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New anti-tumor mechanism of »-3 polyunsaturated fatty acids —
inhibiting Fusobacterium nucleatum adherence to host cells

BAO Qelger' SadiaNawab' FAN Shuxuan® CAOBo? LI Yuxin® TIAN Mingzhen*
ZHANG Shanghao® MAWei'* DENG Zixin

1 Key Laboratory of Microbial Metabolism, School of Life Sciences and Biotechnology, Shanghai Jiao Tong University,
Shanghai 200240, China

2 Zhiyuan College, Shanghai Jiao Tong University, Shanghai 200240, China

3 Shanghai Pinghe School, Shanghai 200000, China

Abstract: [Background] The antitumor mechanism of ®-3 polyunsaturated fatty acids represented by
DHA and EPA has not been fully investigated. [Objective] To explore the relationship among ®-3
polyunsaturated fatty acids, Fusobacterium nucleatum and colorectal cancer. [Methods] After the
suppressive effect of ®-3 polyunsaturated fatty acids (DHA, EPA, ALA) on human colon cancer cell line,
Caco-2, and normal colon epithelium cell line, NCM460, was assayed, we investigated the impact of these
®-3 polyunsaturated fatty acids on F. nucleatum, including growth, adhesive ability to Caco-2 cells, and
the expression of virulence genes such as Fap2, FadA and RadD. [Results] After treated with 30 pg/mL
DHA, EPA or ALA respectively, the growth of Caco-2 cells were suppressed 9.09%, 4.95% and 7.52%
correspondingly, meanwhile the growth of NCM460 cells were suppressed 31.15%, 25.48%, 29.11%, and
only dose-dependent effect was identified. After treated with 30 ng/mL DHA, EPA and ALA for 12 hours,
the adhesive ability of F. nucleatum to Caco-2 cells was inhibited by 81.04% (P=0), 93.63% (P=0) and
68.63% (P=0) respectively, which was consistent with the transcriptive level assay results of FadA, Fap2
in F. nucleatum. The expression of Fap2 was considerably suppressed by 10.22% (P=0.027) after
30 pg/mL DHA treatment; FadA, Fap2 were markedly suppressed by 23.49% (P=0) and 15.09% (P=0.003)
by 30 pg/mL EPA; and for 30 pg/mL ALA treatment, FadA was significantly suppressed by 26.75%
(P=0.012). [Conclusion] Based on our above results and previous reports that DHA, EPA and ALA only
inhibited the growth of F. nucleatum temporally, we proposed that »-3 polyunsaturated fatty acids i-e EPA
and DHA significantly attenuated the adhesive ability of F. nucleatum to host cells via suppressing the
expression of adhesion-related genes such as FadA, Fap2, which made major contribution to their
antitumor activity, rather than inhibiting the growth of tumor cells and F. nucleatum directly. The effects
and mechanisms of ®-3 polyunsaturated fatty acids i-e DHA and EPA on gut bacterium i-e F. nucleatum
that play important roles in the initiation and progression of colorectal tumors deserve further research.

Keywords: -3 polyunsaturated fatty acids, Fusobacterium nucleatum, colorectal cancer, adhesion
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I (F. nucleatum) 5 45 B 7 9 (Colorectal Cancer,
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MR SR Caco-2 AHMERFH T 20%MG 45 MMk
) DMEM Sl ss 535, NCM460 iR &
10%/16 2 I35 1) DMEM b s B 95 s 2 Fh il
T 37 °C. 5% CO,. MHIFINE L iY40 s SR A vh 3
Fro HHMIAEA . VRAFSFIRA SRR M iAo
112 ZWEHSES

SZISTE M. F. nucleatum ATCC 25586 Hi A< 525
EORAF o

HHkIESE . F. nucleatum SR BHI 3535 3E7E
85% N,. 5% CO,. 10% H,. 37 °C R4 %55,
113 EERAFIFLIE

DMEM it 5k, HyClone 2Aw]; JiG4-ii
W, Bl 2AFl; DHA. EPA. ALA, BigRHIT 4
AR A B F) s MTT i 34 58 K 40 it 751
frili R &, LA YR R R A PR A ]
Y A RNA F2HUL &, Magen W2l
FastQuant cDNA 25— il &, RARAEF
H AL AE A ; Hieff UNICON® gPCR SYBR
Green Master Mix, AR ABRAF
ZIREMARY, Tecan 24wl 2GR PCR 1YL,
Thermo Fisher A )3 ZGIEE BMEE, 25nlAH],
12 FHE
121 DHA. EPA. ALA BY4BAEZS144&0

FHMTT J7:4600 7 DHA . EPA . ALA 41
MisE k. ¥ Caco-2 #Hffl. NCM460 4 fif13% 57 =
800% 7 wiitt, BB, 96 fLARAFFLIERN 5 000 4
Y. fran At WG BE S, Im A DHA . EPA .
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Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FIE IR -3 Z ARG B @A —— M i BAZ R T R T 40 823

L2448, 72h/5, R MTT 4HfEs45E & 40w
e ialllimwallosiizie: il I oy malll 8
1.2.2 BB EEEMEE MR MRS

F. nucleatum f -3 Z A EA1IS iR AL 1
. BRI BB F. nucleatum $% 1%L {5
Ay BRI T2 30 ug/mL DHA . EPA. ALA [ BHI
KRRk gL g2 12 s, F R 4 000 r/min 2.0
10 min. Ji DMEM R53RFER007 40, TR ke
% 1x10° CFU/mL .

TEMMA LIRS R 3 ) 24 FLARMIRE TRtk
Hi4j 1x10°~ Caco-24ilfif, & 37 °C. 5% CO, %557
FErPRE SR 80%H TR, F PBSUE 3, AL
BIMAZ DHA . EPA. ALA T &b F af R &b 2 iy
500 pL 1x10% CFU/mL ELAZHFFI .

JeRE IR . IR Ab B2 o A 2Lk BE N
30 pg/mL ) DHA | EPA, ALA. XTHEZ] 54505
HBE 3 NESfL. WA RIgkE:T 37 °C. 5%
CO, 5 FHEF% 2h 5, W AREFR, H PBS vhik
3, WEEARGEEZBRIE, ARTHE, ki
B[ 10 min, H22[RUL s, 100 fEMBEUEs . 41
R TS R 5 %) 2 TR
123 S RNA 2B, R#%. E= PCR #&

£ F. nucleatum K2 X504 K], Bl ODgoo My
0.5 A W5 30 ug/mL B DHA. EPA. ALA
ALFR 3 h, BEE RN A RNA $EBGA S iU
ARFF IS RNA, EARSERAE #0) G ud  5 F
1To [EEFHYE FastQuant cDNA &—45 4 i 7

F1 KRB RIS
Tablel Primersdesigned for thisstudy

B TR, B RNA RN 1 pg. EH PCR
% Hieff UNICON® gPCR SYBR Green Master
Mix Al 20 pL (AR R TS5, R
BT, rpoB Z55E & PCR 5|#)% i Primer 3 [
wit, mfEmA RGN, SIWHARTILE 1 &
it PCR /). 95°C 15 min; 95°C 10's, 60 °C
20s, 72°C 20 s, 3L 40 MEFS, fmfadtf i
LM, FERNFIAMINTE AR 27 O it
INZEE KA rpoB.
13 ZitESHh

S 2k LA ) 22 S R SPSS 25.0 it
T ANOVA 73#r, 24 P<0.05HHA 22 5 HAA Gi it

=\
2.

2 R4
2.1 DHA. EPA. ALA X} Caco-2. NCM460 &Y
RS MR

PR DHA, EPA, ALA 433labBEIE
WEE E RN NCM460 24, 48 11 72 h, 4554
B 1 frsn, 30 pg/mL DHA &b 38 A% 4% i) b R 2H
NCM460 AHXFF£1E %5378 60.19%., 72.00%F
74.35%; 60 pg/mL DHA AbFEZ>5I12 3.52%.
3.81%F 2.76%; 120 pg/mL DHA AbBHZH )52
6.24%. 3.16%fll 2.76%. 30 pg/mL EPA ZbFRZH >
SIS 67.22%. 85.41%711 70.94%; 60 pg/mL EPA /&b
FRZH AT HIE 9.04%., 4.35%F1 4.42%; 120 pg/ml
EPA kb FHZ 435 & 6.65%. 3.55%7F1 2.25%.

LA Gene 5|#7 Primers J¥%1 Sequences (5—3)

Fap2 iE [ Forward CAGTTGCTACAGATGGTGTGGTAGG
J% I} Reverse TGAATTTGCTTCTCCATACATTCCTG

FadA 1E [ Forward GCAGCAAGTTTAGTAGGTGAATTACAA
J% I} Reverse GTCTAGCAGCGTCAGCTTGTG

RadD 1E [ Forward GATATGAGCAACAACAATGCGAAAG
J% I} Reverse GTGCCTTGACCATCAGAAGAAACTT

rpoB iE[# Forward ATCTTCCACCATCAAGTTGAACCAT
J% ] Reverse GCTTCTGGAAATAGACCTGAATGGA
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Figurel Cytotoxicity evaluation of DHA (A), EPA (B) and
ALA (C) on Caco-2, NCM460 cells

30 pg/mL ALA AEFRZHS35IJE 65.73%. 75.84%f
71.09%; 60 pg/mL ALA ZbIRZS35E 32.77%.
38.24%7%01 37.93%; 120 pg/mL ALA KbFEZH 7351 2
3.97%. 1.87%# 1.42%. 30, 60, 120 ug/mL %k

JE A TR ] b BR2H 22 ] 22 R B 2%

45 E IR AN Caco-2, 30 pg/mL DHA
Aob B A 45 s [6) A B AR A7 16 2R 4 T2 87.71%.
93.25%7i1 91.76%; 60 pg/mL DHA 4bFEZH 43512
69.62%. 80.75%fll 74.51%; 120 ug/mL DHA 4b#f
HA & 11.04%. 17.20%F1 551%. 30 pg/mL
EPA AbFHZH 4352 89.87%. 95.74%FH1 99.54%;
60 pg/mL EPA AbFRZH S35 72.83%. 69.78%F
67.18%; 120 ug/mL EPA AbFRZH 4352 13.81%,
19.49%7119.34%, 30 pg/mL ALA 4bFH2H 43 5] &
89.91%. 94.04%#l 93.49%; 60 ug/mL ALA kbFRZH
Iy B 82.39% . 92.07%F1 80.54%; 120 ug/mL
ALA AbPEZH Y52 33.16%. 28.21%fF1 17.83%.
30. 60, 120 pg/mL &4k EE AN [a] i ) ab 3 2H 22 7]
ZRAREE D).
2.2 DHA. EPA. ALA ¥t F. nucleatum FhFF&E
LAl

FA TR 3 H 30, 60, 120 pg/ml £ A [k
FEf DHA . EPA. ALA Zb¥E F. nucleatum 0-24 h,
ZHERITEARKKGN A, #i 14 h DHA .
EPA . ALA I SR8, A i 4001 28 43 0l &
71.61%., 77.38%. 81.91%; {H fifi 5 &% 5% Bsf [ Y 4iE
K, I FAZEES, AR 24 h J5im iR
IR FREZE 16.83%., 14.99% . 17.24% (45 F K@
TR IZEEH G SCHR[43]HE —3L

i % & DHA . EPA . ALA Xf Caco-2.
NCM460 #11 F. nucleatum A4 KAMHIMER, JF4t
YePE 30 po/mL HEEARY DHA . EPA. ALA 4b3g
F. nucleatum F{-#I H A B Caco-2 BB 1 A 281k

WK 2 fizs, %30 pg/mL DHA. EPA. ALA
Rb3E 12 h % F. nucleatum, Caco-2 4 jtd 2k F 2
PR 201 E X B2 /0 T 81.04% (P=0) . 93.63%
(P=0)#Il 68.63% (P=0).

>4 Caco-2 5 F. nucleatum L3535 05 i1 30 pg/mL
DHA. EPA. ALA, W& 3/Ji~, Caco-2 4l 1%k
B B 20 R RS R A B R A
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o 60} : Mg
EE * {f i -
T«E 8 50f ¢ *{( : {
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§ ] =0
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= D LT ]
22 :
o %
<3
8 g
i
2

P8 @ a

2 30pg/mL DHA, EPA. ALA FA3ZHNE] F. nucleatum FhFT Caco-2 ¢AfE

Figure2 30 pg/mL DHA, EPA and ALA pretreatment suppress the adhesive ability of F. nucleatum to Caco-2 cells

e A: BN E . nucleatum P MEGHRRE; B: F. nucleatum ZhBH A ***. P<0.001

Note: A: Column chart of the average number of F. nucleatum adhere to single cell; B: Pictures of F. nucleatum adhesion. ***: P<0.001

>
jve]

The number of F. nucleatum adhere to per cell

Control

iy = )
% "/'*‘.Fa ; ®
4 .- e

30 ug/ml DHA

-
i
"

&
=

£

=

S s 2 B

:j 30 pg/mL EPA 30 pg/mL ALA

= R

= S i (3 &

& ; w [

=y L 3 A

3 30pg/mL DHA. EPA. ALA E#Z{ERAXS F. nucleatum Mt Caco-2 AR BN

Figure 3 Treating with 30 pg/mL DHA, EPA and ALA directly have no influence on the adhesive ability of F. nucleatum to
Caco-2 cells

I A A4 E F. nucleatum “FXSREMIEADIRE; B: F. nucleatum ZiFH 8

Note: A: Column chart of the average number of F. nucleatum adhere to single cell; B: Pictures of F. nucleatum adhesion

2.3 DHA. EPA. ALA X} F. nucleatum Fap2. FERFIR XS MR T 10.22% (P=0.027), S5X}

FadA. RadD #FEFRiAKFEHZN

K 30 pg/mL Y DHA, EPA. ALA 43 3 h
M HAZRAT I FadA, Fap2 SFRiMAHICEEA | E5E
A HE N RadD HyFik i &, DHA ZbFRZ ) Fap2

WAZH A i 5 E 2% 5(P<0.05), EPA ZbBRZH Y FadA.,
Fap2 LR FIR 0B E T T 2349% (P=0).
15.09% (P=0.003), ALA ZbFRZH ) FadA B[R ik e
IR B R T 26.75% (P=0.012), EWIA 4,
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13- 711 30 pg/mL DHA
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£ 7). 7 s
oy 4 ‘ L L]
K E08F7 M=z o
w f, // 7 '?:’4’ |
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EZ061 B i
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Figure 4 Effects of 30 pg/mL DHA, EPA and ALA on the
expression of Fap2, FadA, RadD

Note: *: P<0.05; ***: P<0.001
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WZEWSis . AT IR R R Y] -3
Z ARG W R B A AR 2 e U 4 AR
FATS4 (A JERARIE Y X RS RA
—HEETENUER, T o-3 Z A MRV
UMRAEFALHIA R etk . sk 2 s, AN [RI 20

%= 2 DHA. EPA XA E#3E4mpapyiisI{E A

XEARRIFPZEA ©-3 Z AR I R U & AN A
[l 4. 66 ug/mL DHA AbHE 24 hisk, A ZFlR et
Y240 1L (hGFs) 16 M T [ 24 50%), 1 A ZF Jiil B 4t i
(hPDLCIX FFEZ) 30%; [RlAT, 60 ug/mL f) EPA
X I 2 i 2F R 2 B P A A s S gk B fe
e =ik 197 pg/ml 9 DHA A0 24 h, KRR
FRAH LR A0 C6 A MLEPE AT 5 80% 7 471, 44
T 20 pg/mL 113 pg/mL DHA &35 9 41 it
GT-38" 5 A w4 iy E13817 48 h, whigfli
2 PP TG T 24 50%.

Toit-Kohn 28R FMIKIMLIE KT 7R LT 7% Caco-2,
NCM460 4Hfiufsf, 16.4 pg/mL DHA RE6S 15 R
Caco-2 4ilffii5 13k 80%, i 1 # 45 % 21 ig NCM460
(3% FIARSZ 0 AR p, SRIE# B3R
Zb 5% Caco-2. NCM460 4fitait, 30 pg/mL 1
DHA. EPA. ALA 4bFE Caco-2 #iffiG TEAL T B
10%7Z A7, T NCM 460 4 Ay 4] T B 30% /447 -
B AR VE PR Ss i9 ALA, A7 5 BRI 1 3 20
JfL (NCM 460) 1 5 T 24 41 il (Caco-2) 1 25 I3
%, W 1. FE, PHRER BN, DHA.

Table2 Suppressive effect of DHA and EPA on different kinds of cells

RS AT il i e Z:2% 3CHk
Céll lines or kinds Experimental method Cell viability (%) References
NI R AT 2 4 66 pg/mL DHA 24 h About 50% [43]
Human gingival fibroblasts (hGFs) 60 ng/mL EPA 24 h AN FEHEAN .

No obvious cytotoxicity
NIF T B i 66 pg/mL DHA 24 h About 70% [43]
Human periodontal ligament cells (hPDLCs) 60 ug/mL EPA 24 h Yl A B

No obvious cytotoxicity
R EUR BT EEAH 1R 41 i C6 197 pg/mL DHA 24 h About 80% [45]
Rat glioblastoma cell line C6
A B E4IiE GT-38 20 ug/mL DHA 48 h About 50% [46]
Epstein-Barr virus-associated gastric carcinoma GT38
NJBE A 138 15 HTB-9 13 pg/mL DHA 48 h About 50% [47]
Human bladder cancer cell lines EJ-138 and HTB-9
KR A C6G 33 ug/mL DHA 24 h 45.2% [48]
Rat glioma cells C6G
NAPZAEAN IR 4 SH-SY 5Y 33 ug/mL DHA 24 h 45.9% [48]
Neuroblastoma cell SH-SY5Y
BILI AN Astrocytes 33 ug/mL DHA 24 h 100% [48]
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EPA. ALA X Caco-2, NCM460 iy4:= KAl /E X
FUA 0 AR AR, TGRS IR

BT BRI AR, AT DHA | EPA
ALA FHT IR A IS H T EEEA ) i ed 4
MIAER, TR HA R AR S . [FIEF, SC
BRI IE A TS0 A 3 DHA . EPA. ALA {X
BEAE 14 h AT F. nucleatum AE K135 >
JE RIVE AR TN G o X SCIR 25 R, DHA
EPA . ALA iR 238 of A%t e o8 Ml F
nucleatum A A= K & HEHTIIRE 1R

dE— 2K DHA . EPA . ALA X} FadA.
Fap2. RadD “FEMZMRITHEEGM . =280 b B 4l
i A S PR B g 3k K O 9 5 R LA & F
nucleatum Z 75 = 41 M RE 7 1 52 S5 5206 & B
30 pg/mL DHA. EPA. ALA Tkt FRfEfS G E R
Caco-2 #ifiEs b FT & (1 BAZARM B, [IE 205
ik %] 81.04% (P=0) . 93.63% (P=0)fl 68.63%
(P=0). Z&5H 5 3CHkHRIE ) DHA F1 EPA Hitifygd ik
PESR T ALA #RiE 3P, H F. nudeatum 5
Caco-2 H:IEFRIT I AR DHA . EPA
ALA X} F. nucleatum Zi [t g J11% A B & 500, %58
ek Rt— Kl DHA. EPA. ALA JEANHIY
M) . nucleatum X a3 20 Al 14 25 f e

i DHA . EPA . ALA AP 2 T M F.
nucleatum [ Fap2, FadA FikMsZIR2E i, TN
o, Wi FadA, Fap2 SEZHRTAROCHE D Feak s 1
F. nucleatum Zf 78 E4IAIRE ST, & 0-3 248
FIRE TR BT IR 15 A SRR L R 43, ARGl
HMEAFRATE 5T
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