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Abstract
Background Photoageing describes complex cutaneous changes which occur following chronic exposure to solar

ultraviolet radiation (UVR). Amongst White Northern Europeans, facial photoageing appears as distinct clinical pheno-

types: ‘hypertrophic’ photoageing (HP) and ‘atrophic’ photoageing (AP). Deep, coarse wrinkles predominate in individu-

als with HP, whereas those with AP have relatively smooth, unwrinkled skin with pronounced telangiectasia. AP

individuals have an increased propensity for developing keratinocyte cancers.

Objectives To investigate whether histological differences underlie these distinct phenotypes of facial photoageing.

Methods Facial skin biopsies were obtained from participants with AP (10 M, 10 F; mean age: 78.7 years) or HP

(10 M, 10 F; mean age: 74.5 years) and were assessed histologically and by immunohistochemistry.

Results Demographic characterization revealed 95% of AP subjects, as compared to 35% with HP, were Fitzpatrick

skin type I/II; of these, 50% had a history of one or more keratinocyte cancers. There was no history of keratinocyte can-

cers in the HP cohort. Analysis of UVR-induced mitochondrial DNA damage confirmed that all volunteers had received

similar lifetime cumulative doses of sun exposure. Histologically, male AP had a significantly thicker epidermis than did

AP females or those of either sex with HP. HP facial skin exhibited severe solar elastosis, whereas in AP facial skin, solar

elastosis was apparent only in females. Loss of papillary dermal fibrillin-rich microfibrils occurred in all HP and AP female

subjects, but not in AP males. Furthermore, male AP had a significant reduction in collagen VII at the dermal–epidermal

junction than did AP females or those of either sex with HP.

Conclusions This study provides further evidence that AP and HP represent distinct clinical and histological entities.

Knowledge of these two phenotypes is clinically relevant due to the increased prevalence of keratinocyte cancers in

those – particularly males – with the AP phenotype.
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Introduction
Photoageing describes complex cutaneous changes consequent

on chronic exposure to solar ultraviolet radiation (UVR), known

as photodamage, superimposed on a background of intrinsic

skin ageing. It occurs in habitually sun-exposed areas of the body

such as face, neck and arms1 and manifests clinically as wrinkles,

lentigines, telangiectasia, mottled pigmentation, roughened tex-

ture, sallow complexion, laxity and decreased elasticity. Histo-

logically, photoageing affects both epidermis and dermis;

epidermal changes include thinning of the spinous layer and flat-

tening of the dermal–epidermal junction (DEJ) caused by loss of

rete ridges.2 In the dermis, the most pronounced histological

feature is accumulation of abnormally deposited amorphous

elastin – termed solar elastosis3 – with disintegration of the well-

organized elastic fibre network containing fibrillin-rich

microfibrils (FRMs).4 Mature dermal collagen fibres become

fragmented5 and there is severe reduction in collagen VII-con-

taining anchoring fibrils at the DEJ,6 further contributing to the

weakened structural integrity of the tissue.

The degree of photodamage is significantly affected by an

individual’s ethnicity and Fitzpatrick skin type (FST). Thus, fair-

skinned individuals of Northern European descent (FST I-III)

are more prone to photoageing than individuals with skin of col-

our (FST IV-VI).7 It is accepted that amongst individuals of

White Northern European descent, severe facial photoageing

may result in two clinical phenotypes: ‘hypertrophic’ photoage-

ing (HP) characterized by deep wrinkles and a leathery appear-

ance or ‘atrophic’ photoageing (AP) characterized by

telangiectasia, a shiny – almost translucent – unwrinkled appear-

ance, and development of a variety of benign and malignant

cutaneous neoplasms.8,9 In this study, we provide detailed

assessment of the histological features that characterize these dif-

ferential facial phenotypes that arise as a consequence of expo-

sure to chronic UVR by comparing the facial skin of individuals

with severe AP to those with severe HP.

Materials and methods

Participant information and skin biopsy procurement
Volunteers were recruited to the study following clinical assess-

ment (conducted by JA) and were deemed suitable to participate if

they were White Northern European (FST I-III) and >50 years of

age. Basic demographic information was collected, and partici-

pants were asked to self-declare their ethnicity (Table S1, Support-

ing Information). The clinical manifestations of AP and HP were

captured using clinical photography (VISIA� Skin Analysis Sys-

tem, Canfield Scientific, Parsippany, NJ, USA). Skin biopsies were

obtained from 20 volunteers with severe AP (grade 6 or above8;

males n = 10; female n = 10; mean age � SEM; 78.7 � 2.0 years)

and 20 volunteers with severe HP (grade 6 or above1; males

n = 10; females n = 10; mean age 74.5 � 2.1 years). Local ethical

approval was obtained from the Greater Manchester Central NHS

Research Committee (13/NW/0723). Written informed consent

was obtained, and the study adhered to Declaration of Helsinki

principles. Biopsies were taken from two sites: photoexposed face

(4-mm punch biopsy taken from the right upper zygomatic arch of

the face, immediately lateral to the outer canthus of the eye) and

photoprotected buttock (6-mm punch biopsy). Each biopsy was

obtained under 1% lignocaine anaesthesia; biopsies were snap-

frozen in liquid nitrogen and stored at�80°C.
For further experimental details, see Appendix S1 (Support-

ing Information).

Results

Clinical and demographic features of the AP and HP
cohorts
Individuals with AP had characteristic telangiectasia and a

smooth, unwrinkled facial appearance; in contrast, those with

HP had deep furrows and wrinkles and a leathery appearance

to the skin (Fig. 1). FST differed between cohorts with 95% of

Figure 1 Clinical photographs of subjects with atrophic pho-
toageing and hypertrophic photoageing. Individuals with Fitz-
patrick skin phototypes I and II tend towards the atrophic
photoageing (AP) phenotype with sparse fine wrinkles and focal
depigmentation/dysplastic changes such as freckles and naevi.
Furthermore, telangiectasia is common in individuals presenting
clinically with the AP. In contrast, individuals with skin phototype III
tend to show a hypertrophic photoageing (HP) phenotype and pre-
sent clinically with responses such as tanning, deep wrinkles,
coarseness, a leathery appearance of the skin and lentigines.
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AP being FST I or II and 5% FST III, as compared to 35% of

HP being FST I or II. Analysis of skin cancer occurrence

revealed that 50% (n = 10/20) of AP participants had a history

of one or more facial keratinocyte cancers compared with none

of those with HP (n = 0/20; see Table 1). To confirm that both

cohorts had been exposed to similar levels of solar UVR, facial

skin was assayed for the occurrence of mitochondrial DNA

damage.10,11 Similar levels of UVR-induced mitochondrial

DNA damage were detected, irrespective of photoageing pheno-

type (P = 0.1391; Fig. S1, Supporting Information); thus, we

conclude that all subjects had received similar lifetime cumula-

tive doses of UVR.

Histological characterization of AP and HP
Analysis of facial skin identified that epidermal thickness was

significantly reduced in HP skin as compared to AP skin

(P < 0.001). Furthermore, in those with AP, epidermal thickness

was significantly reduced in females as compared to males

(P = 0.0076), whereas no such difference was identified for HP

(P = 0.9298; Fig. 2a). Individuals with AP show some clinico-

pathological similarities with the condition dermatoporosis,

described by Saurat as analogous to osteoporosis.12 One factor

common to both conditions is skin fragility which for dermato-

porosis is characterized by marked reduction in CD44, a major

cell surface receptor of hyaluronic acid. Facial skin showed

significant differences in the intensity of CD44 expression

between AP and HP (P = 0.004), with AP males displaying a sig-

nificant reduction in CD44 expression as compared to AP

females (P = 0.0057; Fig. 2b).

Weigert’s resorcin fuchsin was used for histological assess-

ment of solar elastosis, as it identifies the entirety of the elastic

fibre network (FRM, elaunin fibres and elastic fibres-proper).

Facial skin showed significant differences in the deposition of

elastotic material between the two phenotypes (P = 0.0011). In

all cases, HP facial skin exhibited severe solar elastosis, character-

ized by extensive deposition of amorphous, abnormally thick-

ened, curled and fragmented material in the papillary and

reticular dermis (Fig. 2c). In AP facial skin, solar elastosis was

readily apparent in females but absent in males (P = 0.0174).

Loss of papillary dermal FRM is also a distinguishing feature of

photoageing and significant differences in the deposition of pap-

illary dermal FRM were identified between AP and HP

(P = 0.0004). All cases of HP facial skin exhibited a marked loss

of FRM at the DEJ (Fig. 2d). In AP facial skin, a reduction in

FRM at the DEJ was observed in females, whilst FRM abundance

was preserved in males (P = 0.0232). Reductions in fibrillar col-

lagens are a further histological consequence of chronic photo-

damage; picrosirius red staining allows assessment of not only

quantity of fibrillar collagens, but also their organization. This

identified no difference in the collagenous dermal matrix as a

Table 1 Subject demographics

Atrophic Hypertrophic

Males (n = 10) Females (n = 10) Males (n = 10) Females (n = 10)

Age [mean (SD)] 80.2 (9.0) years 77.2 (9.2) years 71.3 (9.4) years 77.7 (9.6) years

BMI [mean (SD)] 26.5 (3.8) 28.7 (11.6) 24.1 (2.7) 24.8 (5.2)

Fitzpatrick skin type [n (%)]

I 5 (50) 5 (50) 1 (10) 4 (40)

II 4 (40) 5 (50) 1 (10) 1 (10)

III 1 (10) 0 (0) 8 (80) 5 (50)

IV 0 (0) 0 (0) 0 (0) 0 (0)

At least one sunburn before the age of 21 [Yes n (%)] 7 (70) 7 (70) 3 (30) 5 (50)

At least one facial keratinocyte cancer [Yes n (%)] 5 (50) 5 (50) 0 (0) 0 (0)

Figure 2 Differential histological features are present in atrophic photoageing and hypertrophic photoageing. All data refer to facial skin
and all volunteers, regardless of their phenotypic status, exhibited characteristic flattening of the dermal–epidermal junction (DEJ). Epider-
mal thickness was maintained in male AP skin, but was significantly thinned in AP females and all HP facial skin (a). Gender differences
were apparent within the AP cohort for CD44, a major cell surface receptor of hyaluronic acid; AP females had significantly reduced
CD44 abundance as compared to AP males. In contrast, no gender differences were identified for HP (b). Weigert’s resorcin fuchsin stain-
ing identified severe solar elastosis in AP females and in both males and females with HP. Solar elastosis was not detected in AP males;
however, the amount elastic fibres was significantly depleted (c). Immunofluorescence staining identified that in all HP there was a
marked loss of fibrillin-rich microfibrils (FRMs) at the DEJ. In AP facial skin, a reduction in FRM at the DEJ was observed in females, whilst
FRM morphology was preserved in AP males (d). Picrosirius red staining for organized fibrillar collagens identified no significant difference
within the papillary dermis for either AP or HP cohorts (e). The distribution and intensity of collagen VII immunofluorescence at the DEJ
were significantly reduced for male AP as compared to female AP and HP (f). Immunofluorescence staining for von Willebrand factor iden-
tified more vascular structures in AP than HP (g). Scale bars: 50 µm.
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function of phenotypic status (Fig. 2e). Collagen VII and lami-

nin-332 are essential components of the DEJ, acting to anchor

epidermis to dermis. Both collagen VII and laminin-332 are

decreased in ageing,13 and loss of collagen VII and the Lama3

subunit of laminin-332 has been implicated in cutaneous squa-

mous cell carcinoma (SCC) invasion.14 The distribution and
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intensity of Lama3 were assessed across the cohorts by

immunofluorescence. Lama3 was localized to the DEJ and was

similarly abundant in all samples, irrespective of photoageing

phenotype (Fig. S3, Supporting Information). In contrast, there

were significant differences in the distribution and intensity of

collagen VII between AP and HP (P = 0.0201). In AP facial skin,

males displayed a significant reduction in collagen VII compared

with females (P = 0.0011; Fig. 2f). Telangiectasis is a characteris-

tic feature of individuals with AP and immunofluorescent stain-

ing for von Willebrand factor (vWF) identified significantly

more vascular structures in AP facial skin compared with HP

(P < 0.0001; Fig. 2g).

Discussion
We have established that clinical phenotypes of facial photoage-

ing have distinct histological characteristics (Table 2). Overall,

AP males had a histological phenotype separable from that of

AP females and either gender with HP; in this instance, the epi-

dermis maintained its thickness, there was no solar elastosis,

papillary dermal FRMs were preserved and there was a signifi-

cant reduction in collagen VII at the DEJ. This distinct pattern

of cutaneous architecture and composition for AP males also

appears to align with mechanisms that may increase their risk of

developing keratinocyte cancers.15,16 The global incidence of ker-

atinocyte cancers has increased rapidly over the past half-cen-

tury,17,18 and there are several reports of an association with

AP.8,9 Patients treated for facial basal cell carcinomas (BCCs)

rarely present with deep coarse wrinkling.19 Similarly, individu-

als with FSTs I/II are more likely to develop BCC or SCC than

those who always tan (FST IV)19,20 – also findings that are con-

sistent with our AP cohort.

The presence of wrinkles themselves could be considered an

important factor in protecting against the development of ker-

atinocyte cancers. Our cohort of HP individuals, who present

clinically with deep facial wrinkles and were less cancer-prone,

displayed severe solar elastosis and a marked reduction in FRM

within the papillary dermis. In contrast, our smooth-skinned,

cancer-prone, male AP cohort exhibited significant depletion of

dermal elastic fibres, little or no solar elastosis, and remarkably

well-preserved FRM architecture. The composition and organi-

zation of the dermis may therefore play an important role in the

progression of keratinocyte cancers; feasibly, accumulation of

solar elastotic material arises as a consequence of the loss of the

FRM scaffold for elastic fibres which of itself is in part, a protec-

tive response to damage from solar UVR.21 Furthermore, ker-

atinocyte cancers need to be able to expand into the dermis; this

growth and expansion might be impaired by amorphous elas-

totic material.9,22 The key changes that occur in the skin to cre-

ate a pro-oncogenic environment remain to be elucidated;

however, aberrant intercellular signalling, increased fibroblast

proliferation, extracellular matrix (ECM) remodelling and

expression of CD44 have all been implicated to date.23

Epidermal atrophy is a known sequela of chronological ageing

which is probably accelerated by cumulative sun exposure.24 The

clinical appearance of AP skin suggests, erroneously, that it is

‘thin’9 due to its translucency, shininess and pronounced telang-

iectasia. The increased number of dilated blood vessels in AP25

may be an important contributory factor to tumour growth.

This in turn could alter the cytokine milieu, affecting

immunoregulatory pathways and thus facilitating tumour devel-

opment.26,27 Furthermore, AP males had a significant reduction

in collagen VII in the dermis compared with AP females or

either gender with HP. Loss of collagen VII promotes skin

tumour migration and invasion through a mechanism that

involves disorganized keratinocyte differentiation.28 Thus, this

pathway may also be relevant to the development of keratinocyte

cancers in males with AP. Females with AP appear to represent

an intermediate phenotype – histologically their dermal ECM

more closely resembles that seen in HP. However, despite this,

AP females are more likely to develop keratinocyte cancers than

their HP counterparts. Thus, features such as telangiectasia,

increased dermal vascularization and lighter skin phototype

Table 2 Properties of facial and buttock skin from atrophic photoageing and hypertrophic photoageing cohorts

Parameter Facial skin Buttock skin

AP males AP females HP males HP females AP HP

Epidermal thickness (µm) 48.8 � 3.9 35.8 � 3.7 22.7 � 2.3 21.2 � 2.4 35.4 � 2.9 27.2 � 2.6

Dermal–epidermal junction convolution 1.28 � 0.13 1.31 � 0.09 1.52 � 0.13 1.36 � 0.15 1.52 � 0.08 1.41 � 0.08

Solar elastosis abundance 1.15 � 0.36 3.10 � 0.23 3.45 � 0.21 3.20 � 0.33 0.55 � 0.15 0.62 � 0.15

Fibrillar collagen abundance (%) 57.4 � 2.6 52.7 � 2.3 55.8 � 2.2 56.4 � 2.7 67.4 � 1.7 67.2 � 1.9

Fibrillar collagen organization (%) 55.5 � 3.3 57.1 � 6.4 57.7 � 4.0 57.6 � 6.5 66.5 � 1.9 68.1 � 2.3

CD44 (a.u.) 116.6 � 5.4 90.8 � 6.7 102.7 � 4.4 106.8 � 6.0 100.7 � 4.0 104.2 � 3.4

Fibrillin-rich microfibrils (a.u.) 2.90 � 0.1 2.00 � 0.2 1.40 � 0.3 2.10 � 0.2 2.80 � 0.1 3.00 � 0.1

Blood vessels (count) 318.7 � 30.0 359.7 � 41.7 197.8 � 20.1 184.9 � 31.7 245.3 � 31.2 187.2 � 25.5

Collagen VII (AUC; a.u.) 20.8 � 1.5 35.3 � 1.4 33.4 � 2.8 35.9 � 3.7 35.2 � 3.1 34.4 � 2.3

Lama3 (a.u.) 20 793 � 4798 15 363 � 1340 17 328 � 3593 15 548 � 2191 15 714 � 2528 15 641 � 2633

All data values are presented as mean � SEM.
AP, atrophic photoageing; a.u., arbitrary units; AUC, area under curve; HP, hypertrophic photoageing.
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may all play a contributing role to this more pro-oncogenic

environment.

These distinct differences in clinical appearance and histology

lead us to propose a hypothetical model of how lifelong expo-

sure to UVR induces disparate mechanisms for AP and HP

(Fig. 3). For both phenotypes, ECM damage occurs via the

induction of proteases, such as matrix metalloproteinases

(MMPs), by UVR.29 However, in the case of HP, the partial

degradation of FRMs at the DEJ may also liberate reactive oxy-

gen species (ROS)30 leading to atypical transforming growth

factor (TGF)-b signalling21,29 and further activation of MMPs.

Post-transcriptional mechanisms within dermal fibroblasts allow

the accumulation of tropoelastin that is unable to form struc-

turally competent elastic fibres. In addition, disorganized mature

elastin accumulates within the dermis as a consequence of the

loss of the FRM scaffold21; together, these two mechanisms drive

the formation of solar elastosis. In contrast, AP males maintain

their epidermal thickness, which may help to protect these

superficial FRM at the DEJ from direct photo-degradation.31

Alternatively, it is conceivable that FRMs in AP skin are bio-

chemically distinct to those found in HP in that they are not as

susceptible to UV degradation due to differences in their UV

chromophore content.31 Hence, the cascade of events that ulti-

mately results in solar elastosis is not triggered in AP males.

Taken together, we present novel data that provide insight

into the observed polarity of clinical phenotypes of chronically

sun-exposed skin. This study identifies several histological fac-

tors including FRM preservation, absence of solar elastosis,

loss of collagen VII and neovascularization that increase the

chances of developing keratinocyte cancers in AP, particularly

in men. In contrast, it appears that coarse wrinkling may be a

‘photoprotective mechanism’ and somewhat beneficial to an

individual in the sense that there are fewer keratinocyte can-

cers. Our subjects represent extreme, i.e., severe examples of

the two photoageing phenotypes; thus, it is likely that the his-

tological findings also represent the most extreme differences.

Knowledge of these two phenotypes of photoageing is of clini-

cal relevance due to the increased prevalence of keratinocyte

cancers in ageing populations with the AP phenotype. This is

an aspect of skin ageing and carcinogenesis that warrants fur-

ther exploration.
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Fig. S1. mtDNA damage detection reveals that all participants

were exposed to similar levels of UVR.

Fig. S2. Histological features of buttock skin from AP and HP

cohorts.

Fig. S3. Lama3 expression is not differentially regulated across

different photoageing phenotypes.

Table S1. Summary of ancestral heritage for subjects within each

cohort.

Appendix S1. Supplementary materials and methods.
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