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Objective: To evaluate the effectiveness of topical reti-
nol (vitamin A) in improving the clinical signs of natu-
rally aged skin.

Design: Randomized, double-blind, vehicle-controlled, left
and right arm comparison study.

Setting: Academic referral center.

Patients: The study population comprised 36 elderly
subjects (mean age, 87 years), residing in 2 senior citi-
zen facilities.

Intervention: Topical 0.4% retinol lotion or its ve-
hicle was applied at each visit by study personnel to either
the right or the left arm, up to 3 times a week for 24 weeks.

Main Outcome Measures: Clinical assessment using
asemiquantitative scale (0, none; 9, most severe) and bio-
chemical measurements from skin biopsy specimens ob-
tained from treated areas.

Resuvlts: After 24 weeks, an intent-to-treat analysis using
the last-observation-carried-forward method revealed that

there were significant differences between retinol-
treated and vehicle-treated skin for changes in fine wrin-
kling scores (-1.64 [95% CI, -2.06 to -1.22] vs -0.08
[95% CI,-0.17 t0 0.01]; P<<.001). As measured in a sub-
group, retinol treatment significantly increased gly-
cosaminoglycan expression (P=.02 [n=6]) and procol-
lagen I immunostaining (P=.049 [n=4]) compared with
vehicle.

Conclusions: Topical retinol improves fine wrinkles as-
sociated with natural aging. Significant induction of gly-
cosaminoglycan, which is known to retain substantial wa-
ter, and increased collagen production are most likely
responsible for wrinkle effacement. With greater skin ma-
trix synthesis, retinol-treated aged skin is more likely to
withstand skin injury and ulcer formation along with im-
proved appearance.

Trial Registration: clinicaltrials.gov Identifier:
NCT00272610
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RINKLES AND BROWN
spots that repre-

preciated by inspecting the upper inner
arm. Clinically evident atrophy of aged
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sent aged features

are accentuated in

the habitually sun-
exposed face and the back of the hands.
In this premature skin aging (ie, photo-
aging), matrix degradation triggered by so-
lar radiation is critical in causing the
wrinkled phenotype,'* and topical use of
retinoids can offer clinical improve-
ment.>* Human skin not exposed to the
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sun also ages but less dramatically. In in-
trinsic, natural, or chronologic aging, skin
loses its youthful appearance by becom-
ing thinner, laxer, and more finely
wrinkled.”® These changes are readily ap-

skin correlates histologically with thin-
ner epidermis and dermis, with reduced
numbers of keratinocytes and fibro-
blasts, respectively.”® Reduced dermal
thickness is a natural consequence of docu-
mented reduction in procollagen synthe-
sis and constitutively elevated matrix me-
talloproteinases in naturally aged human
skin.” In addition to these quantitative
changes, there is a qualitative fragmenta-
tion of dermal collagen fibers.” These se-
nescent changes partly explain the nota-
bly poor wound healing and propensity for
chronic skin ulcerations seen in the el-
derly population. Such fragile skin is be-
coming a major public health issue as the
population grows older. Safe and effec-
tive therapies to reverse the atrophy of
natural skin aging do not exist currently.
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This reflects our limited understanding of the natural
skin aging process, as well as significant logistical chal-
lenges in conducting clinical studies in the geriatric
population.

Among the clinical features of photoaging, wrinkles have
been a focus of extensive studies over the past decade. Com-
pared with sun-protected skin, such as the buttock, pho-
toaged skin has less procollagen formation.!® Well-
established treatments for photoaging, such as carbon
dioxide laser resurfacing" or topical retinoic acid ,'*** stimu-
late procollagen synthesis and increase the mature colla-
gen band in the high dermis (papillary dermis).'* This in-
crease in dermal collagen is associated with wrinkle
effacement. Because accelerated skin aging due to exces-
sive sun exposure has marked collagen deficiency and ef-
fective treatments for photoaging promote procollagen syn-
thesis, we hypothesized that similar therapies might also
improve the collagen deficiency found in intrinsic aging.
For intrinsically aged skin, however, use of ablative lasers
such as carbon dioxide is not feasible because it induces
significant wounding that takes several weeks to heal. Topi-
cal retinoic acid and tazarotene, both approved for the treat-
ment of photoaging, are not suitable for use in geriatric
populations either because they consistently induce skin
irritation at application sites.*'*1>

All-trans-retinol is a precursor to retinoic acid. When
applied to human skin, it penetrates and is sequentially
oxidized to retinoic acid, causing retinoic acid-like ef-
fects.’® However, compared with retinoic acid, the abil-
ity of retinol to induce skin irritation is notably less, at
least according to a 4-day patch test (an occlusive treat-
ment).'*!” Thus, retinol has the potential to deliver reti-
noic acid-like effects to human skin with improved tol-
erability. We report herein a geriatric clinical study
(patients 80 years or older only) assessing the effective-
ness of topical retinol in effacing fine wrinkling as a clini-
cal end point for reversal of skin atrophy. This clinical
observation is complemented by molecular measure-
ments of procollagen and glycosaminoglycan (GAG).

DR METHODS R

SUBJECTS

The protocol was approved by the University of Michigan Medi-
cal School institutional review board, and written informed con-
sent was obtained from all subjects prior to enrollment. Eli-
gible patients were 80 years or older, in relatively good health,
and without active skin diseases involving the upper extremi-
ties. Forty-four subjects were screened for the study from March
2001 until December 2002. The last visit by a subject oc-
curred in August 2002. A total of 36 subjects with a minimum
age of 80 years from 2 senior citizen centers were enrolled in
the study, and 23 subjects completed the entire study. The mean
age was 87 years (range, 80-96 years), and the male-female ra-
tio was 1:2.5. Exclusion criteria included topical corticoste-
roid or other topical drug use 2 weeks prior to study entry and
hormone therapy for women 6 months prior to the study.

TREATMENT

Treatment areas consisted of upper inner (sun-protected) por-
tions of the arms bilaterally (0.4% retinol [vitamin A] lotion

was applied to one arm and its vehicle lotion was applied to
the contralateral arm). Assignment of treatment was made
through a computer-generated randomization code. Approxi-
mately 2 mL each of retinol and vehicle lotion were drawn via
syringe and applied to the arm at each treatment session. These
unoccluded topical retinol applications were performed up to
3 times per week (Monday, Wednesday, and Friday) for 24
weeks. The treated areas were not subsequently covered with
clothing. Unblinded study personnel not involved in the eval-
uation of study subjects traveled to the 2 residential sites 3
times a week for 24 weeks to administer treatments in mid-
afternoons. For subjects who experienced skin irritation or ex-
cessive dryness, treatments were discontinued for 1 or more
treatment sessions until symptoms decreased. Subjects with un-
resolved irritation after 2 weeks without treatment were ter-
minated from the study.

RETINOL FORMULATION
AND BIOACTIVITY

Retinol was formulated in the laboratory of 1 of the investiga-
tors (G.J.F.) by combining a 41% retinol solution in 55%
polysorbate 20 in sufficient proportions with fragrance-free
Norwegian Formula Neutrogena Body Moisturizer (Ortho-
Neutrogena Co, Los Angeles, Calif) to yield a 0.4% retinol lo-
tion. The vehicle was similarly prepared with 55% polysor-
bate 20 solution in Norwegian Formula Neutrogena Body
Moisturizer. There were no discernable differences in color, odor,
or consistency between the active lotion with retinol and the
placebo lotion control. A stability study in our laboratory using
high-performance liquid chromatography demonstrated that
more than 90% of 0.4% retinol remained in the moisturizer 3
months after preparation. Therefore, 0.4% retinol lotion and
vehicle were formulated every 2 months to ensure that ad-
equate amounts of the active ingredient were present through-
out the study. Both 0.4% retinol lotion and its vehicle were placed
in dark glass containers covered with foil to eliminate trans-
mission of UV radiation and stored at 4°C.

A separate bioactivity study using this 0.4% retinol formu-
lation was also conducted on 5 healthy nongeriatric volun-
teers. This protocol was also approved by our institutional re-
view board, and written informed consent was obtained from
the subjects prior to enrollment. The CRABPII gene contains a
retinoic acid-responsive element.'® Its messenger RNA (mRNA)
is induced by topical application of retinoids dose-
dependently, thus serving as a reliable reporter of retinoid ac-
tion.'® Retinol lotion, its vehicle, 0.1% retinoic acid in ethanol-
propylene glycol (positive control), and ethanol-propylene glycol
(negative control) were applied on buttock skin, and a biopsy
from each treatment site was obtained after 24 hours.
CRABPII mRNA levels were measured with quantitative real-
time reverse transcriptase—polymerase chain reaction (RT-
PCR), as previously described.®

CLINICAL EVALUATIONS

Evaluations were performed by 2 blinded dermatologists (V.N.H.
and S.K.) at baseline and then at weeks 2,4, 8, 16, and 24. Clini-
cal evaluations of the upper inner arms were based on (1) tac-
tile roughness, (2) fine wrinkling, and (3) overall severity. Each
of these parameters was graded on a semiquantitative scale from
0t09 (0, none; 1-3, mild; 4-6, moderate; and 7-9, severe). Fine
wrinkling was the primary outcome measure, while the over-
all severity was secondary. At each visit, subjects were also evalu-
ated for signs of cutaneous irritation such as erythema, peel-
ing, pruritus, burning and/or stinging, and dryness on a similar
9-point scale. Photographs of treatment areas were obtained at
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Figure 1. Induction of CRABPII messenger RNA by 0.4% retinol preparation
in human skin in vivo (n=5). Error bars indicate standard error. *P<.05 vs
control.
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Figure 2. Topical retinol reduces the fine wrinkling in chronologically aged
skin (n=23). Error bars indicate standard error. *P<.01 vs vehicle. P<.001
vs vehicle.

baseline and weeks 2, 4, 8, 16, and 24. For standardization, sub-
jects were asked to stand erect and extend their arms 90° from
the trunk laterally and gently place their hands (palm surface
down) on a vertically placed pole.

SKIN BIOPSY SPECIMENS

Four-millimeter punch biopsy specimens were taken from the
upper inner arms on both retinol- and vehicle-treated arms at
baseline and again at week 24. Biopsy specimens at week 24
were taken at least 2 cm away from the baseline biopsy sites to
avoid inadvertent sampling of scar tissue. Biopsy specimens from
each patient were assigned, through a randomization code, to
one of several laboratory assays (immunohistologic and West-
ern blot analyses, real-time RT-PCR, and transmission elec-
tron microscopy). Owing to a relatively small sample size in
each category (=6 subjects), significant differences in mea-
surements were not observed in most. Only the results of sta-
tistically significant effects are reported herein. Biopsy speci-
mens for immunohistochemical analysis and GAG quantification
were embedded in optimal cutting temperature medium and
stored at —-70°C until use. For type I procollagen immunostain-
ing, 7-pm sections were cut and reacted with SP1.D8 mono-
clonal antibody (1.8 pg/mL, from the University of lowa De-
partment of Biological Sciences, Towa City), as previously
described.'® SP1 staining within the dermis was quantified using
Image-Pro Plus software (Media Cybernetics, Silver Spring, Md).

Data were expressed as the percentage of dermal area stained.
For GAG determination, eight 50-um sections were com-
bined, washed with 50mM Tris (pH 8.0), digested with prote-
ase (500 pg/mL) (Sigma, St Louis, Mo), centrifuged for 15 min-
utes at 10000g, and the supernatant assayed for GAG using a
Blyscan Assay Kit (Biocolor Ltd, Belfast, Ireland) with the sup-
plied GAG standard. Data were expressed as GAG (in micro-
grams) per volume (in microliters). CRABPII mRNA levels in
skin samples were quantified by real-time RT-PCR, as previ-
ously described.”** Forward and reverse primers and probe were
5'-CAAGACCTCGTGGACCAGAGA-3', 5'-ACCCTGGTG-
CACACAACGT-3', and 6FAM-TCCGCCGTCATGGTCAG-
GATCAGTTC, respectively.

STATISTICAL ANALYSIS

Comparisons of clinical end points between vehicle- and retinol-
treated skin were made with the paired t test. Subjects who with-
drew prior to completion of the study had their last available
global evaluation carried forward to week 24. Summary data
are represented as mean+SE. All P values are 2 tailed. The data
were analyzed using SAS analytic software (version 8.2, SAS
Institute Inc, Cary, NC).

A sample size of 36 provides a power level of 0.80 in de-
tecting a difference of 0.5 units on the overall global response
scale between treated and untreated skin, with a type I error
rate of 0.05 for a 2-tailed hypothesis, assuming a standard de-
viation of differences to be 1.0. This assumption was based on
previous data from similar studies in photoaging.

o EEEEETEES

A total of 36 subjects were enrolled in the study. All were
white with skin phototypes I or 1I. Eighteen were ran-
domized to receive 0.4% retinol lotion on the right arm
and 18 were randomized to receive lotion alone on the
left arm. Among the 36 subjects, 23 completed the en-
tire study and 13 withdrew prior to completion. Five sub-
jects withdrew because of cutaneous irritation and/or pru-
ritus (n=3), broken arm (n=1), and broken hip (n=1).
Six subjects discontinued because of personal reasons,
1 withdrew owing to a protocol violation, and 1 subject
died during the treatment period from a cause unre-
lated to the study.

RETINOL BIOACTIVITY RESULTS

Unoccluded application of 0.4% retinol lotion to nor-
mal human skin induced CRABPII mRNA 3-fold over
its vehicle treatment (P<<.05; n=5). This magnitude of
CRABPII mRNA induction was comparable to that seen
with 0.1% retinoic acid, indicating retinol’s ability to pen-
etrate human skin and cause retinoid induced molecu-
lar changes (Figure 1).

CLINICAL RESULTS

At baseline, clinical severity of the upper inner arms
was similar between the left and right sides. For fine
wrinkling, arms assigned to retinol treatment had a mean
score of 7.25 (95% CI, 7.03 to 7.47) and those assigned
to vehicle treatment, 7.22 (95% CI, 7.01 to 7.43).
An analysis of all patients using the last-observation-
carried-forward method revealed that retinol treatment
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Figure 3. Clinical appearance of upper inner arms at baseline and end of study from 2 representative subjects (A and B; E and F). Magnifications (original
magnification x3.5) of the areas outlined with rectangles are also shown (C and D; G and H).

significantly reduced the fine wrinkling scores com-
pared with vehicle treatment (-1.64 [95% CI, -2.06 to
-1.22]vs -0.08 [95% CI, -0.17 t0 0.01]; P<<.001 [N =36]).
In an analysis restricted to patients completing the study
(n=23), the reduction in fine wrinkling was evident be-
ginning at week 4 and continued through week 24
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(Figure 2). Representative examples of clinical re-
sponses are seen in Figure 3.

Improvement in tactile roughness and overall sever-
ity in chronologically aged skin was also seen with reti-
nol treatment. After 24 weeks, intent-to-treat analyses
demonstrated significant differences between retinol-
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Table. Intent-to-Treat Analyses of 36 Patients Using the Last-Observation-Carried-Forward Method*
Variable Baseline Score Score at Week 24 Change in Score at Week 24 P Value
Tactile roughness
Retinol 4.64 (4.09t05.19) 4.11 (3.57 to 4.65) -0.53 (-0.73 t0 -0.33) <.001
Vehicle 4.64 (4.09t05.19) 4.64 (4.09t05.19) 0.00 (0.00 to 0.00)
Fine wrinkling
Retinol 7.25 (7.03 to 7.47) 5.61 (5.14 t0 6.08) -1.64 (-2.06 to -1.22) <.001
Vehicle 7.22 (7.01 t0 7.43) 7.14 (6.91 t0 7.37) -0.08 (-0.17 t0 0.01)
Overall severity
Retinol 6.94 (6.75t0 7.14) 5.69 (5.24 t0 6.14) -1.25 (-1.63 t0 -0.87) <.001
Vehicle 6.92 (6.73 to 7.10) 6.97 (6.77 to 7.17) 0.06 (-0.02 to 0.14)

*Data are given as mean score (95% confidence interval).
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Figure 4. Topical retinol induces glycosaminoglycan (GAG) expression in
chronologically aged skin (n=6). Values are ratios of levels in the retinol or
vehicle at baseline and week 24. *P=.04 vs baseline. Values in retinol-treated
skin are expressed as fold change from vehicle-treated skin at baseline and
again at week 24. After 24 weeks, the GAG levels in retinol-treated skin were
40% higher, on average, than in vehicle-treated skin (P=.02).

treated and vehicle-treated skin for changes in tactile
roughness scores (-0.53 [95% CI, -0.73 to -0.33] vs 0.00
[95% CI, 0.00 to 0.00]; P<<.001 [N=36]) and in the over-
all severity scores (-1.25 [95% CI, -1.63 to -0.87] vs 0.06
[95% CI, -0.02 to 0.14]; P<.001 [N=36]) (Table).

ADVERSE REACTIONS

Opverall, topical retinol was well tolerated by the subjects.
By week 24, most subjects reported some degree of cuta-
neous irritation on the retinol-treated arm, including ery-
thema (n=18), peeling (n=16), pruritus (n=12), dryness
(n=14), and burning and/or stinging (n=3). However, most
adverse reactions to the retinol were rated as mild. In 3 sub-
jects, cutaneous reactions and/or symptoms were severe
enough to withdraw consent.

BIOCHEMICAL RESULTS

Compared with vehicle, retinol treatment induced a sig-
nificant increase in GAG expression (P=.02 [n=6])
(Figure 4). In addition, a significant increase in pro-
collagen I immunostaining from baseline to week 24 was
observed in the retinol-treated arm compared with the
vehicle-treated arm (P=.049 [n=4]) (Figure 5).

BN  COMMENT Sy

The age of the population is rapidly increasing. It is es-
timated that by the year 2040, greater than 30% of the
US population will be older than 55 years, more than dou-
bling its current level.”* This increase in population age
will be accompanied by greater demands on health care
resources. Poor wound healing and propensity to form
nonhealing ulcers (eg, decubitus ulcers), in addition to
development of skin cancers, are considerable dermato-
logic issues in the elderly population. These clinical fea-
tures of increased skin fragility are believed to result from
cutaneous atrophy. Therefore, a safe and effective ap-
proach to increase the dermal matrix is desirable.

As human skin naturally ages, it becomes thin, lax, and
finely wrinkled. Of these changes, fine wrinkles are most
easily appreciated clinically, with severity correlating
strongly with age.* We have demonstrated through this
randomized controlled clinical trial that topical 0.4% reti-
nol improves the clinical appearance of naturally aged hu-
man skin. This clinical improvement was accompanied by
an increase in 2 matrix molecules, procollagen I, and GAG.

In our study, the fine wrinkles of intrinsic aging be-
gan to efface after 4 weeks of retinol use, with contin-
ued improvement throughout the study period of 24
weeks. This is a faster response in wrinkle effacement than
that observed in photoaging. Typically, at least 2 to 3
months of topical retinoic acid therapy is needed before
significant improvement in wrinkles or photoaging is
noted.'»*?® The time-course differential in wrinkle ef-
facement may reflect differences in the nature of wrinkles
between photoaging and intrinsic aging and/or severity
of the matrix deficiency to be overcome by retinoids.

Occurring within the first month of retinoic acid treat-
ment, there is an increase in GAG (hyaluronic acid) in
the epidermis of photoaged skin.**” As a hygroscopic ma-
terial, GAG possesses the capacity to bind water roughly
1000 times its own weight.”® Well-established tactile
smoothening of photoaged skin by topical retinoic acid
is believed to be mediated by induced GAG retaining wa-
ter in the superficial cutaneous compartment. In our study
on intrinsic aging, measurement of GAG was performed
prior to and after a 6-month treatment course with reti-
nol. As a precursor to retinoic acid, retinol is expected
to induce GAG early in the treatment course like reti-

(REPRINTED) ARCH DERMATOL/VOL 143, MAY 2007

610

WWW.ARCHDERMATOL.COM

©2007 American Medical Association. All rights reserved.

Downloaded From: http://archder m.jamanetwork.com/ on 02/17/2015



Vehicle (Week 24
,. (Week 24)

0.4% Retinol (Week 24)

0.4% Retinol (Baseline)

0.4% Retinol (Week 24)

*

+

w
o
n

% Area Staining
N
9

—
3]
)

ol T

0.5

00 Vehicle Retinol Vehicle Retinol )
Baseline Week 24

Figure 5. Topical retinol induces type | procollagen protein in chronologically
aged skin. Baseline and 24 weeks after retinol- or vehicle-treated skin was
analyzed for type | procollagen by immunohistologic analysis (SP1 staining
[reddish-brown color represents immunostaining], original magnification
x20). Panels A and B are from 2 representative subjects. Panel C summarizes
quantitation (percentage of the dermis stained by SP1) of procollagen type |
immunostaining (n=4). Error bars indicate standard error. * P=.049 for retinol
vs control in the difference of percentage of area staining from baseline to
week 24.

noic acid. Thus, the early effacement of fine wrinkles of
natural aging brought on by topical retinol is most likely
due in part to GAG.

Besides GAG, procollagen I was significantly in-
duced by retinol treatment. The paucity of procollagen I

immunostaining at baseline indicates that there is mini-
mal synthesis of collagen in intrinsically aged skin. Our
study demonstrates that unoccluded treatment of reti-
nol can stimulate procollagen synthesis in aged human
skin. In photoaged human skin treated with topical reti-
noic acid for an extended length of time (>2 years on
average), we now have evidence that mature collagen ma-
trix is deposited in the high dermis.'* It is expected that
a similar process will occur in intrinsically aged skin
treated with retinol. Such skin may withstand skin break-
down and ulcer formation to a greater degree than un-
treated skin.

Of the 36 subjects enrolled in our study, 11 were as-
sessed 12 weeks after the therapy was discontinued (week
36). Although the difference in fine wrinkle severity score
had lessened between the retinol- and vehicle-treated
sides, it remained statistically significant (data not shown).
By week 48, 24 weeks after the discontinuation of reti-
nol treatment, no significant differences remained be-
tween the 2 sides. In photoaging, a similar relapse in ef-
faced wrinkling caused by retinoic acid treatment has been
reported.”

Our retinol preparation was relatively well tolerated by
the elderly subjects. Despite the known relatively low ir-
ritation potential of retinol,'® we deliberately erred on the
conservative side in administering topical treatments to
maximize subject retention and tolerability in this fragile
population. If there was any question or concern of ex-
cessive irritation, pruritus, or erythema, our trained treat-
ment providers were instructed to withhold further topi-
cal application until the cutaneous reaction and symptoms
abated or improved. These signs and symptoms (ie, reti-
noid dermatitis) have always been a source of potential
bias in topical retinoid trials. Our gentle treatment ap-
proach minimized cutaneous reactions evident during pa-
tient evaluations and served to reduce but not totally elimi-
nate the possibility of bias and deblinding. Indeed, although
up to 3 treatment sessions per week were planned, our pa-
tients received a mean of 1.6 applications weekly. We sus-
pect that with a more aggressive treatment regimen, greater
clinical effects and more robust biochemical changes would
have been observed.

In summary, topical retinol is a promising and safe
treatment to increase the dermal matrix of aged skin and
improve clinical features associated with atrophic wrinkled
skin. By increasing the dermal matrix of elderly skin, the
substantial morbidity caused by poor wound healing and
chronic ulcer formation may be reduced.
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