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Effects of 4 Weeks Endurance Exercise on Expression of Extracellular
Signal-Regulated Kinases and c-Jun N-terminal Kinase in Rat Back
Skin Hair Follicle
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The effect of a chronic programme of either low- or moderate-to-high-intensity treadmill running on the activation
of the Extracellular-signal regulated protein kinase (ERK1/2), Phosphorylated ERK 1/2(pERK1/2) and the
Phosphorylated c-Jun N-terminal kinase(pJNK) pathways was determined in rat Back skin Hair follicle. Sprague-Dawley
rats were assigned to one of three groups: (i) sedentary group(NE; n=10); (ii) low-intensity exercise group (8m/min;
LIE; n=10); and (iii) moderate-high-intensity exercise group(28mj/min; HIE; n=10). The training regimens were planned
so that animals covered the same distance and had simifar utilization for both LIE and HIE exercise sessions. The
report runs as follows; A single bout of LIE or HIE following 4 weeks of exercise led to a twofold increase in the
phosphorylation of ERK2, pERK2 and a threefold increase in pJNK1, pERK1. ERK1 phosphorylation in LIE Back skin
sampled and pJNK2 in HIE Back skin sampled 48h after the last exercise bout was similar to sedentary values, while
pJNK2 phosphorylation in LIE Back skin sampled was 70-80% lower than sedentary. 48h after the last exercise bout
of LIE or HIE increased ERK2, pERK1 and pJNK1 expression, with the magnitude of this increase being independent
of prior exercise intensity or duration. pERK1/2,pJNK1 expression was increased Three- to fourfold in Back skin Hair
follicle sampled 48h after the last exercise bout irrespective of the prior exercise programme, but ERK1 expression in
HIE Back skin sampled was approximately 90% lower than sedentary values. In conclusion, exercise-training of
different intensities/durations results in selective postexercise activation of intracellular signal pathways, which may be
one mechanism regulating specific adaptations induced by diverse training programmes.
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Fig. 1. Effect of exercise on extracellular signal regulated
kinase(ERK)1/2 protein expressing un rat back skin, along with
representative immunoblot. NE, sedentary, LIE, [low-intensity
exercise (8 m/min); HIE moderate-to-high-intensity exercise(28
m/min). Back skin was obtained 48h after the last exercise bout Al data were
normalized against the corresponding sedentary value,

J

Fig. 2. pERK12 tiZTZFo| vlsiAl 242 ABE 81
oldE  14:0130F2 &7BI9d, 14T =
1.6+0.14 E71E AL 2 Viebdr) pERK2E )
A% SSIABAE 1110128 719 718 B, 18
ZEILEAE 150112 VER L tiZ 1HET 22 IS B
T} pi= ERKI2 Wi IEHLE 28 ZTol vlEsied St
HOE UERtH, pERK2E 25 AT ulEish efte
NBE SSIHAAM =A WA

0Py
&
T
2
=
ol

02 32 M1 2 1 ou

A

H4kDa

BPERKY

CIpERK2

Phosphorylated ERK 1/2
(fold-change)
-

sedentary

Fig. 2. Effect of exercise on phosphorylation of extracellular
signal regulated kinase(ERK)1/2 protein expressing un rat back
skin, along with representative immunoblot. NE, sedentary, LIE,
low-intensity exercise (8 m/min); HIE moderate-to-high-intensity
exercise(28 m/min). Back skin was obtained 48h after the last exercise bout Al
data were normalized against the corresponding sedentary value.
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Fig. 3. Effect of exercise on phosphorylation of c-Jun N-terminal
kinase(pJNK) protein expressing un rat back skin, along with
representative immunoblot. NE, sedentary, LIT, low-intensity exercise
(8 m/min); HIE moderate-to-high-intensity exercise(28 m/min). Back

skin was obtained 48h after the last exercise bout. All data were normalized against the
corresponding sedentary value *(0.05 NE +P(0.05 compared with  exercise.

1 z

flr

o
o o FLjob|(EE GA)stsoe) BQasiH, 914188 gy ﬂ%
ol o FILoLA(EE G480 B Rsitt QldbslyLor
F7F 39l HAIQIRHnuclear transcription factor)E E & AlA
DNARAR} YofubA g,

U9 T 7)LIotH|E EESh= MAPK(mitogen-activated
protein kinase)e= M E0)| 7181l cytokine, §FZTEE, THZ
T 8|1 NE AEEA 59 QR 4Fo gsie Z43E
1, ekt M E HIEE A8 ASE ¢8A Uk

MAPKollA] ERKe F2 F3Z0IAHEGF)ol 9]5}
SETY, AZUWY CiE AzHg Xﬂﬁﬂ of FASIT 5,
Takahashi E¥2 M} Ed|olA] ERKE= F£E 7|4 S0l whels 1
INKE 41 935 S ZolA SHs, NK=

Bigh= 9iE ERKE cystatin A 2161 g oA 5
?iL} 0]0A] Takahashi 2 cystatin A WS A
ERKT 74 319 71A 530 K804 &715= A2
TSIQET ol INKo tigh Ao} 48tse Z23E 47
H‘P\ir/} Albanell 52 ERKE FI|HAQIAL A4 HERIAL &
ATFREHERIANN 9J5le) FEF L, ras, raf-1, MEKo| 2J814]
2435 FUHL SIRE. 01218t ERKe M9} FAtg 2d3ld]
ME F43} YEo] Bolshs A0 HAHIULY. EE ERKY)
F8H S TGF-a9] W3l ol ATt

MZY QE A5yt Mz o T HeEF7] fAsiA
|
=]

2y

cystatin A

T
e

rlr 3 mo
El :(O
[N

(O
Ol

1

i
18}

P}

3

S8

QI8 Back skinollA] @A Qketg AW HRIOH, AEH S uiA]
ot &4 HEIE HY1906) 28 SEEE 48/ Tl 28 A
7 ol S&T MESLo] FASHs ERKY 2ietdE AT EY%
th 71 Z3} ERK1 Hr} ERK27} 24% 2851504 B &)
HHEo] 289 2L dEd3ATL s AL

pERK10] HEIEN AZL SSIEEM 145 881
A 7Y% Aol Bo AT 259 adol theh o B2 9T
oF ofok B ZOE AlgErt
INK= & &Z(heat shock), @54 ATEES15]
(osmotic imbalance), XI2]A ZAF B9 M E AEH 2ol 5l
243} E,]U:]z), HNEY = 5_}33,34)1 =23 35,36) Apoptosisls’37'38)0ﬂ v
Sh= ASE UEdA Aok AlgolAls INK-13} JNK-29] &= &7/
7} Q13L, INK-27} INK-1HT} o-Junol) 2500 o Z$H Jgledn} &
HEES 2oy 2 dFoM 253 ¥ Back Skin Hair
follicleo| A19) NK&= AEHAE wiAISH &4 JEIE 271960
FE SEEE B Fol £EE AF o HES 20, 5
ZY= 7} 31 Back Skin Hair follicleQ] JNKol| #ed 122 & 4+
AL} A AFEA] INKIT M ZEARE BBk Bt
Aom™, ExlolAE INK7} 042t HES Bole MEL} 3}
2 ZoA FZ waixEo] AZAE I BH0) USE AARIA
E3], INK9 2isl2 9, M AER 2ol Holdle ALE B
1 2 dFolA &8 245 E E36) Back Skin Hair follicleoﬂ
A9} JNK urpiobate o) T3i%ich pINKIE Z I8N} &
Ao g&ESl Srkehe B %“c}e 2oL, PINKZ* NE
IERC AZE SEIEAAM o WA 2a@=dn, 1z
IEoME HEIED vt et &
3 2 JNKI1, JNK29] "2 2 2 —f’c%ﬂ BPo| A AE
AT Om, INK7} pJNK2 of A Z
= AZQ Sl #Hol AE ,d9. :
Z3A 259 a3E FUAMFZoAY ERK, INKS| UH
T oA Hojot & AOE AIFHETE

cytokines,

_,Vl
fr
N
HU Ptl

0=

—I'r‘
w
32
o3
N
~

A &
LE58o] WE extracellular signal-regulated kinases =&
o] Wzlol thet Frie Yele Lolla] e Sv|E& FA|o]
o, FErdEy —7F~7]o{] o kst HAQIALIS} M EILAL BA
= }D} Hair follicle ol thet A14 BEO]E
ARIAIES Wl gt AUAAE  Hair
folliclex} Hair folhcleg T8 N ELFoNA] 24I517] Y8
AN 28 ZE2aug 74 A 25 o 2389 18T EdE
w) wg)yol 98 ERK1/2 S} p ERK1/2 12T pINK1/29) 4l
SHLIHE 3F pINK2 olA] ZFEX|o{g.

AZEH thEEIA 85 Al IESE LARICE 1) 2T
B(lome]) 2) ABL 2BEIE (29808 £9 10012]) 3) &
Y 12T 515 (2YBEIELY 10012). 8 AL
EEEY A 2E 25 1ZL &8 717 s HlRe AEl=
Agsidtt Ak tedt 2ot

- 1214 -



4727} X174 2E0] 87|9] Back Skin Hair Follicleo}4] ERK % JNKO] 24 3lofl pIX& g2t

28 2 2E 88 Rkl 8 & QALAE2ST
=7 2RY 14T SEIES ERK2, pERK2 2437t 24 &
7} 81931 pINK1, pERK19] &43k= 3} &7} 61911, ERK1
2434 LIE Back skin ZollA] I2]1 pINK2&4 31> HIE
Back Skin M Zoll4] tIZZFI} vl<sh S B 2L, pINK2
9 @43k LIE Back Skin AZolAd tHEILFolA Hrt
70~80% He Welg Bl 80| Byt 48417 & ERK2 &
PERKLpINK12 28 ZLe} 25 717kl J&EIY E7iske
15 oS Heirh &F0] By 481]7F & pERK1/2,p]NK1=
A ZE I AQHglo] tHETIFA vial] 3~4ule] 2 ee
H%1 0oL}, ERK19] &4 35}= HIE Back Skin A ZolA] 2 IE
ks QFHT AL 0% A9 W g 29
AEHOE, 25 45 27 Al 2

2 IEHO| #4385 A& THHeH, IR
ZZ2 I Qe o8 AlEu HESH A
olt}

il

Mo i

lo

|

H1

o
o

=]

Al

Fol

Q)
=

il

=

= 5
S T
o]
k=1
av

N W

&
S|
=
[=]

o £
= Ho o
0
il

s
FAET

1. Seger, R., Krebs, E.G. The MAPK signaling cascade. FASEB
] 9: 726, 1995.

2. Petrazzuloi, M., Goldsmith, L.A. Molecular mechanisms of
cell signaling, In: Fitzpatrick, T.B., Eisen, A.Z,, Wolff, K.,
Freedberg, IM., et al. Dermatology in General Medicine.
5th ed. New York: McGraw-Hill, pp 114-131, 1999.

3. Cano, E., Mahadevan, L.C. Parallel signal processing among
mammaliam MARKSs. Trends Biochem Sci. 20: 117-122, 1995.

4. Assefa, Z., Garmyn, M., Bouillon, R, Merlevede, W., et al
Differential stimulation of ERK and JNK activities by
ultraviolet B irradiation and epidermal growth factor in
human keratinocytes. J Invest Dermatol. 108: 886-891, 1997.

5. Albanell, ], Codony-Servat, J., Rojo, F., Campo, ].M,
Sauleda, S., Anido, J.,

signal-regulated  kinases:

et al. Activated extracellular

Association with epidermal
growth factor receptor/transforming growth factor a
expression in head and neck squamous carcinoma and
inhibition by
treatments. Cancer Res X 61: 6500-6510, 1999.

6. Geilen, C.C.,, Wieprecht, M., Prfanos, C.E. The mitogen-

activated protein kinases systerm (MAP kinase cascade):its

anti-epidermal growth factor receptor

role in skin signal transduction. A review. J Dermatol Sci.
12: 255-262, 1996.

7. Chen, R.H,, Sarnecki, C., Blenis, ]. Nuclear localization and
regulation of erk-and-rsk-encoded protein kinases. Mol Cell
Biol. 12: 915-27, 1992.

8. Gille, H, Kortenjann, M., Thomae, O. Moomaw, C.,
Slaughter, C., Cobb, M.H., Shaw, P.E. ERK phosphoryation

potentiate Elk-1-mediated ternary complex formation and

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

- 1215 -

transactivation. EMBO ], 14: 951-962, 1995.

. Zinck, R., Cahill, M.A., Kracht, M., Sachsenmaier, C.,

Hipskind, R.A., Nordheim, A. Protein synthesis inhibitors
reveal differential regulation of mitogen-activated protein
kinase stress-activated protein kinase pasthways that
converge on Elk-1. Mol Cell Biol. 15: 4930-4939, 1995.
Sgambato, V., Vanhoutte, P, Pages, C, Rogaed, M,
Hipskind, R., Besson, M.]J., Caboche, ]J. In vivo expression
Elk-1, a
extracellular-regulated kinase signaling pathway, in the
adult rat brain. ] Neurosci. 18: 214-226, 1998.

Vanhoutte, P., Barnier, J.V., Guibert, B.,, Pages, C., Besson,

and regulation of target of the

M.J., Hipskind, R.A. Glutamate induces phosphorylation of
Elk-1 and CREB, along with d-fos activation, via an
extracellular signal-regulated kinase-dependent pathway in
brain slices, Mol Cell Biol, 19: 136-146, 1999.

Ruiter, G.A., Zerp, S.F., Bartelink, H., van Blitterswijk, W.J.,
Verheij, M. Alkyl-lysopholipids activate the SAPK/JNK
pathway and enhance radiation-induced apoptosis. Cancer
Res;59,10: 2457-2463, 1999.

P., Alpert, C, Skolnik, EY. Vilcek, ]J.
Cell-type-specific activation of ¢-Jun N-terminal kinase by
salicylates, J Cell Physiol 179: 109-114, 1999.

Burrerfield, L., Storey, B., Mass, L., Heasley, L.E. c-Jun

Schwenger,

N-terminal kinase regulation If small cell oung cancer cells
to ultraviolet radiation. J Biol Chem 272, 10110-10116, 1997.
Zhang, P., Hogan, E.L., Bhat, N.R. Activation of JNK/SAPK
in primary glial cultures: [ Differential activation If kinase
isofprms corresponds to their differential expression,
Neurochen, Neurochem Res 23: 219-225, 1998.

&o1y, ol@l4. QA E g7 Bl ol A substance P 7} HEE
HAd vX= gk thsla| 2 yekd Al 39: 190-198, 2001.
Seiniya, H. Mashima, T., Toho, M., Tsuruo, T. c-Jun
N-terminal kinase-mediated activation of interleukin-lbeta
converting . enzyme/CED-3-like
amticancer. | Biol Chem 272: 4631-4636, 1997.

Xia; Z., Digi(ens, M., Raingeaud, ]., Davis, R., Greenberg,
M.E. Opposing effects of ERK and JNK-p38 MAP kinases
on apoptosis. Science 270: 1326-1331, 1995.

Ortiz, M.A,, Lopez-hernandez, FJ., Bayon, Y., Pfahl, M,
Piedrafita, F.J.

cytochrome ¢ release and apoptosis through activation of

protease diromg

Retinoid-related  molecules  induce
cJun N-terminal kinase/p38 mitogen-activated protein
kinases. Cancer Res 61: 8504-8512, 2001.

Winkelmann, RK. Cutaneous sensory nerves. Semin
Dermatopathol pp 236-268, 1988.

Lee, WS., Sohn, LB. Substance P prolongs human hair

growth in vitro. ] Dermatol Sci 33: 137-138, 2003.



22.

23.

24.

25.

26.

27.

28.

29.

30.

Mitsui, S., Ohuchi, A., Hotta, M., Tsuboi, R., Ogawa, H.
Genes for a range of growth factors and cyclin-dependent
kinase inhibitors are expressed by isolated human hair
follicles. Br K Dermatol 137: 693-698, 1997.

Soma, T., Ogo, M., Suzuri, K., Takahashi, T., Hibino, T.
Analysis If apoptotic cell death in human hair flooicles in
vivo and in vitro. K invest Dermatol ;111:948-954, 1998.
Werner, 5., Smola, H., Liao, X., Longaker, M.T., Krieg, T.,
Hofschneider, P.H., Williams, L.T. The function If KGF in
morphogenesis of epithelium and reepithelialization of
wounds. Science 266: 819-822, 1994.

Itami, 5., Kurata, S., Takayasu, S. Androgen induction of
follicular epithelial cell growth is mediated via insulin-like
growth factor-1 from dermal papilla cells. Biochem
Biophys Res Commun 212: 988-994, 1995.

Lachgar, S., Charveron, M., Sarraute, K., Gall, Y., Bonafe,
J.L. Antiandrogens and estrogens: modulators 1f VEGF
expression in cultured hair dermal papilla cells. Exp
Dermatol 8: 336-338, 1999.

Hoffmann, R., Happle, R. Does interleukin-1 induce hair
loss? Dermatology 191: 273-275, 1995.

Hamada, K., Hirotsu, 5., Uchiwa, H.,, Yamazaki, S., Suzuki,
K. Proinflammatory cytokine interleukin-1a is downregulated
during anagen phase of hair cycle in vivo. K Dermatol Sci
33: 195-198, 2003.

Hoffmann, R., Eicheler, W., Wenzel, E., Happle, R. Interleukin-
1B-induced inhibition of hair growth in vitro is mediated
by cyclic AMP. | Invest Dermatol 108: 40-42, 1997.
Takahashi, H., Honma, M., Ishida-Yamamoto, A., Namikawa,
K., et al. Expression of human cystatin A by keratinocytes
is positively regulated via the Ras/MEKK1/MKK7/JNK

signal transduction pathway but negatively regulated via

31.

32.

33.

34,

35.

36.

37.

38.

- 1216 -

the Ras/Raf-1/MEK1/ERK pathway. Chem.
276(39):36632-36638, 2001.
Takagashi, H., Ibe, M., Nakamura, S., Ishida-Yamamoto, A.,

et al. Extracellular regulated kinase and c-Jun N-terminal

] Biol

kinase are activated in psoriatic involved epidermis. ]
Dermatol sci. 30: 94-99, 2002.

Elder, J.T,, Fisher, GJ., Lindquist, P.B,, Bennett, G.L, et al.
Overexpression of transforming growth factor a in
pworiatic epidermis. Science 243: 811-814, 1989.

Bost, F., Mckay, R., Bost, M., Potapova, O., et al. The Jun
Kinase 2 isoform is preferentially required for epidermal
growth factor-induced transformation of human A549 lung
carcinoma cells. Mol Cell Biol 19: 1938-1949, 1999.
Derjjard, B., Hibi, M., Wu, L.H., Barrett, T., Su, B, Deng, T.,
et al. JNK1: A protein kinase stimulated by UV light and
Ha-Ras that binds and phosphorylates the c-Jun activation
domain. Cell 76: 1025-1037, 1994.

Sayama, K., Hanakawa, Y., Shirakata, Y., Yamasaki, K., et
al. Apoptosis signal-regulating kinase 1 (ASK1) es an
intracellular inducer of keratinocyte differentiation. J Biol
Chem. 276: 999-1004, 2001.

Santos, M., Perez, P., Segrelles, C., Ruoz, S., et al. Impaired
NF-kappa B activation and incerased production of tumor
necrosis factor alpha in transgenic mice expressing keratin
K10 in the basal layer of the epidermis. J Biol Chem 278:
13422-13430, 2003.

Chen, Y.R., Meyer, CF., Tan, T.H. Persistent activation of
c-Jun  N-terminal  kinase  I(JNKI)
radition-induced apoptosis. ] Biol Chem. 271: 631-634, 1996.
Fuchs, S.Y., Adler, V., Pincus, M.R., Ronai, Z. MAKK1/JNK
signaling stabilizes and activates p53. Proc. Natl. Acad. Sci.
USA 95: 10541-10546, 1998.

in  gamma



