Sport and L]
Biomotor Sciences (5> St Pole

38087 3  holdiul oy pod CBleio LDH (Slaw 379 31 g™l il
g Qb g 4 s SO pig0

r ¥ . ! 7
oo Jow g Aoeo ¢ ‘ﬁv,.c“.v 4.(//6;); dwyl axlo

Sl oKl 03 S 6553 Gmeiils =)
Ol S b s oKl JLakal Y

Ol S (S pshe o821 Olo S Sl psle Slidios 5 0 (555 5SLe ) dms g -1
S a5 oI 5 el o555 o Y Slsk Ol S gt s 55 LIS
Email: r_nikooie@uk.ac.ir

RAVAR VER SR+ ERRY) A/ Q/Y :C)L..d AV ¥/ ¥ ey

(XKWL

A4

S5 e ol asdllas 31 Gas ol Cnal Bl 1S (6,8 s a0l e b i 3 Wln oS Sleys sba s, Cotls idua g deude
391 i Ol o 43 Slse bAID/C (sla b 50 55055 55 (LDH) 563550083 SUSY (slap b5l Oly » gelizal oy o

s s (=YY Gl xS ey, S g a dalal b ahalb/e sl esle fse ol YO 3g o2 53l ol aslllas 1 ouulidi 4 g
Sodes el o3 S5, s bl Jrse Ol o A 03 MCAL2 S o Jsher Gos 55 Gib 5 Ol o il s (0= 1Y) S,
o35 5> LDH-B s LDH-A (slsp 5551 0L, < RDI (Radioimmunoassay) o5, b e 5 SN clile A S sl oz o3 S atis s
Lo S o sl 0351l gme ks (6 Se3ll 5 1 55,81 J5 55 5055 LDH (LDHL —LDHS) (slag 515500 5 &0 02 S5 bt
4335 s t-student g5l 05031

P<r/e0) sl JhalS J,mS ey, 8wy Cand el 035 53 sse s SUSY Clle (olslae sk 4 melinal o e azia s e ladGSls
035 0L 5 35 el ed o ed 05,5 53 5305 (P <0/00) LDH-B Oly U3 Oloses Jiulssl 5 (P<o/+0) LDH-A Ol 5 Jls jme a8 b o ol
Axdls (5 pie Ol LDH5 5LDHA (slas 555! JS 05,853 5 LDH2 5 LDHL W 33534 2 1o 65,5550 55 53 e oo

AL s O Sl (6K b

lFasdens SASY (S it Ol s o rolizal o oi (s 00IS (sLAG ) g

(& Basal-like ; Normal breast-like HER2 <.t (ko

. ’afl);d'ju}’-bﬁﬁd’fdﬂj\aw:yjb5};,& “M

it (e 58) ke o slad b 2 i Ol ol S D502 22l o U e S

U—.'_l (\) . ld)l.a.;.! w‘ C‘)"‘ J‘LAE IS Q;<:’.)—jj):-' ;}_’_) Asjj—jﬁj:ﬁ): S = CJ\M‘ st):d\:ﬁaﬂ\ OJu:?_Lﬁi

d&&ﬂg’—urﬁ*v‘}fb): 7-"‘""....”4'@‘)"‘_5—?}:{} U*‘LN\J‘J:f;f)}‘};:w\qu‘@)éj:w\d}l‘ﬂ
Ladsbw ol Slam aalsl 5 0mile o3 s uilud (6,1, Cte oo a5 A b laans 4 olew (S5 kB
AU s il 3 SIS (V) 358 e cnlem il (03 gl 00 oS e 0225) B JbasY (055l oS

WWAE Dlis) 5 5l /N (gl /Y ojlad /paia Jlu S pde s Bios (V1)



O an 5 amsl

ol &»X—*S dU{)_w dl—‘);wa“@di L;L“ﬁjijﬂ\

RO
5 0be)s L3 e ol Ol @ (el ol b= o
S caman el 0 i S 5 e bagolew 8151 (6, K
st I35 5500 4 5 e Db il (503 ke
5=l S C(18) aSsae L 10T ik &S e
Lol 5 o505 g e 55 6 (V0) g5 55550 Joas
el ol 03 S (1) Lo (sla, o8B S, L ol
RCIU B JOU SR VU KWOK{ I3 P RSP [ VAT IO
3, Shas 5 lge 55 Gl L o e (685l ol 5 i
ol i 5 ASCul dlas [l Slacil oo oL ,AS s
SLDH 5T o e i sl Koo G2 50 o0
e Olge 4 OF=NY) 555 0 (g Sabanls O slag 3153
ulanal a3 M(Yeen) 0, 5 Hervé Dubouchaud
Ol b gy dize )3 LDH gl 51550 o =5
Lyl 53 LDHS o 50l dw)s 53 falsS 5 o
= Sl et STOLKes 5 5 (1Y) Lo ped 1S
o ste 5 35551 oS sem oz 5l a5 S5
b St o505 535l 5 omSamp GRIB 5 L3S s
o S el 0L S s S sdalis o ed 05 S
UL 5 Il pizman ((10) 50 5505 53 Jle i - o
PRt ialS Eiel Ll o el s (i a5 Lals LA
Soss S8k s La bS5 S Cod a5 W3l S
D5 Dy A 0T Gl e oS 358 e s Sl s
dte U o s Ol )l s ool (V1) e
o S OpSU Qs s S el (el
L ol BLl s LDH sla p b5 s alial o a3 430
G Sl Bis e > el oS 15 s Ol e
o5 3 LDH lap byl o eliad op ed 50 50
O del Jledl IS5 55 iles BALBIC 5 5o ais Olb e
o il glomp 35l 53 i b Ll a3 45 35 00

Al S 0T 350 0 5 e 3055 e e (S3158 G

Ol aS cul e plie ois ol 51 Gl s SHps
ol Bl O35St a5 L sy sladsle 5ol
SIS ) s e 0Lt s 51 (VL (S SIS
SIS GV il els Sl e lad ke 5o (55l 50
ol il e ST s 3 S e A5 o e
() A3l o by a5 ST sl bl S plie 5 3
Ly ool S dl (s5lea 3 5SS A
e G el (G sen Gl Sl 5o S
ladslow Oaibeedss 4 ol 3 S 0did S 5 ol
o LY ULl L Gl () Ll e oS Glb
sladslon s buae oS tas s @) S slad sl
2355 Al VU (S SIS sl oS e 5l s
S pae Lls (63h5 sl ST Ol &S B e ssbme lad she
o35 Sadshe 53 S e sle s nns (0 8) 350
(LDH) 3U35,mns SbSY 3T Ol 53 et G b ) 2
Sl 5 e FTLDH s e el OF sl 51550 5
Lol dB s A) Gl g A=y 5 50 Jald &S
LDH- s LDH-A L |, ool 45 555 oo (5,108 1S &slize 05
Wl sles s Dl st Al 5 s (V) b 0 B
533l SLsSY Ol bds 4 kbl i LDH-A
- ol 1 Sl & SSY 5 bides LDH-B o5 J1-
ol ﬁ;bﬁ\@;nd@: w3l ol sladsls s aas
b > il Sacans 4 &S Lzes (LDH-5 G LDH-1)
S gl by uﬁ-ﬁ,-ﬁl ol (V) s s ATy 3
S LDHS Ol Ol e a8 1S o o a5 ) Al 5 2
S SISl a5 O sl i Ay 5
S 3 LDH-L iy Ol oo 5 il dalp (6 20
03 V) s o (5 glenS] a0 4 21y 5
355 Sl ) SCad SIS 55558 oS i g0l e )
Al e il Jsbe 53 LDH-5 5 LDH-A 0l S e 313l
Ay Ce e GEl5el el s S LDH Ol )3l (A &)
Cslasly oy S sladsle 2S5 g 55 ATP
ol esdhe (10) 355 0 SIS 2515 () NAD A 5
Gl oS A e b5l 1 oSy W5 LDH-A Ol )58l
Salie )3 5 e 2355 5 ke ol WSl o B
C s oS ol Jds G 1O syl (sl Coeal Ol

(F) Y4 Dln) 5 5l N8 (s /Y oylet /oin dlu

S pihe 5 S50



o35 DY e e 5 ulinal o e

Sl b tas il a5 ol o 03 gla i oles
Mf}?&‘)&dbb@ﬁdu))}eu\.&rl}u‘
=Y e e 3Ll 05 ses 4 S 10 Sy
sy S 05l o bses il le S e Vo
Y5 s 04) RIPA emjgﬁbjzcﬁu&w
do S Ve L Vo ((Tris- HCI) W S5 08 o 5
Y S oS S50 7Y (Nonidet P-40) NP40 73 (Nacl)
«(SDS) Sl gow fws 5302 s 7.\ + «( Na deoxycholate )
e S CPMSF) 45 i) g o 5 Ve 20
azr s g glos 53 a8V Dl 4y e sl Jgloes
£O N E v TPM 53 aids 10 Sl dn e 5 (LIS
am s = Avglaes ja ganils p CObL g A Sl Sla
plosl S O3 ol Sl i A (IS0 8 Bl
Slap sl o 6l 4k 5 5 b 4 O O s
L eslaxw! LDH

J)j_ééj..»u:a})jl obmﬂlbumw&;jﬂﬁﬁm&&
oLl 351 lel Ol ye 4y 658 p s e sl 51 eslinal L
L s ol M 5 ad e Sl 3 55
. €l>.u'! Loy VY/0 J5 L PAGE SDS-SS 5l sslazd
05,500 45 Jsle L PVDF slis a4 olildr sla g
6}2>=AJJJ.>=AL:;LL&;<~§‘)/U41>JAW,LM¢}‘>JL&:‘
Y~J:U__37.~/\ LM_‘JS))J:AM)_J‘)Y}_JH?AO'
Shs oSl 70 S et Ve Le VO (Tween20)
03 Ll e Al okl Cell V0 de 40 ¢ pH=V/E
S oale bl o3l 5T (sgmn Jlons 3 b Ik

P 53 slid Jeate 8 slagesl JUT@)Q@;-;L,&

by

S YO A el g Do LSl andlas 10 g
S 0L sy sl 31 (Seis o () BALBC
Cela WY S o oKislo3T olsn Ll 53 5 A
(YY °C) IS5 el Opils e 3 by, — (SO0
S S s i Ol s e o gt g2 L
b 4t ST e U 3L 5 (51685 s
5 s (R2VY) J 28 5 (02VY) o 0l 05 5 55 4 olas
b s Lol b #le 5 L latloar 035 bl 2
ol G plosil g B e s S e S i
Il 0l 5 Slaast psls Sl S0 91 4z
s S

GoF Gusb Ol ol Gee 53 O 10w sloml (56 g2
Sl Sk e & P MCALZ S Sl s 25
5 5ely sl 51 s se ok Y el s ) i
« DMEM high glucose o> ;3 bdshe 5 ol 5 Ol
1%penicilin / streptomycin s 10% fetal calf serum (FCS)
37 ¢ glss 5780 0, 70 COp Lasl i ooy 5 oS
g 00 0315 CES MCAL2 (glad sher (V) b (5,10
Oobed s pY LPBS S L plned 5 Oddaey 5 5l
55 e VT s i Ol sl g 5 LS
@ G Sose 4 s 4 PBS L s Sea Ve o
Sden 5oV O s G5 e Sl a4l
2 Al ey Ldd cosy B ala b (G F
T O R B R A N BT T AT P e
e s Sesliol ) s ) G Olpss J b 2
(2355 plawil e S a1 s 6 S0 et S s
D30 s Sds Sde el gy el 1 63 S
55 Sl ,ed () st )i dlasl o el 03 S 5 axia 5o
U 210 Lo e Joes S sas O bl s

aiss 00 gr:j_asmﬁcﬁl.@);j@fzdﬁ;;bo,u@

S Gy Olasin Y Jeu

Y aan 1 aan PITY § dian ¥ aan | aan 3950 &ilw LT Olo
Y. Y. Y. A Y \0 \0 (443 33 gio) s g
o0 00 O o \z A \E (483) W

WAL Ol 3}3‘@/\?. &L_{ /Y ol /v-'iﬁ Jw

S emdpde s Fiss (11)



O an 5 amsl

54z SPSS I3l o5 5l eslinal b baesls sg,lal g,
Ikl Gl sl S ls &y s 4 baosls Ll Sl
p@jj;d:gujsoajs&%-;\,\g.,k.iolﬁ(meansi SE)
Cgor o o i el — 35 S 50 1S 0 ga31 51 ezl
O G Slmes ;S o s e sl 030 Jl3fre nd
2 S e e s S el fae g @bl 0sa5

s ol =0 /0 b baaglie el

badl

SInbie oS5 s DS e S 1)
sl el S (6, S0l e s DLSY Ll G ge g
s s S 3 1 pses oSy C Bl (g hslas 5k 4
cble Sle (P < v/ 00) sls aals J xS oy S 4
203 S 2 s WY EVNE IS 6,8 5o se 5 DS
e Sl e 33 S e > U 5 S AV £V /08
et b e ey OLSY W5 s i LTS
LDH  slap 53l o Ly ol LDH slsp 555
e 05 S 53 e al ks S plie A (g S5l
S 03 05,5 53 LDH-A Ol 53 (g5l s a8
et () S5 (P < v/ 20) sy ol an J S 03 S &
2 05,5 53 5 s5e5 LDH-B Oly 53 Olejes 153l
O UKD (P <v/v0) ddsdalive J 28 05 S a4 o

JAK Ol A0

LDH-A Gsills 5l 35

0= W~

o
[=5)
'

e
=)
.

b
=
:

1

(2ot 4o ) Sl
»

S
¥]
N

LDH-A LDH-8
e BV

.35 S 09 5 50 yaogi H0 LDH-B g LDHA ol it <
n \T’)‘gg}aﬁ"(n=\f)J}“°5;‘SD iﬁ@bﬁ'fﬁblﬁo
(P <+/+0) 0957 95 ey 518 Jzo IMi1™ =

Ol i aad I3doms 5 435 13 HRP @ b gl ol
Enhanced ECL sy slesle ol g,
b 2 me 53 sLiE S (5,505l Chemiluminescence
SSLb s ohd g bkl s 5 i S 15 SIS )
Gl JL i J S5 51 ol 4 il
Ol 03 1S aSias Cogr 5 4l s MCT4 5 MCT1
G sl sLEE 53 MCTL 0l Ol e 51 MCT4 5 MCTL
mmt Sl ol MCTL Wil Ol (355 ol 3 43S esliz
53 Las Ol sie 4 mouse erytrocyte ghoste .55 ¢ S5 e
S palie an 0T L anglio 53 Ladil 4y 5 A3 a5 S
AOY) LBas s

SLSY Sl Cgr 9085 SLSY (S 05100 o g2
2S5l G s e S e 00 s s
Soe VI o) SIS 3 ks 0 S S w5 A S
59t 5L 1500 g, 10 MiN, 4°C 55 s o bl g 4ids Vo
o305 DY (6 S eIl g i sa Ol e 4 ZIBL 5
osliul b SY (6, Se3ll (14 ) &3 S 13 eslinal 5,5
lactic acid assay Kit, cat: K607-100, company: ;|
28 el 03l &S 2 Jeal s2es b biovision

4o 01 Jdos 5 425 5 LDH sl 51550 g5l 1
O3 gman 53 352 50 LDH lag 550550 13,589 2800 5,
S eslinad b (Ao ) 58T J5 s ol 55585, 5505
ol | a0 gas . 1u Bio-Rad SubCell system oSx..s
K770049, ) LDH Ladder 5 | 555 5l p 5550 V0
AV s 5,58 S5l eslecul L (LDH lIsotrol, Sigma
S 3l esliul L LDH sladsl ald i aids Yo ke
- 5 L (SRE612K, interlab) LDH duwﬂ}ﬁ\ 3o S
J5 s edalie 5 (65l 0zl o8 0 Jeadly 2 @
L ik Lol s ol s iy el Sl 3
Gl A Sl 5 i oS Imaged il o ealizad
S B Sl e yas 3l azws O Jais (i JI& LT
sdalie LG 5zes s5b & LDH 355l b e ples OF s
S Sl x ailae ook LLDH 555l s o5
Mo Slax el 32y ks 055 s
plas 3l o ss o 4 bt ol alos 55l iy s
el 0 0Ly LDH (slap 355

(V0) VWAL Ol 5 5mb N E ala /Y o5kl /r.:é.a Jl

S pihe 5 S50



By Q\;S‘Y(..,.:Jﬁtﬂjduu:,,«! s

¢S O5eSTL 5 (5152) (B 05T L aml 5o Lol 5505
Sl SH S sl S a4 el (oS )
(VY 0 8) S o oalitl Sl 5S35l ) oo
L sy sladshn Jaw g OF Sl esliad 5 olSY cils
LSS & oS sy s sladshe (i B 0508

59061 J3 55 OTLDH Sl i 579301 45 (g < 59097 51 (ST dig0i (D) (N =1F) (i3 505 (N

Nl oud o

A8 e SaS Lol iS5 5 ule ol 40 Aas e il 33l
35 EalS Ly bl el oS3 st sSys 51 (YY)
L loss sladsh i foasen (pl sn s SUSY Bl
ol a8 pn g bty Sl (S e 4 5 RalS (g3 s
NS Glaedls ol G 3 se s e 5 O35 SRaS)
e s s 5l U mals s G b (e
T Sl A 3 55U ol GRE e SN
6305 Sl ool Ol s Slinlie 3 ST, 1S5 5 Sk
OV 33l o 555 oS3l

Oy sy ol Jlal Yy cotls ) glie o
LS 5 s LDH (slp 55l Sl it 5l o
Uil s a8 selial oy a3 Claze LDH-A O o
S a0l ois 4 s shelis 5| S LDH-A £

23 e i 5 Bl e Al oYL S SIS el

05l et ol S DS Sl A
05,5 Glaiye spag LAt b3, LDH slag 5155
S JU> 530 a5 LDH2 5 LDHIL Ll boes o e
lam =Tl 31 Y0 0l U580 S Sl 550
(Y JS5) 55 1ls |, LDH5 SLDH4

a b
35 - saf JAE L s
JAE
0 e H1—=>
2
3 25 1 LOH2—> et
|
> 20 4
=, H3—>
2 s ] 013>
2 10
s r LOHA— S
p—
LDH-5 LDH-4 LDH-3 LDH-2 LDH-1
M 34
* pSlo 5900 4 9 8ME0 Lol Goliiwl g p0F I gy (03 095 38 LDHS Ol ial™ swuas olis LDH sla p 89 31 pSile (a) ¥ 5

=1Y) J5 09 5wl ouds bl SD

S5 4% g S
lap 2ol Ol = linal (ol 50 S5l Goos )
Ol o a4 s balb/e sla S50 55055 5,5 (B 3A) LDH
el 4535 ol G S o e A o) e
Eel LDHL oo 4 LDH (sl 5315521 G b ol
003 S 5sas 55 LDHB Ol Lislsl 5 LDH-A Ol ials
ey DSV Cble s ralS Sl ol gl mli &S

Ak e
Ol by el s ke G il
olsY cble fals (V) ) coul sdiamy Hlaw 4w
it e 1 800 e Sl G 0 e
il w0l o Slays b (5,800 55 e Sl L5 e

VWAL Olis) 3 b /VE by /Y o jled /sia Jl

S emipde s S (V)



O an 5 amsl

5 el Sl i 53 3L e gl ol Y D]
Ll s o Ll LS e S sl o505 Ldse (2l
Gl S j5n s LS CLle 15 550 4 blal b
5oL 5 SY Slss b A5 DS a6 oS
0 e A (5508 e Sl b a5, Kl
sladda 53 0T ol s oS sl SLSY O gl it
Gl s S 53 et B el (e Sl
3 H b DSt B e 05 2SI DU o md s e Ly
Sl 0l sl @ Ol o (sla J sk 3 ATP 52 Ol 50
doas oo Gl (658 sre slaad Led & oy 3 (Y Q)
Rl i e 3 5 5 0T (6510850 5 5 Shee sl
SlsY clale s el sdaliv Ol s 5l S Gl S
SIS sn o oy alind a5 3 4 by s
AL

Slape =l bl s OF Ly &S oS
G (] 53 A8 o ot 5 g0 5 A, O 3laze 5 LDH
Ol ) (S5 Sl 4 5123 ,55 13 e 2050
e Ol e 53055 53 LDH-B il 5 0y 2alS 8 Wlesls
Gl LDH-B 55 a5 5 0 gz s 4y Ylazol 0Ll
b sl il Sas DNA sl O sdlizs (TV.YA)
J 3l s (SAS5b L das e glalss Oas Jlsd
Olis asdS Sldlas (YA) 355 L3MBTL1 3 CACNA2D3
Ol Osdlate Cons A5 e (talinal (g o3 48T L3S
sy adde p e U 5 das el | el lad)
05 el 3y 53 alin el (T (YA) WAL ails
ol 53 ol 5S 055U Ll eals 5 gm s LDH-B Ol il
o=l Sy Ll ST i el 2 ol 3550
ALl s

Ot e Sl Sl G el st sk a
4 oS sad IS ) pseg DY Chl als el
LDH-B oLy L1535 LDH-A 0l 25 L Olejen 5b
IV YOV P NCICH N N R VS Ve B P
Shol 558 51 Wl e a5 Cewl LDHL e 4 LSY
i Sl Ll S sdalsd il ol S S se s

LDH-A S s sl 53 S e Ll Hge 8 S50
LS bS] el bl Sl 5 falS HATP e
O o 2y Sl S 5k 5 Jshe S sl Jule ol o8
L alie auls s Sl ((Y7) s 5l L
Q) Wles S o058 a Ol 53 LDH-A 05 5 5 el
SLadshu 53 LDH-A 0Ly (5l S das o 0L sl ol
el aS A8 e sl [ s 8 (S S (s Sl
Lo ol 2o 5 50 O3S & sa g8 Sl S2alS
L s 5l =3U ol s a8t e 0L LU ]l (¢l
sy oSN a5 5ILDH2 s LDHL ol il
LDH-A 0L [2alS b ol jen ,ois ool &5 S oo (6,5 5l
") Sk 5l Bl e BN a5 5
335 g 42 5 LDH-A _2alS LLDH cls

Ol 2ol S 55 asnie SulS b il 5l 3z cnl b
Coomms 4y 05,5 Moy Cied Dl ot pled Wil 5 oi LDH-A
LDH-B 0Oly 3 sl edalive &l i . das o> 5 |, LDH-1
5= LDH-B 0L lsdlas coals ol o Vs 5098
LDH (slaw ils sl e 53 Sos hale Olye 4 Ll 5 e
LDH- Ol (31 2 (el A ety Slalllan 358 - Jhae
Ll (VY O Y) Wiles ;87 5,058 15 oludl Sl dlae 15 B
S LDH-B 0l o liul el 5 5 e ghaly
dx e 53 LDH-B Ol Jaalsdl .ol slis (55158 5505
S L sl sl el G 3 &S ezl (g el
03 s 3 03 e S B el 0l
IS »s3ks &6 LDH-A & Cond LDH-B als (a5
S5Lel Wlg s LDH-B 5l (6,8 sl (Y1 (Y0) 5,05 il
G o S plie il i Cgr 3 lile izen
e 3 558 00 Sl w5 5l e 5 SAS
W5 n Jol 52 ol 45 Al oS e ok 51 (S Sl
V) sl G e slad e oL (sl slosdlly Jole
LDH- ol 53 iol33l OT L Olesen 5 LDH-A _2alS ool oo
L Sl ol e 30 sl e 5 aliid 5 Lo 5 B
P LT e P BT T ST
cble 2alS U olejen Gdss opl )3 odd sdalis LDH
S o8 35 0LS (nl 5 0I5 or nl il 25y SN

5 olSY a5l 68 sl o Ail5 e LDH (slag 555

OV) WYL Ol 5 5mb N E ala /Y o5kl /r.:é.a Jl

S pihe 5 S50



By @L;svv,.gﬁmjjuw“! s

10508 g S Sl e Gl IS e s SUSY e fies
S sy S 5 pu s el ahewgu s O8Ny 5 AL i Ol 31 (6K b Ol

C,_P-MQL_AJSUL'&‘ r_}_kﬁ CJLE.:EJJSJA GM}}_

N

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.
26.

27.

Al e Sl ol e plonil 1 AT ol

&bo
Seyfried TN, Shelton LM. Cancer as a metabolic disease. Nutr Metab (Lond) 2010; 27: 7-17.

Warburg O. On the origin of cancer cells. Sciencel956; 24:309-14.

Nihed D, Olivier F. Lactate shuttles at a glance: from physiological paradigms to anti-cancer treatments. Disease Models
& Mechanisms 2011; 4: 727-732 .

Sonveaux P, et al. Targeting lactate-fueled respiration selectively kills hypoxic tumor cells in mice. Journal of Clinical
Investigation 2008; 1; 118(12): 3930-3942.

Semenza GL. Tumor metabolism: cancer cells give and take lactate. Journal of Clinical Investigation. J Clin Invest
2008;118(12):3835-7.

Markert CL. Lactate Dehydrogenase Isozymes: Dissociation and Recombination of Subunits. Science 1963; 140: 1329
1330.

Markert CL, Shaklee JB, Whitt GS. Evolution of a gene. Multiple genes for LDH isozymes provide a model of the
evolution of gene structure, function and regulation. Science 1975; 189: 102-114.

Hussien R, Brooks GA. Mitochondrial and plasma membrane lactate transporter and lactate dehydrogenase isoform
expression in breast cancer cell lines. Physiol Genomics 2011; 16;43(5):255-64.

Wang ZY, Loo TY, Shen JG, Wang N, Wang DM, Yang DP, et al. LDH-A silencing suppresses breast cancer
tumorigenicity through induction of oxidative stress mediated mitochondrial pathway apoptosis. Breast Cancer Res Treat
2012; 131: 791-800.

Granchi C, Bertini S, Macchia M, Minutolo F. Inhibitors of lactate dehydrogenase isoforms and their therapeutic
potentials. Curr Med Chem 2010; 17:672-697.

Elias AP, Dias S. Microenvironment changes (in pH) affect VEGF alternative splicing. Cancer Microenviron 2008;
1(1):131-139.

Dubouchaud H, Butterfield GE, Wolfel EE, Bergman BC, Brooks GA. Endurance training, expression, and physiology of
LDH, MCT1, and MCT4 in human skeletal muscle. Am J Physiol Endocrinol Metab 2000; 278(4):E571-9.

McClelland GB, Brooks GA. Changes in MCT 1, MCT 4, and LDH expression are tissue specific in rats after long-term
hypobaric hypoxia. J Appl Physiol 2002; 92(4):1573-84.

Kossman DA, Williams NI, Domchek SM, Kurzer MS, Stopfer JE, Schmitz KH. Exercise lowers estrogen and
progesterone levels in premenopausal women at high risk of breast cancer. J Appl Physiol 2011; 111:1687-1693.
Schroeder, James EH, Mark WD, Stephen TK, Stephen JF, Michael QP, et al. Effect of aerobic exercise on tumor
physiology in an animal model of human breast cancer. J Appl Physiol 2010; 108:343-348 .

Almeida PW, Gomes-Filho A, Ferreira AJ, Rodrigues CE, Dias-Peixoto MF, Russo RC, et al. Swim training suppresses
tumor growth in mice. J Appl Physiol 2009;107(1):261-5.

Friedenreich CM, Orenstein MR. Physical activity and cancer prevention: etiologic evidence and biological mechanisms.
J Nutr 2002; 132: S3456— S3464.

Shalini SK, Radhakrishnan AK, Cheong SK. Immune responses in the microenvironment of a metastatic 4T1 mouse
model. Egypt Acad J biolog 2010; 2 (2): 19- 26.

Steiner JL, Davis JM, McClellan JL, Enos RT, Murphy EA. Effects of voluntary exercise on tumorigenesis in the
C3(1)/SV40Tag ransgenic mouse model of breast cancer. Int J Oncol 2013; 42(4):1466-72.

McTiernan A. Cancer Prevention and Management Through Exercise and Weight Control. Physical Therapy 2007; 87. 5
615.

Eickmeyer SM, Gamble GL, Shahpar S, Do KD. The role and efficacy of exercise in persons with cancer. PM R 2012;
4(11):874-81.

Feron O. Pyruvate into lactate and back: from the Warburg effect to symbiotic energy fuel exchange in cancer cells.
Radiother Oncol 2009; 92:329-33.

Le A, Cooper CR, Gouw AM, Dinavahi R, Maitra A, Deck LM, et al. Inhibition of lactate dehydrogenase A induces
oxidative stress and inhibits tumor progression. Proc Natl Acad Sci 2010; 107: 2037-2042.

Hittel DS, Kraus WE, Tanner CJ, Houmard JA, Hoffman EP. Exercise training increases electronand substrate shuttling
proteins in muscle of overweight men and women with the metabolic syndrome. J Appl Physiol 2005;98: 168—179.
Gatenby RA, Gillies RJ. Why do cancers have high aerobic glycolysis?. Nat Rev Cancer 2004; 4: 891-899.

Kim JH, Kim EL, Lee YK, Park CB, Kim BW, et al. Decreased lactate dehydrogenase B expression enhances claudin 1-
mediated hepatoma cell invasiveness via mitochondrial defects. Exp Cell Res 2011; 317: 1108-1118.

Leiblich A, Cross SS, Catto JWF, Phillips JT, Leung HY, Hamdy FC, et al. Lactate Dehydrogenase-B Is Silenced by
Promoter Methylation in a High Frequency of Human Breast Cancers. PLoS ONE 2013; 2, e57697.

WWAE Dlis) 5 5l /N (gl /Y ojlad /paia Jlu S pde 5 Sios (N



O an 5 amsl

28. Ntanasis-Stathopoulos J, Tzanninis JG, Philippou A, Koutsilieris M. Epigenetic regulation on gene expression induced
by physical exercise. J Musculoskelet Neuronal Interact 2013; 2: 133-146.

29. Yuasa Y, Nagasaki H, Akiyama Y, Hashimoto Y, Takizawa T, Kojima K, et al (). DNA methylation status is inversely
correlated with green tea intake and physical activity in gastric cancer patients. Int J Cancer 2009; 11: 2677-2682.

30. Zeng H, Irwin ML, Lu L, Risch H, Mayne S, Mu L, et al. Physical activity and breast cancer survival: an epigenetic link
through reduced methylation of a tumor suppressor gene L3MBTL1. Breast Cancer Res Treat 2012; 133: 127-135.

(V4) \vag bw‘)}hg/\i J:L-%/Y AJM/VSA&JD JSJ"C""‘Jf}‘L"-’J:))-’



Journal of Sport in Biomotor Sciences, Volume 14, Number 2, 2014-2015

Oxidative shift of LDH izoenzymes after endurance
training in tumors of mice with breast caner

Aveseh M !, Nikooie R?", Samandari MR®

1. Shiraz University
2. University of Kerman

3. Kerman Neuroscience Research Center, Kerman University of Medical Sciences

Received: 2015/05/25

Revised: 2015/08/11 Accepted: 2016/02/28

* Correspondence:
Email:

r_nikooie@uk.ac.ir

Abstract

Introduction: Determination of treatment methods that can
prevent breast cancer progression is important. The objective of
the present study was to investigate the effects of endurance
training on Lactate Dehydrogenase (LDH) isoenzymes
expression in tumor of balb/c mice bearing breast cancer.

Methods: In this experimental study, twenty five female balb/c
mice were randomly divided in two experimental [n=13] and
control [n=12] groups. Breast cancer was induced by
subcutaneous injection of MC4L2 cells in mammary pad region
of each mouse and the experimental group was exposed to
seven weeks of endurance training. Tumor lactate concentration
was measured by RDI (Radioimmunoassay), LDH-A and LDH-B
expression in solid tumor were measured by western blotting and
LDH isoenzymes expression were separated and measured in
Agarose gel. The statistical difference between groups was
determined by t- test .

Results: After seven weeks of endurance training, tumor lactate
concentration significantly decreased in experimental group in
comparison to control group (p < 0.05). This change was
associated with significant decrease in tumor expression of LDH-
A (p < 0.05) and concurrent increase in LDH-B (p>0.05) in
experimental group. At the end of the experiment, there was
more expression of LDH1 and LDH2 in solid tumors of
experimental group whereas solid tumors of control group had
more expression of LDH4 and LDH5.

Conclusions: By changing the isoforms of lactate degenerative
and alleviation of tumor lactate metabolism, endurance training
can be a useful method in prevention or treatment of breast
cancer.

Keywords: BALB/c, breast cancer, lactate dehydrogenase.
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