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Mo, T4 DAY E % A L. £ < ORIEMREZ IR0 LT 24 L EBOMETEHRIZE b o
TWwbo Mo llid, 2A7 ) v B L= aF v M7 F V3 ) V2% (mAChRB & U'nAChR) 23583
LTWwWh, Mo Lo a 78 nAChRIZ, KIEVEY A N A AV BEBIEIER T-- o OB EEH R PR IR R BERE DO
HICBES LTWD I EPHMEESNTWDH. RIFFETIE, Mo 12813 2 AChROZE ZHL 2 LT HY
T, Mo DIEHALDSACARDBIETHBUI K IZT B LI L72e S 512, Mo O RIEMER T F B b
HI2B1F 5 AChRDAEBMEE 2 Mat L7z,  h~2r 07 7 — URMBKRUISTHIIEE M €7V & L CHM
L7z U937THIAEIZ BTy LPSIC & 2 M LI, M. Myw My 7% 4 7mAChR mRNA, BX WM ad. B
2 % 72=v FnAChR mRNADFEH A S 72, UBTHIALIC BT, LPSIE, COX-2 mRNADFEH =
HWREEZ, LA LAD S, mAChRSD 5 WIidnAChRDEHAL7Z 1 Tld, COX-2 mRNAFSEIIHE % Z 1)
%725 720 nAChRDEMALIZ. LPSIZ & ACOX-2 mRNAZIHOBE K% HIf] L 72725, mAChRDEMEALIZLPS
12 & 5COX-2 mRNAZEH O RIIZHE L 2h o720 D EOERLD, Me OFHEALIZ L Y mAChRB L O
nAChROZFEHA KT 5 Z EDBHL & o720 S 512, UISTHINLIZ BT 5 COX-20 ZEH HIFHHERE 12 B\
T. TLRAZ S L7=M ¢ OiEMEALIZ X 5COX-2 mRNADZHH KX, nAChR% /i L 788512 & - T &
Nz EAREES NI,

Abstract
A type of white blood cells, macrophage (M ¢) is an immune cell involved in both innate and acquired

immunity. Furthermore, M ¢ produces various physiologically active substances and is deeply involved
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in the pathogenesis of various diseases including many inflammatory diseases. M ¢ s express muscarinic
and nicotinic acetylcholine receptors (mAChR and nAChR). It has been reported that a7 type nAChR
on M ¢ is involved in reducing the release of pro-inflammatory cytokine tumor necrosis factor-a and
regulating antigen presentation function. In this study, we investigated the effect of M ¢ activation on
AChR gene expression in order to clarify the role of AChR in M¢. Furthermore, we investigated the
physiological role of AChR in the regulation mechanism of inflammatory gene expression of M ¢. Human
macrophage-like cell line U937 cells were used as an M ¢ model. In U937 cells, the presence of LPS
increased the expression of M,, Ms, M; subtype mAChR mRNA, and a4, f2 subunit nAChR. In U937
cells, LPS increased COX-2 mRNA expression. However, activation of mAChR or nAChR alone did not
affect COX-2 mRNA expression. nAChR activation suppressed the increase in COX-2 mRNA expression
by LPS, whereas mAChR activation did not affect the increase in COX-2 mRNA expression by LPS. From
the above results, it was clarified that the expression of mAChR and nAChR increases by M ¢ activation.

Furthermore, in the COX-2 expression control mechanism in U937 cells, it was suggested that the increase

in COX-2 expression due to M ¢ activation via TLR4 is suppressed by the mechanism via nAChR.
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Lipopolysaccharide (LPS). nicotine$ & (Foxotremorin-
M (Oxo-M) {ZSigma-Aldrich. Sepasol RNA II SuperiZ
+ 719 A4 57 A7, Prime Script RT reagent Kit. SYBR
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V7V A L PCROGHTIZ. & & L 72cDNA. SYBR
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% F\» CThermal Cycler Dice Real Time System% H \»
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M, mAChR (HA229529) : 5-TCAGCAAGACAATGACAC
TGGAA-3 B LU

5-GCTGGATAGCAGGCACACTTGA-3

M; mAChR (HA220733) : 5-GGCTACGGCTGTGCTACA
TCA3B LV

5-GACTGTCTCTGCTGGTACTGCTG-3'

M; mAChR (HA200021) : 5-CCCAGATCTGAGTGAAG
GTCTTG3B LW
5-GAGATCAGCATGGGTTCAGTGAGTA-3

a4 nAChR (HA188413) : 5-CGGACATCGTCCTCTA
CAACAAGT3B LU
5-AACAGGTGGGCCTTGGTCA-3

a7 nAChR (HA164722) : 5-TGGCCAGATTTGGAAACC
AGA3B LD

5-AGTGTGGAATGTGGCGTCAAAG-3

a9 nAChR (HA166995) : 5-AATCATGCCGGCCTCAGA
A3B LY

5-ATCAGGGCCATCGTGGCTA-3

B2 nAChR (HA100887): 5-AGACTCCCATTCACCGAC
CTTG-3B LW

5-CTATCACACTGACCGCCTGGAC-3

COX-2 (HA293877) : 5-AGCCTGAATGTGCCATAAGAC
TGA-3B LT

5-AAACCCACAGTGCTTGACACAGA-3

GAPDH (HA067812) : 5-GCACCGTCAAGGCTGAGAA
C3BLV

5"“TGGTGAAGACGCCAGTGGA-3

GAPDH (MA050371) : 5-TGTGTCCGTCGTGGATCTG
A3IB LY

5"“TTGCTGTTGAAGTCGCAGGAG-3
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nicotinelC & % B AL FE (3. LPSHIH (C & 5COX-2
MRNADFEHEE K& WH < £ 5

Nicotine (500 uM) B & 0*Oxo-M (100uM) T1
BRI ATALEE % 17 - 72, LPS (1 ug/mL) % #% 5
L. 6 %DOCOX-2 mRNAD 5 H # % real-time
PCREETHIZE L 726 77— % 1EMean+SEM. (n=3)
TR L7206 %%k %P < 0001 vs. Control (one-way
analysis with Dunnett's Method modified t-test) o

3. U937 M 12 3 v T, 6K ] OLPSHI # 1x. COX-2
mRNADFEH 2R S5

LPSIZTLR4% 4 L TM ¢ G MHAL L. RIEHEE T
cyclooxygenase-2 (COX-2) M%Blz#HFES Y, vr 0
PERAET-SEBUHIHBEAE 12 5 1) 5 AChRD A=
APl % A 5 T U93THIIEASM ¢ @ € 7 VAl
ELTHZZ0E) %R 5729012, UISTHIIL O
PALASCOX-2DFE B R FT B LA L7z LPSE HW
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AT Tl R 22> 7225 a7. a9 nAChR mRNA
L WRBENIIH > 720 NS DOFERM S, TLRAZ S
L7:M¢ ®i% M biZmAChRS & U'nAChRD ZEBL&: % #ik
SR EDRIBENTZ, NS DAChRIZERANTE A
YREAvEyYry =t LTERT2CT OMIBNTO LA
Wb o> Twb, L7z T, TLRAZ /i L7ZLPSIZ & %
M ¢ DiEMEALA. mAChRS 5\ iZnAChR% /3 % Ml
Ca™" v 7 FIVIZG 2 DB OV T H S BIRGE 2 B
Hbo &6, ARG L2 > 72mAChRY 7% 4 7B
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L UnAChRY 7 2= v b ®mRNAZSIIZ J T8I
W S RIRES L 72\

TLR4% 4 L 72LPSIZ & 2 M ¢ Ot bid. USTHIAZIC
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COX-20 FE M #HHEHE 12 B\ T, mAChRD 5D 7 ) )
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Yz u7 7 — Y LMo MmN OMIZBWT, FEH
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P o Tvde LALARDS, MMoliskilfafiic gL
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HERL W EDPHLNIIh > TnD, 512, KiliEk
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IZB5 LTV A G THRZ>TWEY, 4#iE. 2hb
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D ED#HFELY, TLRAZ M7 2N > 7 F v i
mAChR® %\ iZnAChR% /3 % M > 7 F WAz E g
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AWFZED—EBi . [ 2T R0 9E 355 45 (325 No0.19
=3I L BHBI&EE VT TbN Iz 3EE HIZDO W T AT
5 BIR TR EFUZEA SIS 7 o

SEXw

1) Grando SA, Kawashima K, Kirkpatrick CJ, Wessler L

Recent progress in understanding the non-neuronal

cholinergic system in humans. Life Sci (2007)
80:2181-2185.

2 ) Kawashima K, Fujii T. Basic and clinical aspects of
non-neuronal acetylcholine: Overview of non-neuronal
cholinergic systems and their biological significance.
J Pharmacol Sci (2008) 106: 167-173.

3) Wessler I, Kirkpatrick CJ. Acetylcholine beyond
neurons: the non-neuronal cholinergic system in
humans.Br J Pharmacol (2008) 154: 1558-1571.

4) RFEL VRS L2~ 07 7 — VO ENE
RF OZEBIHI R, H A 23RS (2001-2002)
11: 13-20.

5) Kawashima K, Yoshikawa K, Fujii YX, Moriwaki
Y, Misawa H. Expression and function of genes
encoding cholinergic components in murine immune
cells. Life Sci (2007) 80: 2314-2319.

6) Sato KZ, Fujii T, Watanabe Y, Yamada S, Ando T,
Fujimoto K, Kawashima K. Diversity of m RNA
expression for muscarinic acetylchoine receptor
subtypes and neuronal nicotinic acetylcholine
receptor subunits inn human mononuclear leukocytes
and leukemic cell line. Neurosci Lett (1999) 266: 17-
20.

7) Wang H1, Yu M, Ochani M, Amella CA, Tanovic
M, Susarla S, Li JH, Wang H, Yang H, Ulloa L, Al-
Abed Y, Czura CJ, Tracey K]. Nicotinic acetylcholine
receptor alpha7 subunit is an essential regulator of
inflammation. Nature (2003) 421:384-388.

8) Tracy KJ. The inflammatory reflex. Nature (2002)
420: 853-859.

9) Mashimo M, Komori M, Matsui YY, Murase MX,
Fujii T, Takeshima S, Okuyama H, Ono S, Moriwaki
Y, Misawa H, Kawashima K. Distinct Roles of a
7 nAChRs in Antigen-Presenting Cells and CD4+
T Cells in the Regulation of T Cell Differentiation.
Front Immunol (2019) 10:1102.

10) Bonner TI, Buckley NJ, Young AC, Brann MR.
Identification of a family of muscarinic acetylcholine
receptor genes. Science (1987) 237:527-532.

11) Hulme EC, Birdsall NJM, Buckley NJ. Muscarinic
receptor subtypes. Annu Rev Pharmacol Toxicol
(1990) 30:633-673.

12) Felder CC. Muscarinic acetylcholine receptors; signal



v k= z 07y — URMIRUISTHIIEIC BT 2 72 F IV 3 ) ¥ BARO A BB E O R 19

13)

14)

15)

16)

17)

18)

19)

20)

transduction through multiple effectors. FASEB ]J
(1995) 9:619-625.

Liu W, Su KA. Review on the Receptor-ligand
Molecular Interactions in the Nicotinic Receptor
Signaling Systems. Pak J Biol Sci (2018) 21: 51-66.
Rafiee L, Hajhashemi V, Javanmard SH. Fluvoxamine
inhibits some inflammatory genes expression in
LPS/stimulated human endothelial cells, U937
macrophages, and carrageenan-induced paw edema
in rat. Iran ] Basic Med Sci (2016) 19: 977-984.

Fujii T, Kawashima K. Calcium oscillation is induced
by muscarinic acetylcholine receptor stimulation
in human leukemic T- and B-cell lines. Naunyn-
Schmiedberg's Arch Pharmacol (2000) 362:14-21.
Mashimo M, Yurie Y, Kawashima K, Fujii T. CRAC
channels are required for [Ca2+]i oscillations and
c-fos gene expression after muscarinic acetylcholine
receptor activation in leukemic T cells. Life Sci
(2016) 161:45-50.

Kamimura Y, Fujii T, Kojima H, Nagano T,
Kawashima K. Nitric oxide (NO) synthase mRNA
expression and NO production via muscarinic
acetylcholine receptor-mediated pathways in the
CEM, human leukemic T-cell line. Life Sci (2003)
72:2151-2154.

Kaneda T, Kitamura Y, Nomura Y. Presence of m3
subtype muscarinic acetylcholine receptors and
receptor-mediated increases in the cytoplasmic
concentration of CaZ+ in Jurkat, a human leukemic
helper T lymphocyte line. Mol Pharmacol (1993)
43:356-364.

Mashimo M, Iwasaki Y, Inoue S, Saito S, Kawashima
K, Fujii T. Acetylcholine released from T cells
regulates intracellular Ca2+, IL-2 secretion and T cell
proliferation through nicotinic acetylcholine receptor.
Life Sci (2017) 172:13-18.

Fujii YX, Tashiro A, Arimoto K, Fujigaya H,
Moriwaki Y, Misawa H, Fujii T, Matsui M,
Kasahara T, Kawashima K. Diminished antigen-
specific IgGl and interleukin-6 production and
acetylcholinesterase expression in combined M1 and
Mb5 muscarinic acetylcholine receptor knockout mice.
J Neuroimmunol (2007) 188:80-85.

21) Fujii YX, Fujigaya H, Moriwaki Y, Misawa H,

Kasahara T, Grando SA, Kawashima K. Enhanced
serum antigen-specific IgGl and proinflammatory
cytokine production in nicotinic acetylcholine
receptor alpha7 subunit gene knockout mice. J

Neuroimmunol (2007) 189:69-74.



