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Abstract

This present study was to demonstrate the immunological effect of annelida (Lumbricus rubellus)
water extract on various immune cell models (bone-marrow derived macrophage and mouse
splenocyte). Annelida water extracts are treated in the bone-marrow derived macrophage (BMDM)
and splenocyte from mouse, and it was not found the cytotoxicity in dose below than 250 pg/mL.
Cytokine (Tumor necrosis factor alpha; TNF-¢, Interleukin-6; IL-6, Interleukin-14; IL-13) production
activity tested in the BMDM was significantly increased by treatment of annelida water extracts. Cell
surface marker (CD 80/86) mediated with immune cell activation was highly increased by treatment
of extracts. Similarly, cytokine production activity in splenocyte, annelida water extracts treatment
significantly increased the Thl type of cytokines (Interferron-y; IFN-y) production, but not affected
the Th2 type cytokines (Interleukin-4; 1L-4) production. Therefore, these results suggest that water
extract from annelida may be a powerful candidates for maintaining the immune system.
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HAHRS-2 ol thgh oo wet AH/Ad HRkEat T4 W9Rkgo R REE, A%
HARRE2 F&2 AN EAAE E FAVA|E) S0 QsfiA] o]FolAH, 9 EolHel ¥keZ
FHFSHA] 9=t (Cannon, 2000). 3474 HER2 & T A|Z 9 B A|20f| Jsto] o]Foix]m,
AR ARG Sof] AAazo]| ofste] AA| s ol e Q14]stHA HARESo] ZjAlE, HY
Ll XA H]glo] wjQ>- & EAS 7RI JTH(Clerici and Shearer, 1994). AJA|HIZ

W dg el 53 4 otk

A2 4T BAPIH Aeiee] wa Qg Q] SHo] FYHL, S5 AT ST
WSk Qlo) 24 BONE HAPH B71eHAA, 4o 2 AGE Y] mBH Nt A
A Z7HEIT1 9l ZAIOIEKCho e al, 2005). olefRt EAS ShaEh] Siste] 48 AE AASEE
B A9ZY BUSS Bt A 4RSS U0 A 2StelH s olFolX 1 g
ZHOIENByrd ef al, 2000; Lee et al, 1998). T2fut ofefeh A7 F2 THbAioh 22 Aol
Hste] WFEe] foml, £-8 FHFRE o}7RLel o HAAZOEE 1 B ofF
e guoltt
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StoJslof| A BEBE 5 RGO (Lumbricus rubellus) 3552 o]-8sto] ABI A (Hori ef al., 1974)1} JEA|(Liu et al., 2013)2 TO|
AREEO] Zth old AolA AFo] 2Ao tigF EAsks E2Hl=Atpolyphenolic)e] FAS AL A7t Qtkal HuEQI
(Balamurugan et al., 2007). T3}, X|Fo] FEEL o]83lo] 3-3-EA A(anticoagulative activities)(Mihara et al., 1992) ¥ 7171 5H 5 &4
(hepatoprotective activity)(Balamurugan et al., 2008)0] E 1%} o, oA AA|Ho]2} RX|Fo| FEES o]8olo] FIF W JASH &4
A7h HIE ATHKim et al., 2016). SHATE Z|go] EE0| thet A7} ofd e Wol MFP=|A] ghaton, 53] AFAAEA HADA 0|
B A oS olg Aol

A, 2 AtoflAs AEAAEA HIA 715/0] 2 S35EC] 2 AR R FR3% 7HA9t 2 o87hs/dol et
o) H7117] Sfstol, HALE 3 HAE S| okt HelHlES] Aol 2B Al ) et Hel 24 2] Bsjol Wi
Hojtt

1|, X2 2 dit

%I%Jxﬂg_ ol x=
= x T=

2 Ao ARG SHFEE(A PO @rlAH(Korea) O 2 HE FAULES US| ARG 52751 AFsEs A8 241
7](NSG-1002SS, Hanil, Korea)= 243t & 2 gof] S/SE 100 mLF7Fste] 60TOlA] 24A1%F 52t 7Hgste] F&5190th 47|

(Combi-S14R, Hanil, Korea)S ©}83le] 3,000 mpmolA] 1587F QAReIT & 5L Belole] 522 AGalsch 483
(1820 g)] CSTBLIG 89 P92 OrientAHKorea) 23] TY510] APGBISITE HOPHE BLOAL SRAG U B3] 170
F j2st 25 AE 2 VPAES A etel Agslsick

&

¢ T
= 3
N ol

STMEZRE HMMEZO 23t R

CSTBL/6W-A2RE E4 38 FAI(BD, USAE ol HER 55 AFstth A5t =5 A7RE phosphate buffered
saline(PBS; Invitrogen Co., USA)C.= 33] A3t &, HEFE A|Ast7] $I61] red blood cell(RBC) lysis buffer(Invitrogen Co., USA)E 5
mL A2s}o] 1027 R[S PBSE 31 A|&sto] A8t R7A71E 5] AASHA. 2213t vlist SpAIZE tiANER £34A]7]7]
2J5}o] 10% Fetal bovine serum(FBS; GIBCO, USA)°| X3+ Dulbeco’s Modified Eagle’s medium(DMEM; Life Technology, USA)l| 2 mM
L-glutamin, 100 unit/mL penicillin/streptomycin, 50 M mercaptoethanol, 0.1 mM non-essential amino acid, 1 mM sodium pyruvate, 25 ng/mL
macrophage colony-stimulating factor(MC-SF; R&D System, USAYE #7|510] 4 59t vjoFs3iTt.

CHAJMIZS] MIE SAlS

AR5 3220 A2} fhAAES] AE S 5(cell proliferation)o] TIXE Fo] Welo] Z4317] Fsto] vhoA BeAEENE Ha}
o IS 242 96 well plate] well'd 3x10712 £5:5 &, APFE D5 F252 625, 125, 250, 500, 1,000 pg/mLo] FE=2 A2[o}o]
3TCR RAFE 5% COp AE Mi7IolA 24417 HiORRE F, MTT Wiel] ofsjo] M 34152 B/t MIT e 3-45-
dimethylthiazol-2yl)- 2,5-diphenyl-2H-tetrazolium bromide(MTT; Sigma Chemical Co., USA) A]2FZ phosphate buffered saline(PBS; Invitrogen
Co., USAY] 5 mg/mL9] 5322 831510} well 30 oL 7SI 241 59 WhgAICk Hiok AF5AE AAGHT, A ) APE formazan
crystal-& dimethyl sulfoxide(DMSO; Sigma-Aldrich, USA)°f| %<1 & microplate readerE ©]-8-51%] 3% 570 nmoj|A| S4otAtt. AES4E
2 Control(medium only)9] S-3% #2 7|50 = H|WalL}.

CHAIMIES] AIOIEZ IRl EHIS

FFEE FEEY A7t tAARSY ARl RHlsol| vAl= FFS ok ot vhel A RERE ZotE qiAAEE
48 well plateo]] welld 5x10°7]2 BFet &, w8625 D 125 pg/ml) JF=E 2259 Asla] 37CE SX|Hs 5% CO, A|E Hjd7]9
A 24A17F ioFst &, wljof AFSolof] F3FE]0]Ql= tumor necrosis factor(TNF)-e, interleukin(IL)-6, @ IL-189] 3FFg 24513t} AlO|EZIQI
9] 3IZEL enzyme linked immunosorbent assay(ELISA) kit(BD Biosciences, USA)S AR&3F & microplate readerS: ]85} S-4= 450 nmoj|

A 27t
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CHAIMIEO| ME EH £ QIXHCell Surface Marker)0f| OJX|= F&F

= T2 A7 AAE 3 SARJAR] Tl vlR= FFS 5] Hoto], vkl EpAEERE EolE gAAEE
Zk2} 6 well plated]] welld 11072 £55F , FEH(62.5 X 125 pgml) AT F 2447F 5% WESAI7|3L, 4240 A5 3553t
FA HIEo|H]] Ak WASH] flote] dl4d Z47Ee] Alxzofl 1 pg/mLe] Fey VII(BD Biosciences, USA)S AH|sto] 4CoflA] 2087F
WXt & iAA| Q) XA HH SAIQIRE B42 21510] anti-CD80-PE L anti-CD86-PE(BD Biosciences, USA)Q} 22 A& HH
FAE 717 1,0008) A5k ZH7be] Alme]] Aot 308 E2t WA &, FAIE £47](BD FACSVerse™; BD Biosciences)& 0]-8-51o]
FHeE F22Y At oAz Ax 33 LAAte] Hdof b ]L dgo] Tslo] BASIGITE B ol UL o8l Flowlo
software(Tree Star, USA)YE AR&Sto] 715t

OIRAZEE HIEME 22

13:719] 43512 npz] ufeAsE A% GEo g AT T v EdFo s A&35to] 10%2] FBSQF YA penicillind} streptomycin
(100 unit/mL, 100 xg/mL)S &3t Roswell park memorial institute(RPMI)-1640(Life Technology) HiA|Z A| 25t & tissue grinder(Corning
costar, USA)Z #2550 HIANEE G2A T AZFErN| AE1LE A|AS}7| Y5}o] red blood cell(RBC) lysis buffer(BD Biosciences,
USAYE F7itel HUTE ARSI BFANIE o|8sie] AESE Sslalch

HIEMES| ME SAS Tt

SR 320) Ao} 032l $e18 U] S5l Y G 21 k] okl o vl e v L
M9 HFARE E5SE &, IS E 95 2258 62.5, 125, 250, 500, 1000 xg/mlo] wr & Aslo] 37CE FAEE 5% CO, AlE
B of| A 24A17F HHOO‘—T} 3. WST-1®(Daeil Lap Science, Korea) 8982 Z+7k0] wello]l 10 pLA H7F5}1, 247 591 BRSA|Z1 3 microplate
readerS 0[-8-519] FF 450 nmoj|A] S5t} AIE FAl5S B7FHIT HIGAIE 5418 Control(medium only)®] 8% g 71E0=
Wl eloict

HIZMIZO| CHSH AO|EFIQI 2HiS Tt

BHFE 2229 A2 IR AolEtel Belse] vl el Bojel Lolis] Fisle], vl 20N Bel W ES
48 well plateo] welld 2x10°7§4 BF5F & %125 E 250 pg/ml) SFEE 225 A2slo] 7z 24417F B9t WHSA|7] 11, ik
A5 Mol ZR51= Alo|EFR][interferon(IFN)-y 2 interleukin(IL)-4]2] Stfo] sl 24519t AR|EFIRIS 4L enzyme linked
immunosorbent assay(ELISA) kit(eBioscience Co., USA)YE ARESF & microplate readerS ©]-&310] S-T%= 450 nmoj|A &5t

SHz
ojAre] AsloA Aojz] Aip= EASH AXE Y of(GraphPad Prism Software, version 4.03; GraphPad Software, USA)E /\]-9-0}01 Tukey s
multiple comparison testo]] ©]0] one way ANOVA test® 541519301, A|& 7H] §-9]4S Duncan's multiple range test® ~ p<0.05, ~ p<0.01

1 ik

2 p<0.001 EOA ] nSRIT

-

n. Za2f 3 u3

HAYTE FEEY Mt HAMES] ME SAS0 0jXl= g
gdg5E T2 APE AR AR S50l vixle Yol Bl 7] fste] CSTBL6 WReARRE wlEsl I AR

Sejelol AR WS %, EHE S SEWES, 125, 250, 50, % 1000 g ) FHEE AL Tl TR
AE F452 Fig. 10] Uehich BG5S 228 SEEs Aelet 23, Ago] 2% He70)H 250 pgmLolye] SEold fojHoz

/o] WHEQIL. & A AFjollA] R[Fo] 259 A BE- ekl NEEAHS Ueig=t, ol2fdt AEsdE
e+ o9+ A|Fo|9] YHo] &5}l 31+ metallothioneins®] g} LHSE B Zh= Z 0 F AR EH, metallothionein= F&(7 1=
5 ofel, 7o)t ZTRe UL ] F34 R S 5 Y T2E AT 3] Eo] A% S0l BN A0 A
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Fig. 1. Macrophage proliferation activity of water extracts from annelida (Lumbricus rubellus). The sample was treated at the concentration
of 62.5, 125, 250, 500, and 1,000 pxg/mL in bone-marrow derived macrophages (BMDMs). The data shown are the mean + SD of at least
three experiments. = p<0.05 and ™ p<0.01 was compared with un-treated sample group.
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RRRy 7] 34 BEs] 98 A A2AY A7l 4 oI5t o] Thsto] B4

o 8.0 %52 JOIRITHKim o al,, 2005). ©|2f3t HAREE] 24, ot £ A
A 4 9JekaL BuE|T 9JeHKwon ef al, 2001; Sub, 1996). ]2 W0l Adarehs W] whSo] Akl Agieka AASHL
o P E Lok} S WSS BN S ol B 2781 Sl TRt AAlY) HOEE Sol o HYA AR
UL T 7P WA ISR A A E(phagoeyte)ol L, 0SS AHHAHAL] B340l A3k FETHCha and Lim, 2014),
SAEe] Z ofsRe olg o] 7HA B ol o] W4l 9 A7 So] 9lon], YUANAEEA FHUAAES vk T Ao}
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RHASE FE29 XM27t HAMZES] MOIEF Q! 2H[SO| O|Xl= F&
By FEse] A W FUEW okt "YAze] Aol 712k 3slr] fiste] sk AP o E HAAE(ANE L
| EsEHEA F2Mo] oA, eF Hio]HAL Alatol] RAHE AEE AFHOE TSt AFEAIZ|AY, 1A oR
"I QN AIEZIRIS BARITHLee ef al., 2012). AlP|EZIRIS HANEZO] ASHHE Aok IS =3otH, 7|et QoA
Q= ofF] 7HA] A= tiste] gt 7S] AlRe} 22|50l f714 0 R AESte s wokE BNt of e}, £HZAME, HARES, dWHEdl A5
58 2Esk= Ao7 HEojAtH(Calixto et al., 2004). THAA|ZEL} SFAIA 7T AJASh= A1 AO|EZIRIO & tumor necrosis factor
(TNF)-@, interleukin(IL)-13 2 IL-6 5°] 91O H(Calixto et al., 2004), O] & AN EASIE Lot 7| Yot FQ3t X F2 ”&E}QE}
2 Ao BFEE FEEC A7 hANEe] B4slo] n|X|= kol Tell TEsl] flste] E/dekE tiAAIES] a3 A% &
T HEAQI Al E7IRI FHls Z8o] oto] Yok it A[Fo] F2E HZ=/ B7HA] 250 pg/mLolde] oA AliZ=4do] 1)rE}Ur“
A0 R WAE0] 62.5 H 125 pug/mlo] FE= AZsto] 2] FEE AR|E7IR] FHls-2 TASIGIThFig. 2). ERE A thRTFEHA HiAAIE
9] wlo] EAl(mitogen)<l lipopolysaccharide(LPS)E AMESH] S 5& FE5ET 4TS Hwolgit:. 1 23, 55 Aol A9 s%7t
F7IEE APE7RRIC] HHl5o] 5k oEA 07 F7lE= Zlo] ARl tehy BPFE FEE0] ANE S AHEHR] A&
71Q19] FHl5S A7 IE 2 ERIGIGIL, o=t SFEE FEE| tAE S/l = °“‘°J‘*— AHog Bristy] flsto] thalAl
X FHof B2k M 3H QAR cell surface activation marker) & EZA 02 A7 AE BH FLF[cluster of differentiation (CD)]
molecule®] & o] o] TSI

sl A5l7] el B2l o522 (Chan er al., 1988), TFIRE
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Fig. 2. Cytokine (TNF-q, IL-6, IL-13) production activity of water extracts from annelida (Lumbricus rubellus) in macrophage. Extract was
treated at the concentration of 62.5 and 125 pg/mlL, and LPS was also treated at the concentration 0.2 pg/mL in BMDMs. The data shown

EE

are the mean + SD of at least three experiments. ~ p<0.01 and ™ p<0.001 was compared with un-treated sample group (UN).

HANEE Be] = AT 4= 9lom, A2 F8AU 8415 SAsIol: eRIER A18ol= 5 HIAIE S/l 583 A B2 AMEH
3 Q)tKKikuchi e al., 2002; Kim et al., 2007).

B Aol SEE 2EEC A7t thANE] Al 3 SAJRIAIQI CD80 U CDR62] o] nlA|E F3re |HAIE B47]E 0|83t
o] golEth Aol FEE(62.5 H 125 pg/ml) H LPS(0.2 pg/mLyE Asto] Ae] F=E CD 80, 86 I Fr=E &I Fig. 3).
1 A, tiAAze] 1 4 RS Wdo] AP skl gEF R FUkEE Ao| WEEE wEtA Al E7IRIS] HHls S7HFig.
2)9h Al 1 SRR WE F7KFig 3)2 Hol, AeaE FEEY Ads AH HANES] tAAEe] EAslol IA 7|ofoh= AR
At Et 33 o]gt HALA Fulo] Foto] Bt Hds| Yopkr| flsto] H-FHIA Q] tHEAR] 7131 v (spleen) O ZHE] H|IZFA| L
(splenocyte) S w2510, H2jE HA| 2] SF5E FE2EC] ADlsto] vAIRY Al254] E AR|EZRR] /85 HXle 3l Tl
otglct.

Lumbricus rubellus (pg/ml)

A
UN 62.5 125

1007 — — — — — —

3.92 11.7 19.7
5| .
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=]
z 20
© | T e i P R :
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g o] — — — — — —
£ . 4.02 10.0 20.8

CD86

Log fluorescence intensity
Fig. 3. Cell surface marker (CD80/86) expression of water extracts from annelida (Lumbricus rubellus) in macrophage. Extract was treated

at the concentration of 62.5 and 125 pg/mL, and lipopolysaccharide (LPS) was also treated at the concentration 0.2 pg/mL in BMDMs.
The data shown are the mean = SD of at least three experiments.
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HHUSS 2220| XA HIFMEC| HME SAS0| DRl Y3

FYFE F220) ek uPgARe AL FAks0] vAE Jgo] Bote] B Sslel, CSTBLIS RAERE WRRAL AEet,
sele RN 0 2R HNES SEAA, BYFE FEBS FEE2S, 125 250, 500, % 1000 pgiml) Heistse the] ulAEY
A ZA52 Fig 40 Uehich B5E 3282 522 Qee 23, 255 47004 500 ugmLole] S=oI4 fojmom vl
ol g AEEHS Uehi Aoz ol olat 2k Aol F2e] thAMEe] Tt AL F453 A WsEolH
AEEHS veheic

HASE FEEY M7t HIEHMIES| AOIEF QI 2HISH DXl Fe

AAALQAA il dizt Ho 7122 Wasto] 2457t & SAMEE0] /o dojual, of2fgt AN ZES A5 HGA
olefe A9 A5 HEKCali of al, 2004). ASPISAE Ggolc FH VIS vH02A, Yool el fofc Syl
Helo] 27 H5 TGS Ssl], B 9 T Y0 4t Babh olSoldli /Hog e ATlA TS SaT G SHUtKCalito
et al., 2004). B —‘—7‘H°H: HAA|ZS] #2S HH TAIEZE 70% o= AAIsH, A= B B 4| ZE0] Z]'X] S}, webA WY
S/dEH0] HABAHS REsh=AlE SRlshke o Qlofx, B TAIZS] ¥ ¥Esly] foto] HAIE Rde F2 ARSRITHRyu ef
al., 2006). MY T ME= AO|E7IRITF A AHARIAKtranscription factor)y52] &4dslo] Jslo] Thl MEL} Th A2z B}, Zkzte
Aol EH|El= Al E7IR19] A9 HASAolu Lel=7] ol THRE o] itkal H il E|ofZItKShan ef al., 1999). Thl AZ7} &4
she TSR] Aol EARlO R 1L, TNy, TNF-5o] 91T, Th A7} ulske =l Aolsllom 114, 5, 10, 130] 9lov)
S Thi 37} Bolshe Aolsrielo] 271 A9 Mei@Ao] Bue Bl Sitky WHksiol, Ty A7} Ealske AlolE7kelo] 2712
A% g 27 Aol ofEn| Aske] [uba WHSH ATAYE Aokl B E 0| Rt Medzhitov, 2001; Wang et al., 2001).

2 Q7olE SY5E 2320 Aet HAAEL] Aolsrkel Bb Bl vl Gyl Bt AL Rohur] Slstel, upgEA 0z
FrElE B S E(125 B 250 pg/ml) SFEE FE= A Ho] HAE Alo|E7IQ] RHlsE Fig 50 HERth At}
kA 272X HY THIZS] ulo]EAl(mitogen)] Concanavalin(Con A)S ARE5to] SP5E 2557 IS B|W3IL) Alo|E7C] HH]
5 A, S E 55 AP Thi A27t RH[Shs AlE71Q1Q1 IFN-y O] 2H7F S71E%10m, Th A7} #8[5k= Al 711
QA IL-49] FH]Fo] Hit Hsk= WEREA] et of=iet A¥tz n]fo] Hol, 5w FE22 A2le ¢eE=ry otk 59 AW fi
TR Tedo] Qli= Th2 HlZ29| EA4dslofl= A3k 4| fom, WSt DA BHo] Y= Thi AlEo] TS festo] HISHS

S e A= AlaH:
- I I I I

625 125 250 500 1000

Sample conc. (ug/mL)

=

-

(21}

o
]

(4}
o
|

Splenocyte proliferation (%)

o
I

Fig. 4. Splenocyte proliferation activity of water extracts from annelida (Lumbricus rubellus). Extract was treated at the concentration of
62.5, 125, 250, 500, and 1,000 pg/mL in splenocytes separated from mouse. The data shown are the mean + SD of at least three experiments.
" p<0.05 and ~ p<0.01 was compared with un-treated sample group.
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Fig. 5. Cytokine production (IFN-y and IL-4) activity of water extracts from annelida (Lumbricus rubellus) in splenocyte. Extract was treated
at the indicated doses (125 and 250 pg/mL) in splenocytes separated from mouse. The data shown are the mean + SD of at least three
experiments. ~ p<0.05 and * p<0.001 was compared with un-treated sample group (UN). ™ indicates no significant effect.

V. 2 %

£ A7 BEE FEEC MY ave] Hste] gtk ffste] FE AE(RFo)e AL o] FEEe tAAIE | BFAIRE]

eplol e oty @4l slo] SIS, Akl 9 18 Ao Splol chgs0] 5o el st 2
AZE AR SR O $sH AR ESAK] 5, ISR 252 A5 o, ALY Ao]E71lo] Hulsol
74512, IS (A A SR e M I YA CDRO o CDs6S| Wil fojsoR Sk ol 22
oick ok, FAUGON ST %S sk W] TAZA} ko Bl ug 2Aozn HALS Hejsle] BEE 252

S APPIHE 1, WY LA THALET RIeHE AoL7jR1e] Tego] Sk AC2 ek oleif E51 ool 2 ]
Agoz Ago] /st BYEE 2220 Hel AURRT oflek SHRe] Holsh okt W] BBl 4 - hgHoR
7lofst, oj5e] 4zle] met Welkgo] SR 4 Sl WA HeAS ANt
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