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Abstract : Linoleic acid (LA) has been reported to have potential in selecting non-proliferative cancer stem
cells. We studied the effects of linoleic acid on the anti-tumor effect of 5-fluorouracil (5-FU). Examining the
5-FU sensitivity in mouse lung cancer cell line LL2, and mouse colorectal cancer cell lines CT26 and CMT93,
CMT93 showed low sensitivity. The increased growth inhibitory effects in CT26, CMT93, and LL2 were 2.5-
, 14-, and 2.6-times, respectively, on concurrent treatment with LA at an apoptosis-inducing concentration
and 5-FU at a concentration of IC50. On examining aldehyde dehydrogenase (ALDH) activity based on
changes in the cancer stem cells in this case, it was found to have increased 1.7- to 3.2-fold in response to
concurrent treatment with 5-FU and LA in the 3 cell lines. Further, the expression of nucleostemin, a stem
cell marker, showed almost no change between simultaneous treatment with 5-FU and LA, and treatment
with LA alone. When used in conjunction, LA appears to be enhancing the 5-FU sensitivity of cancer cells;
however, it may increase the survival of cancer stem cells. These results suggest that the content of the

diet during chemotherapy is critical in optimizing the host’s condition.
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MR 3% 28 1 10%FBS (7 ¥ R B, fetal bovine
serum, FBS, Sigma Chemical Co., St. Louis, MO,
USA) B & U 2% Penicillin-Streptomycin Solution
%% D-MEM T 37C. 5% CO2 F TH# L 7= CT26
(= A KW ME k. Dr. Fidler [MD Anderson
Cancer Center] 2*54t5) 8 X TCMTI3 (=7 X
KRR, LL2 (=7 Ak, wind
DS Pharmabiomedical, Osaka, Japan) & 3fE¥H o
MRk 2 L7z

R¥ ) ) — VBB X 5FU X Sigma 20 5 A
L. #NFN100% % /J—)v, Phosphate buffered
saline (PBS, Sigma) THMULMEH L7z T2 7
bS5 VU Y AALA W [3- (4,5-dimethylthiazol-2-yl)
-5- (3-carboxymethoxyphenyl) -2- (4-sulfophenyl)
-2H-tetrazolium, inner salt (MTS) # 3 (CellTiter
96 AQueous One Solution Reagent, Promega
Biosciences, Inc. San Louis Obispo, CA, USA),
ALDEFLUOR Kit (Veritas, Tokyo, Japan) %A L
R L7,

MTS assay : ) / —)VI& - 5-FU A LE O EER T
E, 24-well 7V — MIT, @BH BT CT26 Mk -
LL2 #ifa (2 x 10* cells/well) . 3 & 0F CMT93 Mif (3
x 10" cells/well) Z#& &, 24 BffRICY / —VilkB
L5 FU &M A 720 24 RERIERIC 20% MTS X3 %

A 1 K74 492nm CTHROGEE & EHII L 72,

Y = VERBTALE O EERTIE, 25cm ¥ v — LT
WM X ) CT26. LL2, CMT93 O &Ml % 24 W
MR LY 2 —VER (50ug /mL) % 24 RERALE L7z,
ZDH, 2well 7L — MK MMA (7 x 10* cells/
ml) &, 6 REHEHIC5-FU M L7, 24 R #2
1220% MTS 2Nz, 1K E % 492nm THOLE
2R L7z,

Western blot ¥ : 32k < 5 v 2, CT26 il i 1%
lysate buffer (50 mM Tris-HCl pH7.5, 5mM EDTA,
1ImM EGTA, 2% SDS, 10g /mL leupeptin, 50 xg /mL
PMSF) 12T 10 ¥l & 0 m#hiimi L7z ki
(30 pg) % 125% SDSPAGE X CEAKB L. = b
Tl a— R EICERWICES Lz = haklu—
A M1k, ¥T Lin28 $it #& (Proteintech Inc.,, Chicago,
IL, USA). #T nanog ¥ 4 (Biorbyt, San Francisco,
CA, USA). B & U ¥ c-Myc # #& (Santa-Cruz
Biotechnology Inc., Santa-Cruz, CA, USA) 12k 9 % ¥
2N FHE MM L7z #HIid ECL (GE Healthcare,
Pittsburgh, PA, USA) % vz,

Reverse transcription-polymerase chain reaction
(RT-PCR) : Trizol (Molecular Research Center Inc,
Cincinnati, OH, USA) % F\#ifid & ) RNA % ¥
BE L. 5%7F DNA % B%E§ 5 72 % DNase LB %17 o
72 High Capacity ¢cDNA Reverse Transcription
Kit (Applied Biosystems, Rockville, MD, USA) %
FWT, RNA & (2ug) %5 cDNA &L, bz
cDNA iZ Table 1. {250 L 7> primer set # F\W T &&=
THERBEIELzo PCREY G ul) FTFVvyarua<A

Upper primer

Lower primer

CD133 5’- GGAAAAGTTGCTCTGCGAAC -3 5’- TCTCAAGCTGAAAAGCAGCA -3’

NS 5’- ATGTGGGGAAAAGCAGTGTC -3’ 5’- TGGGGGAGTTACAAGGTGAG -3’

GAPDH  5’- TGTGTCCGTCGTGGATCTGA -3°  5’- TTGCTGTTGAAGTCGCAGGAG -3’

Table 1. The primer sequences used for RT-PCR analysis.
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Aldehyde dehydrogenase assay : il & & (&
ALDEFLUOR F v b Z H\ 720 96-well 7L — MIZ#
FEHC X0 S (5000 cells/well) % 3% &, 24
M) 2 —VEEB X O 5-FU & il 2 720 24 W[ 1%
12X b % B % L. Assay Buffer - Activated Buffer
A % I Z 40 43 WL 3 L 7z, Negative control &
L T aldehyde dehydrogenase inhibitor T & 5
diethylaminobenzaldehyde (DEAB) % bl 2 7z iR & i
% 720 2 DF#.,325 nm TREH O BOGIRE 2 FHI L 72,

FRAMLEL : TnStat30 ¥ 7 + 7 =7 (Graphpad.com,
La Jolla, CA, USA) 2 X 1 two-tailed Mann-Whitney
U BEZAT, PE2Y 005 KiOLGEICHEEDD
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L7225 5FU B L7256 ) /2 — Vg - 5FU
RO LA 2 KT 2 L. WINOREIC
BWTH Y —VERIZ X ) BB AR L7 (Fig.
1A). LL2AIIEH X O CMTI3 s TH ., V) J — V-
5-FU O [A] R LEIC X ) 5-FU o B Rl gk L <
w7z (Fig. 1B-C).
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Fig. 1. Effect of linoleic acid on 5-FU cytotoxicity.
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CT26 (A), LL2 (B) and CMT93 (C) cells were treated with linoleic acid (LA) (200¢g /mL or 50

g /mL) and 5-FU (1yg /mL or 2u4g /mL) for 24 hrs. Error bars, SD.
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Fig.2. Effect of linoleic acid pretreatment on 5-FU
cytotoxicity in cancer cells.

CT26 (A), LL2 (B) and CMT93 (C) cells were pretreated
with linoleic acid (LA) (50 xg /mL) for 24 hrs. After that, the
cells were treated with 5-FU (1 xg /mL) for 6 hrs (*P < 0.05).
Error bars, SD.
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Fig.3. Effect of linoleic acid on expression of ES-associated
genes in CT26 cells.
None; untreated cells. LA; cells treated with linoleic acid (LA).
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Fig4. Effect of linoleic acid on expression of CD133 and
nucleostemin in 5-FU-treated cancer cells.

(A, C) The expression of CD133 and nucleostemine (NS)
are a cancer stem cell marker when treated with linoleic
acid (50 wg /mL) and 5-FU (1 gg /mL, 2 g /mL). (B,D) Gene
expressions quantified based on the representative results. C:
untreated cells, F: cells treated with 5-FU, LA: cells treated
with linoleic acid. LF or L+F: cells treated with linoleic acid
and 5-FU.P < 0.05. Error bars, SD.

5-FU @ [ K LEE ¢, 5-FU W) /2 — Vo CD133
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Figh. Effect of linoleic acid on ALDH activity in cancer cells.

CT26 (A) and LL2 (B) cells were treated with linoleic acid (LA) (50 xg /mL) and 5-FU (1 xg /mL). CMT93 (C)
cells were treated with linoleic acid (LA) (50 xg /mL) and 5-FU (2 xg /mL). (D) From the results indicated in
the panels A-C, ALDH activity in the three cells were compensated by DEAB. (E) Mean of results of the

three cell lines. Error bars, SD.
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