-
tions, with a further 22 (19.1%) reporting only mild reactions 
(Figure  3). Such mild reactions were considered expected 
and tolerable for an over-the-counter retinol cosmetic prod-
uct, based on participant feedback, compliance and expert 
review by a dermatologist, and so these participants were 
categorized as ‘tolerant and mild’ (88.7%). In contrast, only 
41 volunteers (39.8%) in the 1% cohort reported no skin reac-
tions following application, with a further 23 (22.3%) report-
ing mild reactions. As before, the latter group of volunteers 
were also categorized as tolerant and mild (62.1%).

In the 0.3% retinol cohort, nine volunteers (7.8%) re-
ported having a moderate reaction and two (1.7%) reported 
having a severe reaction, with two of the volunteers (1.7%) 
in this cohort having reactions that were ‘unclassified’ as 
no severity information was received from the participant. 
These two volunteers were excluded from statistical anal-
ysis as they could not be assigned to a reaction severity 
group. Moderate reactions included extensive areas of 
dryness or skin that was red and sore to the touch. Severe 
reactions included skin that was red and sore without 
touching and more persistent reactions including broken 
skin or blistering, as per the classification guidelines. With 
the 1% retinol formulation however, 36 volunteers (35%) 
reported having a moderate reaction and 3 (2.9%) reported 
having a severe reaction.

Differences between the two cohorts (excluding the 
n = 2 unclassified volunteers) were statistically significant 
(chi-square analysis of 0.3% and 1% cohort, tolerant and 
mild vs moderate and severe; χ2(1)  =  23.97, p < 0.0001) 

with a trend towards improved tolerant and mild reactions 
in the 0.3% cohort compared to the 1% retinol cohort.

DISCUSSION

Using an in vivo patch test protocol, we establish that reti-
nol at concentrations >0.1% w/w induces histological re-
modelling of both the epidermis and dermis of photoaged 
skin. Further to this, a home-use, human volunteer escala-
tion study was performed to assess tolerance of the higher 
concentrations (0.3% and 1%) of retinol. We found that 0.3% 
retinol was better tolerated than 1%, with less severe reac-
tions when they did occur. Several studies support lower-
ing the concentration of retinol in cosmetic products to 
reduce problems with skin irritation [26, 35–38]. One study 
found clinical benefit in visible wrinkles and evenness of 
skin tone with 0.3% and 0.5% retinol, the latter concentra-
tion being associated with greater irritancy [37]. Similarly, 
a recent 12-week dose escalation study reported that a 
weekly application of a 0.25% retinol formulation, gradu-
ally increasing to three times per week, also improved the 
clinical appearance of photoaged facial skin [26]. Analysis 
of our MPT biopsies found that 0.3% was comparable to 1% 
retinol in terms of remodelling dermal ECM components 
and inducing rapid epidermal changes. Importantly, this 
bioactivity of 0.3% retinol was combined with a significant 
improvement in consumer tolerance compared to 1%.

The in vivo patch test protocol used here allows for 
assessment of cutaneous change in a relatively short pe-
riod of time (up to 12 days), as opposed to in-use studies 
where products may only provide evidence of remodelling 
at time points >3-months; hence, it is a useful tool for as-
sessing potential benefit within a product's development 
pipeline, ahead of any longer-term clinical studies [25]. 
In this study, epidermal architecture in photodamaged 
skin was remodelled by retinol, regardless of its concen-
tration, with increased expression of filaggrin and KPRP. 
The depth of filaggrin, distributed through the epidermis, 
increased in a concentration-dependent manner, concom-
itant with epidermal expansion. Although the functional 
integrity of the barrier can be affected by such dynamic 
changes [39–41], published literature supports its stabiliza-
tion over time with prolonged product use [42]. We further 
observed a concentration-dependent reduction in melanin, 
which may be related to keratinocyte proliferation. Rapid 
epidermal expansion may result in a greater distribution 
of melanin throughout epidermal layers and explain why 
a retinol-induced reduction of seasonal melanin distribu-
tion to suprabasal keratinocyte layers has been reported in 
the literature [43, 44]. However, others have shown that 
retinol causes depigmentation of skin via the downregu-
lation of proteins such as tyrosinase and tyrosinase-related 
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protein, known to regulate melanogenesis [45–48], al-
though evidence of the direct suppressing effects of ATRA 
on melanogenesis has not been demonstrated in vitro [43]. 
Downregulation of e-cadherin in response to retinol may 
further expedite keratinocyte differentiation and transition 
through the strata of the epidermis towards the stratum cor-
neum. Compared to the other concentrations, 0.3% retinol-
treated skin had the highest mean number of Ki67+ cells 
and the lowest level of e-cadherin expression. Proliferation 
of basal keratinocytes unaffected the rate of apoptosis, sug-
gesting that 1% retinol induced rapid epidermal expansion 
before reaching homeostasis. This dynamic epidermal ex-
pansion may occur more gradually, or may be sustained for 
longer, with 0.1% and 0.3% rather than 1% retinol.

Consistent with previously published data from 
our laboratory [25, 30, 49], de novo FRM synthesis was 
induced with 0.3% and 1% retinol. The levels of FRM 
deposition were greater with 0.3% and 1% retinol than 
with vehicle alone. Fibrillin-rich microfibrils are essen-
tial for elastogenesis and development of mature elastic 
fibres [50], whilst fibronectin is required for FRM as-
sembly [51]. However, despite increased FRM deposi-
tion, global cutaneous elastin and fibronectin networks 
were unaltered. Likewise, mature collagens I, III and 
VII remained unchanged, possibly due to short prod-
uct application time, in comparison to longer occlusion 
studies [25, 52].

Tolerance of a retinol-containing product cannot be 
wholly assessed using an in vivo patch test, although ery-
thema and stratum corneum integrity and/or dryness can 
be visualized in some volunteers on patch removal. It is 
therefore appropriate to perform tolerance-profile studies 
on cohorts of potential consumers for assessment of any 
unwanted side effects in the longer term. Consistent with 
others, our escalating use tolerance-profile study suggests 
that the concentration of topical retinol used impacts an 
individual's ability to use a retinol-containing over-the-
counter product mainly due to lack of tolerance [26, 37]. 
Greater tolerance towards 0.3% retinol, compared with the 
1% formulation, was associated with fewer and milder skin 
reactions. These mild reactions were managed appropri-
ately by the participants and were not considered to be of 
greater severity than those expected for a retinol product 
currently available on the skincare market. However, this 
regimen, like others [26], used a gradual escalation of ap-
plication. The application of the retinol was combined with 
the diligent use of a night cream and SPF day cream, both 
also being important in improving tolerance. Topical over-
the-counter retinol products therefore require clear guid-
ance on their proper use to minimize skin sensitization.

Although the dynamics of the skin's response to con-
centrations of retinol was not investigated in the current 
in-use study, the epidermal remodelling occurring suggests 

that 1% retinol drives a rapid retinoid response, whilst a 
more gradual response, associated with fewer skin irritancy 
issues, occurred with 0.3% retinol. Therefore, whilst a 1% 
product may satisfy consumer demand for rapid amelio-
ration of the photoaged phenotype, long-term effective 
treatment of photoaged skin with 0.3% retinol may be the 
preferred product choice for individuals where retinol sen-
sitivity has previously been an issue. This supports previ-
ously published data, where 0.025% ATRA was shown to 
provide similar benefit to photoaged skin to 0.1% ATRA, 
but with markedly less irritation over the 48-week study 
period [53], and supports the hypothesis that irritancy is 
not solely required for retinoid efficacy. A time-dependent 
long-term study to assess the clinical benefits of this cos-
metic formulation of retinol to photoaged skin is therefore 
warranted to assess the potential of this over-the-counter 
product's capacity for providing an anti-ageing skin benefit.
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