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ARG A TR R BABAT W BFEMNK. LI LKE. I MASL T ELmis
S tm e R SAE S AR, [ B 69 ) Ao A7 F. nucleatum P& % 4% (Lipopolysaccharide, LPS)%5 =%
&G M & % K E (dkkermansia muciniphila). XM AT (Escherichia coli)é) LPS 547 tm ok
. RMmR FERAEEMER, BT F. nucleatum £ FEBHERIE. HEFTEFHERSHM
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637.3% (P<0.001). 657.9% (P<0.001)F= 194.1% (P>0.05); M2 44K E %, CDI63 5 % F il 39.5%
(P=0.001 1). 53.7% (P<0.001)#= 5.9% (P>0.05), CD206 F il 18.6% (P>0.05). 88.4% (P=0.005 5)4=
24.8% (P>0.05). TLR. @M% RikARERAKFSATLI, TLR3 55 T 32.3% (P=0.044 7).

311.5% (P=0.001 9). 9.6% (P>0.05); IL-6 % #] L8 17 763.2% (P<0.001). 35 458.2% (P<0.001).
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IL-6 5% 4 0.16. 6.17. 0 pg/mL 5 410.03. 1 334.40. 46.20 pg/mL. (4] F. nucleatum LPS 7~
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Fusobacterium nucleatum lipopolysaccharide induces THP-1 cells
to polarize towards M2 and produce a low concentration of IL-6
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Abstract: [Background] Fusobacterium nucleatum identified in many kinds of tumors is closely related
to tumor initiation, poor prognosis, recurrence, and chemotherapy resistance in colorectal tumor. However,
the mechanisms of F. nucleatum inducing inflammation and affecting immune cells such as macrophages
in tumor microenvironment remain to be elucidated. [Objective] We explored the role and mechanism of
F. nucleatum in the process of inducing chronic inflammation and cancer by comparing the monocyte
polarization and inflammatory cytokine expression induced by Fusobacterium nucleatum-, Akkermansia
muciniphila-, and Escherichia coli-derived lipopolysaccharides (LPSs). [Methods] After the treatment
with 4. muciniphila LPS, E. coli LPS, F. nucleatum LPS alone or combined with interferon-y (IFN-y), we
observed the morphological changes of THP-1 and THP-1 (MO) cells. Further, we determined the mRNA
levels of macrophage marker genes [including MO (CDIIB), M1 (CD40, CD86), and M2 (CDI163,
CD206)], TLR3, TLR4, IL-6, and IL-10 as well as the protein levels of IL-6, IL-10, and C-reactive protein.
[Results] PAGE results showed that the LPSs from the three microbial species were significantly different
in position and number of bands. F. nucleatum LPS possessed stronger activity of inducing adhesion of
THP-1 cells. Meanwhile, the group treated with F. nucleatum LPS alone or in combination with IFN-y had
shorter pseudopodia and lower proportion of cells with pseudopodia and spindle-shaped cells (M1 cells)
than the groups treated with 4. muciniphila LPS and E. coli LPS. The LPSs from A. muciniphila, E. coli,
and F. nucleatum up-regulated the mRNA level of CD40 by 5 011.0% (P<0.001), 6 048.9% (P<0.001),
and 1 011.6% (P=0.009 4) and that of CD86 by 637.3% (P<0.001), 657.9% (P<0.001), and 194.1%
(P>0.05), respectively. The LPSs down-regulated the mRNA level of CDI/63 by 39.5% (P=0.001 1),
53.7% (P<0.001), and 5.9% (P>0.05) and that of CD206 by 18.6% (P>0.05), 88.4% (P=0.005 5), and
24.8% (P>0.05), respectively. They down-regulated the mRNA level of TLR3 by 32.3% (P=0.044 7),
311.5% (P=0.001 9), and 9.6% (P>0.05), up-regulated that of /L-6 by 17 763.2% (P<0.001), 35 458.2%
(P<0.001), and 1 123.6% (P>0.05), and up-regulated that of IL-10 by 729.3% (P<0.001), 1 223.3%
(P<0.001), and 124.4% (P>0.05), respectively. The THP-1 cells treated with the LPSs of 4. muciniphila,
E. coli, and F. nucleatum alone produced IL-6 at 0.16 pg/mL, 6.17 pg/mL, and 0 pg/mL, and those treated
with the LPSs in combination with IFN-y produced IL-6 at 410.03 pg/mL, 1 334.40 pg/mL, and 46.20 pg/mL,
respectively. [Conclusion] F. nucleatum LPS possessed a strong activity of recruiting monocytes and
inducing them to polarize toward M2. It induced macrophages to produce a much lower amount of IL-6
than the LPSs of A. muciniphila and E. coli, which may play a role in triggering chronic inflammation and
tumor immune response and escape. These findings suggest that studying the structure, activity, and
mechanism of LPS from carcinogenic, immunomodulating or tumor therapy-associated bacteria will
facilitate the elucidation of the role of these bacteria in chronic inflammation and tumorigenesis, which
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will provide new targets and strategies for the prevention and treatment of these diseases.

Keywords: Fusobacterium nucleatum, lipopolysaccharide, THP-1, IL-6, chronic inflammation, monocyte
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WE 96 FLBUH THP-1 41l & A 5 000 4~/4L,
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e 3 W, FHEBMEMEAAIE . 114, 4 b5
Uk Sig g

THP-1 405 5EE . >R H] 10 ng/mL PMALE 3
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Bro RA 2724 Rk IR E i
1.2.6 ELISA# i % fiE 48 fs B F1L-6. 1L10.
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THP-1 411 it A AR FL 5% 10° 441 il /mL 25 FE A
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Table 1 Prlmers sequence of RT-qPCR

ZPCR3| ¥ 57

£ [F Genes 5| ¥ Primers 5|#) ¥ 51| Primers sequence (5'—3")
GAPDH iE 5] Forward TCCTGCACCACCAACTGCTT
JZ I Reverse GGGGCCATCCACAGTCTTCT
TLR3 1E [1] Forward CATGACCCTGGAATGAGAAATATCC
JZ I Reverse GGTGGCAAATAACATGAAAGTGACA
TLR4 1E [1] Forward CATATCAGAGCCTAAGCCACCTCTC
JZ [\l Reverse AGCCACCAGCTTCTGTAAACTTGAT
1L6 1E [a]Forward CCCAGGAGAAGATTCCAAAGATGTA
JZ [\]Reverse GTCGAGGATGTACCGAATTTGTTTG
IL10 1E [a]Forward CCTGACCACGCTTTCTAGCTGTT
JZ [\]Reverse GGCTCCCTGGTTTCTCTTCCTAAG
CDIIB 1E [a]Forward TTTGTCTCAACTGTGATGGAGCAAT
JZ 1] Reverse GTGATCTTGGGTTAGGGTTGTTCTG
CD40 1E 1] Forward TTAACTGTCCATCAGCAGGAGACTG
JZ ] Reverse AAGTTCCATACCCATCATTCAGCAG
CD86 1E 1] Forward AGTGGAATAGCCTCCCTGTAACTCC
JZ ] Reverse CCCATAAGTGTGCTCTGAAGTGAAA
CDI163 1E 1] Forward GCAAACTCAGAATGGTGCTACTTGA
JZ 1| Reverse CAGTAATGGTGAAGGGACTCAGGTT
CD206 1E 1] Forward TTGAATACTGTGGTGAGCTGAAAGG
JZ 1| Reverse GGCAAATCCAGTTGTTAAGGTGTTC

127 FitF o010

ZERON 3 WM L SR A, R
GraphPad 8.4.0 JANOVAJT 243 ¥y ik 4 Qﬁﬂ—ﬁ
B, P<0.05 I\ 2 S geit2e s X

2 HARG5400
2.1 3 7% LPS SDS-PAGE %4

A. muciniphila, E. coli, F. nucleatum LPS%:
SDS-PAGEFG4RYYJ5, FILATE 10-70 kDEH M43
WELE] 8, 13, 7 5. HH, A muciniphila LPSH
—2k% 40 kKDIFFA ZA (K 1 Hib); E. coli LPSTE
53 kDA 3 25(1%1 1 Ha), 28 kD (1 Hic), 17kD
(1 Hhe)fil 36 kD (K 1 O IT— 4554 207
F. nucleatum LPSA—252) 20 kKDIEEG S5 (1 1 ';Pd)

REEIRF] 3 FILPSTRETELE MY M AFAEE R

2.2 3 # LPS %S THP-1 {HAENLE21EF

I3 AR BE B 3 FRLPSALBETHP-1 411 i
1 hi&, A.muciniphila. F.nucleatum LPSY ¥ =T

kD M 1 2
70—
53— 4
40— f b
33—
C
25— .
-
17— ¢
| o— -
- -
- _— -

1 3 #LPS SDS-PAGE 4} i

Figure 1 Three kinds of LPS analyzed by SDS-PAGE
#: M: TureColor = {4 Hi 44 2 [ Marker (17-70 kD); 1: E. coli
ATCC 259225 2: F. nucleatum ATCC 25586; 3: A. muciniphila
BNCC 341917; E. coli LPSHFH &kiii 1 a. ¢ e. f; A. muciniphila
LPSHFA M7 : b; F. nucleatum LPSFFA 5517 : d

Note: M: TureColor three-color pre-stained protein Marker
(17-70 kD); 1: E. coli ATCC 25922; 2: F. nucleatum ATCC
25586; 3: A. muciniphila BNCC 341917; Specific bands of
E. coli LPS: a, c, e, f; Specific band of A. muciniphila LPS: b;
Specific band of F. nucleatum LPS: d
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0.1 pg/mL [y &b 3 4 W5 BE 41 i % 8 3% 2 F % R
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T7%F 83%, T AR A0 He 1) 43 5512 55 W 4R B9
53%F11 67%; SIFN-yBEEALFERT, F. nucleatum 45

100 k%
*dk

80 sk wdok

60 ko
40
20

0 1 1 L Il 1 1 1
0 001 01 1 10 20 40

The concentration of LPS (pg/mL)

The number of adhered cells (4x)

C
0
x
2 100 ok
8 Hokok
3 80 *kk
E 60 - 5 LR
3
5 40
g 20}
g 0 Il | 1 L L 1
5 0 0.01 0.1 1 10 20 40
E The concentration of LPS (pg/mL)

2 3 FLPSIESTHP-1 fARNGEE{ER
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PRI 20 Ml L 91 35 5 35 8 T IFN-y S ab 3, 4R
F. nucleatumBk A Ab P 5TFN-y sk 4b ¥EJG i) 35 25
S(P>0.05) (Kl 5); LA, F. nucleatum¥kA Ak B
2H AN M3 K LA, muciniphilafE. colilk
B AL BEARL 17%.

2.4 LPS 232X} THP-1 HEERIX T A=
2.4.1 3 MLPSAPMALLIERTETHP-1 4AfETLR
Kik. BN RZREEBEBEFRIEEMN

E. coli. F. nucleatum LPSH.
FEALPRTHP-1 4l 3 h, IL-6 Rk 5% L
700.8% (P=0.039 5). 1 378.0% (P=0.000 4) 7
782.9% (P=0.003 1); {HARAGM S| TLR3 . TLR4 FI
IL-10 B RIK (Kl 6A).

A. muciniphila .
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%
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E kkck Kk
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2 60r *ok

w

5 40 -

8 20r

£ ———a  §F—F—&—8
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—— LPS treatment for 1 h
-8~ Normal culture treatment for 4 h

Figure 2 The inducing adhesion of THP-1 after treated with three kinds of LPS
Note: A: A. muciniphila LPS; B: E. coli LPS; C: F. nucleatum LPS; ***: P<0.001; **: P<0.01; *: P<0.05
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E 3 3 FLPSALIEXTHP-1 4B 7S &0
Figure 3 The morphology changes of THP-1 cells treated with LPS
Note: A: Control; B: A. muciniphila LPS; C: E. coli LPS; D: F. nucleatum LPS

Bl 4 LPSS5IFN-yEX &4 IEX THP-1 407§ 00
Figure 4 The morphological change of THP-1 cells treated with LPS combining with IFN-y
Note: A: A. muciniphila LPS; B: E. coli LPS; C: F. nucleatum LPS
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Flgure 5 Changes of important cell characteristics of THP-1 treated with three kinds of LPS or combination with
IFN-y

E: A: AOhEMMLG]; B: RIBAELILHI; C: FHHRIKE, ***: P<0.001; **: P<0.01

Note: A: The proportion of cells with pseudopodia; B: The proportion of spindle cells; C: The average length of pseudopodium. ***:
P<0.001; **: P<0.01
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Figure 6 The effect of LPS treatment on the expression of TLR3, TLR4 and IL-6, IL-10 in THP-1 cells
#: A: THP-1; B: PMAJMH 24 hi§THP-1, ND: RAGMF]; ***:; P<0.001; **: P<0.01; *: P<0.05
Note: A: THP-1; B: THP-1 treated with PMA for 24 h. ND: Not detected; ***: P<0.001; **: P<0.01; *: P<0.05
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Figure 7 The effect of three kinds of LPS on the
expression of marker genes of macrophage

e *** P<0.001; **: P<0.01

Note: ***: P<0.001; **: P<0.01
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Figure 8 The effect of three kinds of LPS inducing
THP-1 protein level expression of I1L-6

[: ND: REIUE]; ***. P<0.001; **: P<0.01

Note: ND: Not detected; ***: P<0.001; **: P<0.01
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