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Effect of Glucose Loading on Cancer Growth and Skeletal Muscle Atrophy
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Abstract : Skeletal muscle volume is reported to be associated with prognosis of cancer patients.
Maintenance of skeletal muscle is an essential issue in cancer treatment. Glucose metabolism
plays a pivotal role in maintaining skeletal muscle; however, cancer cells also require glucose
as a main energy source. We here examined the effect of glucose loading on tumor growth
and muscle maintenance using a mouse subcutaneous tumor model. CT26 murine colon cancer
cells were inoculated into the subcutaneous tissues in syngenetic BALB/c mice, which were
treated with water, 10% glucose or 50% glucose by free drinking for 2 weeks. Blood sugar was
not different among the groups. Tumor sizes were larger in the glucose-treated groups than
those in the control group. Protein content in the muscle was not different among the groups,
whereas the levels of SDS-soluble myosin light chain 1 protein were higher in the glucose-
treated groups than those in the control group. These findings suggest that glucose loading
enhances muscle differentiation as significant as tumor growth.
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W, HAAT T A DAL IR L BRIV IEOM
MARTIENRESRTRS Y. ThOOMED D,
MRABEICBT 5 BHMHEOMER - 1 11X QOL Hk:
OETHHICEELLEZ OND. BETIERLR
SR D BABE B D IBEORIL, PidA
A, RELAROYE, WHHER Lo 0EE) )5
BEATVEY ZORTHLHEEOBEMSHMEOL
AINVE-RFCERT DL, EHEBEHTVTRD
WEEZFERIANVF—RLTHILPHEINTVS
O MR ORIRAES SRR R A 5 X 5 W REE
PHESNTWDDS, FRHICER L, HEmIINS
BRI E THRE Ll IEZ Ly, I E R
BRHOT ANV HEL, FEEenEs s
REDEZONS. 20D, ABETIE, EEORK
REBRBEMOBBRERAMNTIEZENE LT, B
BAMEPHEBATY AT VAT, B L B
OB R L7z,

MHERE

FEERTYY) : 4 B BALB/c ik~ 2 (HA SLC,
FiiE) 16 DT, 2 EMEFEEE 0%, 6Bk Y EBRE
BAR L 7.

CT26 MBI T 5~ RET N : EERE)Y & [
F D BALB/c ¥ 7 A HISk KMtk CT26 % 3 H
L7z, CT26#filai%, 10% fetal bovine serum (FBS;
Sigma Chemical Co., St. Louis, MO, USA)$ £ U 2%
penicillin-streptomycin (Sigma) & #& Dulbecco's
modified Eagle medium (D-MEM; FIGHISE, KBK)
T37C, 5% CO, TTHe#E L7z, Bragsks, WwH L
phosphate buffered saline (PBS) <1 x 10" / 0.2 mL
OREIIEHL, vy AOTHMOE TICHE L. #
SREBHIRO 04V 7V T VI X ) R ARRE:Z
To7z.

PEART : BEAMICBILTIE, HH#oKIC TRk E 3
5 L7221 50% 7 Kool ORRESE, i) 274
W& —KTHMRL, Glucose (Gle) #EEAT0%, 10%,
50% 127 % & 9 VERL L7z

BEOVF « APHRBE L CT26 BEICHMT, & O THERER
WCHE T 2T o 72, R, XPEREE 3T, 10% Gle B
2VE, 50% Glc # 2 Jt, CT26 # 3L, CT26 + 10%
Glc # 3 PL, CT26 + 50% Glc #F3PL L7-.

EBREFICB T 2 FERE - R, RHIETORT
—Ee L, L CEEREFI TR RREL L.
FHEE DITHAKD RHERERNCEE L7z, SRS 2
R, RENE L MENEDORE, 1V INVT YBA
e, BMEBECTRERE Lz, BELHBBL, B
BRF L7z, AR TR OKRBEMER bl L7222,
T3 BRI A B LT 22 ia I ol & ik
FHCCTEIB LRI L 72, F-BRIORE, Ml
HEUSTRE L7z, KBR300 E & %
L7z BREUL 7-JE%y & RBRIUBE X, —80C THKS
REFEL 7=

& vy gl —80C THMRIF & AT o o KR
WEEH & /N> < —TH# L, PBS THE, 512
QSONICA (HMEBHFWRAEIFAYF— Trr¥—
T, R T X BBERMLTE (3B /10
BwH) 247w, )Ly MRICLZZ )Ly MRS
T B ARBEMBER 3 LT 40 mg $OMERL 72,
% v 737 B 1213 Radioimmunoprecipitation buffer
(RTPA buffer; #1 & #fi 3£ ; 50mM Tris-HCI [pH8.0],
150mM sodium chloride, 0.5% sodium deoxycholate,
0.1% sodium dodecyl sulfate, 1.0% NP-40, 2 mM
PMSF, 1% protease cocktail) % i ] L 72. Myosin
light chain 1 (MYL1) &, NP-40 ® & T I heavy
chain 2* & 738 - WEILTE RV, 01% SDS 18
TTrmEilkshs Y Funty—orsaban
WZHEvy, ¥V 7V 40 mg % RIPA buffer 1 mL 12X D
voltex TH/CEE L, 4CICT 15 HEEZ 1T 7.
ZD%, 4CT15 5 MomEL (EEE 10,000 x g) %
v, Z o0 LiE% whole cell lysate ¥ ¥ 7S E ¥ LT
FIH L7

ELISA ¥ : B#MICB T 2 I+ ¥ v EEZFHIT
% 7z & MYL1 ELISA % v I (Cusabio Bioscience,
Wuhan China) 2 7084 #—O 71 b 2 VIZHEWH
W7z, Standard 2 HMREEEZER L, MYLL RE%
"ML 7
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FEMINC & 2 HiiE Wilcoxon Mo % Fivy, MU & I
Brat B8 L Tid Spearman O AR A B4R 5 % v 72,
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%7 ADKE, FEERGE, MBEME: AR #oK
B, MEECEHRICEREZEIRD ONLh oot
(Table 1.). FEKHKRIHBHRCFEEIRD SN
B o725, ZWEINICH o7z 10% & 50% DFEK
RIS A L, WIBE T 50% HARDHKENZ D o
72 (P<005). CT26#Tld 50% ML WEIA R
L7z, MBHEIE TR COFTIEFHBENTH - 7.
CT26 B TIIHEK OFEREE DT IE EMEAEA - 72
(P <005). HREIXCT26HOIHTHBEHEIELY
LR LTV AR SNz,

BHER: BERCAEEREZIZOONEVH OO,

JEZEEIE 10% - 50% i A £ 1 0 2 FE T s W BT A5 R
L. FERMRE L FFEMREO 2 BT TR
LERANBHCEEFEIAEICHARLCED LN
(Table 2.).

EHIT, EEFE ML CT26 o~y A THIEL
72, FORERE, Fig 10X ) \CHLHEHE & BRI
HEZER L7 (r=—05345P < 0.05).

FRHBEROEL  BRHEERICEL L, &£
HHEICARZIRAD SN h o7z (Table 3). L
L, MIEHO3IHE CT26 0 3B THELZIT) &,
CT26 HTHBEIRI LTz (P <005). —JF, &
REECIIHERMNIC X ) HEEBIINT 2 @D 5
ni.

Table 1. Glucose water intake and blood sugar levels of the control group and the CT26 mouse group.

Control CT26 tumor P*
Gle (%) 0 10 50 0 10 50
Glucose drink — 8.6 20.5 bt 12.3 15.1 n.s.
(mL/day/mouse)
Blood sugar** 141+7 128 +£0 116 £4 164 + 35 14245 129 +22 n.s.
(mg/dL)
Body weight** 23.1+0 229+1 23.7+2 242+0 244+1 2411 n.s.
g

*Statistical difference is calculated by Steel-Dwass test for two groups and by ordinary ANOVA for three groups.

The significance level was set at < 0.05.
*Average = SD.

Table 2. Effects of glucose drink on tumor growth of

CT26 mice.
Glucose n  Tumor diameter (mm) PE
0 3 T+4
10% 3 20+ 8
50% 3 18+7 NS
© 3 74
) 6 19+7 <0.05

Diameter of CT26 tumor is measured 2 weeks after
inoculation. Error bar, S.D.

*Statistical difference is calculated by Steel-Dwass test
(< 0.05).
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Fig.l. Inverse correlation between tumor growth and blood
sugar in CT26 mice.

Diameter of CT26 tumor is compared with blood sugar in
each mouse. Statistical difference is calculated by Pearson’s
correlation test.
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Table 3. Effects of glucose drink on muscle weight of BALB/
¢ mice.

Table 4. Effects of glucose concentration on SDS-soluble
MYL1 of Control groups and CT26 groups.

CT26 tumor Glucose n Muscle weight (mg)
@) 0 3 221+ 38

10% 2 258+32

50% 2 243 £30

Average 7 241+ 41%*
® 0 3 185+ 18

10% 3 181+20

50% 3 194+15

Average 9 186 + 16*

Weights of the quadriceps femoris muscles are measured 2
weeks after inoculation. Error bar, S.D. Statistical difference
is calculated by Steel-Dwass test.

*The significance level was set at < 0.05.

BB I LY VBEMBLIREDZEAL  SDS W H
MYLL B, #BREERFo~—I—Laksh
720" BHEHEEEEMICNZ TREE2To72
(Table 4.) . *IREE L CT26 BT, HFAMIRED
CITHEBT B E, Gle 0% & 10%i2BVT CT26 BD
MYL1 & F L Tw (P < 005). L»L, Gl
50% TIEMEICABEEIZHEEL TV —F, R
HOIMEBEERO SHLETNENRKRT S L, W
& THEAT LI AR LT MLY L #EE 2 LT
W7 (P <005).

% =

AlH, bbb M7 o 7-ME T, CT26 ET#5
T AETVIZBWTOHRKIC L 2HEFIL, EEO
BRICHEELS 2, BEMGIFT Y VIR 1 OBNEH
Bg B REMEDSRIE S 7z,

PSSR R VB R LR B % R L 7 R RS
T ANVF B2 (Warburg effect) &5 &
T2 ™ BT RN R % IR LB 53 K % 12
HET 2T LPEZSNID, SHEOMET b AR
TRIFAMHICILR LA BB EOMRIRD 5N
7o FROKIT X B BEBEATIREE L b & o FICAHBIDSTED
SN o fo—T, MEEE L MAEEISMEZ R LT
BY, M7V 3T — 2 DWEE~ORLY A A M I
HEBELZTWHIEREZ NIz Fi, fokick

CT26 tumor ~ Glucose n SDS-soluble myosin light chain 1 (pg/g) PV

&) 0 3 71x1
0% 2 87£2

50% 2 98£2 <0.05

*+) 0 3 41+12
10% 3 72419

50% 3 103+2 <0.05

MYLI1 is measured by ELISA using whole cell lysate

solubilized with RIPA buffer containing 0.1% SDS. Error bar,

SD.

1) Statistical difference is calculated by Steel-Dwass test or
ordinary ANOVA test.

2) Statistical difference is calculated by Steel-Dwass test ( < 0.05).

3) Statistical difference is calculated by Steel-Dwass test ( < 0.05).

BRERATTRE & BB L OBICHBED D Sz do
7ohs, BERIC X BIEHEIC B 2 BRI ERAESE
THWREELEZON, IVEYEEHER LS HBD
FM BRI REE Bbh s,
HAEABWIZ BT B BERH~ORBEIIOWTE, &
KB ERSHESABY THA L TCnlZ b, B8
ABF VAR T HPHRENDERE o2 a8
ALY, SN aR=THELLZEFIZOVTIE, JE
BICLBEET A b IA VLBl — T 7V —
DI, ERRER MRREE 2 &I X 2 HEMIRIZ
PRy (bl

SDS WiE M MYLL iZBiEaRai e & (AT 5 2
EEHObNOIIDENCHER L TBY, I NP40
TVATE MYLL W BGREE S AHBI L e hr o 72, ARAFSRIC
BT, SDS WM MYL1 O#EAE A A B T
TLTWAZ EiE, BRHORLLDITEOEDET
BAELTWR ZEARBEENZ. —TF, WREOBY
OHRELTHNPABWICBENTD, HEMNEICHE
LCMLY1 #BEDHKR Lk HIE, B oM
WEARETHREZRLTWS, BEEEG MY D
70 ~ 80% ® glucose % M5 1H % M DHEFE R BB D 72
IZHUY sAA, ATP EAICHAHT S L &h, MYLL i
ATP OFAICHMET 2 9. £/, ~v AFFEMkE
FT, Glucose I2E O LR EEMILOBEIE & 5
b2 2 L OB|EDL V. BHARICL 251
B OFEBGADMEE S, MYLI 2 E ASHE i B 12 AH
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BLC#EmLAEE: b5hi.

INLORBREY, BWAMICLY, EE BLO
B TORRY AHD, LHITTLEL, EEHEK -
BRGHERERELZEEZONE. ZOZ A
RN D glucose % EH; & B OWEIFEE R TRV
FoRHELT, BEWHAALTwEEEZ LN, JE
55 CORERBIIH & BT OHER: - FECEHEE D PE
M7 BRI B B T RRMEA R S N7z, B G 2 Ml
T 5 Z LATIESINENIC D B W REEARIZ S .
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