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Abstract: [ Objective] To explore the regulation and mechanism of mannose (Man) on inflammatory response, so as
to provide the basis for application of Man in inflammatory diseases.[ Methods] RAW264.7 macrophages were treated with
different concentrations of Man for 24 h or 48 h, and the proliferation was detected by cell count. RAW264.7 cells were
pretreated with low concentration (2 mmol/L) and high concentration (20 mmol/L) of Man for 12 h, followed by treatment
with lipopolysaccharide (LPS) for 8 h or 24 h more. mRNA, protein and culture supernatant were collected, and the in-

flammation related cytokines, proteins and mannose receptor (CD206) were detected by Q—-PCR, Western blot, and ELI-
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SA.[Results] The cell proliferation was increased with the increase of Man concentration under 5 mmol/L, while it was de-

creased with the increase of Man concentration over 5 mmol/L. Compared with LPS treatment, 2 mmol/L. mannose (Man2)
plus LPS increased the mRNA levels of IL-13, IL-12 and TNF-a and the protein levels (all P<0.05), while Man20 +
LPS treatment significantly decreased the mRNA levels of IL-13, IL-12, TNF-a, [L-6, and CCL2 and the protein levels

(all P<0.05). The potential targets of network pharmacology for Man and its metabolites were 20 proteins, including AKT
and STAT3. Furthermore, the phosphorylation levels of AKT and STAT3 (all P<0.05) were increased in Man2 + LPS
group and the phosphorylation levels of AKT, p65 and ERK (all P<0.05) were decreased in Man20 + LPS group compared
with LPS group. The phosphorylation levels of AKT, p65 and STAT3 (all P<0.05) were decreased in Man20 group com-

pared with control group. [ Conclusions] Different concentrations of mannose have various effects on inflammatory response.

Low concentration mannose promotes macrophage inflammatory response induced by LPS, while high concentration man-

nose inhibits LPS—induced inflammatory response. And this mechanism is related to the regulation of AKT, STAT3, p65,

and ERK activities.
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Table 1 Primer sequences for Q—PCR

Gene Forward primer Reverse primer
-1 GCAACTGTTCCTGAACTCAACT ATCTTTTGGGGTCCGTCAACT
1L-6 AGTTGCCTTCTTGGGACTGA TCCACGATTTCCCAGAAAC
IL-10 CAGGACTTTAAGGGTTACTTGG GGCCTTGTAGACACCTTGGTC
CCIL2 ATTAAAAACCTGGATCGGAAC GCATTAGCTTCAGATTTACGGGT
TNF-a CTCACACTCAGATCATCTTCT GCTACGACGTGGGCTACAG
€D206 ACCTGGCAAGTATCCACAGCTTG TGTTGTTCTCATGGCTTGGCTCTC

GAPDH GGTCATCCATGACAACTT

GGGGCCATCCACAGTCTT
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Fig.1 The effects of different concentrations of mannose

on the proliferation of RAW246.7 cells
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Fig.2 The effects of different concentrations of mannose on the mRNA level of inflammatory cytokines induced by LPS
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Fig.3 The effects of different concentrations of mannose on the protein levels of inflammatory cytokines induced by LPS
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Fig.4 Compound-target network
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Fig.5 The effects of different concentrations of mannose on the signaling pathways
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SLWP R TR

H R RS20 22 4% AR BV AE JC A5 538 o
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ARSI T AKT B9 P, FE X pes iy T A
T 3o, AUFFE LR, MoP 7k PMIf#
AT A B 6 i ik (fruct—6—phosphate ,Fep) , I
T % 12 5 M B4 i (6—phosphofructo—2-kinase ) f# ft
FAERU F1, 6-BP BERS {2 HE AKT AT 1L >0 Al
D, 75 LPSAAAE T &0 T, AR e B2 A9 H 82 W 75 PMI
VB TR SRV fhE A R 5 22 S F 1, 6-BP, X LPS ]

S 3k

[1] WuH, Zhang WL, Mu WM. Recent studies on the
biological production of D-mannose [J]. Appl Micro-
biol Biotechnol, 2019, 103(21-22): 8753-8761.

[2] Vandana S, Mie I, Hudson HF. Mannose metabo-
lism: More than meets the eye[ J]. Biochem Biophys
Res Commun, 2014, 453(2): 220-228.

[3] Herman RH. Mannose metabolism. I [J]. Am J Clin
Nutr, 1971, 24(4): 488-498.

[4] Alton G, Hasilik M, Niehues R, et al. Direct utiliza-
tion of mannose for mammalian glycoprotein biosyn-
thesis[J]. Glycobiology, 1998, 8(3): 285-295.

[5] Sharma V, Freeze HH. Mannose efflux from the
cells: a potential source of mannose in blood [J]. ]
Biol Chem, 2011, 286(12): 10193-10200.

[6] Jokela TA, Kuokkanen J, Kirnii R, et al. Mannose
reduces hyaluronan and leukocytes in wound granula-
tion tissue and inhibits migration and hyaluronan—de-
pendent monocyte binding [J]. Wound Repair Re-
gen, 2013, 21(2): 247-255.

[7] KossiJ, Peltonen J, Ekfors T, et al. Effects of hex-

ose sugars: glucose, fructose, galactose and man-

¥ AKT K p65 i3 M6 T UrR/E R . ELARBLHI
AL, T2 SRR SE

HE@EEEA RS2t AU in, HE
A 1.1 mol/L (198 g/L) H & ¥ 1y 7K 25 /N BRI 16
Ji AR R EIE Y . SA RS, S A
20% H @K 25 /N AKX A, [R1B 45 5 20% 19 H #5
BEIK 200 WL/ HEE A 39K, 2510 J&, 45 143/
RS BB g o AR i ke S
FEWESE R H AN VW FEAE 2 mmol/L 4423 8, B B
7 HR ARG (AT A2 1 VAT AT AR I I B o 2k 1)
TEJRDT [FI, H #E 0 O TR YT IR IR A e R
PERE LA BE AR o 3K Sk H S A I R 28 42 0
PR T KA

25 b R TR) R BE 0 H BB T LPS 1755 1) 90
N ELA AN R VR L AT B2 1) H s LA P [ 2
SEAE IR FH T v 0 B 118 H S A D0 BB % 8 5 0 il 2R
iE SN o AR S5 1) 45 R H I R 0 & 4
HET AR

nose on wound healing in the rat [J]. Eur Surg Res,
1999, 31(1): 74-82.

[8] Zhang D, Chia C, Jiao X, et al. D-mannose induces
regulatory T cells and suppresses immunopathology
[J]. Nat Med, 2017, 23(9) : 1036-1045.

[9] Xu XL, Xie QM, Shen YH, et al. Mannose prevents
lipopolysaccharide—induced acute lung injury in rats
[J]. Inflamm Res, 2008, 57(3): 104-110.

[10] Xu X, Xie Q, Shen Y, et al. Involvement of man-
nose receptor in the preventive effects of mannose in
lipopolysaccharide—induced acute lung injury [J].
Eur J Pharmacol, 2010, 641(2-3): 229-237.

[11] Xu XL, Zhang P, Shen YH, et al. Mannose prevents
acute lung injury through mannose receptor pathway
and contributes to regulate PPARy and TGF-31 level
[J]. Int J Clin Exp Pathol, 2015, 8(6): 6214-6224.

[12] ERA), REIR, sk, 5. GrB 2 mkE 2

W S 00 B A i AR AE R B [T ] P 1t R 2 4k
(BE20R) . 2019, 40(5) : 689-697.
Wang LX, Wu HJ, Zhang SX, et al. Imatinib inhib-
its the inflammatory phenotype of macrophage in-
duced by lipopolysaccharide [J]. J SUN Yat—sen
Univ (Med Sci), 2019, 40(5) : 689-697.



£ 43 SR A5 HER WX 5 WA 8 E S L A 1) 8155V

557

[13] Sihra N, Goodman A, Zakri R, et al. Nonantibiotic
prevention and management of recurrent urinary tract
infection [J]. Nat Rev Urol, 2018, 15(12) : 750-
776.

[14] Gonzalez PS, O'Prey J, Cardaci S, et al. Mannose
impairs tumour growth and enhances chemotherapy
[J]. Nature, 2018, 563(7733): 719-723.

[15] Zhu T, Zhang W, Feng SJ, et al. Emodin suppresses
LPS-induced inflammation in RAW264.7 cells
through a PPARy—dependent pathway[J]. Int Immu-
nopharmacol, 2016, 34: 16-24.

[16] Javed S, Li WM, Zeb M, et al. Anti—inflammatory
activity of the wild mushroom, echinodontium tincto-
rium, in RAW264.7 macrophage cells and mouse mi-
crocirculation| J . Molecules, 2019, 24(19): 3509.

[17] BRI, FIZ0G, 255008, 45 M2 25 B —rh2)

27 VE RIPLHI O 588 AR A [0 ). vh AR R 24 20K
2019, 34(7): 2873-2876.
Chen HB, Zhou HG, LI WT, et al. Network pharma-
cology: A new perspective of mechanism research of
traditional Chinese medicine formulal[J]. Chung—hua
Chung I Yao Tsa Chih, 2019, 34(7): 2873-2876.

(18] kil , ZEvkuk, BBUN, 55 . FE T MK By 2

FERRBEMORLIG T 2 AU SR LRI 2R [J/0L ).
2 : 1-12[2020-01-14]. http://kns. cnki. net/kcms/
detail/12.1108.r.20191227.1016.004.html.
Zhang J, Li BB, Huang MY, et al. Potential targets
research of Shenqi Jiangtang Granules on Type 2 Dia-
betes Based on Network Pharmacology [J/OL]. Chin
Tradit Herb Drugs: 1-12 [2020-01-14]. http : //kns.
cnki. net/kems/detail/12.1108. r. 20191227.1016.004.
html.

[19] Boezio B, Audouze K, Ducrot P, et al. Network—
based approaches in pharmacology [J]. Mol Inform,

2017, 36(10). doi: 10.1002/minf.201700043.

[20] Giridharan S, Srinivasan M. Mechanisms of NF-kB
p65 and strategies for therapeutic manipulation[J]. J
Inflamm Res, 2018, 11:407-419.

[21] Qiu Z, Lu P, Wang K, et al. Dexmedetomidine in-
hibits neuroinflammation by altering microglial M1/
M2 polarization through MAPK/ERK pathway [1l.
Neurochem Res, 2019. doi: 10.1007/s11064-019-
02922-1.

[22] Tsai YM, Hsu SC, Zhang J, et al. Functional inter-
action of cockroach allergens and mannose receptor
(CD206) in human circulating fibrocytes [J]. PLoS
One, 2013, 8(5): ¢64105.

[23] Fan Y, Mao R, Yang J. NF=kB and STAT3 signal-
ing pathways collaboratively link inflammation to
cancer| J]. Protein Cell, 2013, 4(3): 176—185.

[24] Vergadi E, leronymaki E, Lyroni K, et al. Akt Sig-
naling Pathway in Macrophage Activation and M1/
M2 Polarization [J]. J Immunol, 2017, 198 (3) :
1006-1014.

[25] Xu J, Zhang H, Li C, et al. Activation of PLCy/
AKT/IkBa/p65 signaling increases inflammation in
mast cells to promote growth of cutaneous neurofibro-
ma[J . Life Sci. 2019, 239: 117079.

[26] Wu C, Khan SA, Peng LJ, et al. Perturbation of glu-
cose flux in the liver by decreasing F26P2 levels
causes hepatic insulin resistance and hyperglycemia
[J]. Am J Physiol Endocrinol Metab, 2006, 291
(3): E536-543.

[27] Mayatepek E, Schroder M, Kohlmiiller D, et al.
Continuous mannose infusion in carbohydrate—defi-
cient glycoprotein syndrome type I[J]. Acta Paedi-
atr, 1997, 86(10): 1138-1140.

(4 NEZ)



