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g B A 5 N R e o Rl R R 5 3 S R R &0 BE T T H R A8 T
SIEMBE > FTRAKER L SEEGE W EENEEZERE - IR K
WERCR I > R > B A8 FE S SROE (B Y HE 0 BR T RV 5 Bz Z b
FHREZFBEERNNS BEEERERR W 2 4AH - A(LHEHRHE
e NERR B ftEs > REAFREEEAR FET LB
TEAR A FAH [F] > 35 Rl ) B 28 1] SO E 1% B B A IR 38 - A SR DARE SN /N
(extracellular vesicles) HY b {F &y Dt 2 H IE o 5F (5 2 ) 8 28 [ 3l 4R 15 1%
Z AT -

B~ re b e efig s e

2013 & Randy Schekman, James Rothman, Thomas C. Siidhof £ 3 [~ £2
CH 4 BEL P R B R A 4R B A B A SO R AR T S5 H R A B B B AN -
B % H 2wt ot B2 S5 A R A WY N /N B B H D8 > LR EFF B A3
ROREBEED HAERE A G (Wang et al., 2017) » RSN B &AL 73 0 2
B ST B /N BE R (vesicles) » S I B g AE B (lipid bilayer) Fr#HEC » N
BB EBEEY T BN INEMRE £ 7Bk RNy B =8 5K 30-
130 nm E 7 B RAN LA (exosomes) 5 H KL 100-1000 nm  1H & fl /N
(microvesicles) ; H & 500-5000 nm & & & T /NEE (apoptotic bodies)
(Wang et al., 2017) o H Jr YR SR 88 & /N EE RS E v L& HE N &
HY & 38 B T e 1T AN B B AT B 2 R AV ER SR 8 (Gyorgy et al., 2011;
Mathivanan, Ji, & Simpson, 2010) - # A LB HPINNEERHE &5 %
(a) ZEWMAMP A E 98  (transmembrane proteins) %] : CD9 » CD37 -
CD63 -~ CD82 (Leneretal., 2015); (b) B AN[E AV NE 4 (endosome) [¥
sy B A& B 412 GTPase; (¢) BN NER B E A RAVEH (van Niel,
Porto-Carreiro, Simoes, & Raposo, 2006) - [ T EH'E 24 » HEANVNEARNR
Y1)/ & i E. RNA (messenger RNA, mRNA) #Iff /N RNA (microRNA,
miRNA) - 75 26 # 0] 4% H At 41 Bl 8 52 7% > miRNA E @ BN mRNA 7Y
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SomilHEEOEEE (Valadi et al., 2007) - #1052 2 2% M ALY S HE -

%~ Wtk e chd 1B 4 4

Bt 7R 2% < Pt A AR ED & o0 O B SN o B IS BB R AN N I B & Y R
FH & 18 5 BE 2 70 206 2R A 4 Be e 0 B H IR RR o A1 3R B HE N B AR W UE MR
WEY o BEANNEAE D BRAAHEA - o] B RS EERA MR ~ HER -
PRA®] ~ RIE ~ F o R T - FF 1T & H B 0 1% 0 A gy > 22 HAh i F i s
HEAANNEREE DS FMHMA MR E 2SS S 0 B2 B E RSk
INERNE AN - KT A E HE & RNA #ix AN - EH &
SR BN B AV I EE  (Mulcahy, Pink, & Carter, 2014) - % jY —fi%
WHRHREEZFAEAY s TFTEREBSRMAES - BEAANEBRE T B REMN
(protective) HY g - A W 58 Bon A B 1F /R 502 1R 5 Bt 70 B 7Y B 06 /1
L ER TT DLW AF g A R PR A W 0 FE DR B 1T 4H AR B A R > GROE RV (F IR
(Alikhani et al., 2011) - = £& J S /N A BE S22 i P S 41 6 R o8 % 4 BE i
TOLHY o BEAN o BEANNEIEFEE R E - R c HEHE  REEEE
WEET . MR EEANRGBN AT BF SR ERERIINNEANAR
[ H) miRNA kEH'EREREER EEBEEHE A MRS - Wb - [ 2L
Ry AR A B e R R R Y R E ) HEEE (Revenfeld et al., 2014) o 7 (LR &
RPN NEOEE GEESMESRIEMNE S R ERN - BUmE - R - U
IEEHEEFNEELE MM Il (Yamamoto et al., 2016; Yamamoto et al.,
2015)» 2R > 12 £ B A0 /N A A2 B R s B P £y TR Y A R B AR B R 52 = 0
4% (Javeed & Mukhopadhyay, 2017; Record, Carayon, Poirot, & Silvente-
Poirot, 2014) -

Bt ea bRyl A

FHRIEIERARNEE H 7T 40% WEREE  RITAED
ERGgER EH 24 ERFNVRBIEBILZE —EAESMEDNNEE -
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T EH ] E4A S HZE 6 (Intrerleukin 6, IL-6) (Pedersen et al., 2003) 2
Gh o i EE R H AR R K EH & H K miRNA (Baggish et al., 2011;
Henningsen, Pedersen, & Kratchmarova, 2011) » “R [5] f& %8 /Y & &) 1% 1F [ 4
A Ay miRNA S (bt A H[E > & 8 H M & &8I0 EE
(Turchinovich, Weiz, & Burwinkel, 2012) - #% 2 #ff 22 8 7% miR-1 2 miR-133
TE @B R0 - 7 miR-181b K miR-214 1F [0 4 &) 1% 8 0 (Aoi,
2014; Polakovic¢ova, Musil, Laczo, Hamar, & Kyselovi¢, 2016) o £ B & ifif JJ
HE% miR-20a fz miR-221 212 B4 hi - [ 6 B o] 08 3 PR A9 e R B 12 F 3%
¥ miR-21, miR-146a K miR-222 BE W0 > WEKRE R 1 /NFEE TR
(Baggish et al., 2011; Wardle et al., 2015) » #Z % DL B HfA E &) 1% miRNA /Y
AL By F A %2 % B miR-1, miR-30, miR-133a, miR-146a, miR-208 J
miR-206 FEi5EE B A EE B LA BEZ I > HEEiig 24 NE& T F
(Baggish et al., 2014; Clauss et al., 2016; Viereck, Kruger, & Thum, 2014) -
AN NEIHAE Z IR AV 740 - B8~ 6| - RLB T RS SR E R E
F - EER SN NE RN B E A (Ratajezak etal., 2006) - — b 5% LLE
o[BI EEEMEERMINNE B afmEiikesEl 72
(heat shock protein 72, HSP 72) & & i & &8 AL A iz & #s 8 H B4 ho - 3 1
A F s /) (Henstridge et al., 2014) - A b 52 B L S0 00 HG 1 Y miR-1,
miR-21, miR-133 K miR-206 & {F ] 1 AL 4 A (9 6 R R B e A= B T BE (He
et al., 2014; Matsuzaka & Hashido, 2015) ; miR-181 fE L4 B 9 {LiF & K &
Z< ¥l (Naguibneva et al., 2006) ; miR-30b kK miR-206 & 3 2 HlL (A 41 i /7Y F5
A B1%F % (Chenetal., 2009) - (RIE & 38 d 0 55 MR 5 B S0 /N T &2 AL A
WA Fe o AL BRI o R — 20 T R s B AR HLAY BE B XS B8 R WY AR
(Aoi & Sakuma, 2014) -

R PR
HBERTEIRTFNRAEGEMET " — M- 2UE, (no

pain, no gain) HYKE# - K EH CHEE —(EEBRHAEBEDZ T - EBEEI®
ZBRAEHBEAFR ARG ZEEEEE@EHENEFTN 0 B T HERLH -
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LSRR ~ MR E S (b) £LNEEWN  |/LEEF - Wbk~ %
HERBEAE - ILAHBRE NZE - S2WUERFREE S (o) HHEE
MNEED : 28 TEIEE - E£E%E (Maffetone & Laursen, 2016) = 4
REABENKSBEWETREEZEHGRRET > HFBEHEEBREE 2-3
&l B Z & > JoH 2 KW % oh 58 2 B 12 5 8 B I 8 ke B 5L Sy 7Y 5
W REESHEREEAWEHE A EWESRE - BEA S LT ABEE
Al 4R 2 BF AV FE AR (Kreher, 2016) H#E (a) WM R4 EW © C K&
ZE H (C-reactive protein) ~ FLF& % (creatine kinase) ~ [fIl 5 th 52 [& fii 81 iy
BEEAVEE{E (testosterone/cortisol ratio) ~ L4 % H ( myoglobin )~ # it & ;
(b) RBIELGFIELEWN - R REIKEH A(immunoglobulin A) ~ [ )& H 5§
R AR E  (inflammatory cytokines) % (c) MR R &IEEA © M HEAYES
P~ LM ERIIFERESE S () |BTAEEED - 8 FEB S
HHKEEfE (reduced/oxidized glutathone ratio) = ; (e) & INEEFEE A @ 22
L BRE - AL PR R L BB S (heart rate variabilities, HRV) % K
(f) 5 B8 &3 (rating of perceived exertion, RPE) - & B 2% Y IH H 13 {E
R 2 [E] R A R 1% P A A B LI 0 2R o[ RE A T S SR RE g B Y R R BR T AN
SomE A BA NERG B4 BINEZENWEEE  HIKkKSE - 28
BRIEEHZRENHERZE 5 AFEE (Kreher & Schwartz, 2012) » fij
HREREERE  FEAFEEFDENEREAFMEE FAL KE&EZHE
B Bl 7 B 2 W A5 A A AE B A O T Al SR it B

P~ fe tholiE R TR B T ik

A S AR AE IR 8O W RRAYGIR LT o B G Sy A AN N o DU AN [F Y
NaAREANFENEENRRE > HIL - 572005 E R RN NERARNEY
EfFERRBEDERE  FELHASEGEFERER i BEXR
FEHVR NELEIE S NE 2 CD63+HY /ML e (Logozzi et al., 2009) : 18
M C MAF R ANBERGELWS CDSI+HYEIN LA (Welker et al.,
2012) - B 51 /NI 2 BT AE 265 B 00 i B 300/ 3R B2 40 0 Al Bl B A AR RO BEAN N R
HAEYEELRS T A C R E&RERN - A SRS 58S 0%
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W1 IEH Al R P E AR Y BEAN NVE H A E Y E DR 2 R AR TUR E M
T ARy EE (Valenti et al., 2007) ;5 B[ {2 0 Il & £ 9% 502 B B fH R 2=
W A W 5T BUR R E B9 RE SN N N S W) BT DL R B R 52 B Y AR Y FE AR
(Lv et al., 2014) - & 35 J- 40 8% 8 B E 8 - = 58 5 2 8 502 U B8 2 5 41E
fEEENE » A - b ROW - RERGE - FHOHE EEEAANENER
[ E - BEEF S N BV RSN NE B H RN et g 2 o - Wik > J] KA
SN B E RO Y A ) 45 BE o [B) IS A] DUKE 28 - RSN NV E B E
K miRNA HY S b4y A H ) & &Y £ I8 (athlete biological passport, ABP)
B o FE L T A E A 2R T 0 AL DL AR T IR FL R IR O -

e %
’

Fic
4
i
i
e

A B R S /N B BT 7 B B 2 2 B Y e A IR RV HE D > AR AR E B R
B2 QRIS R A R AR BRET B E ] o o 2R R T Y IR B I AR T AL
Gorb RSN > HHEAFRB A SV EARE A FEETZ B A FELEAR
R& 0 RIE > BFRESNINEN E Y E BB RS AL o F RS (E B EE T8 AR
iE 6% BF BV S PR A B AE W) 15 1R - % AT B 2 1 2 B B0E > 0 B E B AV IR 55
2o MBpEGEHBIRRRNEEENEEM T AR RGN E — 5 H
BE > ERSEFHNE LRAZMAN K EBEMAERETR -
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Extracellular vesicles may become the biomarkers
for overtraining syndrome

Ai-Chi Zheng!', Shih-Hua Fang?
! Fushing Martial Art Elementary and Junior High School

2> Department of Sport Performance, National Taiwan University of Sport

Abstract

Athletes have high risk for overtraining syndromes due to long-term
high-intensity training and competition stress. Overtraining syndrome is
harmful to health and also negatively affects training and athletic
performance. Currently, diagnosis for overtraining syndromes integrates
many physiological and biochemical items, which is time consuming,
laborious and costly. Moreover, different players may show variable
symptoms that made the diagnosis difficult. Many studies have shown that
extracellular vesicles are secreted by cells to the extracellular environments
and their specific contents are variable depending on the physiological
changes. Therefore, the contents of extracellular vesicles may be used as
clinical diagnostic indicators of cancer, inflammation-related symptoms or
the severity of disease. This article introduced recent studies regarding the
effects and mechanisms of extracellular vesicles on the regeneration and
differentiation of skeletal muscle cells. In the future, the significantly
changed contents of extracellular vesicles from athletes immediately after the
maximal exercise may become the biomarkers of overtraining syndromes.
Meanwhile, the information will be immediately available to coaches and
athletes. Also, this idea is novel academically and has the potential to be

applied in training.

Keywords: Extracellular vesicles; Overtraining syndrome; Biomarkers
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