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Abstract

Senescent cells are more prevalent in aged human skin compared to young, but evidence that senescent cells are linked to other biomarkers of 

aging is scarce. We counted cells positive for the tumor suppressor and senescence associated protein p16INK4a in sun-protected upper-inner 

arm skin biopsies from 178 participants (aged 45–81 years) of the Leiden Longevity Study. Local elastic �ber morphology, facial wrinkles, and 

perceived facial age were compared to tertiles of p16INK4a counts, while adjusting for chronological age and other potential confounders.

The numbers of epidermal and dermal p16INK4a positive cells were significantly associated with age-associated elastic fiber 

morphologic characteristics, such as longer and a greater number of elastic fibers. The p16INK4a positive epidermal cells (identified 

as primarily melanocytes) were also significantly associated with more facial wrinkles and a higher perceived age. Participants in the 

lowest tertile of epidermal p16INK4a counts looked 3 years younger than those in the highest tertile, independently of chronological 

age and elastic fiber morphology.

In conclusion, p16INK4a positive cell numbers in sun-protected human arm skin are indicative of both local elastic �ber morphology and 

the extent of aging visible in the face.

Keywords: p16INK4a—Cell senescence—Skin—Wrinkle—Elastic �ber

Cellular senescence can be described as the inability of mamma-

lian cells to undergo replication due to stable cell cycle arrest. Cells 

senesce in response to a variety of stresses such as DNA damage, 

oxidative stress, and telomere shortening (1). The relevance of cel-

lular senescence to aging has been shown in several animal models 

(2–4) and in humans (5–7), where the prevalence of senescent cells 

was higher in old compared with young tissues. Furthermore, links 

have been observed between senescent cells and biological age—an 

individual’s physiological condition irrespective of their chrono-

logical age, for example, due to bene�cial familial characteristics or 
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disease. We demonstrated that the offspring of nonagenarian sib-

lings, who have a propensity for longevity, have less p16INK4a posi-

tive cells in the epidermis and dermis of upper-inner arm skin than 

aged-matched controls (8). In addition, other studies have shown 

that higher p16INK4a expression levels in transplanted kidneys are 

predictive of worse transplant function (9), and p16INK4a positiv-

ity was associated with hypertensive histological changes in the kid-

ney (10) and type 2 diabetic nephropathy (11). A higher prevalence 

of senescent cells has also been linked to atherosclerosis (12) and 

lung emphysema (13). Finally, removal of p16INK4a positive cells 

delayed the onset and progression of age-related disease in progeroid 

mice (14), supporting the notion that the presence of senescent cells 

can be detrimental to tissues.

The tissue with the most visible signs of deterioration with age is 

the skin which is accompanied by marked changes to its morphol-

ogy. For example, the epidermis �attens and the number and size of 

elastic �bers increase with age (15). How old an individual looks 

for their age (perceived facial age) is in�uenced not only by changes 

to skin morphology but also by subcutaneous changes that affect 

face shape such as the appearance of the nasolabial fold and facial 

sag (16–19). About 50% of the variation in perceived age can be 

attributable to skin wrinkling (16) whereas the rest of the variation 

is likely predominately due to changes in face shape. Although skin 

wrinkling is strongly in�uenced by sun exposure (20–23), perceived 

age is also linked to aging and disease. Higher perceived age associ-

ates with lower survival (24), higher glucose levels (25), higher cor-

tisol levels (26), higher blood pressure in women (27), and increased 

carotid atherosclerosis (28); and human familial longevity in men 

was associated with a lower perceived age (27).

Here, we studied whether the number of cells positive for the 

senescence associated protein p16INK4a in sun-protected upper-

inner arm skin associated with local skin morphology and the 

extent of aging visible in the face, that is, facial wrinkles and per-

ceived age. We hypothesized that higher numbers of p16INK4a 

positive cells in human skin would be associated with skin mor-

phology typical in older individuals, more facial wrinkles and a 

higher perceived age independently of potential confounders such 

as age and smoking.

Methods

The study design of the Leiden Longevity Study (LLS) and all meth-

odologies have been described previously (8,15,29,30); we brie�y 

describe the design below. Data from 178 LLS randomly selected 

participants were used in this study.

Study Design

The LLS consists of men and women aged above 89 and 91 years 

respectively with at least one sibling who passes the same age crite-

rion, the offspring of either long-lived sibling and the partners of the 

offspring (ie, married to or civil partnership with the offspring) (30). 

The offspring and their partners were the participants in this study. 

The study protocol was approved by the Medical Ethics Committee 

of the Leiden University Medical Centre (following the declaration 

of Helsinki) and participants gave informed written consent.

Skin Biopsies—p16INK4a Staining and Counting

Skin biopsies (4 mm) were taken from the sun-protected site of the 

upper-inner arm and �xed in formalin (Sigma) overnight (18–24 

hours). Biopsies were washed, dehydrated, embedded in paraf-

�n wax and cut into 4-μm sections. As described previously (8), 

p16INK4a staining was carried out using the E6H4 antibody (31) 

as per the manufacturer’s instructions (CINtec Histology Kit; 

MTM Laboratories). Counting of epidermal p16INK4 positive 

cells was carried out along the full length of the epidermis and 

adjusted for the length of the epidermal–dermal junction. As all 

cells were located immediately above the basal membrane, no cor-

rection for epidermal depth was required. To identify the epidermal 

p16INK4a positive cell-type, dual staining for p16INK4a and S100 

(X0311 Dako; a marker of melanocyte and Langerhans cells) was 

carried out on the same skin sections and positive cells along the 

basal membrane were counted. In addition, we stained skin sec-

tions for p16INK4a and MelA (clone A103, M7196 Dako, a more 

speci�c marker for melanocytes in the skin than S100) and exam-

ined adjacent sections for colocalization of staining. Both methods 

have been detailed previously (32) and were carried out in three 

participants. For dermal cell counts, cell identi�cation and count-

ing were carried out in the papillary and upper- to mid-reticular 

areas using a 40× objective. Counts were restricted to nucleated 

linear or oval cells morphologically determined as �broblasts, and 

corrected for the measurement area.

Skin Biopsies—Morphology

The measurement of skin morphology characteristics has been 

described previously (15). Two sections of each biopsy were 

stained with Orcein dye and the resulting skin sections were 

imaged and assessed for epidermal and elastic �ber morphology. 

Epidermal measurements included the thickness of the epider-

mis (image area covered by epidermis divided by the length of 

the epidermal–dermal junction) and the curvature in the epider-

mis (the ratio of a straight line between the horizontal margins of 

the epidermis over the length of the stratum corneum–epidermis 

boundary). Within the dermis, the area covered by the elastic �bers 

and their number (both corrected for the size of image area they 

were measured in) as well as the area (micrometer squared), length 

(micrometer), thickness (micrometer), and the curl of an elastic 

�ber (the ratio between its length and the calliper dimension) were 

measured. The dermis was divided into depth layers of 100 µm, 

layer 1 represented the papillary dermis and layers 2–5 the reticu-

lar dermis (Figure 1). Due to the variability in skin biopsy thick-

ness, the number of available participants for skin morphology 

varied: N = 177 for epidermis and papillary dermis, N = 175 for 

reticular dermis.

Measurement of Facial Features

Wrinkle grading of the facial images was carried out as previously 

reported (16) utilizing grading from two skin aging experts; the 

mean value was used for further analyses. The methodology used 

for generating perceived facial age has been reported in detail else-

where (16,29). In brief, an en-face and a 45° photograph of the face 

were acquired for all participants (without the presence of any facial 

products), the images cropped around the neck and hair line before 

being presented, in a randomized order, to naive age assessors via a 

computer screen where they chose a 5-year age range dependent on 

how old they thought the participants looked. All participating asses-

sors were unaware of presentation designs, participant ages, and age 

ranges. The mean perceived ages were generated from an average 

of 60 independent assessments of age (range: 59–61 assessments). 
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Inter-rater reliability of the perceived age assessment was excellent 

(Cronbach’s α 0.99).

Demographic Characteristics

For each participant, demographic and lifestyle characteristics were 

obtained. Information on medical history (available for N = 161–

169 dependent on condition) was obtained from the participants’ 

treating physicians, including history of myocardial infarction, 

stroke, hypertension, diabetes mellitus, malignancy, rheumatoid 

arthritis, and chronic obstructive pulmonary disease. Information 

on skin type (skin goes red, pink, or tans upon sun exposure), sun 

exposure (how often one sunbathes and is outside) and sun bed use 

(number of occasions one uses a sun bed per year), body mass index 

(weight in kg/length in m2), and smoking status (smokers include 

both former and current smokers, data available for N = 169) was 

collected via questionnaires.

Statistics

All statistical analyses were performed with IBM SPSS Statistics 

20 software. As the p16INK4a counts were not normally distrib-

uted, the data were divided into three equal-sized data subsets 

(low: N  =  59, middle: N  =  60, high: N  =  59) for the analyses. 

These tertiles of p16INK4a positivity were calculated for the 

epidermis and dermis separately. The tertiles of p16INK4a posi-

tive epidermal cells were distributed as following: lowest ≤0.30 

(median = 0.00), middle 0.30–1.30 (median = 0.55), and highest 

≥1.30 (median = 3.09) cells per mm length of the epidermal–dermal 

junction. For the tertiles of p16INK4a positive dermal �broblasts: 

lowest ≤0.72 (median = 0.00), middle 0.72–2.05 (median = 1.29), 

and highest ≥2.05 (median 3.20) cells per 1 mm2 dermis. For sim-

plicity and as a re�ection of overall morphology, composite scores 

were generated for morphology characteristics of the epidermis 

and elastic �bers in both the papillary and reticular dermis sepa-

rately. For this, Z-scores of all skin morphology characteristics 

were calculated and added; the Z-scores of epidermal thickness 

and dermal curl of elastic �bers had inverse associations with age 

so were multiplied by −1 (see (15). Hence, a higher elastin mor-

phology composite score re�ected a combination of elastic �ber 

characteristics associated with a greater chronological age.

To estimate skin morphology composite score means for each 

p16INK4a tertile and to calculate the p value for trend, linear mixed 

models were used. In model 1, adjustments were made for age, sex, 

and long-lived family member status. For model 2, model 1 was 

expanded with further adjustments for skin tanning type, sun bed 

use, sun exposure (although the skin was from a sun-protected site, 

these adjustments ensured sun exposure in�uences on the data was 

minimal), smoking, and body mass index; we also adjusted for the 

number of cardiovascular and metabolic diseases (including cerebro-

vascular accident, myocardial infarction, hypertension, and diabe-

tes mellitus) as we previously found links between such parameters 

and number of p16INK4a cells in skin (8). The wrinkle grading and 

perceived age adjustment models 1 and 2 were as described earlier. 

Model 3, however, included an additional adjustment for the elastic 

�ber morphology composite scores of both the papillary and reticu-

lar dermis. Also for perceived age only, model 4 consisted of model 3 

plus adjustment for the wrinkle grading.

Results

Table  1 shows the characteristics of 178 study participants. The 

mean age of participants was 63 years with equal numbers of men 

and women, and half were members of a long-lived family (ie, the 

offspring), while the other half consisted of their partners.

Since the association with the number of p16INK4a posi-

tive cells and chronological age has been described previously, we 

examined whether this could be con�rmed in our cohort. In a uni-

variate analysis, tertiles of epidermal p16INK4a positivity were 

positively associated with chronological age (p for trend =  .023), 

but tertiles of dermal p16INK4a positivity were not associated (p 

for trend = .964).

We next investigated whether the number of p16INK4a posi-

tive cells associated with local skin morphology, facial wrinkles, 

and perceived age. Epidermal p16INK4a positivity was not asso-

ciated with epidermal morphology, but was positively associated 

with the dermal elastic �ber morphology in the papillary dermis 

even after adjustment for potential confounders (Table  2 and 

Figure  2: p for trend <.001, model 2). A  trend between epider-

mal p16INK4a positivity and dermal elastic �ber morphology 

in the reticular dermis was seen in model 1 (p for trend = .064), 

and after adjustment for further confounders a positive associa-

tion was observed (p for trend = .016, model 2). Likewise, dermal 

p16INK4a positivity was not associated with epidermal mor-

phology but was associated with the elastic �ber morphology in 

both the papillary and reticular dermis (Table 2 and Figure 2: p 

for trend  =  .041 and p for trend  =  .010 respectively, model 2). 

Analyses using each individual skin morphological characteristic 

rather than a composite score demonstrated similar associations 

(Supplementary Tables 1 and 2).

Figure 1. Example of a skin biopsy section with the classification of layers 

used in the study. In this skin biopsy section stained with Orcein dye, the 

epidermis and dermis were demarcated by defining the epidermal–dermal 

junction. The dermis was divided into depth layers of 100 µm, where layer 

1 represented the papillary dermis and layers 2–5 the reticular dermis.
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Next, we assessed the association of p16INK4a positivity ter-

tiles with wrinkle grading and perceived age. Higher tertiles of 

epidermal p16INK4a positivity were signi�cantly associated with 

a higher mean wrinkle grade, even after adjustment for potential 

confounders including the papillary and reticular elastic �ber com-

posite scores (Table 3 and Figure 2: p for trend =  .033, model 3). 

Furthermore, higher tertiles of epidermal p16INK4a positivity were 

associated with a higher perceived age (p for trend = .005, model 3). 

The trend remained after adjustment for the wrinkle grading (one of 

the components of perceived age) (Table 3: p for trend = .076, model 

4). Dermal p16INK4a positivity was not signi�cantly associated 

with the wrinkle grading or perceived age (Table 3 and Figure 2), 

although there was a tendency for it to associate with perceived age 

after adjusting for the wrinkle grading (Table 3: p for trend = .064, 

model 4).

We next examined whether the p16INK4a positive epidermal 

cells were melanocytes. All p16INK4a positive cells (n = 23 for three 

participants selected at random from those with high numbers of 

p16INK4a epidermal positivity) were located adjacent to the base-

ment membrane and were S100 positive (data not shown). Epidermal 

p16INK4a positive cells were also observed to colocalize to MelA 

positive cells in adjacent 4-μm skin biopsy sections (Figure 3).

Discussion

Firstly, we demonstrated an association between epidermal and 

dermal p16INK4a positivity in the upper-inner arm with local 

elastic �ber morphology in both layers of the dermis. Secondly, 

and independently of the associations described above, we found 

signi�cant associations between p16INK4a positivity in the epi-

dermis, but not dermis, with a higher wrinkle grading and higher 

perceived age.

With age, greater numbers of senescent cells are observed in 

mice and human tissues (2,6,7,33), due to an increase in senescent 

cells per se and/or failure to eliminate such cells by apoptosis or 

through clearance by the immune system. We found that epidermal 

p16INK4a positivity in the skin was associated with elastic �ber 

morphology analogous to changes with chronological age (15). Of 

note, some of the associations were signi�cant only after adjustment 

for potential confounders, highlighting the importance of external 

factors such as sun exposure and smoking. This association was 

particularly strong between elastic �ber characteristics in the papil-

lary dermis nearest the p16INK4a positive epidermal cells and less 

strong in the reticular dermis, and vice versa for dermal p16INK4a 

positivity. This suggests an interaction between the localization of 

Table 1. Characteristics of the Study Participants

Characteristics N = 178

Age*, years 63.4 (6.6)

Male† 88 (49.4)

Long-lived family member† 89 (50.0)

Skin tanning type†

 Red 75 (42.1)

 Pink 62 (34.8)

 Tans 41 (23.0)

Sun bed use†

 Never 127 (71.3)

 1–5 times per year 29 (16.3)

 ≥6 times per year 22 (12.4)

Sun exposure†

 Rarely outside 23 (12.9)

 Often outside 113 (63.5)

 Mostly outside 42 (23.6)

Former and/or current smokers† 105 (62.1)

Comorbidities†

 Myocardial infarction 3 (1.8)

 Cerebrovascular accident 7 (4.3)

 Hypertension 43 (26.4)

 Diabetes mellitus 11 (6.8)

 Malignancy 6 (3.7)

 Chronic obstructive pulmonary disease 6 (3.7)

 Rheumatoid arthritis 0 (0.0)

Body mass index*, kg/m2 26.5 (3.8)

Note: Data are depicted as either *mean (standard deviation) or †number (%).

Figure  2. Elastic fiber composite scores, wrinkle grading, and perceived 

age dependent on tertiles of p16INK4a positivity. All values are given as 

estimated mean ± standard error. Estimated means were calculated with a 

linear mixed model. Adjustment was made for chronological age, sex, long-

lived family member status, skin tanning type, sun bed use, sun exposure, 

smoking, number of cardiovascular diseases, and body mass index. The 

panels show the associations between p16INK4a tertiles with (a and b) the 

composite score of the elastic fibers in the papillary dermis, (c and d) the 

composite score of the elastic fibers in the reticular dermis, (e and f) wrinkle 

grading, (g and h) perceived age. Panels a, c, e, and g cover the associations 

with epidermal p16INK4a positivity and panels b, d, f, and h cover the 

associations with dermal p16INK4a positivity.
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p16INK4a positive cells and elastic �ber structure. We speculate that 

this link could be explained by the effects of the senescence associ-

ated secretory phenotype (34,35), since the factors secreted by senes-

cent cells are likely to affect the surrounding tissue more than tissue 

located further away. In support of this, clearance of p16INK4a 

positive cells in progeroid mice delayed the onset of age-related dis-

eases (14) and silencing p16INK4a in living skin equivalent mod-

els transformed the morphology of aged skin toward a younger 

phenotype (36), although the p16INK4a positive cells in the skin 

equivalent were keratinocytes rather than melanocytes. Due to the 

cross-sectional nature of the study, however, we cannot rule out that 

the number of p16INK4a positive cells is purely re�ecting the degree 

of aging rather than a direct in�uence of the senescence associated 

secretory phenotype on the dermis.

Perceived age has been previously linked to aging: it predicts sur-

vival (24) and links to pathology such as carotid atherosclerosis (28). 

Here, epidermal p16INK4a positivity associated with wrinkle grading 

and perceived age, independently of the associations between elastic 

Table 2. Skin Morphology Composite Scores Dependent on Tertiles of P16INK4a Positivity

Tertiles of Epidermal p16INK4a Positivity

p for Trend

Tertiles of Dermal p16INK4a Positivity

p for Trend

Low Middle High Low Middle High

≤0.30 0.30–1.30 ≥1.30 ≤0.72 0.72–2.05 ≥2.05

Composite score—Epidermis

 Model 1 −0.27 (0.21) 0.13 (0.20) −0.10 (0.21) .803 −0.09 (0.20) 0.03 (0.20) 0.06 (0.20) .596

 Model 2 −0.24 (0.25) −0.10 (0.27) −0.22 (0.27) .922 −0.42 (0.26) −0.04 (0.26) −0.11 (0.27) .337

Composite score—Papillary dermis, layer 1

 Model 1 −1.14 (0.55) −0.81 (0.54) 1.94 (0.55) <.001 −1.05 (0.57) 0.74 (0.56) 0.30 (0.56) .103

 Model 2 −1.45 (0.65) −0.96 (0.70) 2.59 (0.59) <.001 −1.24 (0.73) 0.65 (0.72) 0.58 (0.77) .041

Composite score—Reticular dermis, layers 2–5

 Model 1 −0.50 (0.57) −0.57 (0.57) 1.05 (0.57) .064 −1.36 (0.57) 0.87 (0.56) 0.48 (0.56) .027

 Model 2 −0.82 (0.70) −0.70 (0.77) 1.32 (0.76) .016 −1.67 (0.73) 0.84 (0.72) 0.66 (0.76) .010

Note: All values are given as estimated mean with standard error. Estimated means were calculated by using a linear mixed model: model 1: adjustment for age, 

sex, and long-lived family member status; model 2: as model 1 plus skin tanning type, sun bed use, sun exposure, smoking, number of cardiovascular and meta-

bolic diseases, and body mass index. See Supplementary Material for the individual skin morphology characteristics dependent on p16INK4a positivity. Epidermal 

p16INK4a positivity: number of cells staining positive for p16INK4a per mm length of the epidermal–dermal junction, dermal p16INK4a positivity: number of 

cells staining positive for p16INK4a per 1 mm2 dermis.

Table 3. Wrinkle Grading and Perceived Age Dependent on Tertiles of p16INK4a Positivity

Tertiles of Epidermal p16INK4a Positivity

p for Trend

Tertiles of Dermal p16INK4a Positivity

p for Trend

Low Middle High Low Middle High

≤0.30 0.30–1.30 ≥1.30 ≤0.72 0.72–2.05 ≥2.05

Wrinkle grading

 Model 1 4.47 (0.15) 4.77 (0.15) 5.04 (0.15) .007 4.88 (0.15) 4.76 (0.15) 4.66 (0.14) .301

 Model 2 4.59 (0.19) 4.95 (0.20) 5.17 (0.20) .011 4.96 (0.20) 4.79 (0.20) 4.87 (0.21) .699

 Model 3 4.63 (0.19) 4.90 (0.20) 5.15 (0.21) .033 4.99 (0.20) 4.78 (0.20) 4.84 (0.20) .565

Perceived age (in years)

 Model 1 58.9 (0.68) 60.3 (0.67) 62.2 (0.68) .001 60.3 (0.70) 60.4 (0.69) 60.7 (0.69) .656

 Model 2 59.2 (0.83) 61.6 (0.90) 62.8 (0.89) .001 60.7 (0.90) 60.5 (0.89) 61.9 (0.94) .249

 Model 3 59.4 (0.83) 61.5 (0.90) 62.4 (0.93) .005 60.9 (0.90) 60.3 (0.87) 61.7 (0.93) .400

 Model 4 59.7 (0.62) 60.9 (0.66) 61.1 (0.69) .076 60.0 (0.65) 60.1 (0.63) 61.4 (0.65) .064

Note: All values are given as estimated mean with standard error. Estimated means were calculated by using a linear mixed model: model 1: adjustment for age, 

sex, and long-lived family member status; model 2: as model 1 plus skin tanning type, sun bed use, sun exposure, smoking, number of cardiovascular diseases, and 

body mass index; model 3: as model 2 plus elastic �ber composite score of the papillary dermis and elastic �ber composite score of the reticular dermis; model 4: 

as model 3 plus wrinkle grade. Epidermal p16INK4a positivity: number of cells staining positive for p16INK4a per mm length of the epidermal–dermal junction, 

dermal p16INK4a positivity: number of cells staining positive for p16INK4a per 1 mm2 dermis.

Figure  3. Staining for P16INK4a and MelA in adjacent skin sections from 

three participants. Skin sections from each participant (columns) were 

stained for p16INK4a (top images) and MelA (bottom images). The p16INK4a 

positive cells (arrows in top images) colocalized with MelA positive staining 

(arrows in bottom images); black line represents 100 µm.

1026 Journals of Gerontology: BIOLOGICAL SCIENCES, 2016, Vol. 71, No. 8

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/b
io

m
e
d
g
e
ro

n
to

lo
g
y
/a

rtic
le

/7
1
/8

/1
0
2
2
/2

4
6
5
6
2
6
 b

y
 U

.S
. D

e
p
a
rtm

e
n
t o

f J
u
s
tic

e
 u

s
e
r o

n
 1

6
 A

u
g
u
s
t 2

0
2
2

http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glv114/-/DC1


�ber morphology and p16INK4a positivity. Although the association 

between epidermal p16INK4a positivity and perceived age is attenu-

ated after adjusting for the wrinkling grading (because of the correla-

tion between wrinkling and perceived age), a trend still exists indicating 

that epidermal p16INK4a is also associated with non-wrinkling facial 

aging features. In the dermis, a trend between p16INK4a positivity 

and perceived age was found after adjustment for the wrinkle grad-

ing, indicating that �broblast p16INK4a positivity in a sun-protected 

site re�ects the non-wrinkle components of perceived age such as face 

shape changes with age (16,19). The reason for the differing associa-

tions with perceived age of epidermal and dermal p16INK4a positiv-

ity is unclear. However, in sun-exposed sites large dermal changes are 

associated with skin wrinkling; hence, it could be that the number of 

p16INK4a positive �broblasts in sun-exposed skin is more strongly 

associated with facial wrinkling, but this now needs testing.

Previously we have suggested that the p16INK4a positive epi-

dermal cells were likely melanocytes (8). In agreement with previ-

ous observations (32) all p16INK4a positive cells in the epidermis 

were S100 positive, coincided with MelA staining in adjacent skin 

sections, and were located predominately along the basal mem-

brane indicating that the cells were primarily melanocytes. This 

supports the importance of p16INK4a in melanocyte senescence, 

as senescence is an important tumor suppression mechanism (37), 

p16INK4a expression loss associates with melanoma progression 

(38), and DNA mutations in the p16INK4a locus have been found 

in familial melanoma cases (39). Here, the numbers of p16INK4a 

positive melanocytes were a good indicator of the extent of facial 

aging. This result may re�ect the ef�ciency of cellular mechanisms 

(eg, DNA repair) required for protection of melanocytes to pro-

aging factors across the body. However, the link between p16INK4a 

expressing cells in sun-protected skin with facial aging could also be 

due to variations within the LLS cohort of environmental exposures 

such as diet (40) and physical activity (33,41). Thus, further work is 

required to determine what mechanisms are driving the link between 

p16INK4a positive melanocytes in human arm skin and facial aging.

One of the limitations of our study is the cross-sectional design 

of the study, which does not allow for conclusions on causal rather 

than associative relationships. In addition, the participants were 

members of long-lived families which we have previously shown 

to have lower numbers of p16INK4a positive cells in skin (8). 

However, all results were adjusted for long-lived family member sta-

tus. Another potential issue is that the biopsies were taken from the 

upper-inner arm, while perceived age and the wrinkle grading were 

derived from the face. However, we believe it a striking observation 

that despite this lack of direct spatial relationship, p16INK4a posi-

tivity within arm skin is signi�cantly linked to a more global phe-

nomenon such as perceived age. The observation that p16INK4a 

positive cells are primarily melanocytes within the skin samples 

in our study is supported by the fact that the p16INK4a staining 

was seen exclusively in S100 positive cells. Also, melA staining of 

these p16INK4a positive cells in consecutive sections was observed. 

However, larger numbers of participants would be required to con-

clusive rule out the presence of p16INK4a positive keratinocytes 

in sun-protected skin. Finally, due to the large number of partici-

pants we only used one, albeit widely used and validated (1,2,7,33), 

marker for cellular senescence which means we cannot de�nitively 

assign these results to cell senescence. Inclusion of other markers, 

such as SAβ-gal or DNA damage foci, would have provided more 

evidence to term the p16INK4a positive cells senescent. However, 

irrespective of whether cells expressing p16INK4a in situ are 

truly senescent or not, p16INK4a positive cells in human skin are 

indicative of local elastic �ber morphology and facial aging, and can 

thus be considered as a marker of global skin aging.

This is the largest study of cellular senescence in skin to-date 

(n = 178 participants) and participants of the LLS were extensively 

phenotyped, which allowed us to adjust the �ndings for potential 

confounders. Within these participants we previously reported that 

p16INK4a positivity in the skin was lower in long-lived family mem-

ber than in their partners (8). At present, to the best of our knowledge, 

this is the �rst study to show a signi�cant link between p16INK4a 

positivity in one body site with signs of visible aging (wrinkle grad-

ing and perceived age) in another, independently of long-lived fam-

ily member status and of chronological age. P16INK4a positive cells 

in the skin were also linked to local elastic �ber morphology in a 

manner resembling the effects of chronological age. In addition, we 

show that the numbers of p16INK4a positive cells in the epidermis 

of sun-protected skin are restricted to the melanocyte cell population, 

highlighting the importance of the p16INK4a cell cycle check-point 

in melanocyte aging. This study shows that p16INK4a positivity is, 

apart from a cellular senescence phenomenon and being linked to 

familial longevity, also strongly linked to human skin and facial aging 

in vivo. Further work should focus on the causal factors driving the 

link between p16INK4a positive cells and skin aging. Additionally, the 

importance of cellular senescence in human aging should be explored 

in other tissues, to study whether it is a ubiquitous phenomenon of in 

vivo human aging.
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