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Ageing-related molecular changes of the skin on the protein level –  
An immunohistochemical study 

Abstract  

Introduction: Our planet hosts an ageing community. Ageing is a complex 

process that results in dysfunction or a decline of function of many systems. Skin ageing 

is the most apparent form of ageing and could reflect ageing of inner organs. Being a 

mirror of the body, skin is a major target of ageing research.  

Methodology: Immunohistochemistry was used to evaluate molecular changes at 

the protein level for some of the molecules involved in different possible mechanisms of 

the ageing process, namely the innate immunity signalling, tumorigenesis, inflammation 

and the stress response regulation systems. Skin samples used in this study were 

obtained from the skin of 42 healthy individuals of different ages. The expression of the 

investigated molecules (corticotropin-releasing hormone, corticotropin-releasing 

hormone receptors 1 and 2, corticotropin-releasing hormone-binding protein, 

peroxisome proliferator-activated receptors-alpha, gamma and delta, Toll-like receptor 

4, interleukins 6 and 8) was localized in the skin using immunohistochemistry and 

evaluated using a semiquantitative evaluation method. 

Results: The molecules studied were expressed in almost all skin compartments 

and exhibited significant ageing-associated changes in epithelial tissues, mostly in the 

sebaceous glands, the sweat glands and the epidermis. Ageing-associated up-

regulation was detected for corticotropin-releasing hormone-binding protein, 

corticotropin-releasing hormone receptor 1 and peroxisome proliferator-activated 

receptor delta, interleukin 6 and IL-8. Moreover, ageing-associated down regulation was 

detected for Toll-like receptor 4 and peroxisome proliferator-activated receptor alpha. 

Conclusion: This study could explain a part of the physiology of the ageing 

process. The results obtained confirmed the presence of independent neuroendocrine 

system, innate immunity and lipid metabolism systems in the skin. They also indicated 
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an interaction between different pathways of ageing, namely defective stress and down-

regulated innate immunity responses and activation of the tumorigenesis pathway, 

especially apparent in the sebaceous glands. 

           

Alterungsbedingte molekulare Veränderungen der Haut an der 
Proteinebene – Eine immunhistochemische Studie 

 

Abstract  
Einleitung: Unser Planet beherbergt eine alternde Gesellschaft. Alterung ist ein 

komplexer Prozess, der den Niedergang der Funktion oder eine Dysfunktion vieler 

Systeme beinhaltet. Die Hautalterung ist die offensichtlichste Form der Alterung und 

könnte die Alterung der inneren Organe widerspiegeln. Als Spiegel des Körpers ist die 

Haut ein wichtiges Ziel für die Altersforschung.  

Methodik: Immunhistochemische Untersuchung sollten die molekularen 

Veränderungen einiger Moleküle der verschiedenen möglichen 

Alterungsprozessmechanismen auf Proteinebene bewerten. Solche Mechanismen sind 

nämlich die angeborenen Signalwege der Immunität, die Tumorentstehung, 

Entzündungen und die Regelsysteme der Stressreaktion. Die Hautproben dieser Arbeit 

wurden von 42 gesunden Personen unterschiedlichen Alters gewonnen. Die Expression 

der untersuchten Moleküle (Corticotropin freisetzendes Hormon, Corticotropin 

freisetzendes Hormon-Rezeptoren 1 und 2, Corticotropin freisetzendes-Hormon-

Bindungsprotein, Peroxisom-Proliferator-Aktivierte Rezeptoren-alpha, gamma und delta, 

Toll-like Rezeptor 4, Interleukin 6 und 8) wurden in der Haut mit einer semiquantitativen 

Bewertungsmethode lokalisiert und bewertet. 

Ergebnisse: Die untersuchten Moleküle wurden in fast alle Hautkompartimente 

nachgewiesen. Eine signifikante alterungsbedingte Änderung der Expression in 

epithelialen Geweben, insbesondere in den Talgdrüsen, Schweißdrüsen und der 

Epidermis wurde bemerkt. Eine alterungsbedingte Steigerung der Expression wurde für 



 

 8 

Corticotropin freisetzendes-Hormon-Bindungsprotein, Corticotropin freisetzendes 

Hormon-Rezeptor 1 und Peroxisom Proliferator-aktivierte Rezeptor-delta, Interleukin 6 

und Interleukin 8 bemerkt. Darüber hinaus wurde für den Toll-like-Rezeptor 4 und den 

Peroxisom-Proliferator-Aktivierte Rezeptor-alpha eine alterungsbedingte 

Herunterregulierung festgestellt. 

Schlussfolgerung: Die erhaltenen Ergebnisse zeigen Wechselwirkungen 

zwischen verschiedenen Alterungswegen, nämlich einer fehlerhaften Stressreaktion 

und einem abwärtsregulierten Signalwege der angeborenen Immunität und einer 

Aktivierung der Tumorgenese-Signalwege, besonders deutlich in den Talgdrüsen. 
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1. Introduction  

Ageing is an inevitable physiological process which is influenced by a multiple of 

heritable and environmental factors. The mechanism of the ageing process is not yet 

fully elucidated. Ageing results - among others – in dysfunction or a decline of functions 

of the skin, which exhibits the most apparent ageing-related changes. These changes 

not only involve morphological changes, such as skin thickness, wrinkle formation, 

dryness, pigmentation, but also extend to involve functional changes as susceptibility to 

infections, loss of elasticity, delayed healing and proliferative lesions. As well as 

changes in the lipid metabolism, sebum composition, extracellular matrix, cytoskeleton 

proteins, skin stress response reaction and gene expression1,2. The use of skin samples 

for ageing research could overcome the obstacles associated with collecting samples 

from internal organs. 

The study was conducted to detect the changes in expression of different 

molecules and receptors - on the protein level - during the skin ageing process and to 

assess their interaction, which could be a supportive investigation towards elucidating 

the physiology of ageing. The molecules chosen for this study are selected according to 

their well-known role in inflammation, chronic disease and ageing-associated conditions 

in humans as well as in other species.  

This introduction will shed light on the role of the chosen molecules -

(corticotropin-releasing hormone (CRH) system, peroxisome proliferator-activated 

receptors alpha, gamma and delta (PPAR-α, -γ, -δ), interleukin 6 and 8 (IL-6, IL-8) and 

the Toll-like receptor (TLR-4) - in different ageing-associated conditions and diseases in 

humans and other species to justify their selection for the study. 

The defective stress response, chronic inflammation, defective immunological 

response, delayed metabolism and tumourigenesis are events characteristic of 

ageing3,4. The molecules examined in the current study were found in many previous 

studies to be expressed in the skin. Moreover, they were also found to contribute to the 
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ageing process of different tissues and species, as they have been shown to be altered 

in several age-associated conditions5,6, and in animal ageing models7-9. The 

corticotropin-releasing hormone (CRH) system controls the local stress skin response 

and is involved in inflammatory skin diseases10, peroxisome proliferator-activated 

receptors alpha, gamma and delta (PPAR-α, -γ, -δ), are known to play a critical role in 

tumourigenesis and metabolism11, the inflammatory cytokines interleukin 6 and 8 (IL-6, 

IL-8) and the Toll-like receptor (TLR)-4 are involved in innate immunity and chronic 

inflammation12. 

Chronic stress - which is mainly controlled through the CRH system molecules - 

has been accused of being a cornerstone of pathophysiology in several diseases, 

including those of the skin, causing exacerbation or even initiation of the disease13. 

Interestingly, stress response tends to be less efficient with increasing age, as the CRH 

system exhibits an age–dependent disturbance of function14. Among healthy elderly, an 

increased cortisol response to inflammatory challenges - a downstream reaction of the 

CRH system - may be a risk factor for developing Alzheimer's disease, depression15, 

diabetes, metabolic syndrome and hypertension16. 

PPARs play an important role in insulin action, lipid metabolism, fat re-distribution 

and regulation of ageing and longevity17,18. PPAR-γ agonists could have a direct anti-

ageing effect through increasing the transcription of the Klotho gene, which is an anti-

ageing gene19. Caloric restriction, which is the most effective intervention known to 

delay ageing, affects the same physiological functions as PPARs20.  PPARs were 

proved to regulate the transcription factor NF-kB, which plays a role in regulating age-

related inflammatory process, where it activates transcription of pro inflammatory 

genes21. PPAR-γ and PPAR-α expression were found to be decreased in the brain and 

spleen of old rodents in comparison to the young ones8. 

Greater susceptibility to infection22 and poorer response to vaccination23 - in 

which TLR-4 plays a major role - are important features of ageing. TLR-4 expression is 

down-regulated in cervical neoplasia, one of the age-related cancers which could be 

attributed to the known infective aetiology of the cervical neoplasia, where the defective 
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anti-human papilloma virus immune response is the main cause of neoplastic 

transformation24. 

The data involving TLR-4 in ageing animal models showed variable results. The 

TLR-4 protein surface expression levels were lower in macrophages of aged mice, and 

their stimulation led to less IL-6 production7. Consistent with this, in mouse models of 

Alzheimer's disease, reduction of TLR-4 led to accumulation of Abeta deposits in 

neurons, and hence progression of the Alzheimer's disease25. Surprisingly contradicting 

this, the brains of aged mice showed significantly higher TLR-4, associated with higher 

inflammatory cytokine expression [IL-6 and tumor necrosis factor (TNF)-alpha] in 

response to lipopolysaccharide (LPS) injection26. On the other hand, the pro 

inflammatory alleles of TLR-4 could be related to successful ageing, due to better 

resistance to infections27. 

TLR-4 was reported to be involved in Alzheimer's disease progression, as the 

increased expression of the pro-inflammatory cytokines - IL-6, TNF-alpha and IL-17 - 

are TLR-4-dependent. Levels of TLR-4 were decreased in inferior parietal cortex tissue 

specimens from end-stage Alzheimer's disease patients compared to age-matched 

control subjects, which may indicate that an initial over expression of the TLR-4 in the 

diseased neurons led to their destruction by the inflammatory process28.  

Numerous studies have shown that levels of several cytokines, and especially IL-

6 and TNF-alpha, increase with age even in apparently healthy individuals and in the 

absence of acute infection29-32. This state is further exacerbated in conditions of severe 

stress such as burns or sepsis33 and gonadectomy9. 

IL-6 is a non-specific marker for many age-related disease processes29 such as 

diabetes34 atherosclerosis, depression35, Alzheimer's disease36, prostate cancer37, 

rheumatoid arthritis38, obstructive sleep apnea, hypertension, increased vulnerability to 

systemic inflammation, neuronal loss, ageing-related cognitive deficits39 and reduced 

muscle strength40. 
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Age-related increased vulnerability to systemic inflammation is due in part to 

augmented IL-6 production by adipose tissue41. IL-6 plays a role in progression and 

development of many tumours42 including prostate cancer37 and pancreatic cancer43. It 

also accounts for tumour related constitutional symptoms and cachexia42. Together with 

IL-6, IL-8 may contribute to the inflammatory processes associated with cortical atrophy 

in the ageing brain as well as the age-related cognitive decline44. IL-8 is an important 

mediator of neuronal death in the age-related Alzheimer's disease45. 

The reported data justifies the choice of the molecules to be examined in the 

current study.  
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2. Methodology  
2.1 Skin sampling  

We performed immunohistochemical staining to examine the expression of the 

following antigens: CRH, CRHBP, CRHR1, CRHR2, PPAR-α, PPAR-γ, PPAR-δ, IL-6, 

IL-8 and TLR-4 in skin samples from the face and scalp of 42 healthy individuals aged 

18 to 92 years (49.85+/-23.97, males n=26, females n= 16) (Appendix 1).  

We performed the sample collection in the period from 01.2009 to 08.2009. The 

volunteers were recruited from the Departments of Dermatology, Venereology, 

Allergology and Immunology, Dessau Medical Centre, Dessau, Germany and the Ain 

Shams Faculty of Medicine University Hospitals, Cairo, Egypt. Written informed 

consents were received from the volunteers to use the skin samples in experimental 

research work. We conducted this study according to the ethical standards of the Ethics 

Committee of the Charité Universitätsmedizin Berlin (# iPF-C 01GN0808) and the 

Faculty of Medicine Ain Shams University Research Ethics Committee (# FMASU 

232/2009).  

We excluded individuals suffering from thyroid dysfunction, hyperandrogenism, 

polycystic ovary, acne, atopic dermatitis, seborrheic dermatitis, or who were pregnant, 

or breastfeeding. Also, individuals receiving treatment with retinoids, fibrates, PPAR 

agonists, hormone replacement therapy of all kinds, antihistamines and steroids for the 

last four weeks before sample collection were excluded. The included individuals had 

photo-types II, III or IV, and a body mass index < 40. Smokers were excluded.  
 

2.2 Immunohistochemical staining and evaluation  
The specimens were fixed in spirit formol 4% fixative for at least 12 hours at 4°C, rinsed 

in 0.01 phosphate-buffer saline and embedded in paraffin wax. The blocks were 

sectioned 3 µm thick and mounted on positively charged slides (FLEX IHC Microscope 

Slides, Dako, code #K8020). Three different specimens were mounted on each slide, to 

cut down the consumption of the reagents. The specimens on each slide were 

numbered with a code to ensure blind evaluation. The slides were dried at room  
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temperature then heated in an oven for 30 minutes at 60°C. Sections from each biopsy 

were deparaffinized and rehydrated through a graded series of ethanol then rinsed in 

distilled water. We retrieved the antigens through pre-treatment of the specimens to 

maximise a specific antigen-antibody interaction. We testes various pre-treatment 

procedures to detect the most appropriate pre-treatment for antigen retrieval. (steaming 

in 6.1 or 9 pH buffers, protease pre-treatment with or without boiling). 

We used the steaming in pH 6.1 buffer (Dako target retrieval solution code 

S#1699-lot # 10032884) for staining of IL-6 and TLR-4, and pH 9.0 buffer (Dako target 

retrieval solution code S#2367-lot # 00052766) for the rest of the antigens. The 

specimens were left to steam at 99°C for 20 min and then left in the buffer for another 

20 min to cool down after boiling, then rinsed with buffer before staining.  

The staining of the slides was performed in humidified chambers. All staining 

and developing system reagents were equilibrated to the room temperature (20-25°C) 

before use. At the end of each step and before the addition of a second reagent, the 

slides were thoroughly washed with buffer.  

Goat, rabbit or mouse primary antibodies diluted with antibody reducing diluent 

were used according to manufacturers’ instructions. We modified the concentration and 

incubation time by trial and error (Table 1). We used Biotinylated anti-mouse/ anti-rabbit 

or rabbit/anti-goat immunoglobulins as secondary antibodies according to the origin of 

the primary antibodies.  

The slides were incubated with streptavidin enzyme conjugate (streptavidin 

alkaline phosphatase Conjugated, Dako-Cytomation, code # K0674) for 10-30 min 

according to the adopted protocol for each antibody, rinsed in Dako wash buffer for one 

min, 2-3 times and the excess was absorbed. As chromogen, we used Fuchsin or 

permanent red chromogen. Haematoxylin was used as a counterstain. Then the slides 

were mounted using either standard glass cover mounting or a liquid mounting medium 

(DAKO Ultramount Aqueous Permanent Mounting Medium Code # 1964) according to 

availability.  
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The whole staining procedure was performed three times for each antibody, 

each individually evaluated by two blinded observers. Negative controls – where the full 

staining procedure was performed with all staining materials except for the primary 

antibody – were examined to exclude errors due to non-specific staining, and they 

exhibited no staining (Appendix 2). 

We used a semiquantitative method for the immunohistochemical evaluation. 

Each skin structure was individually evaluated for the staining intensity. We used a 

graded scale 0, 1, 2, 3 and 4, where 0 is no stain and 4 is intense staining.  

The semiquantitative immunohistochemical evaluation of the slides was 

repeated twice, each time independently and in a blinded manner and received the 

same results. A third evaluation performed by an experienced examiner to exclude a 

subjective evaluation provided similar results.  
 

Table 1: Laboratory methods for immunohistochemical staining.  
The primary antibodies: manufacturing company, retrieval methods, dilution and 
incubation periods (*The terms PPAR-β and PPAR-δ correspond to the same molecule, 
whereas PPAR-β is applied to molecules of animal origin and PPAR-δ to molecules of 
human origin) 
 

Primary Antibody Manufacturer Dilution 
Incubation 
time and 
temperature 

Retrieval procedure 

CRH (C-20)   
Goat polyclonal  
cat# sc 1759  
lot # F1206 

Santa Cruz 1:50 
30 min at 
room 
temperature 

Boiling in pH 9 buffer 20 
min 

CRHBP (c-19) 
Goat polyclonal 
 cat # sc 1822  
lot #  D 1105 

Santa Cruz 1:50 
30 min at 
room 
temperature 

Boiling in pH 9 buffer 20 
min 

CRHR1 (c-20) 
Goat polyclonal 
cat # sc 1757 lot # 12408  

Santa Cruz 1:50 
30 min at 
room 
temperature 

Boiling in pH 9 buffer 20 
min 

CRHR2 (N-20) 
Goat polyclonal 
cat # sc 1826  
lot # K2206 

Santa Cruz 1:50 
30 min at 
room 
temperature 

Boiling in pH 9 buffer 20 
min 

PPAR-α (n-19)  
Goat polyclonal 
cat # sc 1985 lot# H 1007 

Santa Cruz 1:100 1 hr at room 
temperature 

Boiling in pH 9 buffer 20 
min 
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PPAR-β* (H-74)  
Rabbit polyclonal 
cat # sc-7197 lot # D1508 

Santa Cruz 1:100 
24 hr at 
room 
temperature 

Boiling in pH 9 buffer 20 
min 

PPAR-γ (n-20) 
Goat polyclonal 
cat # sc-1984  
lot # F1109 

Santa Cruz 1:50 
24 hr at 
room 
temperature 

Boiling in pH 9 buffer 20 
min 

IL-6  
Mouse monoclonal IgG 
cat# AM06012PU-N  
lot #14997 

Acris  1:200 
30 min at 
room 
temperature 

Boiling in pH 6.1 buffer 
20 min 

IL-8  
Rabbit polyclonal  
cat #PP1030P1  
lot # 0105M018RB 

Acris  1.0 
µg/ml 

2 hrs  
at room 
temperature 

Boiling in pH 9 buffer 20 
min 

TLR-4 
Mouse monoclonal -  
Clone 5K155 
Cat # LS-B2254 

Lifespan 
biosciences 5 µg/ml 

45 min at 
room 
temperature 

Boiling in pH 6.1 for 20 
min 

 

2.3 Statistical analysis 
 

The aim of this study is to examine the changes in the expression (staining 

degree in a semiquantitative ordinal score from 0 to 4) of the tested molecules in 

relation to ageing. 

Under the supervision of Prof. Zouboulis, the following statistical tests were 

chosen in 2009-2010. 

The two tailed Mann-Whitney U-Test was chosen to compare the data of 
aged (>70 years) and the young (<30 years) groups. The correlation matrix 
(Spearman) was chosen to calculate the correlation between age and the 
staining degree using the whole sample spectrum. The significance level in 
both tests was chosen to be set at p<0.05.  
The data was analysed using the online statistical calculator 
http://vassarstats.net/index.html. Representative Box Plots were drawn 
using the online program (http://mathwarehouse.com). 
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The results of this analysis were successfully published in Elewa et al. 201289 

and Elewa et al. 201591. Based on the same results the author submitted the thesis to 

the review committee of the Charite-Universitätsmedizin Berlin as a Monography in May 

2016.  

 

Based on a request from the review committee to certify the statistical results 

(November 2016), Prof. Mansmann was approached for advice. He suggested a re-

analysis of the data using the following new statistical tests and a new software. 

The correlation between age (divided in 4 age groups 18-30, 31-50, 51-70, 
and 71-100 years) and the staining degree of the examined structures (evaluated 
in a semiquantitative ordinal score 0,1,2,3 and 4) was calculated using the ‘exact 
version` of Jonckheere-Terpstra and Linear-by-linear association tests, which 
were specially developed for data with limited number of samples. The tests were 
performed using the StatXactÒ11 programme for exact tests for categorial data 
(http://www.cytel.com/software/statxact). 

Due to the use of a semiquantitative score with a confined range of values 
(0,1,2,3 and 4) and a relatively small number of samples, which revealed a limited 
amount of information with a high repetition rate, the significance level was 
chosen to be set at 15% (p<0.15). 

The data was re-analysed according to the above methods under the 

supervision of Prof. Mansmann, and the results were approved by him.  

 

The thesis was processed according to the new analysis of the data and re-

submitted in July 2018. 

According to the new results emerging from the re-analysis of the data, some 

discrepancies have occurred between the publications89, 90, 91 and the thesis (Table 2). 
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Table 2: The discrepancies between the thesis and the publications   
Antibody Pre-revision results (publications 

Elewa et al. 201289, Makrantonaki et 
al. 201290 and Elewa et al. 201591) 
and Thesis version May 2016 

New modified results according to 
statistical re-analysis of the data.  
Thesis version July 2018 and current 
version 

CRH Up-regulation in sebaceous glands 
and ducts  
 
Down-regulation in sweat glands  

No significant changes in the 
sebaceous gland. 
 
Down regulation in sweat glands  

CRHBP  Up-regulation in the dermis  
 
Down-regulation in the sweat glands 
and sebaceous glands  

Up-regulation in the dermis and sweat 
glands 
Down-regulation in the sebaceous 
glands 

CRHR1 up-regulated in the epidermis, hair 
follicles and sebaceous ducts  

up-regulated in the epidermis, hair 
follicles, sebaceous ducts  
in addition to: sweat glands, and 
sebaceous glands 

CRHR2 No age-related changes Up-regulation in the sebaceous ducts 
PPAR-α Down-regulation in the epidermis, 

hair follicles, sweat glands, 
sebaceous glands and ducts  

Down-regulation in sweat glands and 
sebaceous glands 
 
No significant changes in epidermis 
and hair follicles 

PPAR-δ Up-regulation in the sebaceous ducts Up-regulation in the sebaceous ducts 
and hair follicles 

PPAR-γ Down-regulation in the sebaceous 
glands  

Down-regulation in the sebaceous 
glands 

IL-6 Up-regulation in the dermis  
 
Down-regulation in the sebaceous 
glands and sweat glands 

Up-regulation in the dermis and hair 
follicles  
Down-regulation in the sebaceous 
glands 

IL-8 Down-regulation in the sweat glands  No significant changes in the sweat 
glands 
Up-regulation in epidermis and hair 
follicles 

TLR-4 Down-regulation in epidermis, hair 
follicles, sweat glands, sebaceous 
glands and sebaceous ducts  

Down-regulation in epidermis, hair 
follicles, sweat glands, sebaceous 
glands 

 

The discrepancies mentioned above are, however, of minor clinical importance 

and do not alleviate the postulations created in the previously mentioned publications89, 

90, 91. 

For the sake of transparency and scientific accuracy, we communicated the 

minimally variated results, which emerged from the requested statistical re-analysis of 

the data, in detail with the editors-in-chief of the three journals, where we the original 



 

 19 

results were published. Considering the minor contradiction with the published data, the 

editors-in-chief of the three journals decided that no corrigendum was required. The 

communication e-mails are added to the folder of the raw data.  

 

The results in the current thesis version are displayed in context of the new 

statistical analysis, which are – as previously explained - partially different from the ones 

in the publications89, 90, 91. 

 

2.4 Photo documentation 
 

The glass slides of the specimens were evaluated by a semiquantitative 

evaluation method, as mentioned before. We took pictures only for the aged (> 70 

years) and the young groups (< 30 years) to represent the difference in the expression 

of the molecules in the extremes of age. The pictures were documented as “aged” or 

“young”. 

 

The photo documentation of the glass slides was performed using an EVOS 

fL Digital inverted microscope AMG. Since no magnification bar was available, the 

magnification of each picture was noted manually for each slide according to the 

microscope lens magnification used at the time of taking the picture. The labels of 

numbers and antibody names were added to the saved digital photos using power point. 

The noted magnification power was documented regardless of the zoom-in or crop, 

which were performed for editing purposes when needed. 

 

A permission is granted from the publishing journals to re-use our own 

published material and photos in this doctoral thesis.  
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3. Results 

All tested proteins were found to be expressed in almost all skin compartments. 

The staining was most apparent in the sebaceous glands followed by the sweat glands 

and hair follicles (Table 3). No gender-related difference in the expression of the tested 

antigens was observed. A clear variation in protein expression was observed in relation 

to ageing. The results are displayed according to the statistical re-analysis. (Table 4).  

Table 3: Localization of the tested antigens in different skin compartments 
“x“: expressed, “-“: not expressed 

Blood 

vessels 

Sweat 

glands 

Sebaceous 

ducts 

Sebaceous 

glands 

Hair 

follicles Dermis Epidermis   

_ x x x x _ _ CRH 

_ x _ x _ x _ CRHBP 

_ x x x x _ x CRHR1 

_ x x x _ _ _ CRHR2 

_ x x x x _ x PPAR-α 

_ x x x x _ x PPAR-δ 

_ x _ x _ _ x PPAR-γ 

x x x x x x x IL-6 

_ x _ x x _ x IL-8 

x x x x x _ x TLR-4 
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Table 4: Ageing-related variation in the intensity of expression of the tested antigens  
(Jonckheere-Terpstra Test, significant by p < 0.15)  
 

Antigen Ageing-related  
Up-regulation 

Ageing-related  
Down-regulation 

CRH - Sweat glands (p=0.109) 

CRHBP 
Dermis (p=4.082e-005) 
Sweat glands (p=2.044e-
006) 

Sebaceous glands 
(p=0.058) 

CRHR1 

Epidermis (p=0.0058) 
Hair follicles (p=0.058) 
Sweat glands (p=0.107) 
(Linear-by-linear 
association Test) 
Sebaceous ducts 
(p=0.00143) 
Sebaceous glands 
(p=0.082) 

- 

CRHR2 Sebaceous ducts (p=0,072) _ 

PPAR-α - 
Sweat glands (p=0.0028) 
Sebaceous glands 
(p=0.133) 

PPAR-δ 

Hair follicles (p=0.027) 
Sebaceous ducts (p=0.115, 
Linear-by-linear Test 
p=0.068) 

- 

PPAR-γ - Sebaceous glands (p=0.11) 

IL-6 Dermis (p=5.01e-005) 
Hair follicles (0.065) 

Sebaceous glands (p= 
0.14, linear-by-linear Test 
p=0.053) 

IL-8 
Epidermis (p= 0.14) (linear-
by linear-test p=0.02)                   
Hair follicles (p=0.021) 

- 

TLR-4 - 

Epidermis (p=0.034) 
Hair follicles (p=0.091) 
Sweat glands (p=0.107) 
Sebaceous glands 
(p=0.015) 
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3.1 CRH expression 
The epidermis, the dermis and the blood vessels exhibited a negative 

immunohistochemical staining for CRH, while the hair follicles, sebaceous glands, 

sebaceous ducts and the sweat glands showed a weak positive staining. The CRH 

staining of the sebaceous glands was gradually fading from intense staining in the basal 

undifferentiated cells to weak staining towards differentiated ones (differentiation-

dependent). The CRH staining of the sweat glands exhibited an ageing-related down-

regulation (Jonckheere-Terpstra-test, significance level 15%, p= 0.109) (Fig. 1 and 

Tables 5.1-5.3) 

 
Figure 1: Localization of the immunohistochemical signals of CRH  
in the skin of the aged and young groups. The intensity of the staining in the sebocytes 
is differentiation dependent (1,2 and 3). The sweat glands (4) exhibited an ageing-
related down-regulation (difficult to capture on photos due to weak staining) A sporadic 
statistically not significant stronger immune reaction is seen in the sebaceous glands of 
the aged group. (Original magnification x 100)  
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Table 5.1-5.3:  Expression of CRH in the different skin compartments and age groups.  
An age-related down-regulation was assessed in the sweat glands. Significant p values 
are typed in bold italic 
 

 

 

5.2 CRH in sweat glands - Semiquantitative score 
age group  0 1 2 3 4 
18-30 3 10 0 0 0 
 (23.08 %) (76.92 %)       
31-50 2 4 2 0 0 
 (25.00 %) (50.00 %) (25.00 %)     
51-70 4 4 1 0 0 
 (44.44 %) (44.44 %) (11.11 %)     
71-100 6 4 0 0 0 
 (60.00 %) (40.00 %)       
Total 15 22 3 0 0 
 (37.50 %) (55.00 %) (7.50 %)     

Jonckheere-Terpstra-Test p= 0.109, Linear-by-linear association test p=0.123 
 
  

5.1 CRH in sebaceous glands - Semiquantitative score 
age group 0 1 2 3 4 
18-30 0 12 1 0 0 
   (92.31 %) (7.69 %)     
31-50  0 6 2 0 0 
   (75.00 %) (25.00 %)     
51-70 0 8 1 0 0 
   (88.89 %) (11.11 %)     
71-100 0 9 1 0 0 
   (90.00 %) (10.00 %)     
Total 0 35 5 0 0 
   (87.50 %) (12.50 %)     
Jonckheere-Terpstra-Test p= 0.944, Linear-by-linear association test p=1.00 
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3.2 CRHR1 expression  
 

The CRHR1 exhibited a positive staining in the epidermis, hair follicles, sebaceous 

ducts, sebaceous glands and sweat glands. Fibroblasts and inflammatory cells were 

focally positive. The CRHR1 expression in sebaceous glands was differentiation-

dependent, being most intense in the basal undifferentiated cells and fading towards 

maturity. The sebum was strongly stained. The secretory part of the sweat glands 

showed the strongest positive staining among all skin structures. Like sebum, sweat 

also showed a strong positive reaction for CRHR1. The epidermis showed relatively 

stronger staining in the stratum basal and stratum spinosum, gradually fading to 

negativity towards the stratum corneum. Basement membrane zone and stratum 

corneum exhibited almost no staining of the CRHR1. The CRHR1 staining of the 

epidermis, hair follicles, sweat glands, sebaceous ducts and sebaceous glands 

exhibited an ageing-related up-regulation (Jonckheere-Terpstra-test, significance level 

15%, p= 0.005, 0.058, 0.107, 0.001 and 0.082 respectively) (Fig. 2 and Tables 6.1-6.5). 

  

5.3 CRH in Hair follicles- Semiquantitative score 
age group 0 1 2 3 4 
18-30 5 8 0 0 0 
 (38.46 %) (61.54 %)       
31-50 4 2 2 0 0 
 (50.00 %) (25.00 %) (25.00 %)     
51-70 6 2 0 0 0 
 (75.00 %) (25.00 %)       
71-100 4 4 2 0 0 
 (40.00 %) (40.00 %) (20.00 %)     
Total 19 16 4 0 0 
 (48.72 %) (41.03 %) (10.26 %)     
Jonckheere-Terpstra-Test p=0.962, Linear-by-linear association test p=0.921 
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Figure 2: Localization of the immunohistochemical signals of CRHR1 
 in young and aged skin. Ageing-related up-regulation is observed in the sebaceous 
glands (1), sweat glands (2), epidermis (3) and hair follicles (4). (Original magnification 
x100). lower panel from Elewa et al. 2012 (89)  
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Table 6.1-6.5:  Expression of CRHR1 in the different skin compartments and age 
groups. The CRHR1 exhibited an age-related up-regulation in the epidermis, hair 
follicles, sweat glands, sebaceous ducts and glands. Significant p values are typed in 
bold italic 
6.1 CRH-R1 Epidermis – Semiquantitative score 
age group 0 1 2 3 4 
18-30 8 4 1 0 0 
 (61.54 %) (30.77 %) (7.69 %)     
31-50 5 3 0 0 0 
 (62.50 %) (37.50 %)       
51-70 0 7 3 0 0 
   (70.00 %) (30.00 %)     
71-100 1 10 0 0 0 
 (9.09 %) (90.91 %)       
Total 14 24 4 0 0 
 (33.33 %) (57.14 %) (9.52 %)     
Jonckheere-Terpstra-Test p=0.005, Linear-by-linear association test p=0.006 
 

6.2 CRH-R1 Hair follicles – Semi-quantitative score 
age group 0 1 2 3 4 
18-30 8 2 2 1 0 
 (61.54 %) (15.38 %) (15.38 %) (7.69 %)   
31-50 3 3 1 1 0 
 (37.50 %) (37.50 %) (12.50 %) (12.50 %)   
51-70 0 7 2 0 1 
   (70.00 %) (20.00 %)   (10.00 %) 
71-100 1 8 2 0 0 
 (9.09 %) (72.73 %) (18.18 %)     
Total 12 20 7 2 1 
 (28.57 %) (47.62 %) (16.67 %) (4.76 %) (2.38 %) 
Jonckheere-Terpstra-Test p=0.058, Linear-by-linear association test p=0.165 
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6.3 CRH-R1 Sebaceous ducts – Semi-quantitative score 
age group 0 1 2 3 4 
18-30 8 2 0 0 0 
 (80.00 %) (20.00 %)       
31-50 3 4 0 0 0 
 (42.86 %) (57.14 %)       
51-70 2 3 3 0 0 
 (25.00 %) (37.50 %) (37.50 %)     
71-100 1 4 2 0 0 
 (14.29 %) (57.14 %) (28.57 %)     
Total 14 13 5 0 0 
 (43.75 %) (40.63 %) (15.63 %)     
Jonckheere-Terpstra-Test p=0.001, Linear-by-linear association test p=0.001 

 

6.4 CRH-R1 sweat glands- Semiquantitative score 
age group 0 1 2 3 4 
18-30 1 2 1 2 7 
 (7.69 %) (15.38 %) (7.69 %) (15.38 %) (53.85 %) 
31-50 1 1 1 2 3 
 (12.50 %) (12.50 %) (12.50 %) (25.00 %) (37.50 %) 
51-70 0 0 0 5 5 
       (50.00 %) (50.00 %) 
71-100 0 0 0 4 5 
       (44.44 %) (55.56 %) 
Total 2 3 2 13 20 
 (5.00 %) (7.50 %) (5.00 %) (32.50 %) (50.00 %) 
Jonckheere-Terpstra-Test p=0.340, Linear-by-linear association test p=0.107 

 

6.5 CRH-R1 sebaceous glands - Semiquantitative score 
age group 0 1 2 3 4 
18-30 1 2 3 6 1 
 (7.69 %) (15.38 %) (23.08 %) (46.15 %) (7.69 %) 
31-50 0 0 2 4 2 
     (25.00 %) (50.00 %) (25.00 %) 
51-70 1 1 0 6 1 
 (11.11 %) (11.11 %)   (66.67 %) (11.11 %) 
71-100 0 0 0 8 1 
       (88.89 %) (11.11 %) 
Total 2 3 5 24 5 
 (5.13 %) (7.69 %) (12.82 %) (61.54 %) (12.82 %) 
Jonckheere-Terpstra-Test p=0.082, Linear-by-linear association test p=0.124 
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3.3 CRHR2 expression 
 

CRHR2 signals were detected in the sebaceous glands, sebaceous ducts and the 

sweat glands. In contrast the epidermis, dermis, hair follicles and blood vessels 

exhibited negative CRHR2 staining. There was no evidence of ageing-related changes 

in the expression of CRHR2 in the different skin compartments, except for the 

sebaceous ducts which exhibited an ageing-related up-regulation (p= 0,072) 

(Jonckheere- Terpstra Test, significance level 15%) (Fig. 3 and Tables 7.1-7.3). 
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Figure 3: Localization of the immunohistochemical signals of CRHR2 
 in the young and aged skin. There was no ageing-related change in the expression of 
CRHR2, except for an ageing-related up-regulation in the sebaceous ducts. This 
change was however difficult to capture on photos due to overall weak stain (Original 
magnification x100) upper panel from Elewa et al. 201289  
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Table 7.1-7.3:  Expression of CRHR2 in the different skin compartments and age 
groups.  
The CRHR2 exhibited age-related up-regulation in the sebaceous ducts. Significant p 
values are typed in bold italic 
 
7.1 CRH-R2 sweat glands – Semiquantitative score 
age group 0 1 2 3 4 
18-30 2 5 5 0 0 
 (16%) (41%) (41%)     
31-50 1 3 3 1 0 
 (12.5%) (37.5%)  (37.5 %)  (12.5%)   
51-70 5 0 5 0 0 
 (50%)  (50%)     
71-100 2 7 2 0 0 
 (18.18%) (63.6%)  (18.18%)     
Total 11 15 15 1 0 
 (26.19%) (35.71%) (35.71%)  (2.38%)   
Jonckheere-Terpstra-Test p=0.346, Linear-by-linear association test p=0.342 
 

7.2 CRH-R2 sebaceous duct – Semi-quantitative score 
age group 0 1 2 3 4 
18-30 9 2 1 0 0 
 (75%) (16.66%) (8.33%)    
31-50 6 1 0 0 0 
 (85.71%) (14.28%)     
51-70 9 1 0 0 0 
 (90%) (10%)    
71-100 11 0 0 0 0 
 (100%)      
Total 35 4 1 0 0 
 (87.5%) (10%) (2.5%)   
Jonckheere-Terpstra-Test p=0.072, Linear-by-linear association test p=0.078 
 

  



 

 31 

 

7.3 CRH-R2 Sebaceous glands – Semi-quantitative score 
age group 0 1 2 3 4 
18-30 2 6 4 0 0 
 (16.66%) (50%) (33.33%)   
31-50 2 4 1 1 0 
 (25%) (50%) (12.5%) (12.5%)  
51-70 3 4 2 1 0 
 (30%) (40%) (20%) (10%)  
71-100 2 5 4 0 0 
 (18.18%) (45.45%) (36.36%)   
Total 9 19 11 2 0 
 (21.95%) (46.3%) (26.8%) (4.87%)  
Jonckheere-Terpstra-Test p=0.97, Linear-by-linear association test p=1 
 

 

3.4 CRHBP expression 
 

CRHBP exhibited a strong expression in the sebaceous glands. The staining was 

differentiation dependent, being strongest in the basal undifferentiated cells and fading 

towards the mature sebocytes in the centre of the gland. CRHBP exhibited almost a 

negative staining in the epidermis and hair follicles, whereas the smooth muscles 

showed a weakly positive stain. The CRHBP staining of the dermis and sweat glands 

exhibited an ageing-related up-regulation. In contrast, the staining in the sebaceous 

glands exhibited an ageing–related down-regulation (Jonckheere-Terpstra-test, 

significance level 15%, p= 0.00001 ,0.00001 and 0.059 respectively) (Figure 4, Tables 

8.1-8.3). 
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Figure 4: Localization of the immunohistochemical signals of the CRHBP  
in the skin of the aged and young groups. There was a significant ageing-related down 
regulation in the sebaceous glands (1) and a significant ageing-related up-regulation in 
the dermis (2) and sweat glands (3) (Original magnification x100, except middle left 
picture x200) middle panel from Elewa et al. 201289 
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Table 8.1-8.3:  Expression of CRHBP in different skin compartments and age groups.  
The CRHBP expression exhibited an age-related up-regulation in the dermis and sweat 
glands, and an age-related down-regulation in the sebaceous glands. Significant p 
values are Typed in bold italic 
 
8.1 CRHBP dermis - Semiquantitative score 
age group 0 1 2 3 4 
18-30 13 0 0 0 0 
 (100.00 %)         
31-50 7 1 0 0 0 
 (87.50 %) (12.50 %)       
51-70 6 2 2 0 0 
 (60.00 %) (20.00 %) (20.00 %)     
71-100 3 6 1 0 1 
 (27.27 %) (54.55 %) (9.09 %)   (9.09 %) 
Total 29 9 3 0 1 
 (69.05 %) (21.43 %) (7.14 %)   (2.38 %) 
Jonckheere-Terpstra-Test p=4.082e-005, Linear-by-linear association test p=8.77e00 

8.2 CRH-BP sweat glands - Semiquantitative score 
age group 0 1 2 3 4 
18-30 11 2 0 0 0 
 (84.62 %) (15.38 %)    
31-50 2 4 0 2 0 
 (25.00 %) (50.00 %)  (25.00 %)  
51-70 5 5 0 0 0 
 (50.00 %) (50.00 %)    
71-100 0 1 0 9 0 
  (10.00 %)  (90.00 %)  
Total 18 12 0 11 0 
 (43.90 %) (29.27 %)  (26.83 %)  
Jonckheere-Terpstra-Test p=2.044e-006, Linear-by-linear assoc. test p=1.8546-006 

 

8.3 CRHBP sebaceous glands - Semiquantitative score 
age group  0 1 2 3 4 
18-30 1 0 1 7 4 
 (7.69 %)   (7.69 %) (53.85 %) (30.77 %) 
31-50 0 0 1 5 2 
     (12.50 %) (62.50 %) (25.00 %) 
51-70 0 0 4 3 3 
     (40.00 %) (30.00 %) (30.00 %) 
71-100 2 0 2 7 0 
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 (18.18 %)   (18.18 %) (63.64 %)   
Total 3 0 8 22 9 
 (7.14 %)   (19.05 %) (52.38 %) (21.43 %) 
Jonckheere-Terpstra-Test p=0.058, Linear-by-linear association test p=0.095 

 

3.5 PPAR-α (PPAR-alpha) expression 
PPAR-α exhibited a generally weak staining in all skin compartments, namely the 

hair follicles, sweat glands, ductus seboglandularis and the sebaceous glands. There 

was evidence of ageing-related down-regulation of the expression of PPAR-α antigen in 

the sweat and sebaceous glands (Significance level 15% - Jonckheere-Terpstra test, p= 

0.002 and 0.13 respectively) (Figure 5, Tables 9.1-9.5). 

 
Figure 5: Localization of the immunohistochemical signals of PPAR-α  
(PPAR-alpha) in young and aged skin. Ageing-related down-regulation was observed in 
the sebaceous glands (1) and sweat glands (2). (Original magnification x100). 
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Table 9 .1-9.5: Expression of PPAR-α in the different skin compartments and age 
groups.  
The PPAR-α exhibited an age-related down-regulation in the sebaceous and sweat 
glands. Significant p values are Typed in bold italic 

9.1 PPAR-α epidermis - Semiquantitative score 
age group 0 1 2 3 4 
18-30 11 2 0 0 0 
 (84.62 %) (15.38 %)       
31-50 8 0 0 0 0 
 (100.00 %)         
51-70 9 1 0 0 0 
 (90.00 %) (10.00 %)       
71-100 11 0 0 0 0 
 (100.00 %)         
Total 39 3 0 0 0 
 (92.86 %) (7.14 %)       
Jonckheere-Terpstra-Test p=0.290, Linear-by-linear association test p=0.322 

 

9.2 PPAR-α hair follicles - Semiquantitative score 
age group 0 1 2 3 4 
18-30 11 2 0 0 0 
 (84.62 %) (15.38 %)       
31-50 7 1 0 0 0 
 (87.50 %) (12.50 %)       
51-70 9 1 0 0 0 
 (90.00 %) (10.00 %)       
71-100 11 0 0 0 0 
 (100.00 %)         
Total 38 4 0 0 0 
 (90.48 %) (9.52 %)       
Jonckheere-Terpstra-Test p=0.277, Linear-by-linear association test p=0.284 
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9.3 PPAR-α sweat glands - Semiquantitative score 
age group 0 1 2 3 4 
18-30 5 8 0 0 0 
 (38.46 %) (61.54 %)       
31-50 5 3 0 0 0 
 (62.50 %) (37.50 %)       
51-70 6 4 0 0 0 
 (60.00 %) (40.00 %)       
71-100 11 0 0 0 0 
 (100.00 %)         
Total 27 15 0 0 0 
 (64.29 %) (35.71 %)       
Jonckheere-Terpstra-Test p=0.002, Linear-by-linear association test p=0.001 
 

9.4 PPAR-α sebaceous ducts - Semiquantitative score 
age group 0 1 2 3 4 
18-30 11 2 0 0 0 
 (84.62 %) (15.38 %)       
31-50 7 1 0 0 0 
 (87.50 %) (12.50 %)       
51-70 9 1 0 0 0 
 (90.00 %) (10.00 %)       
71-100 11 0 0 0 0 
 (100.00 %)         
Total 38 4 0 0 0 
 (90.48 %) (9.52 %)       
Jonckheere-Terpstra-Test p=0.277, Linear-by-linear association test p=0.284 
 

9.5 PPAR-α sebaceous glands - Semiquantitative score 
age group  0 1 2 3 4 
18-30 6 7 0 0 0 
 (46.15 %) (53.85 %)       
31-50 4 4 0 0 0 
 (50.00 %) (50.00 %)       
51-70 4 6 0 0 0 
 (40.00 %) (60.00 %)       
71-100 9 2 0 0 0 
 (81.82 %) (18.18 %)       
Total 23 19 0 0 0 
 (54.76 %) (45.24 %)       
Jonckheere-Terpstra-Test p=0.133, Linear-by-linear association test p=0.155 
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3.6 PPAR-δ (PPAR-delta) expression 
 

The sebaceous glands, sebaceous duct and the sweat glands stained positive for 

PPAR-δ expression, whereas the dermis stained negative. The sebaceous glands 

having a staining intensity ranging from moderate to highly intense represent the 

highest PPAR-δ expression among the other skin structures. The staining in the 

sebaceous glands was differentiation dependent. The basal undifferentiated cells were 

negative in all samples and the rest of the sebaceous gland showed differentiation-

dependent intensity of staining, being maximum in differentiating cells and decreasing in 

the mature sebocytes. The epidermis showed focal positive PPAR-δ expression, some 

samples, however, showed homogenous weak staining, the staining was in all cases 

confined to superficial and mid epidermal layers. There was evidence of ageing-related 

up-regulation of the expression of PPAR-δ antigen in the hair follicles and sebaceous 

ducts (Significance level 15% - Jonckheere-Terpstra test, p= 0.02 and 0.11 

respectively) (Figure 6, Tables 10.1-10.5). 
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Figure 6: Localization of the immunohistochemical signals of PPAR-δ  
(PPAR-delta) in young and aged skin. Ageing-related up-regulation was observed in the 
hair follicles (1) and sebaceous ducts (2). (Original magnification upper left photo x400, 
upper right photo x200, middle and lower panels x100)  
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Table 10.1-10.5: Expression of PPAR-δ in the different skin compartments and age 
groups.  
PPAR-δ exhibited an ageing-related up-regulation in the hair follicles and sebaceous 
ducts. Significant p values are typed in bold italic. 

 
 

10.2 PPAR-δ sebaceous gland Semiquantitative score 
Age 0 1 2 3 4 
1 0 0 1 4 7 
     (8.33 %) (33.33 %) (58.33 %) 
2 0 0 0 4 3 
       (57.14 %) (42.86 %) 
3 0 0 0 5 4 
       (55.56 %) (44.44 %) 
4 0 0 0 3 7 
       (30.00 %) (70.00 %) 
Total 0 0 1 16 21 
     (2.63 %) (42.11 %) (55.26 %) 
Jonckheere-Terpstra-Test p=0.536, Linear-by-linear association test p=0.4691 

10.1 PPAR- δ epidermis - Semiquantitative score 
Age group 0 1 2 3 4 
18-30 5 6 2 0 0 
 (38.46 %) (46.15 %) (15.38 %)     
31 -50 1 7 0 0 0 
 (12.50 %) (87.50 %)       
51 - 70 4 2 0 2 0 
 (50.00 %) (25.00 %)   (25.00 %)   
71 - 100 4 2 1 2 0 
 (44.44 %) (22.22 %) (11.11 %) (22.22 %)   
Total 14 17 3 4 0 
 (36.84 %) (44.74 %) (7.89 %) (10.53 %)   
Jonckheere-Terpstra-Test p=0.827, Linear-by-linear association test p=0.387 
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10.4 PPAR-δ hair follicles - Semiquantitative score 
Age 0 1 2 3 4 
1 5 6 0 1 0 
 (41.67 %) (50.00 %)   (8.33 %)   
2 0 6 2 0 0 
   (75.00 %) (25.00 %)     
3 2 4 2 1 0 
 (22.22 %) (44.44 %) (22.22 %) (11.11 %)   
4 2 4 0 5 0 
 (18.18 %) (36.36 %)   (45.45 %)   
Total 9 20 4 7 0 
 (22.50 %) (50.00 %) (10.00 %) (17.50 %)   
Jonckheere-Terpstra-Test p=0.027, Linear-by-linear association test p=0.025 
 

10.5 PPAR-δ sweat glands - Semiquantitative score 
Age 0 1 2 3 4 
1 2 5 3 1 2 
 (15.38 %) (38.46 %) (23.08 %) (7.69 %) (15.38 %) 
2 0 5 0 2 0 
   (71.43 %)   (28.57 %)   
3 0 3 1 2 1 
   (42.86 %) (14.29 %) (28.57 %) (14.29 %) 
4 2 4 1 1 2 
 (20.00 %) (40.00 %) (10.00 %) (10.00 %) (20.00 %) 
Total 4 17 5 6 5 
 (10.81 %) (45.95 %) (13.51 %) (16.22 %) ( 13.51 %) 
Jonckheere-Terpstra-Test p=0.891, Linear-by-linear association test p=0.832 

10.3 PPAR-δ sebaceous duct - Semiquantitative score 
Age group 0 1 2 3 4 
18-30 4 2 2 0 0 
 (50.00 %) (25.00 %) (25.00 %)     
31-50 1 5 1 0 0 
 (14.29 %) (71.43 %) (14.29 %)     
51-70 2 3 3 0 0 
 (25.00 %) (37.50 %) (37.50 %)     
71-100 3 3 1 3 1 
 (27.27 %) (27.27 %) (9.09 %) (27.27 %) (9.09 %) 
Total 10 13 7 3 1 
 (29.41 %) (38.24 %) (20.59 %) (8.82 %) (2.94 %) 
Jonckheere-Terpstra-Test p=0.115, Linear-by-linear association test p=0.068 
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3.7 PPAR-γ (PPAR-gamma) expression 
 

The sebaceous glands, epidermis and sweat glands exhibited positive PPAR-γ staining. 

The staining of the sebaceous glands was maturation dependent, fading towards the 

centre of the sebaceous glands where the mature sebocytes are located. There was 

evidence of age-related down-regulation of the expression of PPAR-γ antigen in the 

sebaceous glands (Significance level 15% - Jonckheere-Terpstra test, p= 0.11) (Figure 

7 and Tables 11.1-11.2).  
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Figure 7: Localization of the immunohistochemical signals of PPAR-γ  
(PPAR-gamma) in young and aged skin. Ageing-related down-regulation was observed 
in the sebaceous glands (1) lower panel from Elewa et al 201591 (Original magnification 
x100)  
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Table 11 .1-11.2: Expression of PPAR-γ in the different skin compartments and age 
groups.  
PPAR-γ exhibited an ageing-related down-regulation in the sebaceous glands. 
Significant p values are typed in bold italic. 
 
11.1 PPAR-γ sweat gland - Semiquantitative score 
Age group 0 1 2 3 4 
18-30 3 7 2 1 0 
 (23.08 %) (53.85 %) (15.38 %) (7.69 %)   
31-50 2 2 1 0 0 
 (40.00 %) (40.00 %) (20.00 %)     
51-70 0 8 0 1 0 
   (88.89 %)   (11.11 %)   
71-100 2 6 3 0 0 
 (18.18 %) (54.55 %) (27.27 %)     
Total 7 23 6 2 0 
 (18.42 %) (60.53 %) (15.79 %) (5.26 %)   
Jonckheere-Terpstra-Test p=0.659, Linear-by-linear association test p=0.796 

 
11.2 PPAR-γ sebaceous gland - Semiquantitative score 
Age group 0 1 2 3 4 
18-30 1 3 6 2 0 
 (8.33 %) (25.00 %) (50.00 %) (16.67 %)   
31-50 0 0 1 4 0 
     (20.00 %) (80.00 %)   
51-70 0 6 1 1 1 
   (66.67 %) (11.11 %) (11.11 %) (11.11 %) 
71-100 1 6 4 0 0 
 (9.09 %) (54.55 %) (36.36 %)     
Total 2 15 12 7 1 
 (5.41 %) (40.54 %) (32.43 %) (18.92 %) (2.70 %) 
Jonckheere-Terpstra-Test p=0.11, Linear-by-linear association test p=0.131 
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3.8 IL-6 expression  

 

IL-6 exhibited appositive staining in the dermis, epidermis, hair follicles, sweat glands, 

ductus seboglandularis and the sebaceous glands. The sebaceous glands showed the 

strongest IL-6 expression among the stained skin structures, lL-6 in the sebaceous 

glands was differentiation-dependent decreasing towards cell maturation. There was 

evidence of ageing-related up-regulation of the expression of IL-6 antigen in the dermis 

and the hair follicles (Significance level 15% - Jonckheere-Terpstra test, p= 0.000001 

and 0.06 respectively), while the sebaceous glands showed ageing-related down 

regulation (p=0.14, Linear-by-linear association test p= 0.05) (Figures 8 and 9, Tables 

12.1-12.6).  

 

 
Figure 8: Localization of the immunohistochemical signal of IL-6  
in young and aged skin. Ageing-related down-regulation in the sebaceous glands (1) 
and ageing-related up-regulation in the dermal tissue (2) was observed. From Elewa et 
al. 201591. (Original magnification x400)  
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Figure 9: Localization of the immunohistochemical signals of IL-6  
in young and aged skin. Ageing-related down-regulation was observed in the 
sebaceous glands (1) and ageing-related up-regulation in the dermal tissue (2) and the 
hair follicles (3) (original magnification x100) upper panel from Elewa et al 201591 
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Figure (9): continued 
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Table 12.1-12.6.: Expression of IL-6 in the different skin compartments and age groups.  
The IL-6 exhibited an age-related down-regulation in the sebaceous glands and an up-
regulation in the dermis and hair follicles. Significant p values are typed in bold italic. 
 
12.1 IL 6 epidermis - Semiquantitative score 
Age group 0 1 2 3 4 
18-30 2 1 7 2 1 
 (15.38 %) (7.69 %) (53.85 %) (15.38 %) (7.69 %) 
31-50 1 2 1 4 0 
 (12.50 %) (25.00 %) (12.50 %) (50.00 %)   
51-70 1 0 3 5 1 
 (10.00 %)   (30.00 %) (50.00 %) (10.00 %) 
71-100 2 3 2 4 0 
 (18.18 %) (27.27 %) (18.18 %) (36.36 %)   
Total 6 6 13 15 2 
 (14.29 %) (14.29 %) (30.95 %) (35.71 %) (4.76 %) 
Jonckheere-Terpstra-Test p=0.902, Linear-by-linear association test p=1.00 
 

 
  

12.2 IL 6 dermis - Semiquantitative score 
Age group 0 1 2 3 4 
18-30 13 0 0 0 0 
 (100.00 %)         
31-50 6 2 0 0 0 
 (75.00 %) (25.00 %)       
51-70 5 1 3 0 0 
 (55.56 %) (11.11 %) (33.33 %)     
71-100 4 1 2 4 0 
 (36.36 %) (9.09 %) (18.18 %) (36.36 %)   
Total 28 4 5 4 0 
 (68.29 %) (9.76 %) (12.20 %) (9.76 %)   
Jonckheere-Terpstra-Test p=5.01e-005, Linear-by-linear association p=4.244e-005 
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12.3 IL 6 hair follicles - Semiquantitative score 
Age group 0 1 2 3 4 
18-30 1 3 6 2 1 
 (7.69 %) (23.08 %) (46.15 %) (15.38 %) (  7.69 %) 
31-50 0 0 4 4 0 
     (50.00 %) (50.00 %)   
51-70 0 2 1 6 0 
   (22.22 %) (11.11 %) (66.67 %)   
71-100 0 2 2 6 1 
   (18.18 %) (18.18 %) (54.55 %) (9.09 %) 
Total 1 7 13 18 2 
 (2.44 %) (17.07 %) (31.71 %) (43.90 %) (4.88 %) 
Jonckheere-Terpstra-Test p=0.065, Linear-by-linear association test p=0.112 
 

12.4 IL 6 sebaceous ducts - Semiquantitative score 
Age group 0 1 2 3 4 
18-30 4 2 4 1 1 
 (33.33 %) (16.67 %) (33.33 %) (8.33 %) (8.33 %) 
31-50 3 0 2 3 0 
 (37.50 %)    (25.00 %) (37.50 %)   
51-70 2 1 2 4 0 
 (22.22 %) (11.11 %) (22.22 %) (44.44 %)   
71-100 3 1 3 3 1 
 (27.27 %) (9.09 %) (27.27 %) (27.27 %) (9.09 %) 
Total 12 4 11 11 0 
 (30.00 %) (10.00 %) (27.50 %) (27.50 %)   
Jonckheere-Terpstra-Test p=0.378, Linear-by-linear association test p=0.418 

12.5 IL 6 sebaceous glands - Semiquantitative score 
Age group 0 1 2 3 4 
18-30 0 0 0 6 7 
       (46.15 %) (53.85 %) 
31-50 0 0 1 2 5 
     (12.50 %) (25.00 %) (62.50 %) 
51-70 0 0 0 4 5 
       (44.44 %) (55.56 %) 
71-100 2 0 0 6 3 
 (18.18 %)     (54.55 %) (27.27 %) 
Total 2 0 1 18 20 
 (4.88 %)   (2.44 %) (43.90 %) (48.78 %) 
Jonckheere-Terpstra-Test p=0.141, Linear-by-linear association test p=0.053 
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12.6 IL- 6 sweat glands - Semiquantitative score 
Age 0 1 2 3 4 
18 - 30 0 1 1 7 4 
   (7.69 %) (7.69 %) (53.85 %) (30.77 %) 
31 – 50 0 0 1 3 3 
     (14.29 %) (42.86 %) (42.86 %) 
51 - 70 1 0 2 4 2 
 (11.11 %)   (22.22 %) (44.44 %) (22.22 %) 
70 - 100 1 0 2 7 1 
 (9.09 %)   (18.18 %) (63.64 %) (9.09 %) 
Total 2 1 6 21 10 
 (5.00 %) (2.50 %) (15.00 %) (52.50 %) (25.00 %) 
Jonckheere-Terpstra-Test p=0.179, Linear-by-linear association test p=0.186 
 

3.9 IL-8 expression 
 

IL-8 was found to be expressed in the sebaceous glands, sweat glands, epidermis and 

the hair follicles. The IL-8 showed a generally weak staining throughout the whole skin 

samples and different compartments, the strongest expression however was seen in the 

sebaceous glands followed by the sweat glands and the hair follicles. The epidermis 

and the hair follicles exhibited an ageing-related up-regulation. Other skin structures 

showed no significant ageing-related differences (Significance level 15% - Jonckheere-

Terpstra test, p=0.14 and p= 0.01 respectively, Linear-by-linear association test p=0.02 

and p=0.012 respectively) (Figure 10 and Tables13.1-13.5).  
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Figure 10 : Localization of the immunohistochemical signals of IL-8  
in young and aged skin. IL-8 staining is overall very weak; however, an ageing-related 
up-regulation was seen in the epidermis (1) and hair follicles (2) (Original magnification 
x100)  
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Table 13.1-13.5: Expression of IL-8 in the different skin compartments and age groups.  
It exhibited an age-related up-regulation in the epidermis and hair follicles. Significant p 
values are typed in bold italic. 
 
13.1 IL-8 sweat glands - Semiquantitative score 
Age group 0 1 2 3 4 
18-30 4 6 3 0 0 
 (30.77 %) (46.15 %) (23.08 %)     
31-50 3 3 2 0 0 
 (37.50 %) (37.50 %) (25.00 %)     
51-70 4 2 2 1 0 
 (44.44 %) (22.22 %) (22.22 %) (11.11 %)   
71-100 6 4 0 0 0 
 (60.00 %) (40.00 %)       
Total 17 15 7 1 0 
 (42.50 %) (37.50 %) (17.50 %) (2.50 %)   
Jonckheere-Terpstra-Test p=0.174, Linear-by-linear association test p=0.225 
 
 
 

13.2 IL-8 sebaceous glands - Semiquantitative score 
Age group 0 1 2 3 4 
18-30 0 10 2 1 0 
   (76.92 %) (15.38 %) (7.69 %)   
31-50 1 5 2 0 0 
 (12.50 %) (62.50 %) (25.00 %)     
51-70 0 10 0 0 0 
   (100.00 %)       
71-100 2 6 2 0 0 
 (20.00 %) (60.00 %) (20.00 %)     
Total 3 31 6 1 0 
 (7.32 %) (75.61 %) (14.63 %) (2.44 %)   
Jonckheere-Terpstra-Test p=0.196, Linear-by-linear association test p=0.154 
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13.3 IL-8 hair follicles - Semiquantitative score 
Age group 0 1 2 3 4 
18-30 8 5 0 0 0 
 ( 61.54 %) ( 38.46 %)       
31-50 7 1 0 0 0 
 ( 87.50 %) ( 12.50 %)       
51-70 4 4 1 0 0 
 ( 44.44 %) ( 44.44 %) ( 11.11 %)     
71-100 3 5 3 0 0 
 (27.27 %) (45.45 %) (27.27 %)     
Total 22 15 4 0 0 
 (53.66 %) (36.59 %) (9.76 %)     
Jonckheere-Terpstra-Test p=0.0219, Linear-by-linear association test p=0.0128 
 
13.4 IL-8 epidermis - Semiquantitative score 
Age group 0 1 2 3 4 
18-30 10 3 0 0 0 
 (76.92%) (23.07%)    
31-50 7 1 0 0 0 
 (87.5%) (12.5%)    
51-70 7 1 0 0 0 
 (87.5%) (12.5%)    
71-100 6 3 2 0 0 
 (54.54%) (27.27%) (18.18%)   
Total 30 8 2 0 0 
 (75%) (20%) (5%)   
Jonckheere-Terpstra-Test p=0.14, Linear-by-linear association test p=0.02 
 
13.5 IL-8 sebaceous ducts - Semiquantitative score 
Age group 0 1 2 3 4 
18-30 10 3 0 0 0 
 (76.92%) (23.07%)    
31-50 8 0 0 0 0 
 (100%)     
51-70 8 0 0 0 0 
 (100%)     
71-100 6 3 2 0 0 
 (54.54%) (27.27%) (22.22%)   
Total 32 6 2 0 0 
 (80%) (15%) (5%)   
Jonckheere-Terpstra-Test p=0.176, Linear-by-linear association test p=0.19 
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3.10 TLR-4 expression 
 

TLR-4 was expressed in almost all skin compartments mainly in the hair follicles, 

secretory portion of sweat glands the sebaceous glands and the sebaceous ducts. The 

staining in the epidermis was gradually fading towards the superficial epithelial layers 

and the sebaceous gland staining was differentiation-dependent, decreasing towards 

cell maturation. There was evidence of ageing-related down-regulation of the 

expression of TLR-4 antigen in the epidermis, hair follicles, sweat glands and 

sebaceous glands (Significance level 15% - Jonckheere-Terpstra test, p= 0.03, 0.09, 

0.10 and 0.01 respectively) (Figures. 11 and 12, Tables 14.1-14.5). 
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Figure 11: Localization of the immunohistochemical signals of TLR-4  
in skin of the young and aged groups. Ageing-related down-regulation of the expression 
of TLR-4 antigen was shown in the epidermis (1), the hair follicles (2), sebaceous 
glands (3) and sweat glands (4) (original magnification x40) from Elewa et al 201591 
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Figure 12: Localization of the immunohistochemical signals of TLR-4  
in skin of the young and aged groups. Ageing-related down-regulation of the expression 
of TLR-4 antigen was shown the epidermis (1), hair follicles (2), sebaceous glands (3) 
and sweat glands (4) (original magnification x100)  
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Table 14.1-14.5: Expression of TLR-4 in the different skin compartments and age groups. 
 TLR-4 exhibited an ageing-related down-regulation in almost all skin compartments. 
Significant p values are typed in bold italic. 
14.1 TLR-4 – Epidermis - Semiquantitative score 
Age group 0 1 2 3 4 
18-30 0 0 1 7 5 
     (  7.69 %) ( 53.85 %) ( 38.46 %) 
31-50 0 0 3 5 0 
     ( 37.50 %) ( 62.50 %)   
51-70 0 1 3 3 3 
   ( 10.00 %) ( 30.00 %) ( 30.00 %) ( 30.00 %) 
71-100 0 0 4 7 0 
     ( 36.36 %) ( 63.64 %)   
Total 0 1 11 22 8 
   (  2.38 %) ( 26.19 %) ( 52.38 %) ( 19.05 %) 
Jonckheere-Terpstra-Test p=0.034, Linear-by-linear association test p=0.04 
 

14.2 TLR 4 – Hair follicle - Semiquantitative Score 
Age group 0 1 2 3 4 
18-30 0 0 1 4 6 
     (  9.09 %) ( 36.36 %) ( 54.55 %) 
31-50 0 0 0 4 4 
       ( 50.00 %) ( 50.00 %) 
51-70 0 0 2 3 5 
     ( 20.00 %) ( 30.00 %) ( 50.00 %) 
71-100 0 0 0 10 1 
       ( 90.91 %) (  9.09 %) 
Total 0 0 3 21 16 
     ( 7.50 %) ( 52.50 %) ( 40.00 %) 
Jonckheere-Terpstra-Test p=0.152, Linear-by-linear association test p=0.09 
14.3 TLR-4 - sweat glands - Semiquantitative score 
Age group 0 1 2 3 4 
18-30 0 0 1 4 8 
     (7.69 %) (30.77 %) (61.54 %) 
31-50 0 0 1 5 2 
     (12.50 %) (62.50 %) (25.00 %) 
51-70 0 0 1 3 5 
     (11.11 %) (33.33 %) (55.56 %) 
71-100 0 0 0 9 1 
       (90.00 %) (10.00 %) 
Total 0 0 3 21 16 
     (7.50 %) (52.50 %) (40.00 %) 
Jonckheere-Terpstra-Test p=0.107, Linear-by-linear association test p=0.194 
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14.4 TLR-4 - sebaceous duct - Semiquantitative score 
Age group  0 1 2 3 4 
18-30 2 0 1 4 3 
 (20.00 %)   (10.00 %) ( 40.00 %) ( 30.00 %) 
31-50 0 0 0 3 5 
       ( 37.50 %) ( 62.50 %) 
51-70 0 0 2 3 3 
     (25.00 %) ( 37.50 %) ( 37.50 %) 
71-100 0 0 0 10 0 
       (100.00 %)   
Total 2 0 3 20 11 
 ( 5.56 %)   (8.33 %) ( 55.56 %) ( 30.56 %) 
Jonckheere-Terpstra-Test p=0.578, Linear-by-linear association test p=0.614 
 

14.5 TLR-4 sebaceous glands - Semiquantitative score 
Age group 0 1 2 3 4 
18-30 0 2 1 5 4 
   (16.67 %) ( 8.33 %) ( 41.67 %) ( 33.33 %) 
31-50 0 2 3 2 1 
   (25.00 %) (37.50 %) ( 25.00 %) ( 12.50 %) 
51-70 0 3 1 2 4 
   (30.00 %) (10.00 %) ( 20.00 %) ( 40.00 %) 
71-100 0 7 1 2 0 
   (70.00 %) (10.00 %) ( 20.00 %)   
Total 0 14 6 11 9 
   (35.00 %) (15.00 %) ( 27.50 %) ( 22.50 %) 
Jonckheere-Terpstra-Test p=0.0154, Linear-by-linear association test p=0.0178 
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4. Discussion  

This study is an attempt to elucidate a part of the physiology of the ageing 

process. This discussion will be carried out in the context of the statistically re-analysed 

results. 

The process of ageing could be grouped in different possible pathways, which 

can give a clue to the complex mechanisms of skin senescence. In this work, I 

examined the expression of molecules involved in the following pillar pathways of 

ageing: the stress response and the neuroendocrine regulation, innate immunity 

reaction, chronic inflammation and tumorigenesis.  

The results of this study could track some changes occurring along the different 

pillars of ageing and a concept of their possible interaction could be postulated. 

The CRH system is responsible for the neuroendocrine regulation of the skin and 

the stress response reaction. It also influences directly the synthesis and quality of skin 

lipids, which vary enormously during the different stages of life10,46. The CRH system 

can affect cell proliferation and differentiation, chronic inflammation and age-related 

diseases47,48. The skin has a CRH system of its own, this was detected in previous 

studies on the protein and mRNA; moreover, CRH was found to be synthesised in the 

skin in the sebaceous gland, the so-called "brain" of the skin49,50,51,52. 

In this study, all CRH system components were found to be expressed almost all 

skin compartments, primarily concentrated in the sebaceous and sweat glands. Looking 

at the distribution of the CRH system components in the aged skin, we see that the 

sebaceous glands -lacking the buffering binding protein- fall under an unopposed 

function of the CRH, which in turn functions on highly expressed effector receptor 

(CRHR1). The hair follicles and the epidermis - having a highly expressed CRHR1- also 

fall under a heightened CRH function. This makes almost the whole components of the 

aged skin suffer a chronic stress-like condition. This is consistent with the drastic 

ageing-related changes in skin activity and function. 
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The CRH system was proved to play a role in skin disease known to be mediated 

by psychological stress as vitiligo53 alopecia areata54 and cutaneous lupus 

erythematosus55. 

The exaggerated stress response and overactivity of the CRH system in the aged 

skin corresponds to the previously detected heightened systemic hypothalamic-pituitary-

adrenal (HPA) stress response15. However, in the sweat glands- a highly innervated 

compartment of the skin, - the CRH system ageing-related changes could represent one 

of the stages occurring in the ageing brain with Alzheimer's disease, as it was found 

that the CRH protects against amyloidosis in neuronal cultures56. 

Ideally, the CRH system is activated in cases of stress to combat possible 

dangers and attacks from the environment. In this study, however, I found that CRH 

system in the aged skin is continuously activated- in a way similar to what happens in 

the central nervous system, where ageing is associated with a chronic stress like 

condition where the stimulated HPA axis fails to be promptly arrested57. This continuous 

activated or alert status leaves the aged skin in a chronic stress-like situation with all its 

damaging consequences. 

In the present study, some of the molecules involved in the innate immune 

regulation were examined. TLRs recognize both pathogen-associated molecular 

patterns and molecules that are released from damaged tissue. TLR activation 

regulates the expression of proinflammatory cytokines and chemokines - such as IL-6 

and IL-8 - that are required for the innate immunity response, the activation of adaptive 

immunity. And the clearance and attenuation of viral infections in the respiratory tract 

epithelium and central nervous system in humans and mice58. 

Extreme IL-8 activation promotes the survival and replication of the respiratory 

syncytial virus and cytomegalovirus by promoting neutrophil recruitment, leading to 

pathologic consequences resulting from extreme inflammatory tissue damage59. Here 

we see the inflammation as a double-sided weapon, where the protection can turn into 
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damage. In the present study, we see IL-8 highly expressed in the aged epidermis and 

hair follicles. 

IL-6, which in the current study showed a strong expression in sebaceous 

glands, seems to have a great control on the sebaceous gland function as it induces 

sebaceous lipogenesis and its inhibition directly reduces it60,61. The reduced levels of IL-

6 in the aged sebaceous glands detected in the present study may explain the reduced 

lipogenesis known in aged skin and confirms the reduced response of epithelial 

compartments to inflammatory signals. 

In contrast to the sebaceous glands, IL-6 exhibited ageing-dependent up-

regulation in the dermis and the hair follicles, reflecting the molecular inflammatory state 

of ageing which has been detected in many other studies, where IL-6 is shown to be 

elevated in the aged healthy individuals29-32 and associated with increased risk of 

ageing-related conditions, such as atherosclerosis, diabetes, obesity, obstructive sleep 

apnoea and hypertension as well as Alzheimer’s disease62,63.  

TLR-4 in the current study exhibited an ageing-related down regulation in almost 

all skin compartments. This could explain the greater susceptibility to infections22, poor 

response to vaccination23 and the suboptimum delayed hypersensitivity reaction, which 

are known features of ageing.  

Interestingly, the brain of aged mice expressed significantly higher TLR-4 levels, 

associated with higher inflammatory cytokine expression (IL-6 and TNF-α) in response 

to lipopolysccharide (LPS) injection26. At the end-stage Alzheimer's disease, however, 

the brain exhibits a down-regulation of TLR-428 which could be a late stage of the 

disease after the neurons expressing high levels of TLR-4 have been destroyed by the 

inflammatory process. In analogy to the previous, the ageing-related reduced 

expression of TLR-4 and IL-6 detected in the current study, especially in sebaceous 

glands, may indicate an almost end stage of skin ageing. 

On the other hand, other studies have shown that high TLR-4 expression in age 

is associated with tumour cell proliferation64 which could - in part - be explained by TLR-
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4 polymorphisms, in which proinflammatory alleles of TLR-4 are related to unsuccessful 

ageing27.  

It has been shown in several studies, that the PPAR-α and PPAR-γ are known 

to have antitumorigenic properties. PPAR-α was found to inhibit tumour cell proliferation 

and tubule genesis in animal models11 and PPAR-γ activation leads to decreased 

cancer cell proliferation in several malignancies65. A reduced PPAR-γ expression has 

been associated with poor tumour differentiation, higher cell proliferation and higher 

aneuploidy66. PPAR-α and PPAR-γ activators could protect against UVB-induced tissue 

damage and eventually carcinogenesis by reducing metalloproteinases and reactive 

oxygen species production and suppressing pro-inflammatory cytokines67,68. PPAR-α 

and PPAR-γ could be used as predicting markers for possible tumour development and 

later on as cancer treatment marker69. Moreover, they are known inhibitors of NF-kB 

signalling and its expression products70,71  

In agreement with the previous data, PPAR-α and PPAR-γ in the present study 

exhibited ageing-related down-regulation, most significantly in the sebaceous and sweat 

glands, which could explain the tendency for ageing-related tumour development in the 

skin and indicates increased susceptibility to photo-ageing with time67. 

PPAR-δ, which was found in our study to be intensively expressed in the aged 

hair follicles and sebaceous ducts, was also found to be up-regulated in malignant and 

premalignant epithelial skin tumours72 and it was found to directly stimulate the 

expression of Src, which is an oncogene promoting the development of UVB-induced 

skin cancer 73. This could explain the high incidence of epithelial tumours in old age. In 

contrary to the above data, PPAR-δ expression and activation was found to reduce 

tumorigeneity in human skin carcinoma cells in vitro74. Also, in melanoma, the PPAR 

delta has a controversial role75. 

This work presents the ageing-related protein changes in mixed skin ageing 

pattern in both intrinsic and extrinsic ageing. The hormonal variations most probably do 

not play a role in the changes detected in this study, at least in the sebaceous glands. In 
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a study on human sebocyte culture in conditions resembling the hormonal ageing 

conditions76, the genes coding for CRH, CRHBP, PPAR-γ, PPAR-δ, IL-6 and IL-8 

showed no age-related changes, while the CRHR1 and PPAR-α were down regulated 

and TLR-4 was up regulated in a clear contrast to my study. This leaves us with the 

conclusion that the changes detected in this study are a result of extrinsic or mixed 

rather than hormonal ageing. 

Reflected through the results of the current study we could visualise the 

molecular status of each of the compartments of the aged skin and the interaction 

between the involved molecules. This visualisation is diagrammatically represented in 

Figure 13. 

Aged Epidermis: in addition to the chronic stress like status seen in the up-

regulation of the effector receptor CRHR1, the epidermis shows an exaggerated IL-8 

expression. Both together simulating the state of chemically or physically stressed skin 

(through either tape stripping77 or chemical sensitizers78). 

Aged dermis: The aged skin is well-known to be associated with reduced healing 

potential79. The ageing dermis in this study exhibits an exaggerated IL-6 expression, 

simulating the response of normal dermis to danger or physical trauma80. The CRH 

effect of reducing the healing capability of fibroblasts81, was however not exhibited in 

this study, as the dermis was partially protected by the buffering effect of the 

overexpressed CRHBP.  

Aged hair follicles in the current study suffer a chronic stress-like condition 

through the up-regulated expression of the CRHR1 effector receptor, and also a high IL-

6 and IL-8 expression. This could contribute to the ageing-associated hair loss, slower 

hair growth82 and hair greying83. The ageing-related up-regulated expression of the 

PPAR-δ seen in this study is essential for the normal development of hair84, which could 

be seen as a protective mechanism against the elevated inflammatory cytokines. 

PPAR-δ however, as mentioned before, has a very controversial role weather in 

promoting or inhibiting skin carcinogenesis85,73,74. 
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Aged sebocytes in this study suffered a chronic stress-like condition presented 

in lack of the buffering power of the CRHBP and the up-regulated expression of the 

effector receptor CRHR1. It is noteworthy that IL-6 - together with other cytokines - is 

responsible for the up-regulation of PPAR-α levels in human sebocytes60. In the present 

study, both the IL-6 and PPAR- α were down-regulated in the sebocytes of aged skin. 

We can see that the lack of IL-6 did not only make the sebaceous glands prone to 

infections, but also contributed to the down-regulation of PPAR-α, which in turn caused 

the sebaceous gland to become more prone to tumorigenesis. Furthermore, the age-

dependent down-regulation of PPAR-γ in the sebaceous glands may explain the 

occurring of the ageing-related skin dryness86 due to decreased sebum production, 

sebaceous gland hyperplasia and the development of the rare sebaceous carcinoma86. 

The aged sebocytes also lack the wound healing role, immune protective effect and 

chemotaxis, which are normally partially provided by the TLR-4 after being stimulated 

with LPS87. 

Aged sweat glands have a clearly disturbed stress response mechanism 

represented in elevated CRHBP and CRHR1 expression levels and reduced CRH 

expression level. This could be one of the mechanisms contributing to the defective 

response to the stress of heat, where the elderly individuals exhibited a decremented 

sweating sensitivity and a lower sweating rate, leading to less efficient 

thermoregulation88. Like the aged sebocytes, the aged sweat glands also exhibited a 

reduced PPAR-α and TLR-4 expression, with all their consequences. 
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Figure 13: Diagrammatic representation of the molecular status of aged skin.  
Red arrow pointing up: ageing-related up-regulation, yellow arrow pointing down: 
ageing-related down-regulation  
 

In conclusion, the ageing process could be considered as a loss of the accurate 

balance between a minimum level of inflammation and stress response alertness which 

are needed for protection, and an overshooting level of inflammation and continuous 

stress-like condition which cause tissue damage and consequently support the ageing 

process, tumour development and enhance the susceptibility to infections. IL-6 and IL-8 

– being down-regulated in some ageing skin compartments – could reflect an end stage 

ageing process where the inflammatory cytokines, when once in an overshooting level 

which damaged the skin, are finally reduced to a level that leaves the skin in an 

infection- and tumour-prone condition.  

The ageing-dependent molecular skin changes detected in our study could 

partly explain the tumorigenesis and defective stress and immune responses of the 

ageing process. An interaction between the molecules involved in the study along the 

complicated ageing pathways was apparent89,90,91. (Figure 14) is an attempt to 

diagrammatically represent this interaction. 
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 Figure 14: Diagrammatic representation of the interaction between ageing-associated 
pathways in different skin compartments. Adapted from Elewa et al 2015 91 
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Ausprägungen) zunimmt.
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L U DWI G-M A XI M I L I AN S-UN I V ERSI TÄ T M Ü N CHEN  SEI TE 2 V ON  2

Ich hatte Frau Elewa auch geraten aufgrund der  ger ingen Fal lzahl  und des
Pi lotcharakters Ihrer  Studie den Wert 0.15 als Signi fikanzniveau zu verwenden.
Damit  erhöht sich die Rate falsch posi t i ver Ergebnisse, anderersei ts wi rd aber die
falsch negat iv Rate verr i ngert. Die Verr ingerung der  falsch negati ven Rate ist im
Fal le einer  Pi lotstudie ext rem wicht ig. Einer  Pi lotstudie werden wei tere
Validierungsschr i t te folgen. Für  den nun anstehenden Validierungsprozess sol len
al le relevanten Kandidaten zur Ver fügung stehen. Falsch posi t i ve Kandidaten werden
im Laufe des Validierungsprozesses eliminier t werden. Die r icht ig posi t i ven dann -
gegeben eine ausreichende Power - sichtbar werden. Frau Elewa hat nur  die
Pi lotstudie durchgeführ t, die Validierung der  Ergebnisse müssen wei tere Studien
leisten.

Ich hoffe, dass sich damit  die stat ist i sche Analysest rategie von Frau Elewa
verdeutl icht und von den Reviewern der  Arbei t  als angemessen erachtet  wi rd.

M it freundli chen Grüßen

Prof. Dr . rer . nat. Ulr i ch Mansmann
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Appendix -1- 

Table representing the population of the study, showing the gender and age.  
(m = male, w= female, age in years) 
 

Volunteer 

Number 

gender age  Volunteer 

number 

gender age 

1 w 18  22 w 51 

2 m 19  23 w 52 

3 m 20  24 m 54 

4 m 21  25 m 54 

5 m 22  26 m 55 

6 m 22  27 m 58 

7 m 23  28 w 60 

8 m 24  29 m 69 

9 w 25  30 m 70 

10 m 26  31 w 70 

11 w 29  32 m 74 

12 m 30  33 w 75 

13 w 30  34 m 76 

14 w 31  35 m 77 

15 m 35  36 m 83 

16 w 36  37 m 83 

17 w 38  38 w 84 

18 m 39  39 m 85 

19 m 41  40 m 87 

20 w 44  41 w 87 

21 w 45  42 m 92 
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Appendix -2 

 
An example for a negative control slide (upper panel) – where the full staining 
procedure was performed with all staining materials except for the primary antibody. 
The upper panel shows no staining except for the haematoxylin counterstain apparent 
in the crisp blue colour of the nuclei. Compared to another cut of the same specimen in 
which the PPAR-α primary antibody was added (lower panel). The lower panel shows 
the red stain in the epidermis, hair follicles, sebaceous glands and sweat glands 
representing the PPAR-α immunohistochemichal staining. (marked with blue arrows). 
(lower panel from Elewa et al. 201591) (Original magnification x40) 

Negative control –  
No primary antibody added 

PPAR-α staining  




