
<Introduction>

<Results>

AGEs are synthesized non-enzymatically from sugars and
proteins. AGEs increase with age and they are involved in the
onset of aging-related diseases. In spite of the well-known
fact that some types of alopecia are closely age-related,
whether or not the AGEs could trigger hair problems has
remained unknown. Sugars and proteins are delivered
directly to dermal papilla via capillary vessels. In addition,
the turnover rates of dermal papilla are considerably slow.
Therefore, it is likely that AGEs accumulate in dermal papilla
in hair follicles and that they affect the functions of DPCs.
DPCs and KCs interact with each other by exchanging signal

molecules in order to regulate hair cycle. In androgenic
alopecia, DPCs express cytokines such as TGF-β1 and IL-6 in
excess and these cytokines inhibit proliferation of the hair
matrix cells. At present, we have investigated how AGEs are
involved in the signal transduction between the
mesenchymal and epidermal cells.
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Fig. 2 Effects of AGE-BSA on ME interaction
Primary human KCs (A) and DPCs (B) were treated with 100, 200, 400 μg/mL BSA or AGE-BSA for 3 days. KCs 
were cultured with DCM for 3 days (C). The proliferation activities were determined by MTT assay. Each value 
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① AGEs inhibit ME interaction

<Abstract>
Advanced glycation end-products (AGEs) damage various cellular 

functions by up-regulating a series of proinflamatory cytokines and 
thereby cause the corresponding health problems. However, the 
relationship between AGE accumulation and hair growth is yet to be 
demonstrated.  Mesenchymal-epidermal (ME) interaction plays a 
critical role in hair growth regulation. In some alopecia, the 
intercellular signaling system is impaired, in which dermal papilla cells 
(DPCs) overproduce various proinflammatory cytokines that inhibit 
proliferation of hair matrix cells. Therefore, it is possible that the age-
related AGEs are involved in the progress of hair loss such as senescent 
alopecia.  Here we show that AGEs could cause alopecia by disrupting 
ME interaction.

Neither cell proliferation activity of DPCs nor that of epidermal 
keratinocytes (KCs) was not affected by AGE treatment.  In contrast, the 
cell growth of KCs was significantly inhibited when the epidermal cells 
were incubated with DPC-conditioned medium that included AGE-BSA.  
These results suggest that AGEs induce inhibitory molecules of hair 
growth. PCR analysis showed that the gene expression levels of alopecia-
related proinflammatory cytokines (IL-1α, IL-1β, IL-6, IL-8 and TNF-α) 
were markedly increased in DPCs with the AGE-BSA treatment. In 
addition, AGE-BSA and testosterone additively up-regulated IL-1α. These 
results indicate that the AGEs induce a series of proinflammatory
cytokines which inhibit the KC growth. Finally, AGE-induced expressions 
of proinflammatory cytokines in DPCs were evidently suppressed by hot 
spring algae extract (RG92). 

In summary, AGEs up-regulates a series of proinflammatory cytokines 
in DPCs, which inhibits the mesenchymal-epidermal communication. 
The present findings suggest that AGEs trigger senescence of hair 
follicles and progress age-related alopecia, by targeting DPCs. Hence, 
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④RG92, hot spring algae extract, suppress 
expressions of AGEs-induced proinflammatory

cytokines

Fig. 5 Inhibitory effect of RG92 on proinflammatory
cytokine expressions stimulated by AGE-BSA
DPCs were pre-incubated with RG92 for 24 hours and treated 
by 200 μg/mL BSA or AGE-BSA for 6 hours. After the treatment, 
the cells were harvested for total RNA extraction. The 
expression levels were determined by RT-PCR.

<Conclusions>
1. AGEs inhibit ME interaction.
2. AGEs up-regulate alopecia-related

proinflammatory cytokines in DPCs.
3. AGEs and androgen additively up-regulate

IL-1α in DPCs.

4. RG92, one of hot spring algae extracts, 
suppressed expressions of AGEs-induced 
proinflammatory cytokines in DPCs.

Fig. 3 Effects of AGE-BSA on expressions of proinflammatory cytokine 
(A) Sequential changes of the mRNA expressions with AGE-BSA treatment. DPCs were treated with 400 μg/mL BSA or AGE-BSA for 3, 6, 9 and 24 hours. After 
the treatment, these cells were harvested for total RNA extraction. The expression levels were examined by RT-PCR. Blue  boxes show the peaks of the 
expressions induced by AGE-BSA. (B) Dose-dependent up-regulations of the cytokines. DPCs were treated with 100, 200, 400 μg/mL BSA or AGE-BSA for 6 
hours. After the treatment, the cells were collected for total RNA extraction. The expression levels were examined by real-time PCR (n=1). (C) Proinflammatory
cytokine expressions in DPCs treated by 400 μg/mL BSA or AGE-BSA with or without the NF-κB inhibitor for 6 hours. The expression levels were examined by 
real-time PCR . Each value represents mean ± SD (n=3). ***: p<0.005.

Fig. 4 AGE-BSA and testosterone 
additively increase IL-1α
DPCs were treated with 200 μg/mL 
AGE-BSA for 6 hours in the presence 
and the absence of  100 nM 
testosterone. After the treatment, 
these cells were harvested for total RNA 
extraction. The expression levels of 
cytokines were examined by RT-PCR.

Fig. 6 A model of AGEs-involved hair aging
AGEs increase with age in the whole body including skin. This 
study shows that AGEs inhibit ME interaction via up-regulation 
of proinflammatory cytokines. Therefore, it is likely that AGEs 
trigger age-related alopecias. 
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② AGEs up-regulate alopecia-related proinflammatory cytokines through NF-κB pathway in DPCs
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The present findings suggest that AGEs trigger senescence of hair 
follicles and progress age-related alopecia, by targeting DPCs. Hence, 
RG92 might be a useful tool to cure the hair problems.
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③AGEs and androgen additively

up-regulate IL-1α in DPCs

・AGEs inhibit mesenchymal(DPC)-epidermal
(hair matrix cell) interaction by inducing 
DPCs-derived proinflammatory cytokines
・AGEs trigger and/or accelerate the aging of
hair follicles and the progress of androgen-
related alopecia. 

RG92 is useful for the prevention of 
AGEs-related hair loss.
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