R R AR (B2 O

apy Yy .
J €ipnt South Univ (Med Sci) 2011,36(3) http: //xbyx. xysm. net

Expression of cyclophilin A and CD147 during skin aging
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(1. Department of Dermatology, Xiangya Hospital , Central South University, Changsha 410008;
2. Department of Electrocardiogram , Hunan Provincial People’s Hospital of Hunan, Changsha 410005, China)

Abstract: Objective To investigate the role of cyclophilin A (CypA) and CD147 in the
process of skin aging. Methods Twenty cases of tissue samples from junior group (<15
years old), middle age group(30—40 years old)or old age group (>>65 years old) were col-
lected from photophobic and exposal parts of skin, respectively. Immunohistochemistry
(IHC) and in situ hybridization (ISH) were carried out to semi-quantitatively detect the ex-
pression level of CyPA and CD147. Results IHC demonstrated that both CyPA and CD147
were expressed in both photophobic and exposal parts of normal human skin in all 3 groups.
The expression levels of both CyPA and CD147 were increased with increase in age. There
were significant differences in both CyPA and CD147 expression among 3 groups (P<C0. 05).
CyPA and CD147 were also positively correlated in all 3 groups. Similar results were a-
chieved by ISH. Conclusion The interaction between CD147 and CyPA might play an im-
portant role in the process of skin aging.
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Skin aging is classified into endogenous and
exogenous aging''/. It is shown in the existing
research'?' that the oxidative stress caused by the
reactive oxygen species (ROS) generated in the
process of cell metabolism is one of the most im-
portant causes of skin intrinsic aging. As the
skin is the outermost layer of the body, it is di-
rectly affected by environmental factors such as
oxygen, ultraviolet (UV) and so on. The skin
cells can be oxidized directly, or absorb UV and
convert the luminous energy into chemical ener-
gy, producing large amount of ROS and causing
The excessive ROS produced

by the endogenous and exogenous factors will

oxidative stress-,

cause direct damages to various biomacromole
cules such as protein, lipid, and nucleic acid"",
and finally lead to dysfunction and aging of
cellsP ™,
facts that skin intrinsic aging has the same mo-
3-89 Both of

them are affected by oxidative stress caused by

It can be concluded from the above

lecular mechanism as photoaging

ROS, which brings a series of subsequent

effectst'™, and influences the skin aging.
Cyclophilin A (CyPA), a member of the im-
munophilin family, is the main receptor of the
immune inhibitor cyclosporine A (CsA). It has
the activity of peptidyl prolyl cis-trans isomer-
ase, and can catalyze protein folding and trans-
ference in cells. In recent years, it has been
found that the increase of CyPA in cancer cells
can reduce the cell apoptosis induced by oxidative

U CyPA can protect cells from oxidative

[12-14]

stress
stress in various ways . In the state of oxida-
tive stress, the expression of CyPA increases so
as to protect the body from oxidative damages
and prolong cell life""), So CyPA is a potent
molecule against oxidative stress™'®'. It has been
found that CyPA may serve as a ROS scavenger.
It can increase the activity of antioxidant en-
zymes, alleviate oxidative stress, and protect
cells'™. Then, whether CyPA slows down skin
aging by inhibiting oxidative stress?

CD147 is a kind of transmembrane glycopro-
tein [ , belonging to the immunoglobulin super-
family (IGSF), which has a molecular weight of
about 58 kDM, CDI147 distributes widely in
body, and is involved in various physiological
Hozil - CD147 is the
cell surface receptor of CyPA, and plays an im-

and pathological processes

portant role in CyPA-mediated signal transmis-
sion and chemotactic activity"??), Recent study"*"
proved that CyPA/CD147 can protect neurons
from oxidative damages by way of extracellular
regulated protein kinases (ERK) 1/2 signaling
pathway. It was found in our early study”" that
CD147 can protect the malignant melanoma cell
line A375 from oxidative stress caused by H, .
Therefore, we speculated that the combined ac-
tion of CyPA and CD147 plays an important part
in the process of slowing down skin aging by in-
hibiting oxidative stress. However, no relevant
reports have been published yet.

The aging of epidermis is thought to be one
of the most important reasons for skin aging be-
cause it plays an important role in skin moisturiz-
ing and skin barrier. In our early study'*!,
change of expression level of many molecules was
found in aged skin. In the present research, in
order to study the possible effect of CyPA and
CD147 in the process of skin aging, we detected
their protein and mRNA expression levels in nor-
mal skin keratinocyte (KC) from shaded and ex-
posed body parts of young, middle-aged, and old
people, using immunohistochemical method and

in-situ hybridization.

1 MATERIALS AND METHODS

1.1 Materials
1.1.1 Subjects

We collected the normal skin from the skin-
grafting or skin flap grafting surgeries of 120 pa-
tients who had been diagnosed of no chronic sys-
temic or local skin diseases. All the patients
were from Department of Plastic Surgery and De-
partment of Skin Surgery, Xiangya Hospital,
Central South University (Changsha, China).
The 120 patients were divided into the junior
group (<15 years old), the middle age group
(between 30 and 40 years old), and the old age
group (>>65 years old), respectively. The skin
was taken from the shaded parts of 20 patients in
each group, and exposed parts of the other 20
patients. Here, the shaded parts referred to ab-
domen and the inner side of the thigh, and the
exposed parts referred to face and neck.

In the junior group, providers of skin from

shaded parts included 10 males and 10 females,
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with age of (9.2%£3.4) years old, and providers
of skin from exposed parts included 11 males and
9 females, with age of (9. 8+4.5) years old; in
the middle age group, providers of skin from
shaded parts included 11 males and 9 females,
with age of (34. 8£3. 1) years old, and provid-
ers of skin from exposed parts included 11 males
and 9 females, with age of (34.543. 0) years
old; in the old age group, providers of skin from
shaded parts included 10 males and 10 females,
with age of (71. 0£3. 2) years old, and provid-
ers of skin from exposed part included 10 males
and 10 females, with age of (69.843.6) years
old. In each group, the age of providers of skin
from shaded parts was not significantly different
from those from exposed parts (P~>0. 05), and
the ratio of male to female in each group was not
significantly different (P>>0. 05).
1.1.2 Main equipments and reagents

Immunohistochemical primary antibody rab-
bit anti-human CD147 polyclonal antibody and
SP immunohistochemical staining kit were pur-
chased from Beijing Zhongshan Goldenbrige Bio-
technique Co. Ltd. (China); rabbit anti-human
CyPA polyclonal antibody was from Abcam Cor-
poration in the USA;CD147 in-situ hybridization
kit was bought from Wuhan Boster Bio-engineer-
ing Co. Ltd. (China); CyPA kit (multiphase ol-
igonucleotides probe and hypersensitive labeling
technique was used to synthesize CyPA oligonu-
cleotides probe labeled by digoxin at 5') was
bought from Wuhan Boster Bioengineering Co.
Ltd. (China); and BX61 Upright optical micro-
scope was purchased from OLYMPUS company
in Japan.
1. 1.3 Processing of specimens

The specimens in each group were divided
into 4 parts, 2 of which were fixed in 4% forma-
lin, and the other 2 were put into tubes and pre-
served in liquid nitrogen.
1.2 Methods
1.2.1 SP immunohistochemical staining

The staining was conducted strictly follow-
ing the instruction of the SP immunohistochemi-
cal staining kit. The specimens were embedded
in paraffin and made into 4 pm-thick slices. The
slices were underwent routine deparaffinating,
hydration, and PBS rinsing. Then, they were

put into citrate buffer solution for antigen re-

trieval, and washed with PBS for 3 times, 3 min
each time. Then normal goat serum was dripped
into the tissue slides to block for 20 min at room
temperature. After the blocking, rabbit anti-hu-
man CD147 or CyPA antibody of working con-
centration were dripped into the slice, and then
the tissue slices were incubated at 4 'C over-
night. The slices were washed with PBS for 3
times, 5 min each time and then added with en-
zyme-labeled anti-rabbit polymer and incubated
at 37 'C for 20 min. The slices were washed with
PBS for 3 times, 5 min each time again before
DAB color development was performed. After
color was developed, the tissue slices were
washed with running water and counterstained
with hematoxylin (HE) for 3 min. Then hydro-
chloric acid/alcohol differentiation was done fol-
lowed by routine washing, dehydration, vitrifi-
cation, and slide covering. The result was ob-
served with optical microscope, the positive cells
were counted, and photographs were taken. PBS
buffer in replacement of the primary antibody
serves as the negative control.
1.2.2 In-situ hybridization

The hybridization was performed strictly
following the instructions of the kit. The skin
tissues preserved in liquid nitrogen was embed-
ded with OCT embedding medium, series-sec-
tioned at —20 C into a thickness of 8 ym, and
set on the dedicated slides. The tissue slices
were fixed with 4% paraformaldehyde at room
temperature for 20 — 30 min, carefully washed
with distilled water, and then treated with the
mixture of 30% H,0O, and methanol (1:50) for
30 min. They were washed with distilled water 3
times before digested with 3% pepsase at 37 C
for 5—120 s, and then washed with PBS for 5
min 3 times and distilled water once. Then they
were fixed with paraformaldehyde at room tem-
perature for 10 min, and washed with distilled
water 3 times. After that, 20 pL of prehybrid-
ization solution was added, and the tissues were
incubated at 37 C for 4 h. Excess liquid was
wiped away, and the slides were kept unwashed.
Hybridization solution (20 pl.) was added into
each slice, which were covered with dedicated
cover slips and hybridized at 37 ‘C overnight.
Uncovered the slices and the slices were washed
with 2 X SSC solution (37 C) for 5 min twice,
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and then with 0. 2 X SSC solution (37 C) for 15
min once. Blocking reagent was added and the
tissue slices were incubated at 37 C for 30 min.
Excess liquid was discarded, and the slides were
kept unwashed. The tissue slices were incubated
at 37 C for 60 min after biotinylated rat anti-di-
goxin was added, and washed with PBS for 4
times, 5 min each. They were added with
SABC, incubated at 37 'C for 20 min, and
washed with PBS for 3 times, 5 min each. Then
they were added with biotinylated peroxidase,
incubated at 37 'C for 20 min, and washed with
PBS for 4 times, 5 min each. Following that,
DAB color development was performed and the
slices were carefully washed with water. Then
hematoxylin counterstain, hydrochloric acid/al-
cohol differentiation were done followed by rou-
tine washing, dehydration, vitrification, and
slide covering. The result was observed with op-
tical microscope, and the positive cells were
counted. The negative control is probe-free hy-
bridization solution.
1.3 Criteria of judge
1.3.1 Immunohistochemical staining
Double-blind method that 2 people assess
the staining results separately was applied in this
study. Staining of CD147 was determined as pos-
itive when yellow brown or brown particles pres-
ented in cell membrane, and the staining of
CyPA was determined as positive when yellow
brown or brown particles presented in the cyto-
plasm. The staining results were observed in
non-overlapping field of views of optical micro-
scope (10X 40 magnification). Five fields were
picked out randomly in each slice, 200 cells were
counted in each field, and the immunoreactivity
intensity distribution index (IRIDI) values of the
cells were calculated. According to the assess-

1261 the staining de-

ment of Bayramgurler, et al.
grees were classified into none, weak, medium,
and strong, which were marked with 0—3 points
respectively; the ratio of positive cells were clas-
sified into 0, 1%—25%, 26% —50%, and >
50% , which were marked with 0 —3 points re-
spectively. The IRIDI values were obtained by
multiplying the 2.
1.3.2 In-situ hybridization

Double-blind method that 2 people assess

the stain result separately was applied in this

study. The staining of CD147 and CyPA was de-
termined as positive when yellow brown or
brown particles presented in the cytoplasm. The
staining results were observed in non-overlapping
field of views of optical microscope (10X 40 mag-
nification). Five fields were picked out randomly
in each slide, 200 cells were counted in each field
and the values of expression level were calculat-
ed. The staining degrees were classified into
none, weak, medium and strong, which were
marked with 0—3 points respectively; the ratios
of positive cells were classified into 0, 1% —
25%, 26% —50%, and >>50%, which were
marked with 0—3 points respectively. Then the
values of expression level were obtained by mul-
tiplying the 2.
1.4 Statistical analysis

Data are presented as mean £ standard de-
viation(x=£s). The statistical analyses were pro-
cessed by use of the statistical software SPSS15.
0. The comparison of CyPA and CD147 expres-
sion level in different groups was tested with
Kruskal Wallist test, and the correlation analysis
of CyPA and CD147 in different body parts was
tested with Spearman’s rho method. P <C0. 05

was considered as having statistical significance.

2 RESULTS

2.1 Results of the SP immunohistochemical stai-
ning

It was showed by SP immunohistochemical
staining that, the expression of CyPA and CD147
existed in cells of the normal skin from all the
patients in the 3 groups. CyPA was mainly dis-
tributed in the cytoplasm, and CDI147 existed
mainly in the cell membrane (Fig. 1,2). The
IRIDI values of CyPA expression in the skin
from the shaded parts were 1. 35+0. 49, 2. 15+
0. 67, and 3. 5520. 76 in the junior, middle age,
and old age group, respectively and the differ-
ence between the 3 groups had statistical signifi-
cance (P<C0. 05, Fig. 3); the IRIDI values of
CD147 expression in the skin from the shaded
parts were 1. 2010. 41, 2. 35%0. 67, and 3. 80=£
1. 06 in the junior, middle age, and old age
group, respectively and the difference between
the 3 groups had statistical significance (P<C0,
05, Fig. 3). The IRIDI values of CyPA expres-
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sion in the skin from the exposed parts were re-
spectively 1. 4040. 50, 2. 60%0. 75, and 3. 80%
0. 89 in the junior, middle age, and old age
group, and the difference between the 3 groups had
statistical significance (P<Z0. 05,Fig. 4); the IRIDI
values of CD147 expression in the skin from the ex-
posed parts were 1. 30 2= 0. 47, 2.75+0. 79 and
4. 10=£1. 07 in the junior, middle age and old age

group, respectively and the difference between the 3

groups had statistical significance (P<C0. 05, Fig,
4).

The expression of CyPA and CD147 in sha-
ded parts was positively correlated, and the cor-
relation coefficient was 0. 899; the expression of
CyPA and CD147 in exposed parts was positively
correlated, and the correlation coefficient was 0.
945.
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Fig. 1 SP immunohistochemical staining showing the expression of CyPA and CD147 in the shaded normal skin ( X 400).
A, B, and C represented the expression of CyPA in the junior, middle age, and old age group, respectively; D,
E, and F represented the expression of CD147 in the junior, middle age, and old age group, respectively.
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Fig. 2 SP immunohistochemical staining showing the expression of CyPA and CD147 in the exposed normal skin ( X400).
A, B, and C represented the expression of CyPA in the junior, middle age, and old age group, respectively; D,
E, and F represented the expression of CD147 in the junior, middle age, and old age group, respectively.
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Fig. 3 IRIDI values of CyPA and CD147 in the shaded  Fig. 4 IRIDI values of CyPA and CD147 in the exposed

parts of each group. Compared with the junior
group and middle age group, * P<C0. 05; com-
pared with the junior group and old age group,
# P<<0. 05.

parts of each group. Compared with the junior
group and middle age group, * P<C0. 05; com-
pared with the junior group and old age group,
# P<<0. 05.
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2.2 Results of in-situ hybridization

It was showed by in-situ hybridization that
the expression of CyPA and CD147 existed in the
KC of the normal skin from all the patients in
the 3 groups. CyPA was mainly distributed in
the cytoplasm, and CD147 existed mainly in the
nucleus and cytoplasm (Fig. 5,6). The expres-
sion levels of CyPA expression in the skin from
shaded parts were respectively 1. 67+0. 75,2. 83
+1. 07, and 3. 834 1. 67 in the junior, middle
age, and old age group, and the difference be-
tween the 3 groups had statistical signi-ficance
(P <C0. 05, Fig. 7); the expression level of
CD147 expression in the skin from shaded parts
were respectively 1. 8341. 07, 2. 67+0. 94, and

3. 5%1. 38 in the junior, middle age, and old age
group, and the difference between the 3 groups
had statistical significance (P<C0. 05, Fig. 7).
The average expression level values of CyPA ex-
pression in the skin from exposed parts were re-
spectively 1. 33=£0. 71, 2. 67%1. 11, and 3. 67%
1. 25 in the junior, middle age and old age
group, and the difference between the 3 groups
had statistical significance (P<C0. 05, Fig. 8);
the expression level values of CD147 expression
in the skin from exposed parts were respectively
1.5+0.86, 2.69+1. 73, and 3. 63+1. 46 in the
junior, middle age, and old age group, and the

difference between the 3 groups had statistical
significance (P<C0. 05, Fig. 8).

Fig. 5 In-situ hybridization showing the expression of CyPA and CD147 mRNA in the shaded normal skin ( X400). A, B,
and C represented the expression of CyPA in the junior, middle age, and old age group. respectively; D, E, and

F represented the expression of CD147 in the junior, middle age, and old age group, respectively.

LY . &

Fig. 6 In-situ hybridization showing the expression of CyPA and CD147 mRNA in the exposed normal skin ( <400). A, B,
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and C represented the expression of CyPA in the junior, middle age, and old age group, respectively; D, E, and

F represented the expression of CD147 in the junior, middle age, and old age group, respectively.



212

R K2R (BE2E D, 2011,36(3) http: //xbyx. xysm. net

8 Junior group

oMiddle age group

Expression intensity

80ld age group

CyPA

CD147

Fig. 7

ior group and middle age group, * P<C0.05; com-

pared with the junior group and old age group,
# P<<0. 05.

The expression of CyPA and CD147 in sha-
ded parts was positively correlated, and the cor-
relation coefficient was 0. 792; the expression of
CyPA and CD147 in exposed parts was positively

correlated, and the correlation coefficient was 0.
782.

3 DISCUSSION

The mechanism of skin aging is very com-
plica-ted. So far, theories on skin aging include
free radical theory, theory of heredity, telomere
theory and so on. It is held by the free radical
theory that, in the process of aging, ROS in-
creases and the activity of antioxidase decreases,
and that the accumulated of damages caused by
excessive ROS is the molecular basis of ag-
ing™™,
and elimination of ROS will leads to oxidative
[28]

The imbalance between the generation
stress®™, and the irreversible accumulation of
damages caused by ROS is the key to aging"*’.
CyPA is a highly conserved protein of 18
kD, which mainly exists in the cytoplasm and is
expressed in a wide range of tissues. It has the
activity of peptidyl prolyl cis-trans isomerase,
which enables it to promote protein folding and
transference, activate signaling pathway, and
regulate the activity of receptors. It has been
found in the previous research'®’ that the ex-
pression level of CyPA is higher in the skin of
aged people than in young people, and signifi-
cantly higher in old rats than in young ones™!".
The result of our research showed that the ex-

pression of CyPA increased with the increasing

mRNA expression levels of CyPA and CDI147 in the
shaded parts of each group. Compared with the jun-

6
N *

5
Z\
é 4 # #
E s 8 Junior group
é h o Middle age group
é 2 2 Old age group
=

1

0

CyPA CD147

Fig. 8 mRNA expression levels of CyPA and CDI147 in the

exposed parts of each group. Compared with the
junior group and middle age group, * P<CO0.05;
compared with the junior group and old age group,
# P<<0. 05.

of age in normal skin no matter it was exposed
or shaded, which indicated that CyPA acted in
the whole process of aging, and was closely re-
lated to aging. Then, dose the increase of CyPA
expression in the process of aging slow down or
promote the aging progress?

In some scholars’ opinion, CyPA is a kind
of antioxidant which plays an important role in
the oxidation-reduction regulation of human
body"'" because CyPA can combine with various
peroxidase to increase their activity, increase the
viability of Cu/Zn superoxide dismutase (SOD)-
1 mutated cellst'?, improve the activity of SOD
and GSH-Px, and serves as the ROS scavenger

16 CyPA can activate

to relieve oxidative stress
the ERK1/2 signaling pathway, increase the via-
bility of neurons in the situation of oxidative
stress and blood/oxygen-deprivation, and pro-
tect cells from oxidative damages“**"!. The o-
ver-expression of CyPA in cancer cells can pro-
tect cells from apoptosis induced by oxidatiue
stress through inhibiting ROS genenation and
relieving the depolarization of mitochondrial
membrane potential. So., we deduces that the
oxidative stress accumulated in the process of
skin intrinsic aging and photoaging may promote
the generation of CyPA, which starts the protec-
tive function of the body and slows down the ag-

In addi-
tion, CyPA can enhance the proliferation of em-

ing by inhibit the oxidative stress'*.

bryo cerebral cells and various cancer cells, and
inhibit apoptosis®**!. So we deduced that CyPA
may also take part in anti-aging activity by en-

hancing cell proliferation and inhibiting apopto-
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sis.

CD147 is a trans-membrane glycoprotein be-
longing to the IGSF, which exists in various tis-
sues and organs. CD147 is the cell surface recep-
tor of CyPA, and plays an important role in
CyPA-mediated signal transmission and chemo-
tactic activity?). The combined action of CD147
and CyPA activates the ERK1/2 signaling path-
way, protects the neurons from oxidative dama-
gest¥3 | promote cell proliferation and inhibit
apoptosist®™ . Therefore, CD147 and CyPA are
closely related, and the combined action of them
can protect cells from oxidative stress, promote
cell proliferation and inhibit apoptosis. The re-
sult of our research showed that the protein and
mRNA of CD147 were expressed in the normal
skin of people of different ages. The expression
level increased with the increase of age, and is
positively correlated to the expression of CyPA.
Because that the expression of CD147 increased
in aged skin cells, and that CyPA has an obvious
effect on the inhibition oxidative stress, we de-
duced that CD147 may inhibit oxidative stress,
slow down skin aging, promote cell prolifera-
tion, and inhibit apoptosis by interacting with
CyPA.

In conclusion, we found that the expression
of CyPA and CD147 was closely related to skin
aging, and deduced that the effect of CyPA and
CD147 in slowing down skin aging may be real-
ized by inhibiting oxidative stress. However,
the mechanism of the anti-aging function of
CyPA and CD147 is not clear yet, so we will
continue the study in order to provide ideal tar-

get molecules for research and treatment of skin

aging.
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