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Reduced synthesis of collagen types I and III is char-
acteristic of chronologically aged skin. The present
report provides evidence that both cellular fibroblast
aging and defective mechanical stimulation in the
aged tissue contribute to reduced collagen synthesis.
The reduction in collagen synthesis due to fibroblast
aging was demonstrated by a lower in vitro produc-
tion of type I procollagen by dermal fibroblasts iso-
lated from skin of young (18 to 29 years) versus old
(80� years) individuals (82 � 16 versus 56 � 8 ng/ml;
P < 0.05). A reduction in mechanical stimulation in
chronologically aged skin was inferred from morpho-
logical, ultrastructural, and fluorescence microscopic
studies. These studies, comparing dermal sections
from young and old individuals, demonstrated a
greater percentage of the cell surface attached to col-
lagen fibers (78 � 6 versus 58 � 8%; P < 0.01) and
more extensive cell spreading (1.0 � 0.3 vs. 0.5 � 0.3;
P < 0.05) in young skin compared with old skin.
These features are consistent with a lower level of
mechanical stimulation on the cells in old versus
young skin. Based on the findings presented here, we
conclude that reduced collagen synthesis in chrono-
logically aged skin reflects at least two different un-
derlying mechanisms: cellular fibroblast aging and a
lower level of mechanical stimulation. (Am J Pathol
2006, 168:1861–1868; DOI: 10.2353/ajpath.2006.051302)

Reduction of fibrillar (types I and III) collagen is a char-
acteristic feature of chronologically aged skin and is en-

hanced in photodamage. This has been well described
using histological and ultrastructural approaches in the
past,1–5 and our own recent studies have documented
this biochemically in both chronological aging6 and pho-
toaging.7 Collagen-degrading matrix metalloproteinases
(MMPs) are up-regulated in skin by UV radiation.8,9 Re-
peated induction of these enzymes by exposure to solar
radiation over years or decades is likely responsible for
producing collagen fragmentation in sun-damaged skin.
During natural or chronological aging of the skin, the
same MMPs that are up-regulated acutely in response to
UV radiation are gradually increased. This has been ob-
served in monolayer culture with cells obtained from old
versus young subjects,10–14 and our own studies have
shown gradual up-regulation of MMPs in intact (old ver-
sus young) skin.15

Although destruction of existing collagen is, undoubt-
edly, central to the deleterious changes observed in
aged/photoaged skin, failure to replace damaged colla-
gen with newly synthesized material is also critical to the
overall pathophysiology. There is a sustained down-reg-
ulation in collagen synthesis in photodamaged skin rela-
tive to what occurs in healthy sun-protected skin16 and in
chronologically aged, sun-protected skin compared with
what is seen in young skin.15

Mechanisms underlying the loss of collagen synthesis
in photodamaged skin and chronologically aged skin
have not been fully delineated. In a recent series of
studies, we demonstrated that in severely photodam-
aged skin, the presence of fragmented collagen in the
dermis inhibited collagen synthesis. Based on results
from a variety of in vitro and in vivo approaches, we
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concluded that damaged collagen did not support a level
of mechanical tension on resident fibroblasts necessary
for efficient collagen synthesis.6,7,17,18 Whether a similar
mechanism contributes to decreased collagen produc-
tion in chronologically aged skin, and if so, to what extent
it is responsible for the overall collagen reduction ob-
served in aged skin, is not known. These issues are
addressed in the present study.

Materials and Methods

Skin Biopsies

For this study, individuals between the ages of 18 and 29
years (young cohort) and individuals 80 years or older
(old cohort) were recruited. Replicate 2- and/or 4-mm
punch biopsies of sun-protected hip skin were obtained
from each individual. The 4-mm punches were used for
fluorescence microscopic and ultrastructural analysis
and for assessment of type I procollagen levels. On ar-
rival in the laboratory, one of the 4-mm biopsies was
immediately frozen in optimal cutting temperature me-
dium (OCT), and the other piece was fixed in glutaralde-
hyde. The 2-mm punch biopsies were used for routine
histology at the light microscopic level and as a tissue
source for the isolation of dermal fibroblasts. For routine
histology, the biopsies were fixed in 10% buffered forma-
lin. Fibroblast isolation was accomplished as indicated
below. All procedures involving human subjects were
approved by the Institutional Review Board, and biopsies
were obtained after receiving informed consent.

Human Dermal Fibroblasts in Monolayer Culture

Fibroblasts were isolated from skin biopsies as described
previously.15 Briefly, the biopsy was minced with a scis-
sors and forceps, and tissue fragments were transferred
to individual wells of a 24-well dish. Dulbecco’s modified
minimal essential medium supplemented with nonessen-
tial amino acids and 10% fetal bovine serum (DMEM-
FBS) was used as culture medium. Only a minimal
amount of medium was included so that tissue pieces
would adhere to the plastic surface. The dishes were
maintained at 37°C in an atmosphere of 95% air and 5%
CO2. Eventually, fibroblast proliferation around the edge
of some of the tissue fragments was observed. When
cells in sufficient number were available, they were har-
vested with trypsin/ethylenediamine tetraacetic acid
(EDTA) and grown in monolayer culture using DMEM-
FBS. Cells were subcultured by exposure to trypsin/EDTA
one or two times and then used in experiments.

Type I Procollagen

Serial frozen sections were prepared from OCT-embed-
ded skin biopsies as follows: 7, 200, and 7 �m. After
hematoxylin and eosin staining, the areas of the sections
from both ends of the 200-�m sample were measured
using Image ProPlus software to calculate the volume of
the 200-�m sample. Soluble protein extracts were pre-

pared from the 200-�m samples, which were homoge-
nized in ice-cold extraction buffer (50 mmol/L Tris-HCl,
pH 7.4, 0.15 mol/L NaCl, 1% Triton X-100, and protease
inhibitors [Complete Mini, Hoffmann-LaRoche, Nutley,
NJ]), and vortexed in the presence of glass beads (Bio-
spec, Bartlesville, OK). After centrifugation for 10 minutes
at 10,000 � g and 4°C, supernatants were assayed for
procollagen I using a commercial enzyme-linked immu-
nosorbent assay kit (Panvera, Madison, WI) as described
previously.15 The procollagen assay uses an antibody to
the C-terminal propeptide region that is part of the colla-
gen molecule as it is synthesized and secreted (before
being proteolytically cleaved). As such, this assay is a
measure of newly synthesized collagen. Type I procolla-
gen concentrations were normalized to the volume of
tissue used for the preparation of each sample.

Type I procollagen production was also assessed in
dermal fibroblasts in monolayer culture. Fibroblasts were
seeded at 4 � 104 cells per well in 24-well plates using
DMEM-FBS as culture medium. The cells were allowed to
attach overnight. The next day, they were washed and
then incubated in keratinocyte growth medium (Cambrex
Bioscience, Walkersville, MD) supplemented with 1.4
mmol/L Ca2�. Keratinocyte growth medium is a serum-
free, low-Ca2� modification of MCDB-153 medium sup-
plemented with epidermal growth factor (EGF), insulin,
hydrocortisone, and pituitary extract. Cell numbers were
determined 2 days later by releasing the cells with tryp-
sin/EDTA and enumerating them using a particle counter
(Coulter Electronics, Hialeah, FL). At the time of harvest,
the serum-free culture fluids were collected and as-
sessed for type I procollagen using the same enzyme-
linked immunosorbent assay procedure and then normal-
ized to cell number.

Immunostaining and Confocal Microscopy

A mouse monoclonal antibody to vinculin was obtained
from Chemicon (Temicula, CA). The primary antibody
was visualized with rabbit anti-mouse IgG antibody
bound to Alexa Fluor 488 (Invitrogen, Carlsbad, CA) and
further amplified with Alexa Fluor 488 goat anti-rabbit
IgG. Alexa Fluor 546-phalloidin (Invitrogen) was used as
a probe for actin. Nuclei were counterstained with the
nuclear dye 4�,6-diamidino-2-phenylindole, dihydrochlo-
ride (DAPI) (Prolong Gold; Invitrogen). (Note that Alexa
Fluor 488 is spectrally similar to fluorescein, whereas
Alexa Fluor 546 is spectrally similar to rhodamine.)

OCT-embedded frozen skin biopsies from young
and old individuals were used for staining. Briefly, the
frozen tissue sections were fixed with 4% formalde-
hyde for 20 minutes. After fixation, the tissue sections
were washed twice with wash buffer (0.05% Tween 20
in Dulbecco’s phosphate-buffered saline), followed by
permeabilization with 0.1% Triton X-100 for 10 minutes.
Tissue sections were again washed and then exposed
to a blocking solution consisting of 1% bovine serum
albumin in Dulbecco’s phosphate-buffered saline for
30 minutes. Next, the sections were treated with anti-
vinculin antibody in blocking solution for 1 hour. After
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three subsequent washing steps (5 minutes each),
each sample was treated with Alexa Fluor 488-conju-
gated secondary antibody in blocking solution and
incubated for 45 minutes. Sections were simulta-
neously stained for actin expression using Alexa Fluor
546-phalloidin along with the secondary antibody. Af-
ter three additional washing steps (5 minutes each),
tissue sections were treated for 30 minutes with the
amplification antibody (Alexa Fluor 488 goat anti-rabbit
IgG). This was followed by two additional washing
steps and treatment with DAPI (nuclei counterstain) for
3 minutes. After three final washing steps, tissue sec-
tions were rinsed once with water. Coverslips were
mounted onto the microscope slides with Prolong Anti-
Fade (Invitrogen). Stained tissue sections were exam-
ined by fluorescence microscopy. Microscopy was
performed on a Zeiss LSM 510 confocal microscope
using a 63� (C-Apochr) water immersion objective
lens (numerical aperture (NA) � 1.2). Laser excitation
wavelengths included 364, 488, and 543 nm scanned
in sequence by the line method.

Light Microscopic and Transmission Electron
Microscopic Studies

Skin biopsies were fixed overnight in 2% glutaraldehyde
in 0.1 mmol/L cacodylate buffer (Sigma, St. Louis, MO) at
pH 7.4. Glutaraldehyde-fixed specimens were treated
with 2% osmium tetroxide buffered in 0.1 mmol/L caco-
dylate buffer. Specimens were dehydrated with graded
ethanol to 2 � 100% ethanol and 2� propylene oxide
(EM Sciences). The samples were embedded in pure
epon resin. One-micrometer tissue sections were cut,
stained with toluidine blue, and examined at the light
microscopic level. Surface area occupied by individual
cells was assessed quantitatively using NIH Image soft-
ware on 1-�m sections obtained from glutaraldehyde-
fixed, plastic-embedded tissue.

The same tissue sections used for quantification of
surface area at the light microscopic level were also used
to identify areas of interest for transmission electron mi-
croscopy. Ultrathin sections were cut from areas of inter-
est, stained with lead citrate and uranyl acetate (both
from EM Sciences), and observed using a Phillips 400
transmission electron microscope. Photographs were
made from several areas of each specimen. Using the
high-resolution photographs, interstitial cells were quan-
titatively evaluated for percentage of the cell boundary in
contact with individual collagen fibrils or collagen fibril
bundles. Although it is difficult to identify interstitial fibro-
blasts with 100% accuracy, obvious contaminants (mast
cells, cells in vascular structures, glandular epithelial
cells, and red blood cells) were not evaluated.

Statistical Analysis

Proliferation, type I procollagen production, two-dimen-
sional surface area measurements and collagen-attach-
ment data were compared between young and old skin.
The data were analyzed using Student’s two-sample t-

test (Microsoft Excel and SAS analytic software). Sum-
mary data are expressed as means � SEM. All P values
are two-tailed.

Results

Type I Procollagen Synthesis in Skin from
Young and Old Individuals

In the first series of experiments, type I procollagen con-
tent was measured in skin from young and old individu-
als. Type I procollagen content, a marker of ongoing
collagen synthesis, was decreased by 68% in old skin
versus young skin (Figure 1).

Type I Procollagen Synthesis by Fibroblast
Isolates from Young and Old Skin

Next, conditioned medium from cultures of young and old
fibroblasts was assessed for type I procollagen produc-
tion. Isolates from the cohort of young individuals synthe-
sized more type I procollagen than did the fibroblast
isolates from the cohort of old individuals (Figure 2). Cells
isolated from young skin also proliferated to a greater
extent (Figure 2).

Collagen Structure, Fibroblast-Collagen
Interactions, and Cell Shape in Vivo:
Comparison of Young and Old Skin

A series of related histological, ultrastructural, and fluo-
rescence microscopic analyses were performed to de-
termine the relationship between collagen structure, cell
shape and adhesion site protein distribution. Differences
in fiber bundle content were observed between young
and old skin. Fiber bundles were thicker and there was

Figure 1. Type I procollagen production in young and old skin. Values
shown are averages � SEM, based on six young and six old individuals.
Statistical significance of the differences between young and old skin was
determined using Student’s t-test. *Significance at the P � 0.05 level.
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less open space within and between bundles in the pap-
illary dermis of the 18- to 29-year-old individuals than in
the corresponding tissue from the 80�-year-old subjects
(Figure 3). In sections of young skin, interstitial cells could
be seen oriented in the plane of the collagen polymer
(Figure 3, inset). In old skin, the papillary dermis was
characterized by the presence of open space inter-
spersed with criss-crossing, tangled, thin fibers. There
was little evidence of fiber bundle orientation. Open
space around interstitial cells was apparent (Figure 3B,
arrows), and there was little evidence of cell orientation
(Figure 3, inset).

Cell shape (two-dimensional cross-sectional area of
cells in 1-�m-thick sections from plastic embedded tis-
sue) was quantitatively examined. Cells from young indi-

viduals were more spread than the corresponding cells
from old individuals (Figure 4). The quantitative data
shown in Figure 4 were obtained from sections of super-
ficial (papillary) dermis. When the same analyses were
done in the deeper layers of the (reticular) dermis, results
were similar (not shown).

Ultrastructural features of the matrix were compared in
sections from young and old skin. Overall, there were no
major differences in the appearance of the collagen poly-
mers that could be used to distinguish young and old
skin. There were, however, areas in sections of old skin
where the density of collagen was reduced. Such areas
were primarily (though not always) confined to the pap-
illary dermis. Occasional unstriated fibers were present in
some of the sections from the old skin samples, but we
never detected the elastotic material characteristic of
badly sun-damaged skin.2,3,5

As part of the analysis, the interaction between inter-
stitial cells and the surrounding collagen was examined.
For these studies, we avoided mast cells, epithelial cells
in glandular structures, cells associated with the micro-
vasculature and any inflammatory cell that might be
present. Thus, a majority of the cells characterized were
interstitial fibroblasts. Figure 5 demonstrates and quanti-
fies the interaction of these cells with the surrounding
collagen in sections from young and old individuals. In
skin sections from the 18- to 29-year-old cohort, cells
were in contact with intact collagen fibrils over a greater
proportion of their surface (two-dimensional image) than
were cells in sections from old skin.

Adhesion Site Protein Expression: Comparison
of Cells in Young and Old Skin

In a final set of experiments, anti-vinculin antibody was
used to identify focal adhesion sites by fluorescence
microscopy (Figure 6). In cells from both young and old
skin, anti-vinculin staining was evident. Staining in skin
sections from young individuals was associated with fiber
bundles, which were evident by their dull orange appear-
ance in the stained sections. In sections of old skin, there
were fewer focal adhesions, and much of the staining
was closely associated with nuclei (blue color). The dif-
ferential pattern of adhesion site protein expression
shown in Figure 6 correlated with differences in cell
spreading, as observed at the light microscopic level
(Figure 4), and with cell-collagen interactions, as ob-
served at the transmission electron microscopic level
(Figure 5). Alternatively, nuclear-associated fluorescence
could indicate an intracellular (presumably, functionally
inactive) pool of vinculin.

Discussion

There is a large body of literature demonstrating a rela-
tionship between mechanical tension on cells in vitro and
biological responses of cells to stress.19–23 When there is
a sufficient level of mechanical tension on fibroblasts,
production of collagen and other components of the ex-

Figure 2. Cellular proliferation and type I procollagen production in mono-
layer culture. Proliferation (A) and type I procollagen production (B) by
fibroblasts isolated from young and old skin. Values shown are averages �
SEM, based on 26 fibroblast isolates from eight young individuals and 37
isolates from eight old individuals. Statistical significance of the differences
between isolates from young and old skin was determined using Student’s
t-test. *Significance at the P � 0.05 level.
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tracellular matrix is high. When tension is reduced, matrix
production falls, and elaboration of matrix-degrading en-
zymes is concomitantly stimulated.24–30 Lapiere and col-
leagues31 directly measured mechanical forces gener-
ated by fibroblasts in three-dimensional collagen lattices.
In a series of studies, they demonstrated that the reduc-
tion in collagen synthesis occurring as a consequence of
reduced mechanical tension reflected decreased tran-
scription of genes for interstitial collagens, effects on
enzymes involved in the posttranslational processing of
procollagen peptides, and increased elaboration of col-
lagen-degrading MMPs. It was shown, furthermore, that
multiple signaling pathways were responsible for altered
gene transcription.32,33 Of interest, changes in MMP pro-
duction resulting from a loss of mechanical tension could
be clearly separated from changes resulting from inter-
leukin-1 stimulation.34

Consistent with these past observations, studies from
our laboratory demonstrated that when human dermal
fibroblasts were maintained on native three-dimensional
collagen lattices, these cells produced type I procolla-
gen. When the collagen in the lattice was fragmented by
exposure to MMP-1 (interstitial collagenase) or to en-
zymes elaborated by UV-exposed skin (primarily MMP-
1), a fall-off in collagen production occurred. Concomi-
tant with the decrease in collagen production on the
fragmented collagen lattices was a reduction in mechan-
ical tension as evidenced by reduced cell spreading,
decreased focal adhesions, and dissolution of actin
stress fibers.6,7,17,18 Parallel studies showed that in se-
verely photodamaged skin (with its extensive collagen
degradation), resident fibroblasts were characterized by
similar morphological, ultrastructural, and fluorescence
microscopic findings as observed in vitro on fragmented
collagen.18 Our interpretation of these findings is that
degradation of collagen in severe photodamage pro-
duces an environment that is unable to support a level of

mechanical tension required for efficient collagen-syn-
thetic activity.

Collagen fragmentation, a reduction in total collagen,
and decreased cell-collagen fiber interactions also char-
acterize chronologically aged skin.1–3,5 The enzymes re-
sponsible for collagen degradation increase gradually
over time in the skin.15 Collagen synthesis may also de-
cline gradually, but the fall-off in new collagen production
is most evident when skin damage is clinically evident.15

The present study was undertaken to determine what
factors contribute to the loss of collagen-synthetic activity
in chronological aging. Based on the results presented
here, we suggest at least two mechanisms. In vitro stud-
ies indicate that reduced collagen synthesis in old skin
reflects, at least in part, an age-related reduction in col-
lagen-synthetic activity in the resident population of fibro-
blasts. Fibroblasts obtained from sun-protected skin of
young adults (18 to 29 years of age) synthesized an
average of 82 ng of type I procollagen per 5 � 104 cells,
whereas cells from old individuals (80� years of age)
synthesized 56 ng per 5 � 104 cells under identical in
vitro conditions. Coupled with this is the fact that there are
fewer interstitial fibroblasts in aged skin compared with
young skin,15 contributing to reduced growth capacity
(Figure 2). Thus, even when all environmental factors that
may contribute to differences in vivo are removed, there is
still an age-dependent difference in collagen-synthetic
capacity that explains at least part of the previously doc-
umented reduction in collagen content of aged skin.6

If a decrease in collagen synthetic capacity occurs as
a function of fibroblast (cellular) aging, then what role
does a reduction in mechanical tension play? Although it
may be difficult to precisely estimate the percentage of
the overall decrease in collagen production (in old skin
relative to young skin) accounted for by decreased me-
chanical tension, the following analysis serves as a basis
for comparison. Our past studies15 indicate that collagen

Figure 3. Histological features of sun-protected skin from young and old individuals as observed in 5-�m hematoxylin and eosin-stained sections from
formalin-fixed tissue (main frames) and in 1-�m toluidine blue-stained sections from glutaraldehyde-fixed, plastic-embedded tissue (insets). Thick fiber bundles
are present throughout the upper dermis of sun-protected young skin. Inset: Some fibroblasts can be seen oriented in the plane of the fiber bundles. In the old
skin sample, the bundles have been replaced with thin, disorganized fibers. There is more open space in the dermis. Interstitial cells are round or oblong, and
some are surrounded by open space (arrows). Inset: Fibroblast orientation (arrow) is not evident. Hematoxylin and eosin-stained sections, �490; toluidine
blue-stained sections (insets) �980.
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production in sun-protected skin of old (80� years) indi-
viduals is decreased by approximately 75% relative to
production in corresponding skin of young (18 to 29
years) adults. Both Western blotting of skin extracts and
immunostaining for type I procollagen are consistent in
this regard. These past findings are also consistent with
the direct measurements of type I procollagen in young
and old skin presented here (ie, 68% reduction in old
versus young skin; Figure 1). If the number of fibroblasts
in skin from 80�-year-old individuals is reduced by ap-
proximately 35% relative to the number in skin of 18- to
29-year-old individuals as indicated by morphometric
analysis15 and if type I procollagen synthesis is reduced
by an average of 30% in fibroblasts from old skin as

indicated in Figure 2 of the present study, then it is
reasonable to suggest that age-dependent differences in
fibroblast biosynthetic activity account for approximately
45% of the total decrease. Other factors (including loss of
mechanical tension) account for the remaining 30%. This
separation is shown schematically in Figure 7. How ulti-
mate accuracy of the 45%/30% split is less important
than the fact that while a loss of mechanical tension
appears to be the major factor underlying decreased
collagen synthesis in photodamaged skin,18 in chrono-
logically aged skin, it is one of the two contributing
mechanisms.

Of interest, age-dependent alterations in fibroblast bio-
synthetic activity and the reduction in external mechani-
cal tension on cells in the dermis of aged skin may not be
independent. The same reduction in mechanical tension
that lowers collagen production by resident fibroblasts
may also indirectly contribute to permanent alterations in
fibroblast function. It is generally accepted that pheno-
typic changes seen in aged fibroblasts are largely medi-
ated by oxygen radical damage.35 This is potentially
related to the issue at hand, because among the alter-
ations that occur under conditions of reduced mechani-
cal tension is increased oxidant stress as evidenced by

Figure 4. Shape of fibroblasts in the papillary dermis of sun-protected hip
skin from young and old individuals (1-�m toluidine blue-stained sections
from glutaraldehyde-fixed, plastic-embedded tissue). Top panel: Cells in
young skin are flattened, and cytoplasm and nucleus are visible (arrow).
Cells are embedded in matrix. Cells in old skin appear round, and only the
nucleus and a small amount of cytoplasm are visible (arrows). Bottom
panel: Surface area measurements were made quantitatively as described in
Materials and Methods. Values represent mean cross-sectional surface area �
SEM, based on 160 cells in sun-protected skin from six young individuals and
57 cells in sun-protected skin from six old individuals. Statistical significance
was determined using Student’s t-test (two-tailed). *P � 0.01 (magnification,
�240).

Figure 5. Ultrastructural appearance of dermal fibroblasts in healthy sun-
protected hip skin from young and old individuals. A and B: The cell from the
section of young skin (A) is flattened and well spread. The cell is in contact
with collagen fibers over a high percentage of its surface. The cell in the old
skin sample (B) is round and is in contact with collagen polymer over a
smaller portion of its surface. There is more open space surrounding the cell.
(The computer-generated coloring of the cells was done to aid in the
demarcation of cells from extracellular material [magnification �2050]). C: A
high magnification (�3500) of old skin showing the striations in the fibers
(typical of collagen). D: Quantification of contact between cells and collagen
fibers. Values represent the percentage of the cell boundary in contact with
collagen fibers � SEM (P � 0.01; two-tailed Student’s t-test). Measurements
are based on 33 cells in sections of healthy skin from six young individuals
and 38 cells in sections from six old individuals.
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increased levels of reactive oxygen species and altered
expression of anti-oxidant enzymes (G.J. Fisher, unpub-
lished observations). It might be inferred from this that
environmental damage causally precedes changes in
fibroblast function that are observed in the aged or se-
nescent state.

The age-related decrease in collagen-synthetic activity
may be, at least in part, reversible. It has been demon-
strated that agents such as all-trans retinoic acid can
stimulate collagen production in aged skin.16,36–38 Not
surprisingly, topical retinoid use brings about an im-
provement in the appearance of aged skin39 and photo-
damaged skin.40

In summary, collagen synthetic capacity is low in aged
(sun-protected) skin relative to that in healthy young sun-
protected skin. Based on the findings presented here
and by analogy with in vitro models and the findings of
photoaging studies, we hypothesize that old fibroblasts
have an age-dependent reduction in the capacity for
collagen synthesis and simultaneously experience a loss
of mechanical stimulation resulting from decreased intact
collagen fibers.
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Figure 6. Adhesion-site protein expression in sections of healthy sun-pro-
tected hip skin from young and old individuals. Tissue sections (OCT-
embedded frozen) were stained using antibody to vinculin and concomi-
tantly with phalloidin (actin stain) and DAPI (nuclear stain) as described in
Materials and Methods. After staining, cells were examined by confocal
fluorescence microscopy. Cells are identified by their blue (DAPI)-stained
nuclei. Bright green punctate fluorescence identifies vinculin. In the 18- to
29-year-old skin samples, vinculin can be seen at a distance from the nucleus,
and in many areas, the vinculin appears to be in close apposition to collagen
fibers. In the 80�-year-old skin, blue-stained nuclei are apparent, but there
is less vinculin than in the young skin samples. Where intense focal staining
is evident, it is surrounding the nucleus (arrows). Away from the nucleus,
staining is more diffuse than seen in cells from young skin. The sections
presented are representative of young and old sun-protected skin from six
individuals, respectively. In both young and old skin, collagen fibers are
apparent by their dull orange fluorescence (magnification, �1200).

Figure 7. Schematic representation of mechanisms underlying reduced col-
lagen synthesis in aged skin.
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