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Cytokine mRNA Expression in Normal Skin of Various Age
Populations Before and After Engraftment onto Nude Mice
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Whether the impact of skin biological age on cytokine expression
is a result of this tissue’s proliferation potential or not is an
important issue in dermatology. We investigated these questions
by monitoring cytokine marker mRNA expression from human
skin samples from healthy groups of individuals. The skin
samples studied represented three age groups: fetal (17-21
weeks), young (18-35 years) and aged (7688 years).

Furthermore, upon skin transplantation of tissue from different
age groups onto nude mice, we investigated whether cytokine
marker RNA levels would change or normalize. Interestingly,
both TNF-alpha and P53 mRINA showed a similar pattern of
expression. Both were significantly higher in fetal skin
(»<0.0001 and p<0.05, respectively), and no difference was
noted between aged versus young skin. In contrast to this,
IL1-alpha mRNA was expressed at its lowest and highest levels
in fetal and young skin, respectively. Following skin transplanta-
tion, cytokines and P53 mRNA expression were normalized to
similar levels in all age groups. This study implies that when
cytokine expression was determined directly at the mRNA level,
post-natal expression was not significantly different at either age
group. Furthermore, it seems that the environmental conditions
surrounding the grafted human skin found on nude mice encour-
aged normalization of donor cytokine expression.
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Human senescence is characterized by a variety of immunolo-
gical changes. Certain immunological parameters (1-3),
including delayed allograft rejection (4), depressed humoral
immunity (5), diminished responsiveness in the mixed lympho-
cyte reaction (6) and decreased interleukin-2 production (7),
have been documented in the aged population. Other aspects
of the skin immune system are also altered in the elderly (8,
9). We have recently shown that while intradermal injections
of gamma interferon (IFN-gamma) in young volunteers
enhanced the induction of HLA-DR and ICAM-1 by epi-
dermal cells, no effect was observed in the elderly (10, 11).
This may be related to the known decrease of epidermally
derived thymocyte-activating factors, including an “IL-1-like”
cytokine, with age (12). However, the etiology of the various
age-related changes observed in immunological function is not
yet well defined. Recently, we showed complete normalization
of histological parameters of aged and fetal skin following
engraftment onto nude mice (13). Additionally, aged skin is
considered to be less responsive to cytokine stimulation (12,
14). Moreover, it has also been suggested that aged skin
secretes fewer cytokines compared to young skin (15). The
present investigation was therefore undertaken to analyse the
impact of biologic age on the expression of the skin tumor
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necrosis factor alpha (TNF-alpha), interleukin 1-alpha
(IL1-alpha), interleukin 6 (IL6) and the transcription factor,
P-53 mRNA levels. Furthermore, we also studied whether skin
mRNA levels of these factors can be changed or normalized
by grafting skin onto nude mice.

MATERIALS AND METHODS

Human skin samples

Seven elderly volunteers (3 men and 3 women), aged 76 to 88 years
(mean age 82+4) and known to be in good health, and 7 young
healthy volunteers (6 men and one woman), aged 18 to 35 years
(mean 31+9), were recruited for this study after giving informed
consent. From each subject 0.4-mm split-thickness skin grafts were
obtained, using a dermatome knife. We used this thickness to essen-
tially isolate the skin epidermis. The skin was obtained for engraftment
onto nude mice, and Northern blot analysis was performed prior to
and following skin engraftment. Human fetal skin was obtained from
the trunks of aborted fetuses (4 males and one female) with estimated
gestational ages of 17-21 weeks, mean 19.6+1.5. All skin samples
were dissected from the underlying soft tissue, released into RPMI
medium for 30 min and then transplanted onto the nude mice. All
grafts of the fetal, young and aged skin sections ranged from 1 to
1.5 cm in diameter.

Skin transplantation onto and care of nude mice

The split-thickness graft was transplanted onto the subcutaneous
tissue over the lateral thoracic cage of the mouse, as previously
described (16). The animals used for this study were 2—3 months old
Balb/C nude mice, obtained from the pathogen-free animal facility of
the Faculty of Medicine, Technion-Israel Institute of Technology,
Haifa.

Total RNA preparation and Northern analysis

Following biopsy, skin was snap-frozen and stored at —80°C until use.

Total RNA was extracted from the tissue, using a minor modification
of the acid guanidinium thiocyanate/phenol/chloroform method of
Chomcezynski & Sacchi, and quantified by optical density (17). Ten-
microgram samples of total RNAs were electrophoresed on a denatur-
ating glyoxal gel, transferred by the capillary transfer method in
20 x SSC (1 x SSC=3M sodium chloride, 0.39M sodium citrate) over-
night to Nytran membranes (Schleicher & Schuell ) and baked at 80°C
for 2 h, prior to hybridization (8).

Prehybridization was performed overnight at 45°C (5 x Denhardts,
5xSSC, 50 mM sodium phosphate, pH 6.5; 1% SDS, 100 pg/ml
sheared salmon sperm DNA and 50% formamide) (18).

The hybridization solution was the same except for the addition of
radiolabeled probe DNA and the addition of 5% dextran sulfate (18).
Each blot was hybridized at 45°C to a radiolabeled (>10° cpm/ml)
double-stranded coding region probe fragment (EcoR1; 1200 bp) of
pIL6 cDNA (kindly provided by Prof. Leo Sachs, Weizmann Institute
of Science, Rehovot, Israel) for 24 h. This fragment was radiolabeled
with [*?P]-dCTP using a random primer labeling kit (Primer It 11;
Stratagene, La Jolla, CA).

Blots were rehybridized to a radiolabeled Hind III-Bam H1 650 bp
fragment of pIL1-alpha; Eco R1 1200 bp fragment of P53 (both kindly
provided by Prof. Moshe Oren, WIS, Rehovot, Israel), a 750 bp
Hpal-Hind III fragment of TNF-alpha (a gift of Prof. David Wallach,
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WIS, Rehovot, Israel) and a 1600 bp Pstl fragment of the constitu-
tively expressed glyceraldehyde 3-phosphate dehydrogenase gene
(GAPDH) as an RNA loading control (19). It should be noted that
each of these probes will hybridize with both human and mouse
versions of their respective mRNAs under these hybridization condi-
tions. Following each hybridization, the blots were washed twice
(60°C, 0.2xSSC/0.1% SDS for 30 min) and autoradiographed at
—80°C and the films were scanned (see below) or quantified by a
phosphoimager. The image intensities of exposed films were quantified
by a two-dimensional scanning densitometer (HP Deskscanner) and
analysed by Quantiscan software (versionl.l; Biosoft, UK). Multiple
exposures of each Northern blot autoradiogram were analysed, so
that each point used was not saturating.

Statistics

All samples were subjected to ANOVA and to Neuman-Keuls post-
hoc test analysis, where appropriate. Data represents the mean + SEM
of replicates derived from more than 4 skin samples/point.

RESULTS

TNF-alpha is known to be a proinflammatory cytokine,
leading to the release of various other cytokines from the skin
(20-22). To examine the expression of TNF-alpha mRNA
during skin aging and transplantation Northern blot analysis
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Fig. 1. Tumor necrosis factor-alpha (TNF-alpha) RNA expression in
human fetal, young and old skin before and after grafting onto nude
mice. Northern blot analysis was performed on total skin RNA
derived from three different age groups, fresh or following transplanta-
tion onto nude mice. Each result in the histogram represents the
mean +SEM of more than four different skin samples, normalized for
RNA loading to main glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) RNA band (19). Fetal pregraft TNF-alpha mRNA expres-
sion was significantly elevated compared to all other groups
(p<0.0001, Neuman-Keuls post-hoc test).
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of human skin steady state total RNA was initiated (Fig. 1).
These skin samples represented three age groups: fetal, young
and aged, both before and after transplantation onto nude
mice. TNF-alpha RNA expression was always significantly
greater (p<0.0001, Neuman-Keuls post-hoc test) from skin
derived from human fetus (Fig. 1). We observed no difference
between skin samples from young versus aged individuals.
Although following transplantation no differences in TNF
mRNA levels were observed in the young and aged groups, a
dramatic and significant decrease was observed in the fetal
group.

Another proinflammatory cytokine, IL1-alpha (23), was
also examined in the context of our model system (Fig. 2). In
contrast to our TNF-alpha data, IL1-alpha was expressed at
its lowest and highest level in fetal and young skin, respectively.
Interestingly, IL1-alpha mRNA levels were expressed at inter-
mediate levels (with respect to fetal and young) in aged skin.
Following transplantation onto nude mice, IL-1 levels were
normalized to similar intermediate levels from all age groups.

IL6 is a cytokine known for its role in regulating epidermal
proliferation (15). In the current study we found similar levels
of IL6 mRNA expression from all age groups, but there was
a trend toward slightly lower levels in fetal skin (Fig. 3).
Following transplantation of skin, IL6 levels dropped signific-
antly (p<0.05, Neuman-Keuls post-hoc test) for the young
age group only. A non-statistically significant drop was also
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Fig. 2. Interleukin l-alpha (IL1-alpha) mRNA expression in human
fetal, young and old skin before and after grafting onto nude mice.
Northern blot analysis was performed as described for Fig. 1. Each
result in the histogram represents the mean +SEM of more than four
different skin samples, normalized for RNA loading to the main
GAPDH band (19). In this case fetal pregraft IL1-alpha mRNA
expression was significantly lower than young pregraft levels
(p<0.05).
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Fig. 3. Interleukin 6 (IL6) mRNA expression in human fetal, young
and old skin before and after grafting onto nude mice. Northern blot
analysis and data presentation are as described in Fig. 1. There was
no significant difference between pregraft mRNA levels in the three
age groups. There was a significant reduction of IL6 mRNA levels for
young skin following engraftment (p<0.05).

noticed for the aged group. Variability in the aged group may
account for the non-achievement of statistical significance.

P53 is expressed in normal as well as pathogenic hyperproli-
ferating cells (24-26). Moreover, it appears that P53 is
involved in the regulation of cell proliferation (26). As these
three age populations (fetal, young and old) may represent
different stages of skin cell proliferation, we examined their
expression of P53 mRNA (Fig.4). We found an expression
profile for P53 mRNA that is remarkably similar to that of
TNF-alpha (compare Fig. 1 to Fig. 4). This similarity is also
obvious when comparing expression following the skin
transplantation.

DISCUSSION

Many studies have shown that the younger a cellular popula-
tion, the greater its proliferation potential (15, 27-30). How
this proliferation potential is regulated by cytokines is still an
open question.

The current dogma indicates that cytokine protein expres-
sion is reduced with aging (10-15, 27-34). In the present
study, we observed no significant difference in IL6, P53 and
TNF-alpha mRNA expression between young and aged popu-
lations. Differences in the translational versus transcriptional
regulation for each of these three gene products may explain
these apparent incongruities between their protein and RNA
expression. This needs to be further studied before conclusions
can be reached. Another example of a gene whose expression
is not changed by aging is TGF-beta (35). An interesting
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Fig. 4. P53 mRNA expression in human fetal, young and old skin
before and after grafting onto nude mice. Northen blot analysis and
data presentation are as described in Fig. 1. Fetal pregraft P53 mRNA
levels were significantly higher for all other groups (p <0.05).

addendum to this notion is that P53 gene expression, which is
normally tied to cell proliferation (24-26), was not found to
be expressed differently in young and old skin samples, thus
suggesting that cell proliferation levels were not very different
in these two populations of skin samples. In the current study,
we also demonstrate an example of a gene (IL1-alpha) that is
expressed differently in young and old populations.

A normal hyperproliferative condition is evident in the
developing fetus. In this case we expected to find an increase,
not just in the P53 expression, but also in some of the other
cytokines. We clearly found significantly elevated P53 and
TNF-alpha mRNA expression in fetal skin as compared to
other age groups. In contrast to this, both IL6 and IL1-alpha
did not have elevated mRNA levels in the fetal skin. In
particular, fetal IL1-alpha mRNA levels were very low when
compared to all other age groups.

It is noteworthy that the detection of cytokine mRNA
expression in fetal skin has not been previously reported.
During fetal development, skin undergoes cell proliferation,
but also cellular differentiation (13, 36). Hence, it is not
unreasonable to suggest that different cytokines or cellular
markers will be differently regulated prior to birth. It may be
that some markers may show a specific expression profile for
hyperproliferative skin cell populations.

Recently we have reported that there is marked acceleration
of fetal skin maturation and restoration of aged skin following
transplantation onto nude mice (13, 36). This may indicate
that host skin cytokine environment may play a role in
regulating graft cytokine gene expression. In the current study
we found that the act of transplantation apparently normalizes



gene expression for each of the groups. This further supports
our notion that host environmental factors, including host
cytokines, influence the grafted skin. Other studies did not
find such universal normalization of cytokine protein expres-
sion upon transplantation onto nude mice (15, 37). These
differences may be a result of differences in cytokine transcrip-
tional versus translational gene regulation.

This study implies that when the cytokine expression was
determined directly at the mRNA level, post-natal expression
was not significantly different. The consequence of this is that
differences observed in cytokine and P53 protein expression
between some aged populations may be due to translational
regulatory mechanisms. Future mechanistic studies should
take this into account. Furthermore, the environmental condi-
tions of the grafted human skin found on nude mice encourage
normalization of donor cytokine expression.
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