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Immune enhancing activity of Sargassum horneri extracts via

MAPK pathway in macrophages

e

-

)

w

LA KF), FFYAA 61473, 5
AU A PSS, PTG 61452,
Acgrieta ol whujel v Aetaa, olAY A 35365, @

(Received 23 Feb 2023, Revised 19 May 2023, Accepted 22 May 2023)

M £

Abstract Sargassum horneri (SH), a brown macroalgae, has medicinal properties. The present
study investigated the immune-enhancing effects of SH extract on peritoneal macrophages (PM).
The SH significantly increased the production of tumor necrosis factor-a (TNF-a), interleukin-6
(IL-6), and nitric oxide (NO) in PM. It was confirmed that SH significantly increased NO ex-
pression through the increase of iNOS protein expression, which is the up-regulation pathway.
Additionally, it was determined if SH activates the mitogen-activated protein kinase (MAPK)
pathway, an upper regulatory mechanism that influences TNF-a, IL-6, and NO expression.
Consequently, SH significantly increased the phosphorylation of p38, extracellular signal-regulated
kinases (ERK), and c-Jun N-terminal kinase (JNK), all of which are MAPK pathway proteins.
Moreover, the immune-enhancing effects of SH on another macrophage cell line, bone marrow-de-
rived macrophages were investigated. It was observed that SH significantly enhanced TNF-a,
IL-6, and NO production. Overall, this study demonstrates the immune-enhancing effects of SH
on macrophages via activated MAPK pathway. Therefore, it suggests that SH has the potential
to improve immunological activity in various macrophage cell lines and can be useful as an im-
mune-enhancing treatment.

Keywords : sargassum horneri, immune-enhance, MAPK pathway, peritoneal macrophagy, bone
marrow derived macrophage
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£ A+ 4= bone marrow derived macrophage 3

o M
fo o

peritoneal macrophage®l A o] ZARE FE2ES A
gste] ME AEE, AFo]EFFR] (IL-6, TNF-a), NO
Ao v A& 9EFS vl A Th T, peritoneal
macrophage©l| 4 mitogen-activated protein kinases
(MAPKs) A3 2A 2 Aol vXs 4 &
AFozH AYolmagie]l M &Y G5 9 A8
71de teta, v 2d AA=2A49 i 7
s4e A7t Ak

S|

= fsted 2 A AHEH p-p3s,
p38, p-ERK, ERK, IkB % -actin 3|+ Cell
Signaling Technology (Beverly, Ma, USA)ol| A <
3} 3L, iNOS &A= abcam (cambridge, UK) T 3F
o™, p-JINK, INK &A= Santa Cruz Biotechnology
Inc. (Santa Cruz, CA, USA)A T3] AH&3HA
=3

2. Bone Marrow derived Macrophage %
Peritoneal macrophages M= H{2F ¥ S 2|

2.1 bone marrow derived macrophage M|=E Hf2F

bone marrow derived macrophage (&5 &2 o4
M EZ, BMDM)E FZ&317] 98, vl9-2=9 &=
AES 204, 3 vk 2 F 19 WE stk
Zr o] 5o E0 FES A dBoE ME &
FAZ1E o] 831 IMDM (2% pen strep) HI A S W
s 10 mL FY3ked S0mL tubeol] SFHZE &
gttt ol & dA &Y st A5 dS AAsE
150m disholl IMDM HlA] (54% IMMD, 33% 1929 Hj
& &5, 10% FBS, 1% sodium pyruvate, 1% pen
strep, 1% MEM NEAA) 30 mLS ¥l A X2
3 wj7hA] 37°C, 5% CO2 AIE v 7oA 7~8
A3t v Fet Aot

2.2 Peritoneal macrophage M|ZE HJj2E
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peritoneal macrophage(&-73 A M )& EE|3s}t7]
#3820 2 mLe] 3% thioglycollate (DIFCO,
Detroit, USA)S E7}oll FA4eta, 3¢ & nf$¢-~E
B A 712L FAL7] (henke-ject, Tuttingen, Germany)
£ o] g3sle] E7o] 10 mLe RPMI 1640 (2% pen
strep) FIAIE FAstAL EVFO 2 ppAAIRE &, T
A FAZNZR B A7 @8 8 aiAE —’Fﬁ‘fﬂ‘ﬁi
o} o] & 33 H]'i‘sl-oi °F 20~25 mLe E7F AlX
et & o] & A4 Ee st %‘%9‘4%
A A BFAL RPMI 1640 #i Aol B4 A& dE A7)
% MEE trypan blueZ A3} hematocytometer
doll Al At zk Aol ARESEA

3 MTT assay
A A Z ol Tk B Aol RAFE= (SH)2 Al
XA 9 AEFS MTT (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide) assay= =7 3}
ATk £ AFel AEHE SH AZS Had= g5
Arholl A AHFH G Aol mAREo 2 AZ B 40u)
of aiFst= BATE 71k 90Tl A 4413t &<t
AT F= T & 23 otk == dA
F(F) L. BEHE Al Fol Ao AHEStRoH, B
T AP AT AEE APk g2 AE 210t
B2 2443 A7k & Az A
52 AR vl FE 96-well microplate®] 7t
wellPFo MTT (5 mg/mL)S 10 L F7}ske] 2417k
¢ FULE wde & AR st e S AA
3 5, DMSO (dimethyl sulfoxide)S 100 uL 37}l
10837 WS 3 microplate  spectrophotometer
(bio-rad, USA)E °]&3ty F3EE AT

4 IL-6, TNF-qa, Nitric oxide (NO) MM =X

4.1 Nitric oxide (NO) Mg £H
2 M Z oAl NO A 7F2 Griess reagent kit
(Promega; Madison, WI, USA)E ©]-&3la 43R
t}. 48 well plateol] th2] M ZZ 5x10* cell/well 2 5
3k & 37°C, 5% CO, incubator®l] 12417t &< w3}

HA MEZE HH38] F2AIA SHE 44 2e 5%
2 AHYetRa, FAAHETR  lipopolysaccharide
(LPS; Slgma—Aldrlch) TS 1 ugml FEE A5t
24X %F FRF vk & ik A HS wE st
2 g e 100 puLoll 5 FL] Griess (Sigma-
Aldrich) Al oFE& A 2]t 102 ¢ aolA vES
°o]-&-3tod 517 nmell A
THEE 439 Y. NO9 F %+ sodium nitrite
(NaNO,, Sigma-Aldrich)E AF&3le] A2 & A
7 vluste] AFESEA T

A1Z1 3, micro-plate readerE

4.2 IL-6 ¥ TNF-u 2H| £S5 H7}
48 well plate]] EHMIE 5x10* cell/well 2 &3~
T SHE 217t 2= F52 Agstya, U=
Q LPS T3 | pgml =2 A g5} 24/\]7 =
NFet 3, Wi Feds Esidt. 29 v
deHe] IL-6 ¥ TNF-a S ELISA kit
(eBioscience Co., San Diege, CA, USA)=S AF&3}4
A o, ojrf Ao EFIRIS] FE+ kitol Eg
Hol Jv EFEYo 2R AdEH FEFHE

HE ALE AT

g 2 Ml

5. Reverse transcription-polymerase chain re-
action (RT-PCR)0l 22t mRNA 23l 24
214 zoll tigk SHS mRNA H&dS 54317]
H138l, A AIE (4x10° cells)E 6-well micro plate2]
wellt}t}h €o]& F SHE omA 23k 5 LPSE 244
b Agstdn. E8d AlEE PBSE A& Ea
RNeasy mini kit (QIAGEN)E A3} total RNAE
233, total RNAOIA ¢DNAE A st=T
maximeTM RT pre-mix (Intron, Korea)S AF&3}53 T
¥ cDNAOI primerE ¥ 3l real-time polymerase
chain reaction (Real-time PCR) W'H O 2 FZA|HA
mRNAE A3l 7500 fast system (applied bio-
systems, Foster City, CA, USA)S ©]&3l Z43}H
ot Z438taat = mRNAE GAPDHE FX & A
ZF3} 3L 7500 software (ver. 2.3, applied bio-
systems, CA, USA)S A3} A4HFA T mRNA
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primeri= cosmo genetech (Seoul, Korea)ol| 4 o}el] 3%

o} o] WSo} ALESATH (Table 1),

Table 1. Primer sequences used for real time-PCR

Gene  Primer Sequence
F d 5“AGT TGC CTT CTT GGG
OTWAEACT GA-3
IL-6
R 5“TCC ACG ATT TCC CAG
CVEISe  \ Sa AC.3
E d 5“GAG AAG TTC CCA AAT
orward .- 5,
TNF-a
R 5“ACT TGG TGG TTT GCT
everse 531

6. Western blot 210]| 2|5t CHA W5 2o
A Az thek SHE| @l Hd S A5
23l, A A E 4x10° cells)E 6 well plate2] 2+ well
npth Yol SHE o A28 § LPSE 208 W%
< dAEYst AlxzE ettt EeE AxE
PBSE A& 3 Th, nuclear and cytoplasmic ex-
traction reagents kit (thermo scientific inc.)E A}-&3}<]
M g gdedSs #2332 BCA protein de-
tection kit (thermo scientific inc.)& AF-&3Fo] & &3}
& 10% tris-glycine mini gel (Invitrogen)®ll welld 20
ug®l TS loadingdle] SDS-PAGEE #-2]3}%]
t}. ©]& PVDF (poly-vinylidene difluoride membrane,
Invitrogen)= transfer ¥t 5 membraine 10 mLo
blocking solution®l] 2417t &<+ WX & o] & AA
3l 13} FAE 1:1,0002.2 5% skim milkell 3433}
o] 4°Col A overnight ¥H-&A1F o ©] % TBS-tween
20 (Intron) 2.2 1024 43] A|&3}ta, 22} A& 5%
skim milk®l] 1:3,0002.2 3]X3}e] 2417t H¢F ¥k
A 71aL, TBSTZ 1083F 43 M ZH3IA S, west
femto maximum sensitivity substrate2} LAS-4000 (GE
healthcare life sciences)< ©] &3t ME=E EA4351%

o}

B ATl tie A 23= AR SAS 828
o] 83} Two-way ANOVA (Analysis of variation) 7
A& AAIgE &, Bonferroni post tests®] ThaH 44
3} Student’s t testZ p < 0.05 =N FABE AF
SRt EE AP 33 o4 whEdte] w3t
AEAHAE Ao BFA Ay thxzao
g AEEE P + FTUAXFE YRl

=

d 3
Mo|2XjHE F=E0|] bone marrow derived
macrophage MIZES| MEE0| O|X|= Y&
M ZE ARGy} 23w

o] glgel BaFTH2s). B2
g A AXE (bone marrow derived macrophage,
BMDM) 2% t4AEe] $72, A ws =4
9 oHUA AR o FEH GTL AAT Aol E
7}21 (IL-6, TNF-a ¥ IL-10) & 2L T A 43}
24 53 22 7l W AR 7149 Aozt Aot

A ES} S F

[26]. TH3E& S 2 Toll-like recptor 4 (TRL4)-MAPK 7|
e T3 45 24& st BAUAAE & vl
st = frefl A A 9] -9 NLRP3 - caspase
1-IL 1B 7179 zdo] WY 4l dF 2dd T8
gk 92 sl Ao g AT [27] B Aol A
T Aol mAMIFZE (SHY7 Bdzd a3t 9l
A 7] fsl =7 el hAAE 2 FA)
AA LA FFH = A= IL-6, TNF-a L8]
I NO9 &g of i gRlst. 85 glsh]
Z SHY| AE5A AR5 Hristr] A8t = &
& 2 A Zo) SHE

12.5~1000 pg/ml &7k X2
Sk 5, 24A12F v FSE & MTT assays 33Tk
(Fig 1). SHE A gl}A] &3 vl gt 0 pug/ml (Blank)
T AXEZ AEE 100%<}F vlaste], SHE &
ZA-ol= 100 pgml =744 Al E AYEL-0 W3}
NS, 250 ng/mlF-H 22 Q1 A 2=/ 0] e
1}

2 BABAY. Wb SHE FF B4 Ak
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100 pg/ml ©15He] F=F HAstel 2P WY
o

120

100-11111****

80

Cell Viability (%of Blank)

0 1 1 1 1 1 1 1 1 1
SH (ug/ml) 0 125 25 50 100 250 500 750 1000
Figure 1. Effect of Sargassum horneri (SH) extracts on
the cell viability in Bone marrow-derived macrophagy
cell (BMDM). SH were treated at the concentration of
12.5, 25, 50, 100, 250, 500, 750 and 1000 pg/ml. after
24h, cell proliferation was determined by MTT assay.
Results are expressed as the meantSD (n=3). statistical
analysis was performed using Student’s t-test with a
significant level of "<0.05 compared to Blank (0 pg/ml)

group.

Mo|2XjHE FEE0|] bone marrow derived
macrophage O|A IL-6, TNF-a & NO A4 Aof o]x]|

g
=7 ] A M2 A IL-6, TNF-a 2 NO& tH&
A Azt FLsHA, tha Az e st 2%
<l AHA AT SH A 27t XA 2 &4 3}

| < B7ksk7] sk, =5 el Al
o SH Mg & IL-6, TNF-a ¥ NO A4 A=
St 1 A3 45 2 Aol vk Hnt
= A3t Aol ERRIQLIL-6 B TINF-a7}t &%
X0 2 YAHES AU TH(Fig 2A, B). =3,

PP 2Ao) FaF 4TL 3= NO A o

2> B 1o oo

F& 359 thFig 2C). ©]= SH A&7} F #

WAHNE BHE fEste] WAe 28 5 LS
selstAth
) 8) *
25007 s 1
. K
D TNFCL ~ l
¢ 200 z,)
¥ 3
S < *
¢ 15001 S
BE Ez- * l
£d 3
22 T *
%~ 10004 0
9 a
g 0 11
& 5004 y4
0 0= T
lPS- + - - - lPS- + - - -
SH{ugm) 00 125 25 50 SH(ugml) 0 0 125 25 50

Figure 2. Effect of Sargassum horneri (SH) extracts on
the (A) TNF-a production, (B) IL-6 production (C) NO
production in bone marrow-Derived macrophagy. SH
were treated at the concentration of 12.5, 25 and 50
pg/ml. And we used LPS (1ng/ml) for positive control.
after 24h, (A-C) cytokine(IL-6, TNF-a) and NO
production in culture supernatant were investigted by
Elisa kits. Results are expressed as the mean+SD (n=3).
statistical analysis was performed using Student’s t-test
with a significant level of "<0.05 compared to Blank
(0 pg/ml) group.

SHe] MiZ=54 H7FE 93l Peritoneal macrophages
(BANAAZ) A Zol| SHE ZH2L == E 2735}
o 24A1ZF vl F MTT assayS X3t (Fig.
3). SHE A #3tA ¥ A HZT (Blank)w 7 ¥
w3l SHE 12.5~1000 pg/ml = =7bA] 2 €]g 2
%, 100 pg/mlFE T A< M ZAE o] e
Qs o} kAl SHE| 125, 25 2 50 pg/ml

il

O off ol
2 k1 o

3} 2
= BAY AN AESH0] glee Tl
o}

=4
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120+
100 = T T %, .
E BEN
m 80+
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2
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E
©
S 40+
3
(&
20
0 L] L] L] L] T T T T T
SH (ug/ml) 0 12,5 25 50 100 250 500 750 1000

Figure 3. Effect of Sargassum horneri (SH) extracts on
the cell viability in Peritoneal macrophages. SH were
treated at the concentration of 12.5, 25, 50, 100, 250,
500, 750 and 1000 pg/ml. after 24h, cell proliferation
was determined by MTT assay. Results are expressed
as the meantSD (n=3).

performed using Student’s t-test with a significant level

statistical analysis was

of “<0.05 compared to Blank (0 pg/ml) group.

0| Peritoneal macrophage?|

BWO| AP F5
MM OjRE B

IL-6 ¥ TNF-a
EERE2S

o> mln

3z ZZ oY, A T Aol ZEHoE EAs
A & -G v il d S FEtal 43
S AAME 285 TH28,29]. tAA 2= A
o 9 HI3AS T o] A &g #sto 3}
B3 FrAe Fad 9T It g MEe] &4
3= BEHlE = NO 2 Aol E71Q1 (TNF-a, IL-6 2
IL-1) 59 7H& B3 ST & 1om, 53] TNF-
a % IL-6 & 22 Afo] EIRIE S 27] W
Hd3TH30,31]. A M Z | A EHE TNF-a= A
SH o AY9A xR H3str] 95, v s
AN ZY gild = Bz 2300zt BHHS =
7RIS dsE YA EE e 9 g o3
LHdE Az 59 HalsESs SVMAA 27 HY
HEg-o] 83 98-S $H3[32,33]. IL-6= FH LT
Ay 1 28 58 FE3E 5HOR s 55
Wolo A Fad 4T drh34,35]. ¥ A7 AF
oAl SH M7} AL E S35 H 52 A

o] E7IRI A v X = FEFS gRlstr] 98,
FEHA APl EZIRIRI IL-6 B TNF-a2] A4 A=
gelstsit.
SH7F A A2 g sto) mX & FFES Felsh]
el Fth 2 A ol SHE 22t
pg/ml F=2 At LPSt A=
Hlwatg ok 1 Ax B4
A2 (0 pg/ml)3} B2 3ke] 1L-6 2 TNF-a A A o]

frolg oz Frtetes A& FAsAT (Fig 4A, O).
, AT LPSE] A g7} IL-6 B TNF-a A
oF o7 Frtete= As s

A= SH A 2]7} IL-6 ¥ TNF-a2] mRNA
el FaFs T4 Rttt 1 2 SH # &
= IL-69] mRNA F@d S 25 2 50 pg/mlol A <]
o7 Z7IAZH O, TNF-ao] &aeke 125,25 2
50ug/mloll A o] d o2 F7 JE FASAT (Fig
4B, D). °]&& A+ A= SHYF tiAAlE &4 9
7t B 1Y 485 Ze A rgth g
o MaAFo A AAAMEL Splenocyteol]l SH *] 2l

L

ox
% o rﬂ

o
&
L 2 A

- !
7} 16 B TNF-a9) A2 Z7MA7em, =4 e
g4 A ZEQD INFy 2 IL-27F fFolF oz 37 95
FRIsIAT36]. °1 & Fall SHE tAA= 51 ¥
_ o .
AL BAHS A=Y F de Aos dddn
* ® -
6000 . .
= % _ 40
[
2
4000 ‘Ztg s
E £% 4
2 ©°Q
@ 235 5
! o0
= 20001 -.EE-,
g
100
T T T T T T T T T T
LPS - + - - - LPS - -
SH (ug/ml) 0 0 125 25 50 SH (ug/ml) 0 0 125 25 50
(©) (D)
80 .
3000 . 60
a0
us E 20
~ T 87
E 2000 % g
g £8 o
E [S % N
£ 1000 2L 4
K
[
) i ﬂ
1

T T T T T T T T T T
[ + - - - LPs - -
SH (ugml) 0 0 125 25 50 SH (ugim)) 0 0 125 25 50
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Figure 4. Effect of Sargassum horneri (SH) extracts on
the (A) IL-6 production, (B) IL-6 mRNA level, (C)
TNF-a production, (D) TNF-a mRNA level in
SH were treated at the
concentration of 12.5, 25 and 50 pg/ml. And we used
LPS (1png/ml) for positive control. after 24h, (A, C)
cytokine productions in culture supernatant were
investigted by Elisa kits. (B, D) mRAN levels of 1L-6
and TNF-a in Peritoneal macrophages cell treated with

Peritoneal macrophages.

SH. Results are expressed as the mean+SD (n=3).
statistical analysis was performed using Student’s t-test
with a significant level of <0.05 compared to Blank
(0 pg/ml) group.

WMo| 2 XlEE = E0| Peritoneal macrophage?|
NO MM 3 iNOS E._‘-’_0|| I:||7(|'_ Azt
A

vt 98t AlE 3
NO % iNOS &3 =5 =4
FAstE 428 gF o %E% z,: /\)\on:]
A 2] 2Ho) T2 JTS h= ZloF B
A ATH37]. TR zAd EA|sH Ao e}l
(L-1 ¥ TNF-a 5), LA, A%

220 25 Foll thet Whgo g W
o] Ae] A& 7FXITH3840]. NOE T2 M=, vt
AZ, 3T 5 AAAHAE 5o W 1y B
dsAlze 4%, AE g ZHE 2dsH[4]]

o
i)
Hir
flo
S
2y

iNOS©l 93l A E NO= EF =4, dynks 2
A2 S 28 g Asdd AR 2§
FHH17]. HFe] NO HEL2 4SS fr=ste] 34
ANEZE 4% 54 95 229 w7l A= &
A o, A-3 ¥ NO AL WY As A
GAEA F AFAPS FTMIIE AR LA
ATH42,43]. IEHA NO &S 23 A2 HY
zAd o) oA w9 FastH o] #3F AU &

T3] APHA T

219 A7 A= F8l SH A2l 2 SHYL i%ﬂﬂ
2 & 3 vl ke iNOS T HH =T}

o o7 F7t He AL &3 S H(Fig 5B),

TS ZF AHEQl NO A4kaFo] SH A 2lE F3l &
oA o7 F7t HASES FUSATKFig 5A). o=

SH A&7} iNOS &3-S 53 NO S &3 go
ZX 1Y 84S &5

(A) (B)
INOS 130 kDa
507 B-ACTIN | " e D G- | 45 ),
- T 25+
2 c
< £ - 2
§ 1 g @
g 2%
gzo- El315-
& «Z
9 56
104 g<10-
0w
0
4
. g 5
v I I I I I w
LPS - +
oL
SH(ugm) 0 0 125 25 50
(g/ml) S - + -

SH(ugm)0 0 125 256 50

Figure 5. Effect of Sargassum horneri (SH) extracts on
the (A) NO production, (B) iNOS protein expressions
in Peritoneal macrophages. SH were treated at the
concentration of 12.5, 25 and 50 pg/ml. And we used
LPS (1pg/ml) for positive control. after 24h, (A) NO
productions in culture supernatant were investigted by
Elisa kits. (B) Protein levels of iNOS in Peritoneal
macrophages cell treated with SH. Results are
expressed as the meantSD (n=3). statistical analysis
was performed using Student’s t-test with a significant
level of “<0.05 compared to Blank (0 pg/ml) group.
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Figure 6. Effect of Sargassum horneri (SH) extracts on
the MAPKs phospholylation and IkB expression. (A,
B) MAPKSs and IkB protein expressions were analyzed
by Western blot analysis. SH were treated at the
concentration of 12.5, 25 and 50 pg/ml for 30 min. And
we used LPS (1ug/ml) for positive control. Results are
expressed as the mean+SD (n=3). statistical analysis
was performed using Student’s t-test with a significant
level of “<0.05 compared to Blank (0 pg/ml) group.
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