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Abstract

Aim: Inflammation plays a role in the development of breast cancer. However, the anti-
inflammatory effects of exercise in breast cancer are still unclear. The purpose of the present
study was to investigate the relationship between spleen weight and cancer morphology, 4
response to aerobic training in mice with breast cancer. Methods: 20 BALB/c mice Were
randomly allocated into two groups: tumor-control (n=10) and tumor-training (n=10) grolips,
The tumor-training group ran on the treadmill for 6 weeks, 5 days a week, Tumor volume, spl&ei
weight, tumor necrosis weight and heart weight were measured at the end. For gxferimenand
data analysis, independent t test and ANOVA test with repeated measurement§ and Péarson's
correlation test at significance level of 0.05 were used. Results: The results Showe® that the
spleen weight of the tumor-control group increased compared to thefiiliinor'ttdining group
(p=0.029). Weekly changes in tumor volume showed a significant incr@ase in thishasiable.id
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the tumor-control group compared to the tumor-training group (p=0:008). Also, the Weight'of
the heart in the tumor-training group showed a significant incredse Camipared to the tumor-
control rats (p=0.005). The weight of necrosis in the tumqQigti§Stie,in the TioL-training group
was increased compared to the rats in the tumor-control gfOUP (P=0:001). ions This
highlights the potential therapeutic value of exercise As,dfcomplemeqiary apprPach to cancer
treatment and underscores the importance of understafidifighthe exerciseSifiduced transcriptional
changes in the spleen for the development of novel cancelthgapies.
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Extended abstract
Background

Breast cancer ranks among the most prevalent cancers in women globally, with chronic inflammation recognized as a
critical driver of its initiation and progression through multiple stages. Despite increasing research, the precise anti-
inflammatory effects of physical exercise on breast cancer remain elusive, warranting further exploration. This study
aimed to investigate the association between spleen weight, a surrogate marker for systemic inflammation, and breast
cancer morphology in response to aerobic treadmill training in a murine model. It sought to determine whether such
exercise could suppress tumor advancement by alleviating inflammation and evaluate spleen weight’s reliability as an
indirect indicator of this process. Additionally, the research examined tumor morphological changes—namely volume,
weight, and necrosis—alongside exercise-induced alterations in heart weight as a measure of training efficacy, aiming to
elucidate exercise’s potential as a complementary therapeutic strategy in breast cancer management.

Materials and Methods
The present experimental study was conducted as an experimental and control group. Thi
female BALB/c mice, aged 6-8 weeks and weighing 17-18 grams, sourced fr
transferred to animal laboratory.

tudy utilized 20
te of Iran and

Experimental design

The present experimental study was conducted as an experimental a
according to ethical guidelines and license of Shiraz University of M

| experiments were done
EC.HUMS.IR 1402.265).

Training protocol

Breast cancer induction: . Estrogen-dependent MC4-L2 ed from Iran’s Cancer Institute, were
cultured in vitro to a density of 10 million cells per millilite osphate-buffered saline (PBS). Following anesthesia
with ketamine (10 mg/kg) and xylazine (1 mg/kg i0 ere injected subcutaneously into the right thigh of
each mouse.

Aerobic treadmill protocol: After two wee emerged, mice were randomly allocated into two groups:
eek aerobic treadmill protocol for the training group,
conducted 5 days per week. The regimen began wi

minutes, progressing to 12 meters per minute for 25 ites in week one, and reaching 20 meters per minute for 55

V=n/6(wxL), as describe et al. (2010). Forty-eight hours post-final session, mice were euthanized, and spleen,
heart, tumor, and necrosis w s were recorded using a high-precision German digital scale (four-decimal accuracy).
The heart-to-body weight rati@ assessed training effectiveness. Environmental conditions included a temperature of 22-

24°C, 45% humidity, and a 12-hour light-dark cycle, with ad libitum access to standard chow and water.
Statistical analysis

Data analysis employed SPSS-26, using independent t-tests, repeated-measures ANOVA for tumor volume trends, and
Pearson correlation for spleen-tumor weight relationships, with significance set at P<0.05.

Results

The study yielded significant findings across multiple parameters, highlighting exercise’s impact. Spleen weight in the
tumor-control group averaged 27+0.08 milligrams, significantly exceeding the tumor-training group’s 18+0.057
milligrams (P=0.029), suggesting aerobic training reduced systemic inflammation. Tumor volume at week six reached
522.95+155.63 cubic millimeters in the control group, far greater than the training group’s 288.18+111.51 cubic
millimeters (P=0.001), indicating exercise curtailed tumor growth. The tumor growth ratio (week six divided by week
one) was 12.82+3.29 in controls versus 7.3942.38 in the training group (P=0.001), reinforcing slower progression with
training. Initial tumor volumes were statistically similar (control: 38.16+6.63 mms; training: 41.01+5.94 mm3; P=0.326),
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but weekly trends showed a steeper increase in controls. Tumor weight was higher in the control group at 28+0.057 grams
compared to 20+0.08 grams in the training group (P=0.005), consistent with volume data. Necrosis weight in tumor tissue
rose significantly in the training group to 19+0.056 milligrams versus 10+0.026 milligrams in controls (P=0.001),
suggesting exercise enhanced tumor cell death. Heart weight increased in the training group to 125+0.026 milligrams
from 101+0.006 milligrams in controls (P=0.005), with the heart-to-body weight ratio also higher (5.0+5.3 mg/g vs.
6.8+1.1 mg/g; P=0.001), reflecting cardiovascular adaptation. Body weight in the training group (26.0088+0.0066 g)
slightly exceeded controls (26.0026+0.0007 g) (P=0.022), despite increased food intake, hinting at metabolic adjustments.
Pearson correlation revealed a robust spleen-tumor weight relationship in the training group (r=0.724, P=0.042) versus a
weaker link in controls (r=0.315, P=0.448), underscoring inflammation’s role in tumor dynamics modulated by exercise.
Weekly tumor volume measurements, plotted via Excel, showed consistent growth in both groups, yet the training group
exhibited a significantly attenuated rate, aligning with reduced inflammation and tumor burden. These findings
collectively demonstrate aerobic training’s multifaceted benefits in this breast cancer model.

Discussion
This study establishes that regular aerobic treadmill training markedly suppresses breast can
L2 mouse model. The training group displayed reduced spleen weight, reflecting dimi
alongside lower tumor volume, decreased tumor weight, and increased necrosis, collecti
inflammatory and anti-tumorigenic properties. Elevated heart weight and an i
confirmed the training protocol’s physiological efficacy. These results posi
complementary intervention in breast cancer management, likely mediate
inflammation and the tumor microenvironment. The stronger spleen-tumor wei
highlights inflammation’s critical role in tumor suppression via exercise
remain incompletely understood, necessitating additional research
clinical applications.

rogression in the MC4-
ystemic inflammation,

ing exercise’s anti-
y weight ratio
a promising
ulate systemic

¢ molecular mechanisms
therapeutic potential in

Article message

Regular aerobic exercise offers substantial promise as a ¢ reast cancer management. This
study demonstrates its ability to reduce systemic inflammatio shown by decreased spleen weight, and enhance
tumor morphology—Ilower volume, reduced weigh increa crosis—effectively slowing cancer progression in
a mouse model. These findings advocate integrating ivity into conventional treatment plans to
optimize patient outcomes, emphasizing exergise ]
its molecular mechanisms is essential to refip
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*. Myeloid-derived suppressor cells

¥. granulocyte colony-stimulating factor
*. Tumor-associated macrophage

*. platelet factor 4

' splenomegaly
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" IL-6

". TNF-a

*.CRP

¥, Kiel-8

®, Human Epidermal growth factor Receptor 2

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2023.28273.1543

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/10.22049/JAHSSP.2023.28273.1543

£ 0

ssbaie 4 (yed 0)9d Jobo )3 bl bl (x5 sk 4y (grelital
PSP 9y 2 Rgd o lagdee sl el sl Sl (6 xS sl
S5 )5 N S5y (203 5 oS bl S o ol S5
mp Sedgh (S g S Cod gl 4 pped ploj ke

5 o3lizal (503 35 ol 3 epl gl 5o il

o e 09 lp oad Il el el JSSgy N g
b sogejl (ad Slb puo

SIS obe; Cee o CRyed 090
(wdn ) o)) (adBd) (4@ p yie)
) Y. \ ain Sy
lols!
) Yo \Y Jol win
) ¥ ¥ pod diin
) 0 \$ pow diin
) £ VA polos din
) 00 Y.

5 Gl cldsle GoF J o LSS
P 3 b (635 031l ey 93 53 y9095 2> Ay cy905
2) 553 g A4S a3 9098 (L) sk Ol 4 y5es
O b 485 a3 )3 9005 (W) s 4 (420 A al;

09,5 93 2

ands 3l ) G cel YA oy
ssbate 250l Sb)8 gy (slagiie Lhomiw (sl g o pe
8l g bl g0g5 Bl AlolBM dapiie golaws (55501
23S ol yio ez Sz sils L kil g 5 wsby Job
15 (339 (39559) y9o85 (535 0 Cumnd (yrizrad b (65 o513l ol
0a3ld plyie 4 o 0g & B (g S )5 Bl
039 & B ()59 s ) (a3 LS cpl A8 B)S jlas )3 o yed

A3y dsslone b hge ()

Copyright ©The authors

SI-SUD)S SIET s (olsnied 53 (s (63l Slllae o)y Ko 5 s o

Oy b slagleys g (slp Jlxb )3 Goyg J) (86 St
Joxb (3 o b)) oy Saa b ol gy 108 0 STy
@ Mo slagsdge )3 silon Slioyed 4 Gl > Gloyw S5ods8590 9

oy el iy Gl

OR95 9
5 Linbojl 09)5 Cygo 4 (2585 £9 jl pol Limgh 1(aaiT b

i Cutn B ) odlo ol ifhe yoo Vo 3lass s ol a8

e b culey by,

Wl 0y90 5 Culey aKiules] Sllge
EC.1402.265) cé,8 )15 31, Sij

i 4 ol jebite 4 2L e 53 b Joho 0 ploc]
o5l 4 Jobu dlawi a8 ] 51 e g 505 03l cusS Jobuo 5l ume
ke 2 53 Ggee Vo 0515 L (ke (gmslinges ) 55 390
hie o odlo (ol (9o b 4y s 0D 405 PBS 3L
2 e N pSiden Vo) ikl 9 el i o3 L
By ol G oy Vb 4l 4 il 5 USS 4 Jsho (ygedee
298 (Srgeg Sl BF I e w93 393> )3 (VA) a3
b uad BB 5255 Jore
i Sy ) o e SIS osest Ol 3l o S0 8 SS9
@B 5 yio Vo ey b 0,516 (g5 1 gD O ygu 4 (5Ll
o () 0o Jodo) b ploul aan )3 joy B 5 alBd Ve Ok 4
“9eF 9 ey 2BV 098 93 4 (Solal S 4 laybee
(srolitnl Sy pos 0l e JSTgp 09)5 So HAD mandls J S
09,5 5 w33 plxl V ojlods Jouo millas atin b Ce ) (V)
b (elil o pes JSTgy il sl 395 (b (S5 4 J S
00 4 JSTgp Eopmi yd 4 0 yio VW @l b dddy YO jl aian £
bl gy adllae BT ain ¥ ,0 aids ) e Yo O g ddd
Otes JSan ok p Sliyed loj e g Copu S ()

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2023.28273.1543

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/10.22049/JAHSSP.2023.28273.1543

AN
YRR ofoXE | GINNE S8 | (MY) BB e
\Yox
Fofo¥A | JNAE </e0V SYVE oA | (M) b e
ARVRRY N IRYA OF- RV N BERVA 7.+ R RN @) ;905 39
= L[.VY ofe58 N (g) ON 039
o[e AR ofev5E
Fafee VS| VAR L [e08 | (M) 59,55 03
eNek
Fafe ooy SINENY | oeledd 59
(Mg gt) o
LRV | BV NEOAY | YANSEESY | awe | e
Jol | ey
(mm?)
*ofeny VVV/0) VOO/FY | s
YAMAE OYY/AdE | i
FoleoN | VIYRE VYA | AY/AYE YV
MRYR ot
/FEA

ghaw . J 8= 5095 09,5 9

Cuwl o

)5 a3 P<0.05 (¢ bolins

P Y8508 5 (p i )9095 09)5 93 ) y905 > Sl g
) og05) sl 05 00l (L5 (K ygm 41 il gl Jobo

Ave
3 O U S y9095 09,5 ]
Fuu
s p
—— ey o5 5
Yﬁf OS99 095 /
3 T
Yoo
b
.%
V’J,vmﬁ,amm PV TR SV TS
e o T

eyt S3lgm Ol ped 4 by )3 (b p (59098590 9 Sk ()59 o bS] oy

3 ksl sl 1 Solie g0 4 Lmodls plad 26 yloT i g 4y 325
NB ey 5l SNl o g 455 jglate & cunl 0 1)) (Sl
Slyt 0550 6Seilul b pilly Julos (ylol (0] 5 SPSS-26
5295 O 9 (slyy St 5 (9031 19 y9058 e Julo g 329
b o3l (s (39 9 59095 59,55 €L (g 5 Sl g B s
I AT e > 4905 (g 9 S Gig o (Steer Jel gl
)l)Bl ey )I e A eolawl OI9 40 M d)Lo—l L):’”
2 /0 (gyblixe plaw b 3kl b jlyges waw i sl EXCEL

ran
2 9oy 8L g 0y b
e b bl 5 adllo dhaaa)f
: slagise Jlxb )jg adlllas

9350 19098 adgl o> adlllan £
ool Caoy (slaaidly 39, ply Lo yis J 8

o5 0955 32 |y it cul yliae (aljdl 9095 Jalo (sl g
@l Cpiomen (P=0.001) ol lis (o= ys095 09,5 L dunlie 1
2l oals 9 Gl bl gges 0js 5 Jodb ()5 o (Sterer
2955 09,5 ) (Nhwsed (pl (jn oS 0l ()L adlllae 390 (slaog)S
Uxo (P=0.448) S~ )5055 09,5 4 i 9 (P=0.042) (505
S bge b dualie )3 (p pei= 905 09,5 (Sl bge B (g D92 Yl
Osozen (P=0.005) <l [l ey BB job & JyuS—)ses
b dglio )3 cpyei=y5095 09)5 saybse j5095 L 13 19,5 (g
o)led Jouz) (P=0.001) cély (il38l JyuS—)5095 09,5 slaybge
i\

05l polie g et (sl pite 3kl Blyuil g Sl ¥ Joa
Y5908 g (p i y9095 09,5 93 O P

P value 3kl Clsol § pSle b yusite

308 095 | 908 0g)S

R Js

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2023.28273.1543

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/10.22049/JAHSSP.2023.28273.1543

AD

15 e i e el Gilisee s ple Mg gk
70 313 o5 ) b g by (stoeo
Chydy g iy e g 05 5] Sslite Sl Clllls Bk )
b9 52|y Loyl aalllan i ye3 [S5gy osls (i Iy gl yes
52905 M) 2 (sBips Oeyed 09l alpRiey 5 Sloyd Sl 38
ol ol 03,8 ot iy o 5 b Jldb k5 S5
22 b lasye (23559 nped e (LS oS (S Slilllas L Laaidl
S5l S WS 9055 Sty Bl 0 (293> Glaleys b basye
2 oobiye e ol (A Gldllas uores (FIVIA)
g3 3 osMay (F58) lodls 5Lt |y sl s 51 ot JSagilee]
0955 b dumlle )3 (3 p05m 9095 09)5 1> Jlxbo (g el pol
Jelgs alS Jolgs 51 o Slgicsn 395 45 A3 ssnlio [, 55905
PO Gimgh 53ty on sla plpl 23,5 Cgume (3 53 (2l
g ol Jelse (8559 colled 0gill 5 oo DI @ a2g L
sl oS ilon (oB5y9 SSan 0)9d S5l e sees L
299 Syl Slgice (g & 3 ol Lo slaall pien
ly s9e95 59055 iy 9 il (sBge Jue cnl 13 1y (19
Sl jials b e sis b Bl asl Koo I3l ol o
S S gy @ Jod iy pials
SysSl ax (51 e 00l s Syotunw Sl
I8 xSoiail 390 s slacadgiome Sl (S glyis 4 &

)9 Cnyed &

448 Yo dddd ) yio
Sy Jobo <35 ) o3 2 59y 0 > o
525 (5l > (F) ol ol 8 g0 o5 o)
S5 J S 09,5 b awalie 10055 b leyd cod slabge
sdalie (6§ SesS Gl g JuS (aag JB sk 4 509 03
chwgio GAS b oy yed atin A SISH(YYD) o) Ken (4965 (F) A5
oM p)S 4y Ve ol &S S les 5l eolatel b das > b gy
Woee o b gladds Ve Lol culled 5 9 ady 3 o 0 Cepo b
Jhe 30 4ady > o 0 Gy b 0,5 S0 4dBd Vo 5 4dBd D yie
ot 9 93,8 (yp ATL by Jsho 32)5 b Gl ol p (Ao
P g 5y Gl cage bl 4 hwgle ©d L (59 w3

Copyright ©The authors

SI-SUD)S SIET s (olsnied 53 (s (63l Slllae o)y Ko 5 s o

Py eesi Ad) (gilan cpyped a5 A5 o3l i cpols adlles jo
oW izmed a3 o idlS MCA-L2 by (s slo e
x> 9 0jg (Job (g «silon (mped Aiin GRS bl > 4B 03l
S =509 09,5 b duslile )3 (2 yei= 5095 09,5 (Sl sB9e 53 y9058
39555 0139 9 8 g b 03l (LSl ialS g2 g BB yobo &

2 Job (g 53 s bline Cplis a5 3l (Lt pob g sl
S =905 09)5 > Jb (g 9 3,0 3929 addllas 09,5 93 (e
SRSy b Sy o8 c8b GlEl (wey JB 4k
L& sl JymS 09)5 b dualiio )3 (o pe8 (sladiges 3 Spotuns
Culld 51853 09 olpen (3305 09)5 53 Jloibo (g Jloliae (yialS
D9 & ey ajle (355 () 4 ol Slassly p Sl
b o 3153 52 559 dete Sl g S g5l ol Sli el S ol e
Sl pials” sl 5l (8559 sl (g Nz g 0k sl Gl
e b ol 8 i85 ol oy e 9 ey 53 Wlgie
Gub 3 U059 9 Cunl baye y9e95 Ay 5 S ) 15, il
Ol ol 3 o> oS S plgis @ Sl oo plelis
P Fee Jele glsis & (o35)5 Slayed Sl ojgpel YY) A3k s
b G Olyped 900 3k (e el lagsslow I xSt
Slojg (i bl gle (ala) g (ol s Cogii L lawgio 0
1> iy by dle 51 el G ilow oy 5l 6Ky 5
Sl 8l g (Bl S b (a2 eyd il sl (b))
2 Jelse cnl 5l phS 2 a5 bl Jlog0 o0 il 2> b (goltanges
2 ool ity )y Cloyes s 8 Gy gk
SFse UM (izpe (58559 Sl yed (FF) 3, Glb s gt
ol 5 9 Sl s (Sl oot Son Sl spfl 2
5 oyl Talo 128l o bl o ) Siimgy ded Loy 4S5

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2023.28273.1543

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/10.22049/JAHSSP.2023.28273.1543

a0

TNF- wile ledlbe slacnS st slee L ISPARC gy 0]
S u:»ll;él 5y b gy Sl deas als GIL-1B § a
o) i 3,Sas ool 4 ¥ M2 4" ML by Sl Cusgid
uLe(JI "\“"‘9”@ l.lbu.‘.{yLo ‘L)’i‘ » bsM.C (\cf’) .LUSL;Q K8
3 JAK/STAT 4 NF-KB aile ol ppus o)k 51 |y Satges
gl g pudgplio «olpdl p (Kon & 08 Joad” AMPK
byl ss 4 Cunl Sao WapuasSo ol (FY) )ls 385 o)
dLQ(JI s, Sl uLJblf 5 shas oy u..ol)sl O o odaliie
Q@ s g 4350 cpl sbadl (ggemme ) S KaST JED)S j0
it SNl 859 slaasky b (SgSe I L S
a8l S o S o S 5 gl gldlawly iE 5 Clpgdl
Ol ) 45 ()55 e S gl sl i 350 (i Clisios
085S s 350 40 039 A ¢ S90y9n plaw Cuwl ol 03l lis
Ol Fl Jge whe Jole Gl 4 85 5k 4 «Cwl ER (g5
{FF FA) cosl oad aislid iy oy Jl spSole > ()5
Pl S olgd lipl 3 1y e (odal o3 Shos (59 500
Ll jl (B p ad g s pdided Gl 4 Cusl (Ko &5 An3
@ 9098 Syl g £y imed 5 (el 395 Sl (e
4l uM.Q» ul.\.wsf 9 u\.\m ‘(.5)"“’9‘”] ;uh.mg 6[.&)709; )0 o};s
5ol Limgs 5o ol odliul Jolu 03y &5 losl 51 (%
L_Sii .b]})go Cuwl MC4-L2 u)s).\.ml bJ})Af 4 M‘
Oy Jao (nl 13 y9095 w2 (RS 1> (355

09/5 » L;..’.9 0dg8 ua.>L.: sl u
sl (gblae Liuliél Jus—,

Sl o &8, dpn &S ol
b silgr Ll yo
Sormle g o 94y p 5L
cge Vil Jolo 5 & Sujsle
4 oplpls (FAFR) cunl 9 0l odnlie il s
039 9 B 0395 padli lolias POl 3G 50 oy oo Y5

b Bl & (1)S)ls g9y ndllen (jy9 SS9y oL > B8
9 8 Siddgesy (ol acumgne sl g ADy 83U g (ped
Sgleid (g mle
Slp oS s bole (uyiage B9 b &S X3S )l

Oy Olalllas g 0310 Cows Wlgs o

eyt S3lgm Ol ped 4 by )3 (b p (59098590 9 Sk ()59 o bS] oy

5 55 (TA) 2ilior guuon ol dallas S b 48 3900 9058
03y J Gl 9055 Jol> slayge a5 wisly (L3 (VYY) (S
ol GRS 3 (355 iyl 9 Hiad (Jogilil o> AT Jsl
25285 02> HilS 53 Lol Wl oo guuan pl> 35 L 45 g0 50
ol Lo slaasl aul )3 (Y10) o )an 5 (o (YY) 397 gunols
90909 ook 32)55 5l I8 (o859 (pped e (oD 45 Sileold
Sogilel 9055 sk B0)5 5l o (Bipg (T atie ¥
6 ol o) e S5 (YA) dmd e ialS |y C26 49055 51 ot
w3 e Bl e yob 4 ¢ I b JBegilenl (255
(Yo¥+) ohlSan 5 ool ool adliao B puvonl _Juuﬂ L (Y-

«$r905 sl 32,5 §

4>)§| WD un.blf u))oJ—)?ny 09; Jel BALB/c dlﬁw&o
25 211 oS ool 4Bl IR 005 05,5 0 o 513
3l 3939 grlads g )b Cibllas Hlaw g Wl Sllgs 5o
y Ol Gy Cdpiin g o S5 551 ol Sl o
b (St by ol (S (Jl ol L (V) oo i
P Ol (FY) WS o Hleid 1) SO g i Sl D50y
olye 59y » Silete SISl Nlg oo (5551 8Ly 5 5l By
M )5 QL’ 5 L;Lul >,§.L,.c Lmo,o)yz e )'l Lk awsly uolou
o 3 55 e i it |y oty ) S & Seil
b lasye Jolse cpl (omsd Custl paseis gl pols Gimgh o5
Slodl & bl sl osis (Sl iy by Syl )3 B39
Jole S lsie 4 on Gig LRl A 1 45 S e SeS 39290
OSen ;500 bl (gleuunslSo il 2015 SaS” Sl o o oz
lyilas )8 o)Ll ol pS golo e 5 yd (Sl alde (il & Cawl
UL-10 UL-6 s5bo) bapSasle aly j3 (¥0) %)l ol o

5

N

A

q

\

. Macrophage M1

. Macrophage M2

. Nuclear factor NF-kappa-B

. JAK/STAT pathway

. AMP-activated protein kinase

Copyright ©The authors

\

Y

v

o

. Interleukin 6

. Interleukin 10

. Secreted Protein and Rich in Cysteine
. Tumor Necrosis Factor Alpha

. Interleukin 1 beta

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2023.28273.1543

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/10.22049/JAHSSP.2023.28273.1543

L3l glgee 9098w il Llite 5 Siratgr Sl g Jlobo
4 iy loglbys > Bl Sl oo o859 plaie Sl el dge3
il ansl (Sleyd i 5yl 05 S

& 25 o

ogdlly Sloy> ll 5,50 )3 (gaieds)l i pol> adlllas cculys
9095 039 9 02> b Gl ol (ley> 53 (gjlgm i e
w0 Sl s i LS G lpie 4 Job 0
i liiel (gl pde Glids Coanl el Cunty IS a3 e

&) S

5 5 b gloj Gde gy 5 Sladl Gladises > loadly ()
S o obl 8 Sl p lilews (sl 1) blje o pidiy &8 (559 Aise
0855 e ) bl o] Clidos ol g ogdle S o dius
J33 88> Jsge sl pnn (b Elgil g slons (63,8 s Shs
59528 5 il 9 03,8 59y 1y 59 31 (8 Sl s
S )y (Sl Ghlew ly (S8 pleyd S lgie )
(12,38 9 S

sl g)8ea piagh cnl lpl )3 oS SluS &S 5l abwgi,
Dyde (S12)15 g Sl

Sl o] Ll ) Lliie @b gus @lie

evaluation of the WHQO's recommendation b3
on 126 high-quality epidemiological studies. B
Sports Med. (2016) 50:37 0.1136/bjsports-

5. Maruti D, Rosner
B, Coldi age-
specific phy

6. Wennerberg E, L
Dannenberg K, Rudqvist Koelwyn GJ, Jones
LW, Demaria S. ExefCise reduces immune
suppression and breast cancer progression in a
preclinical model. Oncotarget. 2020 Jan
28;11(4):452.

7. Moore SC, Lee IM, Weiderpass E, Campbell
PT, Sampson JN, Kitahara CM, Keadle SK,
Arem H, De Gonzalez AB, Hartge P, Adami HO.
Association of leisure-time physical activity with
risk of 26 types of cancer in 1.44 million adults.

, Rybstein MD,

Copyright ©The authors

SI-SUD)S SIET s (olsnied 53 (s (63l Slllae o)y Ko 5 s o

UBirg @b (S jeb il (b)) 5l (U (GaSls S esalie
ey gl (2lipges8 csilor cud )b Sl dopy Vel i
I peS ©ad b (biy9 4 byrpe Sl (B oS Jb p> S (0
P ORIB e s il ma slse cud)l e sy YO
S b 03) eSS ulpl (B1) W3 L 1) (2ljy9095
VOumax 7Y+ T 5 ol g3y 5o oolisl 3,90 ofo5 g5 S
121y Ubiys deie 5148 _olmadly b a8 8 sll el S, (ol
$103,S" (5155 by (2j)9095
ol Mass ) (sl S5 L
simia s o] Clidios )

o olaie Glojed ol Gimeh bt wlel
Sg0 Jdo > Jldb (y5s el g jaeg8 pox> Bl )5 (5530
3| e Cogii a5 bl g asl a4zl BALB/C

B ol & dag b g b e ygeg L) 5l s pS ol gl Slep

Reference

1. American Cancer Society. Cancer facts &
figures. The Society; 2008.

Chan DSM, Abar L, Cariolou M, Nanu N,
reenwood DC, Bandera EV, et al. World Cancer
Research Fund International: Continuous Update
Project-systematic literature review and meta-
analysis of observational cohort studies on
physical activity, sedentary behavior, adiposity,
and weight change and breast cancer risk. Cancer
Causes  Control. (2019)  30:1183-200.
10.1007/s10552-019-01223-w

3. Rezende LFM, Sa TH, Markozannes G, Rey-
Lopez JP, Lee IM, Tsilidis KK, et al. Physical
activity and cancer: an umbrella review of the
literature including 22 major anatomical sites and
770 000 cancer cases. Br J Sports Med. (2018)
52:826-33. 10.1136/bjsports-2017-098391

4. LiuL,ShiY,LiT,QinQ, YinJ,Pang S, et al.
Leisure time physical activity and cancer risk:

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2023.28273.1543

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/10.22049/JAHSSP.2023.28273.1543

WO

17.Bowdler AJ. The complete spleen: structure,
function, and clinical disorders: Springer Science
& Business Media; 2001.

18.Wen SW, Everitt SJ, Bedo6 J, Chabrot M, Ball
DL, Solomon B, et al. Spleen volume variation in
patients with locally advanced non-small cell
lung cancer receiving platinum-based chemo-
radiotherapy. PloS one. 2015;10(11):e0142608.
19.Roberts J, Wisbey M, Leach K, Baum M.
Proceedings: Spleen size in patients with breast
cancer. British ~ Journal of  Cancer.
1975;31(2):262.

20.Coussens LM, Werb Z. Inflammation and
cancer. Nature. 2002;420(6917):860-7.

21. Nissinen TA, Hentild J, Penna F, Lampinen
A, Lautaoja JH, Fachada V, Holopainen T, Ritvos
O, Kiveld R, Hulmi JJ. Treating cachexia using
soluble ACVR2B improves survival, alters
mTOR localization, and attenuates liver and
spleen responses. Journal of cachexia, sarcopenia
and muscle. 2018 Jun;9(3):514-29.

22. Furrer R, Jauch AJ, Nageswara Rao T, Dilbaz
S, Rhein P, Steurer SA, Recher M, Skoda RC,
Handschin C. Remodeling of metabolis
inflammation by exercise ameliorates, t
associated anemia. Science Advances. 202
8;7(37):eabi4852.

23.Sun S, Ma S, Cai Y, Wang S, Ren J, Yang
Ping J, Wang X, Zhang Y, Yan H, Li W. Asing|
i ise-induced anti-

GH,
Lauenborg RH,
Johannesen HH; dersen KS,

Dethlefsen C, Ni
suppresses tumor gro
and IL-6-dependent N
redistribution. Cell
8;23(3):554-62.

25. Turbitt WJ, Xu Y, Sosnoski DM, Collins SD,
Meng H, Mastro AM, Rogers CJ. Physical
activity plus energy restriction prevents 4T1. 2
mammary  tumor  progression, MDSC
accumulation, and an immunosuppressive tumor
microenvironment. Cancer Prevention Research.
2019 Aug 1;12(8):493-506.

26. Tobias GC, Gomes JL, Fernandes LG,

ntary running
ugh epinephrine-
Il mobilization and
tabolism. 2016 Mar

Copyright ©The authors

eyt S3lgm Ol ped 4 by )3 (b p (59098590 9 Sk ()59 o bS] oy

JAMA internal medicine. 2016 Jun 1;176(6):816-
25.

8. Hildebrand JS, Gapstur SM, Campbell PT,
Gaudet MM, Patel AV. Recreational physical
activity and leisure-time sitting in relation to
postmenopausal breast cancer risk. Cancer
Epidemiol Biomarkers Prev. (2013) 22:1906-12.
10.1158/1055-9965.EPI-13-0407

9. Nguyen HT, Dupont LN, Cuttaz EA, Jean AM,
Trouillon R, Gijs MA. Breast cancer HER2
analysis by extra-short j ation microfluidics-
assisted fluorescencg” in situ hybridization
(ESIMA FISH). Mi Engineering.
2018;189:33-8,

) g S, Kong G, Li Z
ation between cellular immune response

in mice with hepatocellular

v 14;39(5):806-18.

.#Mabuchi S, Matsumoto Y, Kawano M,
Minami K, Seo Y, Sasano T, Takahashi R,
Kuroda H, Hisamatsu T, Kakigano A, Hayashi
M. Uterine cervical cancer displaying tumor-
related leukocytosis: a distinct clinical entity with
adioresistant feature. JNCI: Journal of the
National ~ Cancer Institute. 2014  Jun
19;106(7):djul47.

14. Ravindranathan S, Nguyen KG, Kurtz SL,
Frazier HN, Smith SG, Koppolu BP, Rajaram N,
Zaharoff DA. Tumor-derived granulocyte
colony-stimulating factor diminishes efficacy of
breast tumor cell vaccines. Breast Cancer
Research. 2018 Oct 22;20(1):126.

15.Ugel S, Peranzoni E, Desantis G, Chioda M,
Walter S, Weinschenk T, et al. Immune tolerance
to tumor antigens occurs in a specialized
environment of the spleen. Cell reports.
2012;2(3):628-39.

16.Marvel D, Gabrilovich DI. Myeloid-derived
suppressor cells in the tumor microenvironment:
expect the unexpected. The Journal of clinical
investigation. 2015;125(9):3356-64.

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2023.28273.1543

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/10.22049/JAHSSP.2023.28273.1543

WY O

by aerobic training in breast cancer patients
receiving neoadjuvant chemotherapy. Cancer
Prevention Research. 2013;6(9):925-37.

35.Mehl KA, Davis JM, Clements JM, Berger
FG, Pena MM, Carson JA. Decreased intestinal
polyp multiplicity is related to exercise mode and
gender in Apc Min/+ mice. Journal of applied
physiology. 2005;98(6):2219-25.

36. Shirvani H, Bazgir B, Rahimi M, Isanejad A,
Samadi M, Sobhani V, Alizadeh AM, Arabzadeh
E. Therapeutic and preventive effects of exercise
training on metabolic regulators/markers in
mouse colorectal cancer cells. Sport Sciences for
Health. 2022 Jun;18(2):463-71.

37. Melo L, Hagar A. How to train a mouse-
methodological issues in pre-clinical exercise
oncology. American Journal of Cancer Research.
2019 Jun 1;9(6):1246.

38. Kwon H, Han H, Oh Y, Kim Y, Kim JH. Anti-
cancer effects of genistein supplementation and
moderate-intensity exercise in high-fat diet-
induced breast cancer via regulation of
inflammation and adipose tissue metabolisi
vivo and in vitro. BMC Complemg
Medicine and Therapies. 2025 Jul 2;25:2283
39. Pin F, Busquets S, Toledo M, Camp
Lopez-Soriano FJ, Costelli P, Argilés JM, PE
F. Combination of exercise training a
erythropoietin prevents ¢ induced muscle

rcinoma, without
cachexia. Cancers.

mice bearing ¢26 colo
affecting tumor growth
2020 Aug 17;12(8):2312
41. Buss LA, Ang AD, Hock B, Robinson BA,
Currie MJ, Dachs GU. Effect of post-implant
exercise on tumour growth rate, perfusion and
hypoxia in mice. PloS one. 2020 Mar
18;15(3):e0229290.

42.1brahim EM, Al-Homaidh A. Physical activity
and survival after breast cancer diagnosis: meta-
analysis of published studies. Medical oncology.

Copyright ©The authors

SI-SUD)S SIET s (olsnied 53 (s (63l Slllae o)y Ko 5 s o

Voltarelli VA, de Almeida NR, Jannig PR, de
Souza RW, Negrao CE, Oliveira EM, Chammas
R, Alves CR. Aerobic exercise training mitigates
tumor growth and cancer-induced splenomegaly
through modulation of non-platelet platelet factor
4 expression. Scientific reports. 2023 Dec
11;13(1):21970.

27.Qin B, Gui J, He Z, Xie L, Feng S, Ye J, Sun
X, Sang M. Exercise training promotes the
immune cytotoxicity to nce the inhibition of
Doxorubicin in a Bre
28.Khori V, Shalamzafi
AM, Allzadeh

. Effects of
moxifen in
n in mice:
of miR-21.
pharmacology.

<001¢ R, Aminaie M. Exercise-
n tumour LDH-B and MCT1

Journal of physiology.
30.Jones LW, Viglianti BL, Tashjian JA,
Kothadia SM, Keir ST, Freedland SJ, et al. Effect
of aerobic exercise on tumor physiology in an
animal model of human breast cancer. Journal of
applied physiology. 2010;108(2):343-8.

3¢ Murphy EA, Davis JM, Barrilleaux T,
cClellan J, Steiner J, Carmichael M, et al.
Benefits of exercise training on breast cancer
progression and inflammation in C3 (1) SV40Tag
mice. Cytokine. 2011;55(2):274-9.

32.Liu M, Jin X, He X, Pan L, Zhang X, Zhao Y.
Macrophages support splenic erythropoiesis in
4T1  tumor-bearing mice. PloS  one.
2015;10(3):e0121921.

33.Ugel S, Peranzoni E, Desantis G, Chioda M,
Walter S, Weinschenk T, et al. Immune tolerance
to tumor antigens occurs in a specialized
environment of the spleen. Cell reports.
2012;2(3):628-39.

34.Jones LW, Fels DR, West M, Allen JD,
Broadwater G, Barry WT, et al. Modulation of
circulating angiogenic factors and tumor biology

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2023.28273.1543

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/10.22049/JAHSSP.2023.28273.1543

W o

Copyright ©The authors

eyt S3lgm Ol ped 4 by )3 (b p (59098590 9 Sk ()59 o bS] oy

2011;28(3):753-65.

43.Ferreira AM, Westers H, Albergaria A, Seruca
R, Hofstra RM. Estrogens, MSI and Lynch
syndrome-associated tumors. Biochimica et
Biophysica Acta (BBA)-Reviews on Cancer.
2009;1796(2):194-200.

44 .Santen R, Cavalieri E, Rogan E, Russo J,
Guttenplan J, Ingle J, et al. Estrogen mediation of
breast tumor formation involves estrogen
receptor-dependent, as well as independent,
genotoxic effects. An of the New York
Academy of Sciences$2009;1155(1):132-40.

45, Sharifi-Rad J, Q M, Rauf A,

and health benefits.
cellular longevity.

, Cheng L, Hu P, Liu R. The
of genistein is increased in
beta 1- posmve breast cancer

Biol. 2020;8:33.
48.Fernandes T, Baraina VG, Negrdo CE,
Phillips MI, Oliveira EM. Aerobic exercise
training  promotes  physiological cardiac
odeling involving a set of microRNAs.
American Journal of Physiology-Heart and
Circulatory Physiology. 2015;309(4):H543-H52.
49.Lee I-M. Physical activity and cancer
prevention--data from epidemiologic studies.
Medicine and science in sports and exercise.
2003;35(11):1823-7.

50. Thompson HJ, Zhu Z, Jiang W. Weight
control and breast cancer prevention: are the
effects of reduced energy intake equivalent to
those of increased energy expenditure? The
Journal of nutrition. 2004;134(12):3407S-11S.

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2023.28273.1543

