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Anti-inflammatory Effects and Its Mechanisms of NANA
(N-Acylneuraminic Acid) Isolated from Glycomacropeptide

Min-Ho Kim*, Jae-Hong Kim, Yun-Kyoung Lee, Wan-Sik Kim and Hee-Kyoung Kim
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ABSTRACT

The focus of this study was to clarify the relation between the nitric oxide (NO) production and cytokine expression
including tumor necrosis factor-a@ (TNF) and interleukin-6 (IL-6), and also investigated the effect of G-NANA (N-
acylneuraminic acid isolates from glycomacropeptide) or S-NANA (Synthetic N-acylneuraminic acid) on LPS stimuli from
RAW264.7 cell. The NANA is the predominant sialic acid found in mammalian cells and G-NANA is isolation of GMP
(GMP is a valuable bioactive peptide with a varying degree of glycosylation including sialic acid). The lipopolysaccharide
(LPS) of Gram-negative bacteria induces the expression of cytokines and potent inducers of inflammatory cytokines such
as TNF-« and IL-6. In this experiment, upon stimulation with increasing concentrations of chitosan, the LPS-stimulated
TNF-¢ and IL-6 secretion was significantly recovered with in the incubation media of RAW264.7 cells. Consistently,
RT-PCR with mRNA and immunoblot analysis with anti-cytokine antiserum including TNF-¢ and IL-6 showed that the
amount of TNF-« and IL-6 secretion in the incubation media recovered with the concentration of chitosan. The LPS-
stimulated NO secretion was significantly recovered with in the 6 and 12 h incubation media of RAW264.7 cells, too. The
recovery effect of G-NANA on IL-6 and NO secretion may be induced via the stimulus of TNF- @ in RAW264.7 cell. These
results once again suggest that G-NANA may have the anti-inflammatory effect via the stimulus of TNF-a@ in the
LPS-stimulated inflammation in RAW264.7 cells.

Keywords : N-acylneuraminic acid (NANA), Lipopolysaccharide (LPS), Tumor necrosis factor- ¢ (TNF-a), Interleukin-6

(IL-6), Nitric oxide (NO)

N 2 9} 7+ 9| F- x}=Fo|1} arachidonic acid HAFE I} 72 W5 =}

=& v/ 2 ko] tha Al E(macrophage)tt 33 T-(granulocyte)
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A M 9 ¥k-2(innate immune response)oﬂ ZHA HAAs=
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1. 2171 & Al

A g AFE-S AleF2 Dulbecco's RPMI-1640, penicillin-
streptomycin, Dulbecco's phosphate buffered saline, sodium dodecyl
sulfate(SDS), fetal bovine serum(FBS), trypsin< Gibco Co.
(Gibco BRL, Grand Island, NY, USA)°l| 4] anti-mouse iNOS+=
Santa Cruzol| X Y& AL AHE-3k3dth Lipopolysaccharide
(LPS), &=, 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
(MTT) Sigma Co.ol A 718} Al2F2 cell cultured % 17
Al kS AR5} Th AFE-7] 4= culture flask(Nunc, Roskilde,
Denmark), 24 well plate(BD, MA, USA), CO, incubator(Vision
scientific Co.), inverted fluoromicroscope(Zeiss Co., AG, Deat-
schland), electrophoresis system(Bio-Rad, MA, USA), XAR-5
X-ray film(Kodak, Tokoy, Japan), microplate reader(Tecan, Maen-
A3,

S-NANA(Synthetic N-acylneuraminic acid,
= Y& Mrukin bio(Tokoy, Japan)A}-2]
SHAAL, G-NANAE "l d-F9@2 71 NANAES AHS-3H3l

nedorf, Switzerland) 5&
o] 3} S-NANA)
T 98% ol A

2. RAW264.7M 2| vk 3 NANA *{Z|
B AFo] AF&® RAW264.74 £ ATCC(Rockville,
MD, USA) £ o} AL2-35191 9™, 90%2] RPMI-1640(Gibco
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Fig. 1. Chemical structure of NANA and immune responses
mechanism.
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BRL, Grand Island, NY, USA)°l| 10% fetal bovine serum
(FBS), 1%2] penicillin ¥ streptomycin(Biofluids, Rockville,
MD, USA)°] g wWiA|E AH&-sto] ul sttt S-NANA
(Fig. 1A)2 dEoA 9431921, GNANAE "L HFAE
Wk NANAE AHE3F AL Cho 5(2008)°] ol F3ted
A 2l et et

3 MEMEE £F

RAW264.741 £Z 24 well platee] 3x10° cells/welle] =%
= B33 U3, NANAS 5TERE X slo] Alxe] A=
EE FAFAT 37C, 5% CO0NA 24217 5t vl 31
o 7+ & A3l 0.5 mg/mLe] MTT-£ 9 (Amresco, Ohio,
USA)S 50 #LE A E|atal 3417k 5t vl kst
A AL YA

readers ©]%

5, A=
formazan crystal& DMSO®] 3¢ microplate
ato] 570 nmoll A F3EE AT
4. Nitric Oxide AMzF ZA
LPSell ]3] A== NOO| > Al azuf oFefol] E2) &=
NO,” ] HEEA] Griess A9k o83l Z7g310th RAW264.7
AEE 1x10° cells/wello] === 24 well plated] 53+ t}
+ NANAS 30% # A2k, LPS 0.1 mgmLE 50 « LA
Aelate] 24A17F FF vt wi g & Al =) ok"“3’)r
Griess Al 2FS 742} 100 £ LA E343te] 37°Coll A 107 &<t
vl 93 TF2- micro plate readerS ©]-&3Fo] 540 nmol A —S—Jg}
=43 oH, NO, ¢ FE& NaNO,°o| el 9
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5. RT-PCRH

mRNA @& FEg AR 2A18) $18) 2F NANA
£ AdAGAI 7+ F9F 2|3} Trizol reagentS AFE-3}o] Total
RNAE First stands cDNAS A %38t T8, S22 (DNAS

Table 1. PCR primers used in this experiment

Name Sequence (5” to 3°)
Semi-quantitative
PCR
. F GGA GCC TTT AGA CCT CAA CAG A
INOS R TGA ACG AGG AGG GTG GTG
F TGC CTA TGT CTC AGC CTC TTC
- R GAG GCC ATT TGG GAA CTT CT
F TCC AAG AAA GGA CGA ACA TTC G
L6 R TGA GGA CAT CTC CCA CGT CAA
GAPD F CAA TGA ATA CGG CTA CAG CAA C
R AGG GAG ATG CTC AGT GTT GG

PCRE ZZ3}31t}. PCR amplication- i-Master PCR kit(iNtRON,
Seongnam , Korea)& AM-&-3td ZF A& cDNAS} 24 o)
ZAE9] sense ¥ antisense primers, 3" GAPDH primerE
dNTP 250 mM, Tris-HCI(pH 8.3) 10 mM, KCl 50 mM, NaCl,
1.5 mME &3} i-master solution 20 Lol A A|&83}A T PCRS
95 CoNA] 45%7F denaturing, 55°CollA] 45%7F annealing 2] 2
72T 1827} extensiond= Z7A 02 AJ83lH, & 30 cycles
< 3319 tE PCRE 2% DNATE 1.5% agarose geloll Al A
T, £2% DNA band?] intensityS =735tk A
Hell A1-2-% DNA primer®] A E-2 Table 19 A= o] Utk

N

6. TNF-«

TNF-a & £74317] 9151ed 24 well platec] RAW264.7 Al
T2 wellF 5x10°704 BEF3813, NANAS = HE A7
stk 30% 5 LPS 0.1 mg/mL *&] 3k ths, 24417 F2F
incubatoroll A vl 3}, Bl YA S A Ee] —20T oA
H At th. TNF-e & ELISA Kit(R&D bio, CA, USA)<
manufacturer's instructionol] wWe} 27 3}t

2ulz 24

7. Immunoblot Analysis

E-{¥ AEE 40 mM Tris-HCL, 10 mM EDTA, 1 mM
dithiothreitol, 120 mM NaCl, 1 mM PMSF, 1 mM NaF, 0.1%
noniodet P-40, 1 mM Na;VOs, P; cocktailo] Z3E lysis
bufferol] 404 1A17F F<t RES-A1Z1 Tha sample buffer<}
;‘6_;%1-5—}0;1 100°Coﬂ/\1 35 Eo} 7].0:1 5—}@1 1:]—1314 =z th—}& j<_>[_1:
stttk 94X E cell lysates= 10% SDS-polyacrylamide gel=
o] &35t 271953 the E2lE gel® TS nitrocellulose
membrane ©. 2 electroblotting®l] €] transferd} %1 12, membrane
< 5% skim milkoll ¥H-g-A1A v 5] 4 @) -5 blocking 3t
Atk Y=+ A E skim milkell ZHzF 1:5000.2 8] 4351, 2
AIZE ERb 22 3 Al RS AIZ v 57 3
PBS-TZ AU 2, o]z} A2l antimouse IgG, anti-rabbit
IgG conjugated HRPE- 1A]7}F 303 F<F WH-5-A171 & ECL kit
£ AHEste] Xeray filmell 7H3AIA A E S d o) s
AT

NOS

(— Nitric Oxide m

COX Immune

Inflammation - Prostaglandin «——x———— Aracidonic Acid Responses

— TNF-a & Immune cells

Fig. 2. Immune responses mechanism.
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8. EAlxz NOS(eNOS, NOS3)¢] 37FA] F/7F A1 gttt o] 718 nNOS
A ¥ A 7= SAS programS ©]-4-3te] EAEA LL(SAS ¢} eNOSE constituent NOS(CNOS)E 22| ™, Ca* ]EH o

1999), A F 7 72] §214-& ANOVAZ =3 & Duncan’s
multiple range test® H| W 2] 3}o](Duncan, 1955) & %]
o} EFHAE e L 5% FFolA §94S BAISA

.

Zn f 1%

1. G-NANA2| MEZSM NO £H|o o|x|= &=}

Fig. 3A°1 4] B2 %, G-NANA2H S-NANAE 3} fr2)
B tH2] Al E59 RAW264.7 Al Eol A 0.25% A HE &
T oJEH 0 E NO S AT g 2447k v F=
Zol A MTT assays F3ll ol A &34 5 025% 5% ¥
ANA = AEHFE et Fevhe 2 90T 5 9
AT T3 G-NANA2| 7% S-NANAO] H|&| A E5A4 Hol

2] k5ol whel S-NANAS Bl ate] Qb A mol| A 4=
= 1T ATk Wb, & ZHE E o G-NANASH
S-NANAE 24A17H7HA] 0.25% X HE oA AlZ5A
NO AA & oAlsh= A2 AdE th(Fig. 3B). NOo| #3
G-NANAS9} S-NANA®] & 3+ Janus kinase 2(JAK2)E A1 €]
2o 2 A st NO A 5= AsIA7I= AGA90 F-AFSH
FIHP<0.05)F YE = AL Z &= th(Fig 3C,D).

AGA90-> 20 uM o] el A EAE Hol B A7ES AGA%
< 20 uMel A A3t AG4903} Y] SHSof.

G-NANA 9} S-NANA 9| S 3 7}= HEK 293 4| &
embryonic kidney cell)oll A= AAIE ] 0.25% T o]l
ME HAol el 255 AT F AATHP<0.05).

NOE NO synthase(NOS)oll ]3] A A1 =™, NOS+= neuronal
NOS(nNOS, NOS1), inducible NOS(iNOS, NOS2), endothelial

¢

(human

No production
(% of control)
Cell viability
(% of control)

LPS (1 ugiml) - LPS (1 pgiml) -

NANA (%) o o005 0.1 025 0.5 075 NANA(%)

Fig. 3. The inhibitory effect of different NANA on LPS-mediated
inflammatory responses in RAW264.7 cells. (A) RAW264.7 cells
(1X106 cells mLfl) were treated with NANA in the presence or
absence of LPS (1 £g mL™") for 24 h. Supernatants were collected
and the nitrite (NO) concentration from the supernatants was
determined by Griess reagent. (B) Cell viability was determined by
MTT assay, as described in Materials and Methods. *: p<0.05 and
*%: p<0.01 compared to the control group.

B A2 A Et 2% NOE skl Al2e] A=<l
e 2igol] #of gk whAe] iNOSE Ca’ Hl9EH o2 o
AAE, 8 BEIAE, ASAE, TAE 5o Al A
lipopolysaccharide(LPS), interferon- y (IFN-7), IL-1, TNF-«
o) Aol oJs) G4 shElol A7 Ft kel No2] A
Q3 o) At
g2 NO S =
= gt Btk

3= INOS £49] 23S RT-PCR
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Fig. 4. The inhibitory effect of different NANA on LPS-mediated
inflammatory responses in RAW264.7 cells. (A,C) RAW264.7 cells
(1X106 cells mLfl) were treated with NANA or AG490 in the
presence or absence of LPS (1g mL™") for 24 h. Supernatants
were collected and the nitrite (NO) concentration from the super-
natants was determined by Griess reagent. (B, D) Cell viability
was determined by MTT assay, as described in Materials and
Methods. (E) ) Cell viability was determined HEK293 cell by MTT
assay *: p<0.05 and **: p<0.01 compared to the control group.
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< @A JAlst= R 1T 5 ATk ol G-NANA
9} SINANAZ} &4319 A A E2] NO AAA HFH o7
S5 E INOSS] AAMARA S A s, AAF #3215 A
93y B AARAAAe] @S AT F Atk As
AlAFSEAL QT

3 G-NANAS} S-NANAT INOSS| T2 dAlelzlel COX-2
2 INF-a €74 JA dAste g8 E4S 71 d5 9A
AZA 9 7150l dvhe AS sttt

Nl

3. G-NANA2} S-NANAZ2| Anti-proinﬂammatory k=l

TNF- @+ T cell, B cell, WA 3, monocyte ¥
& XT3t bt Al ZedA EH]E = cytokine®] ™ (Zamora
et al., 2000), 1= IL-14, IEN-9} 2+ cytokine©] 1} LPS<}
e o7 71R] A=) o3l A] HEETE TNF-0 = B cell9]
A S FRANANAL, T celld] £3HE FmstH 95w
=S A3ATIE A2 dEA A thGarman et al., 1987,
Muraguchi et al., 1988; Park et al., 2007).
2 A7 Ao A G-NANAS S-NANAS LPSZE A=4
o] 57 thA A EA A o] TNF-a o] #H|E &2 07 7
2AIZAT o] AHE v O R G-NANAS S-NANAS ©]#

! macrophage

B

6h
(A) LPS {1 pg/mD - & * +
S-NANA (%) - - 0.25 05
6h
(B) LPS (1 pg/mb - + + + +
G-NANA (%) - - 0.1 0.25 0.5

Fig. 5. The effect of RHS-146 on the expression of iNOS, COX-2
and TNF-«@ in LPS-treated RAW264.7 cells. (A-B) RAW264.7
cells (5x10° cells mL™") were incubated with G-NANA or NANA
in the presence or absence of LPS (1 g mL™") for 6 h. Levels
of mRNA for iNOS, COX-2 and TNF-«@ were determined by
semi- quantitative PCR. The results shown are representative of
three independent experiments.

3t ASA cytokine®] 4] A& T8l A5 AlE AES
Aol AFHOR AZWNLL AT Ao AztHn

(Fig. 5A-B).

olof] E ATEL2 mRNA 50| opd whald o) x
G-NANAS} S-NANA7ZF o] 285 Yel= A-7stax
oJ

Immunoblot analysisE 53 &3t #} s}t

i
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4. EXchizl dbsizio] G-NANA2H S-NANAZ} oO|x|&
s
2 At —3— G-NANAS2} S-NANA 2 A] LPSell 2j&f ¢l

F2 whwA o] G-NANASH
7] oJste] & o ) A

o5
o 2 E-8 Immunoblot analysis

Fig. 7A-BE 2 34 NANAC] 4% o o @u)d dhg
of obFd G FA Ge AL AT F AUk, o9
(A) 160 (B) 120
140 100
120

TNF-a production
(% of control)
8
TNF-a production
(% of control)

8 8538
83 8
k

0+ P e

LPS (1 pg/ml) - + + + + + LPS (1 ug/mi) - + + + + +
S-NANA (%) - - 01 015 025 05 G-NANA (%)

Fig. 6. Effect of NANA on the LPS-stimulated TNF- @ secretion
from RAW264.7 cells (A-B). Cells were treated with G-NANA or
NANA in the presence of LPS for 6 and 12 hrs at 37°C with 5%
CO,. The TNF- ¢ released into incubation media was detected by
ELISA assay. The data was expressed as the meant+S.D. (n=9,
*P<0.05 as compared with only LPS group).

() Nuclear fraction (8)

15 min 90 min 120 min
LPS (1 pa/mi)
S-NANA.25%) - - + LPS (1 pgimh) -

G-NANA (0.25%) - bo-
65
o "IHHHH.——- - '-HF'"F'-m

ofos ¥ S Rl eiie B
L5

e ‘ e - S T .

c-dun i STAT bk =
I e
w1 i A . e e
o-rr-s [ CUUN R B e e

4~tubulin y-tubulin —

Fig. 7. The effect of G-NANA or NANA on the nuclear trans-
location of total or phospho-form of transcription factors. (A-B)
RAW264.7 cells (SXIO(7 cells nﬂfl) were incubated with G-NANA
or NANA in the presence or absence of LPS (1 x«g ranl) for the
indicated times. After preparing nuclear fractions, translocated levels
of total or phospho-forms of transcription factors (p65, c-Fos, c-Jun,
IRF-3, and STAT-1) were identified by immunoblotting. The results
shown are representative of three independent experiments.
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Fig. 8. effect of G-NANA or NANA on the whole lysate of total
or phospho-form of transcription factors. (A-B) RAW264.7 cells
(5%10° cells mL™") were incubated with G-NANA or NANA in the
presence or absence of LPS (1 g mL ") for the indicated times.
After preparing whole lysates, levels of total or phospho-forms of
upstream signaling enzymes (ERK, JNK, and I«Ba) were
identified by immunoblotting. The results shown are representative
of three independent experiments.

2 G-NANAY 724 <
kinase % LPSell 23l €43} ¥ = c-Fos9} c-
A A AL Rl oo & ?i%ln—: RAW264.7
A 3o NANAS #2827, LPS 0.1 mg/mLE * 8] &}e] 55
15%, 30% % 9047+ vl &F3te] whole lysateE A o] LPSo
of&l Yete Ale 2ol tigh tix 24 dh A S ojs
AES A AT

Fig. 8A-B<} 70| whole lysate®l A= $4 NANAS] 75
o BE S ?%H%PX] e AL AT F Ak v
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«W o2 JAFIYPLH, o= iNOS &Hde] TaeA 7]
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FFo| A MAPK KinaseS JA|$HS B ot
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e o EE
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2 g °‘°}£71 HEH ol 57 2 A 2220 RAW264.7
AZE LPSE B3N F HESA 283 NO2| A
2 2 iNOS$} COX-29] &2 TNF-« E4H] %] G-NANA
9} S-NANA7} P 2)& 3k Au B 9kth. G-NANA 2 S NANA

2 LPSol 9J3] A E NOE T& =X g ZArAHS
™, o] = G-NANAS} S-NANA<S] Al Z 5o Al 7]k A o]
ohgs gRlstath Tk -f 2 GMPolA] 218k G-NANA
7t FAL 2 THEoIX] NANAYY HI3l QFgAdo] Hojds g
olsk 4= 9tk T3 G-NANASF S-NANAOI 23] iNOS,
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Fig. 9. Schematic of the proposed mechanism of inhibition by
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