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MiideilAnwnalnnsnszqumsviaiumes natural killer (NK) cell vasaulngoysiug
nanvedlUsiiudidu (sericin-derived oligopeptides; SDO) HavI co-culture experiment
= ° o o a4 aan & o .
Fanasaulaeayiusvuadnuelusiudidunnidessiuiu peripheral blood mononuclear
cells  (PBMC)  uandbiiiudisnnuanunsaveseyiusvunadinuedusiu@saulumanszdunis
o v " e ' o 4 o o < o aaa &
Waues NK cell Tailuegnedl egnlsfinnu istheuiusuumidnueslusiudiduanides
5N purified NK cell (310 PBMC) Fallu pre-treatment flounaaeu NK activity wuia % NK

L. o v e ) i 4 o ) b v o O o o
activity fidnlndlAsawazbiunasiradiaiisuiu control Aliildsuasvagey fansedufinny e
° é- = 2 o o
A cell-free culture supernatant #laa1n SDO-treated PBMC umidnlvifiu purified NK cells
Wazgua NK activity iu K562 (target cells) wudn %NK activity \iingstivegneihfodidymsain
o = [Y) o [y <
Welieuny control supernatant #Ileann untreated PBMC  wagnisvnaaudie ELISA (ud
wenilaanly SDO-treated culture supernatant HuSinamaslelaladuiin interleukin-2 (IL-2)
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wag interferony (IFN-Y) ludSinasigann wannmsinwiildsunandiiiuin naiouius
nnainvealUsiugsdummsonssunisianees NK cell Wiussaninmgatudu Lilgin
[y ] =l ) ' v I3 av o qw
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Abstract

This research study investigated the mechanisms of human natural killer cell
activation by sericin-derived oligopeptides. In the co-culture experiment where human
peripheral blood mononuclear cells (PBMC) were exposed to the SDO, significant
increase in NK activity was observed. However, the pre-treatment experiment in which
purified NK cells were incubated with SDO and NK activity was subsequently examined
revealed that SDO did not induce activity of purified NK cells. It is particularly to note

that ELISA assays to detect cytokine production indicated significant elevation of IL-2 and

IFN-Y levels in the SDO-treated supernatant compared to untreated control. Taken
together, these results suggest that enhanced NK activity by SDO was not due to direct
activation of NK cells, but rather that SDO augmented NK activity indirectly by inducing

IL-2 and IFN-Y production, and in turn activating NK activity.

Keywords: sericin-derived oligopeptides, natural killer cells, interleukin-2, interferon-y
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1. anuddguasiisnvastym
Natural killer (NK) cell Aawwaduinidenvilunguues bone marrow-derived
lymphocyte filsinansdnumsuas T uas B lymphocyte wadisimdenvmeiiniiduosdusynou
LY o o 0 o = . . d w 1
drgyvesszuugiiquiulasiuiin (innate immunity) Siwhivanlumsaanssiou asians ah
o fala a '3 =1 fcda ar o a e L7 ﬁa\lv
wagvinasigaaniauni laoavswaduaie wangadidnlifd  Wesnannsaufuanthiild
Taglidnludoasoui wievhmuidniudawandasaiy sy NK cell Fafuidu first-line
d o s Q‘ C‘ 1 = o "—; = o
of defense NaANSIUITINIALWBITNNIE  wIn NK cell dnmsvirnuivialszansawld
1 = = | ekl F : v o wa v d o
viuagiinudssienislulsrusiSaiuiy FalullagiuiinenugiinssivedsausiGaiige
g o o v 0w ! & v a
vishuUssinaniaunud wasidsiiann  desansenuanninevisnuaisisngy sugiauas
GEGH

degiiTinluagiuindudinuuisningsdu Yssneufulgmuaniy dwindes uay
mswasuwasesazlan  nssiaiagiduiuditelifnrusumusedasanUasy @o
relsa safaeduie § feindudsddyuezsniu mstasuaiagiiquiudmsasanwEnfosi
sysundlisunmilaiivethann dlesnfinnuvasadogs wasiadrafies (side effect)
ey TWsiumnudnsusisssumdfdunilsdslifunsinuisoetanires Wsmilalaslaay
(protein hydrolysates)  @ilsanmsihlusiuansauns hydrolysis msnsa A 3o
wulend  liSuaravladuedannluliegiu - dewlndasdunde  oligopeptides s
wIuMs hydrolysis wiailagdianantilumsasanehlin Vlzaé’qwuinﬂﬂlmﬁmaﬁgummmgﬂ
gadantngaldandiunans Gejunum) Rnduulndanasm was intact protein (Grimble et
al,, 1987) uaziissnnidIndunadn 4 finlislunsifiamsasuadassadanslulyg
JUhaitiwasianndu s oligopeptides  @nnsnifnlassadng wazinduluanaiil
receptor #iilmusaing ks olisopeptides %'qL*‘fJuLUU“me‘ﬁﬁuwmmﬁﬁzyflumimumﬂﬂsﬁu
B 9 wuiﬂLUU‘LmﬁmmﬂLé‘ﬂﬁﬁﬁﬁ"]ﬁﬁﬁﬁ'ﬂg‘lun'ﬁﬂ'mﬂun'ﬁﬁmwaaﬁswm"m 9 UBITNNY
(Clare and Swaisgood 2000) iauﬁﬂisuuqﬁﬁuﬁu (Deigin et al., 2006; Kayser and Meisel
1996; Madureira et al.,, 2007; Morris et al.,, 2007; Oses-Prieto et al.,, 2000) ﬁwﬂmﬂm}ﬁ
sana1 Fevili oligopeptide gmianldusslonknnine lasweinstugunm

ana = ad L -] L 74 :-l =) 1 v v
Faunsonmnudulsivansssumannulglusslug viwihiedeunazvienuduly
= v ' 1 @ &4 ana o o a [y
Innitelinegusreegiuiilnm Ged3duivhlisnuasinveadilemudansedne lugnamnssy

nmswanflnilunszuiumsanlwisagasnnnlyg sxiinsiingitusen waznansduveady
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wieiia fiddyenineidaeenaminde FilRAnUFRZoluh mnvanstaisesvil
\Aianduwmiiy dewansyvusiedanndes vﬁawmﬂnﬂiﬂﬁﬁmﬁﬁﬁiﬂ%’ﬁhﬂﬁqq (Fabiani et al., 1996)
athalsfin nidulfiinan Wsiudstuldsuammaulaegiann Wemnuamadennngly
ssqﬁaqm‘éﬁﬁ'\ﬁmwmnﬁﬁwm VLYY n'rsﬁ‘Jumiﬁ’ma%aﬁaﬁa (Kato et al, 1998) A1g
ositusdsansilalean (Zhaorigetu et al, 2003) msgadummguiiy uasnsdudueyls]
tyrosinase (Kato et al, 1998) &slunirtiuganui F39uannInanseiu  cholesterol
(Limpeanchob et al, 2010) uas*&qaé’ugmmgqﬁﬂﬁlmﬂ (Zhaorigetu et al, 2001) 1@
WesanTRudulusiiu - Ssamnsoifauiisendesaanldheh (hydrolysis) wavnmstes
danod3uagliiulndunainuesd3du (sericin derived oligopeptides) 3ngyiamandeinen
vannvanevesd3du wasauauRvesUlndanedy Taamwiglundveamsgaduiidninulng
GUUERe ﬂssnauﬁ’umamsﬁnmLﬁmﬁufumﬁ%’a‘Lﬁuam’LﬁLﬁuﬁaﬁ’nﬂnmfuaamgﬁ’uﬁ‘mmmﬁnmm
Wshu@SAunnislmuvadsslunisduadumsiauues NK cells Wanusavhaiwadithvane
16y (Kunthalert et al, Unpublished data) eghalsfin Tunsanneyiusmnmdnues
Wsthuadudielussloniaguam  wavvoenaludondyd  Swnsdimmsiiufomsuis
nalnnsghunMhoudngn ﬁ'msuﬁﬁiﬁ'aﬁqlﬁt,auaiﬂiqﬂ'ﬁﬁﬁuLﬁaﬁnmna‘lﬂﬁauﬁuémmmﬁn
vaslusiudsBultlumsnszsumsionves NK cell  mamsideildsuasyilfannsailuly
Hudeyariiomsiannsdnfusilmifitivssloniioguam Tnearzsesyuugiiduiidfy  was
Windnsnmnsudiiunienisnan sufadumsidisadbiiulmivdesdaduingruiingels
mululsema uarfiouunddlusiudasnansiivindae

2. MIUINATINSSU/AsaEumA (Information) ifleadas

Natural killer (NK) cell Aawgaduinidonynilunguues bone marrow-derived
lymphocyte tﬂuéﬂﬂ‘lejﬁmmﬂwajﬁﬁun'sgaﬁ'mumﬂag"lu cytoplasm (large  granular
lymphocyte) Whiaslwflasiilivansdnunmass T uay B cell waziiillulndiiu CD16+CD56+
waz  C03-  waddinidenvnulieiiiuesiuszneuddyuesssuugifuidaefin  (nnate
immunity) fiwhivdnlumsiug suashaewadiiandelada uanhawadus e
1§ Tnglisnduinweditmneduasuansdnvemeniioudl NK cell wegIninney waghi
a5 major histocompatibility complex (MHC) Tunsiiaususufiaumiion cytotoxic T
cell (CTL) mahmewadmanslag NK cell Fadunuuliswmns fannsamuaumsinids
h¥a wazidmwadusidldnoumaihauvesgliduiunuudume (adaptive immunity) unum
19 NK cell lumsmugunisinidslidauandiiiunnnisdnumsinde herper simplex
virus, cytomesgalovirus, Epstein-Barr vifus Uag human immunodeficiency virus (HIV) (Biron

et al,, 1999; Venema et al,, 1994) fis78971un15vuYes NK cell ﬁamaa'lu@’ﬂwﬁﬁqu



AIAUAUUANTBALUY primary immunodeficiency LLassg’ﬂ'mﬁm%’a HIV ssazgavine (Rook et
al., 1983; Whiteside and Herbermann 1994) nsaluasugids uananinda transformed cells
ud daflsenunsiinuiissyin NK cell @ansomuaumsuninszatsventadunde (tumor
metastasis) 99nA8 (Smyth et al, 1999, 2002) wagwin NK cell ifimsvhaufivn
Usgavisnmily sefimnudsstenisifulsausidaiint  NK cell Safuiiu first-line of defense
fddyBasmavilvasinane  msvhenmes NK cell Tumsvhanowadidunesy ieadoes
funanenaln 31 granule exocytosis fodundunalniiddey mevdamsdudalaonseszning NK
cell uazwadiilmng NK cell agldsudynn wazasndsansing 9 luunsya (deeranulation)
fddayldud perforin waz granzyme 88031 @15 perforin ﬁ]zﬁﬁlﬁLﬁﬂg%’Juuﬁ'J‘uaa target cells
wagyinly granzyme annsainlugly cytoplasm Tu target cell 16 Granzyme agyiliiin
apoptosis aany target %38 infected cells Aeswanaanslulgdasuaumsi NK cell &3
dannsoviniang target cell lilaarmunsduiusening Fasl vuiin NK cell uag Fas (CD95) Uy
target uas¥irlviin apoptosis Ty target cell (Smyth et al., 2005) wenminnalniitigatasiu
NK cell lngnsauar maviaeisadimingves NK cell dsgnauulaoriunsinueslels

¢ = ) | ) v o PN
el @9 112 way IFN-Y Wulslalminfiunumddglumsnszdunmsviauses NK cell Ty
gvislunsiianewadiimuieuniu (Abbas, Lichtman and Pillai, 2012) uenanil IL-2 &

219n8liiin apoptosis HWMIe Fas pathway Snse

Wsdhilalaslawan  (protein  hydrolysates)  uansusenaulusiuvunndniiciiy
' v v i < ¢ Y a w sy <4 v ¢ o ¢
ASEUIUMITERBLAY 9I9Nsa fNe wieleulu fiviendndnnialaeiniis 9ndnd wazandad W
¢ & E L = : v wa 5 =
Indanedunie oligopeptides Miriuwuums hydrolysis udail astinuasniilunisazaneile
5 g o=y 1 ] o es ' sl v s = ! =
viefsnuindideslundvesmsgadu vinmenunsitenui WilwdnldannsiaSedeslusiu
o4 o 1 = L3 I8 &/ ] o -
Fudounuunszuiumsgeelusiveeanud annsogngaduldedienm®s uazinnniioglugy
Willndansen maadedednuiSeuiisulusiuilildgndes, Wsaulslaslaway uasnsnesily
= = 1 = = 1 1 = = 12 '
eglugudasy densiasqiiiulaluvy  Wistar  nawudnlusilelaslaamazgnandalsiiands
a ko | e 2 ) aT o £ = awv =
Wshunhidunsdos viiawlinseninsnesiluddss (Poullain et al, 1989) wan1sAnuidedn
atuiidulluiimmadentu Tae Grimble wavang (1987) wandlidiuilusiiung (whey
" ' = . = w4 =2 Yo
protein) 14 uaz G (casein) Wiavundaviedeniu lawdlng uaz lasuulnd asgngadald
a 1 <k ' a & @ | & o , 3 a
Auwaziinhlusiuitlildgndes  Bdluniniu Smuinuulndamedunde oligopeptides il
oa e = < ' = ' .
AuuUAMaaiimenm waspuaniAduduaiinuanssentusiuluanalug (polypeptides)
= = o v ] ] |
lnoamzwdlwdnnaan q  Adwnlilunmsfamswasuadasaianigluluggaed
) -3 ° r . a v a - 4
AuAIINTY il oligopeptides anunsaiialassadne uasinulianaiiil receptor i

o o v » ) . = L o o
ATz vilik oligopeptides fiunumdrdglunisaugulusiubuy 9 wasmunumsvhaou



vorsyuuie 9 Widdynelusene edfidy stuuUszaw ssuudenlive (Clare and
Swaisgood 2000) 'sduﬁasswqﬁﬁjuﬁu (Kayser and Meisel 1996; Deigin et al. 1999; Oses-
Prieto et al. 2000; Gauthier, Pouliot and Saint-Sauveur, 2006; Madureira et al. 2007; Morris
et al. 2007) wenvntinuAdavasatuldssyigvimedanmuedusiulslastaan \ugwis
dugadn qvisfueyyadasy quisaneusiiladin wAzqVidLuds (Theodore et al, 2008;
Xie et al., 2008; Praveesh et al, 2011; Meisel, 2007) udu Yogtudaiimsihlusiilalnsla

o ¢ a v oo 3 = <
ennliussloniidsquam  dwdudiudmiszneuvesomsmemsuwmg  wisownsiiduen

(neutraceuticals) 103U

Tusiulslnslaamifiqvsvagiduiu fiseemsnnaimaewas wlusiuandad iy
glasing 9 sadsdmse Wsiung (whey protein) #ildinanuua dlethueinuauiunis
hydrolysis sagtewlsililsduuindunadn wuidignimegidusumareussms Tneinase
msuisiuiinsuusesininles (lymphocyte activation and proliferation) nsas1sleglalmi
(cytokine secretion) wavn1sad1aueudved (antibody production) usnaniidiamuiilelasla
vnveslUstiundssiinasie phagocytic activity smfismsvimihitves NK cell Tusguugiiguiu
Taeniingnane (Gauthier, Pouliot and Saint-Sauveur, 2006) IMATednaTulUsHuAE
(whey protein isolates; WPI) Wsiiuwadiiumsdesane trypsin:chymotrypsin (enzyme
disgest; ED) wag peptide fractions ¥83 ED mﬁﬂmqw‘émd{]ﬁﬁuﬁu lnely  murine
splenocytes lugn1e resting way concanavalin-A stimulated splenocytes %u 7 WPI, ED
WAy peptide fractions anunsanszAuMsWUaLTiNgwIuYes murine splenocytes luantae

resting Wag concanavalin-A stimulated splenocytes 1¢  lonnaeunsasasialalad wu
WPl wae ED lifinasenisa¥ralelalatdeiin Thi (L-2, IFN-Y) uag Th2 (L-4, IL-10) Tuaei

peptide fractions @ansanssumsa® IL-2, IFN-Y 16 asdnwmatuiieafuildseaui

= Lo & : : . < i . ' =
WPI 3ignsguel ConA-induced cytokine secretion Tuunugi ED wag peptide fractions daasy

M3a3 IFN-Y (Saint-Sauveur et al, 2008) wansAnwnanslidiuinuannsoveadulng
nadntumsnsgfumsvheuedulrleddaumadifadeauniiiunumadyvessruy

pifufuuudume msfinnduiiiednatiuiitin WPl uay peptide fractions 1#ur neutral
fraction (4.5 < pH < 7), acidic fraction (pH < 4.5) ua basic fraction (pH > 7) anteulviunny
naassdeiug BALB/c ynfuduwannu 7 fu wuin WP uag peptide fractions (91 3

v

fractions) anansanszdulyinyiinisasraweufvedvila immunoglobulin A (IgA) Wity uay

. v | i g < a Lo G
1Y neutral fraction @ansansgiumsadie IFN-Y luvned acidic fraction UYVIBYUENNIT

L4

afalalalaifanann (Saint-Sauveur et al,, 2009) wansAnnansbiliuiaunumaniifuiy

-



funnsiefuveusias peptide fraction fnanlusiundimdadiontu venanTusimdidn s
fimsfinungrimagfifuiuvedusilelaslamonuarvlinseg enit 19y 99U Merluccius
productus Tagvinnsinunlumy BALB/c waslildsulusiulalaslaianainuarionan luusinm
0.20, 0.25 uaz 0.30 mg/ml uwi 2, 5 waw 7 ¥u luvassfinguauauldsuiansihndu nawui
Wsdulslaslawvanan M. productus tﬁa‘lﬁuﬁw’luﬂ‘%mm 030 mg/ml a@nunsadiy
Usedvdamlunissuiudaanyasuves macrophage, iusuauadate leA uaziiiy
Vinallalalaiviia IL-4, 1L-6 way IL-10 1§ (Duarte et al, 2006)  anAsARwINGaAA
dnfiléinuan Chum salmon (Oncorhynchus keta) Tunyeneniug ICR Tnelimylasuulng
wnadnitldnnvaiananluudmnm 0.22, 045, uag 1.35 ¢/ke/BW "3 intragastric {Wuian 4
U uarnaaeuAsUUsT LTINS aNTee splenic lymphocyte wuindulwlasivesvyngsd

' 2/

Vas g RPNy 2 " o el
Iafuiidlnannadnt Sanuannsalunsudsidfintiy - uenainiltwuinsvaugasiatag

weuRuel AmannIalunsieues NK cell wazmsndalalonlaivin 1L-2, IFN-Y, IL-5 was
IL- 6 wisdulumynguilihe (Yang et al, 2009) Wang uagan (2010) Ishimsnageugninie
giinuiuveslusiivannies Crassostrea gigas Fstinums hydrolysis meiouleiiusiioluny
meviug BALB/c Inansiilenhlinyusei§etonisin Sarcoma 5-180 deu il
wyladulusiulelaslaan TudSunm 0.25 05 uag 1 me/e BW mathn Menasnuylasy
Widulslaslaanan C eigas Ui 14 Ju wuiiouvsasadusidelivnadnas msvieues

. T |

sPUUQiinuiuATy  Tas  macrophage  vesydinaniidviinisduindsanUaouiannniy

v '3

uenvniudmui Winilalaslaavnain C gisas Sovisiadunmsudaidfiss e siulvle
v 0§ w ° ~ a X = P ) ' o = o g v

wazdilin9inauwes NK cell fiuszavsamunniu wetUSeuthguniuvyngumgniniio il

WunssawsililiSuanstusiulslaslaanannves ¢ gigas

uenMNlUsAUINENTua" é’aiﬁﬁﬂwsﬁﬂmqwémauﬂu‘twﬁmnﬁ"qLwﬁaaﬁiassuugﬁﬁuﬁu
Tunyeneriug Fisher Tosvinsfinuanuannsalumsduiudadanvasives macrophages
WUl macrophages  myddlsiuiindrndandesiiiunisdesoeuleiuiiy i
arwaselunsiuiuimdenuasunsldity (Yamasushi et al, 1993) Snmsinwdsi
Wsiulalaslaamanmmdswrmaaeummmannsalunswdsiifiusuaumes splenocyte i
wuiwulndanduvdesanunsaiiin proliferation index I (Chen et al, 1995) usnan
wulwivdy nsAnudemnldtimaineulsity 9 Wi alcalase, alcalase+flavourzyme
wag  papain dalsiulalaslaanandunies  wasveaeuauannsalumswaiia
ues splenic lymphocyte vawyanewus BALB/c daitwutn Wsiilelnslawananngy
witssignindeashoouleiie 3 viadignidadumswisiiissunuveduiled fluanme

A:Jd 1 Q’j’ N I Q.I = C‘ o
fiuazliitl ConA visdamuh Tsiulelaslaamandamdesiignidesdeevles alcalase il



peritoneal macrophage #innuannsatumsduiugdanUasuldiidu (Kong et al, 2008)
2| ' ' = v a ' v g
wasilesnnamouuvadwedusiy - Sdldiimsudalusihilalaslamanameaeig
Chlorella vulgaris wazshumageugvismaniiquiilunyaneiug BALB/c ineiis 81y 8 dUami
3 L4 1 o s g Lo | = voooar
lagvibimgeglunnzenewnsnoudunm 3 u wasfinvmsitunduiiuvesssuugiiquiuves
| L2 = 1 ] = v =
wy wielasulusilalaslaiananaming Chlorella (Cv-PH) wuimisimyléisu Cv-PH U3ana
Y = o a &
500 mg/kg BW uszezinan 8 u uenanasiiuinn macrophage MfinTunda Auansn
° ) ¢ . P X o
lumsvihend@siaanunaweaeulunl acid phosphatase Ty macrophage fitfivanntu wle
o @ + oo M M v a & o v 1 Ade o £ oA
Wisununynguiteasmswalilasu cv-PH Snvialusfiulelaslatananamseiindadiogvsdiunas
mpuauBIlasmsaiLeuAUBAWIY  T-dependent uavbiifinmsneuauss  delayed-type
hypersensitivity (OTH) leigneine (Morris et al., 2007)

Fudelsiudaniadoveguuinveadulvivesmeulu yhwihiledeuuasviovundy
lolwmaitebinaguinegdniim - Fe@sduiilisnunsinveadilomndinsesne  Tassadn
Twanadszneudensneriiluiie 18 wila Inusnnldun wodu (serine) nsnuoad in (aspartic
acid) wazlnadu (glycine) Fefluszanm 33.4, 167 way 13.5% audidu (Zhaorigetu et al,
2001) lugaavinssunisudadlmilunszuiumsamivunazasnnluy aeiinsiindsdusen
waznaneusesdemiaiic fddyenfiesiinesnaminds JhliAaugAzorlui wnun
mstdnitshbifandumniu - dwansynudedawandey viiemniinsthaitidalieneige
(Fabiani et al, 1996) edhalsfimu adduliun  Wsiuasauldsunnuauloogrann
iesmmnmanmAdunnunelfssyfqvsiiddymandeine i nstuansdinueyyadasy
(Kato et al., 1998) mstasiussddanslilelan (Zhaorigetu et al,, 2003) msam%’umwmju%u
waznsdudeule] tyrosinase (Kato et al,, 1998) Bslundmudmudn B33uannsaanszu
cholesterol (Limpeanchob et al., 2010) LLasﬁaUé'UﬂssugL%aﬁﬂé‘lmﬁ (Zhaorigetu et al., 2001)
esan@Bdudulusiuiiaunsaiauiisendesaantldmeth (hydrolysis) Tidunindumng
B mnsenunsfudeliviuni lafinnilelnslaavueslusiudsuumaasugnsluny
W C57BL/KsJ-db/db Tmenstyimylasu silk protein hydrolysate E5K6 U3unas 0.1 uaz
0.2 g/kg body weight dmumyumnunguamuauldsuiamaingy nends 4 dai wu
58U plasma glucose uay blood glycated hemoglobin 1uwy3nfiuﬁlﬁ'§'u E5K6 ﬁsaaaeneju
anaa Lﬁmﬁauﬁ’umém'm'nunziumuqu wenIniigamuisedures total cholesterol, low-
density lipoprotein cholesterol wag atherogenic index '[.uwa"iﬂmﬂawgnfiumﬁ%'u E5K6
Usual 0.2 g¢/kg body weight amaaﬁatﬁauﬁuwgndumwzu waziloinduganluvandin fi
wm'ﬂﬁ'u?smmL*?\:m"]’u'lwgm'\mwuf'ﬂﬁ%'u E5K6 agiiuddgmeadd  UJung et al, 2010) wa

= & 2 o o . . °  w <
msanuil uandbitiudisdneninues silk protein hydrolysate dwiulsamniliutgm



7] u = 5 = aaa =J AJ k2 ar @ =
ddnlulaqiu  fanssiufinunifelalaslaavediusivisduiinuidesiuguam Adaingg
swalinnntdn  wazaubsdagtugrsmegiiduiuvsseyiusuuadnuestusiudidunsalmy
wides lastannseasie NK cell activity Adslinumsideiiiunilag

3. Ynauszaed

o 2/ 3 . @ =]
ednwinalnnisnsydunisvhauues natural killer cell vosnulngauiusvuIndnves
Wshudsau

4. FFN1MAADY
4.1 asildnasgou
asilinadou T syfusunadnuediusiugiay vuausana < 5 kba Tgnan

msdelusiiudSdumeaulailusiies galgummeynsgiainawiivualuladeims
duindvunaluladmsinuns uinendemaluladgsund

4.2 Human subjects

dagndlunisinuil sl¥dmusznevuaadenie buffy coat (blood leukocytes) &
wonldnnidenvesfuialafindifisenisaysel nausimsiden nquamensinelnain
TsmenunavmsBuste fivelan 9 buffy coat 9ndudnialadinlinannsiuendrutsenay
veudeAnIIsNsveIMIsInmsdendna \Wudulsznaudeniiviinisueniiuyses wasiloe

v M vV o L 7% :4 ar 7]
ua LLaﬂnlmmuﬂﬂnﬂainmgﬂqﬂ

lasms3deil 1asumsiusesmsiideluuywd  9nAgnssumsfivasananddely

a w o a 1 P~ 7w w o
wpwdveamiendeusmsidundoudeoud Tnefiauiiluiuses COA No. 007/2013 asiuil
10 w1y 2556

4.3 Isolation of peripheral blood mononuclear cells

Mede buffy coat nde 4.2 Iiwvinsuen peripheral blood mononuclear
cells (PBMC) ¢ne38 density-gradient centrifugation gl Histopaque 1077 (Sigma, St.
Louis, MO, USA) w38 Lymphoprep " (Axis-Shield, Oslo, Norway) maﬁ%ﬁ‘ss‘qmn
Uidnidn PBMC Auenlssiundeduemnsidoasad RPMI-1640 iusznaushs 10% fetal
bovine serum, 0.01 M HEPES, pH 7.4, 2 mM L-glutamine was 100 U/ ml penicillin, wag

. = g o = -y 5 3
100 Llg/ml streptomycin Tagn1sim3es PBMC 1 wvihmemalialsdnndennduney vinis



Y] Hela | vy oa . " 5
AUl Inues PBMC fwenlaaieids trypan blue dye exclusion  Single cell suspension
dﬁ & afs. 1 ° 2 I.j 1

il viability 310031 95% azihunlddnuludusely

4.4 Purification of human NK cells

vhnsuenu3gud NK cell 91 PBMC #1263 immunomagnetic cell separation Tnems
1 anti-human CD56 microbeads uaz MACS cell separation system (Milteny Biotec,
Germany) Tasvihamdmugihnnuidvguda fuswouasiamsiitinues purified NK cell

AI8730 trypan blue dye exclusion nauvinisanwilugiusely

4.5 Cell viability assay

Anvraeyiusunainyedusiugidusemsiiiinsenves PBMC Tnsnisiia hPBMC 7
wiodls dnnu  1X10° cells umBpaly 6-well tissue culture plate (Nunc') TURvaYIuG
nnadnvedusi@iunamududuiag 100-500 pe/ml vmsadsnaniigamai 37 °C Tu
an1sill 5% CO, e 120 dlus wdsonturiimsda cell viability #2838 trypan blue

dye exclusion 1ngld 0.2% trypan blue solution wagfuanuilu % viability

4.6 Natural killer cell activity assay

4.6.1 Co-culture experiment

1h PBMC fuenléannde 4.3 an treat srvoyitusuinadnveslusiudsauiimmududy
e 9 wazidasauiy target cell F4l¢un K562 (ATCC; human NK sensitive cell tine) Ty 96-
well tissue culture plate fi8h3dY effector: target sine 9 wdsnuuilgamgd 37°C lu
anmzil 5% O, Wunamnu 20 dlus Jovimsiansiednues PBMC 1ngi§ MTT assay
(Mosmonn 1983) Iﬂﬂﬁﬂﬂﬁﬂﬂta"la’lﬁﬁLgﬂﬁwaﬁ@ua@ﬂ uagiy 3-(4,5-dimethylthiazol-2-
yU-2,5-diphenyltetrazolium bromide (MTT) finuiddu 0.5 me/ml idsawagiadunan 3-4
Hlugaensidsawadosniivun Wudrsavats DMSO adlungquay 100 lulasdns waza
msgandulasiinmenady 540 wiluams  yhnisveaeuiaiy 3 vian Tnusiavadsvesns
naceuazil control 3 ¥iin dln effector cell control, tareet cell control kag blank control

f = = A e [ o ) 5 = =

AINISGANAULERIANLEIAUNIAl dandan % NK cell activity augasviaeinig
! L5 é’

wanlineuniil (Yuan et al,, 2009)
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4.6.2 Pre-treatment experiment

uenIM  co-culture experiment iU TAsaIMFABiThMsAnvuy  pre-

. d o . o 123 v f

treatment experiment 8nmsvaasanils Taeih purified NK cells 15 treat MLBYRUG

a aan -:J L2 7 ! VoA =Y P

nnadnvedUsiudsduiinudndudiig 9 wazunngumgil 37°C Tuanmenll 5% co, 1

o r.'l = v 4 " )

vawIu 20 Falus eAsua1siagadaie sterile phosphate buffer saline, pH 7.4 9101

= = vV aer 1 H 1 -:J 1 5

Jauiin K562 (target cells) Wilddnsndn ET ratio fna 9 9ideenis wasvuwandnadsly 5%
) = w a ¢ v acd v oy oy °

CO, w20 alus FaIansia3eyueaigadang MTT assay Anadsanaunuddedutasium

% NK activity mugasiaeiimssisamlineuwini (Yuan et al., 2009)

4.7 Cytokine assay
= o < =1 v o 5 ] .
Anulaedn PBMC 7w3enlsl d1uau 1X107 cells widosly 96-well tissue culture
R ] ar o £ a d aaa o L7 7 | s R ]
plate (Nunc) saunueyfiusunadinuaslusiudidunanududusig 9 dmiunquedunuld
o 5 ' QJ 1 cJ 5] d'd <
g PBMC 913U 1X10°™ cells umwaaananifigamgil 37 °C luanngiil 5% co, i
o e d o a ¢ a L
van 120 12lus 3ufu culture supernatant WatuAwswimUSinalslanlaudn IL-2 way
IFN-Y $hownailla sandwich ELISA ngansradsagy Tnevimnuduneufissylinnuidvduan
(BioLegend, San Diego, CA) yUSinuilalalmilasifisuiunsmiunnsg i wasuansualumise

pg/ml alla (sensitivity) lunsasramuSinnilelaiuiln IL-2 uag IFN-Y whifu 7.8 pe/ml
TR

4.8 Statistical analysis

Toyanldanmismaans uanaliudr mean + SEM wasanilasisiaimandima

atin aelusunsu SPSS version 11.5 ¢ P value fitiesniaviewinsu 0.05 (P < 0.05) vzin

1 c; s v - . - .
WuAnfigeusuld (statistical significance)

5. Han1vnaag

5.1 wavaweyusvuainvedlusiud3Judentsiliinsenvas PBMC

wavesyiustaanueslUsiuEiiudensiitinsenves PBMC wandluguil 1 dlaides
PBMC samiueyiusuunidnuesiusiudiduiinnudududons 100500 pe/ml dunamin
120 4l wui PBMC Sansiidinagson waxil % viability Tndifiesfu control #aildidn

oyfusnnadnuedUsiudidu  wadindnuandiiuin syfusSunadnvedusimuasauli
anantufivsiolvad PBMC
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120

100 -

% Cell viability
5 &8 8

[
(=]

(=]
|

0 100 500

<
th

Concentration (ug/ml)

o r = oo 1 =Haln, ad
JUi 1 waayWusvuInEnvelUsHudsdudenisiiTinsenvas PBMC nagaudaeis trypan

Py 1 :‘ 1 u’; i = 1 ar
blue dye exclusion. Avuaaudua mean + SEM  99nnsnadau 4 assmludassdonu.

5.2 wavesayiusvuIianuadlusiudidude NK cell activity

5.2.1 Co-culture experiment

wavaeyiusmminueslusiudidusio NK cell activity wdaslumsneil 1 doides
PBMC saunuayiusvunaiinueslusiiudsdu wuu co-culture experiment uagianisyiamives
NK cell wuh eyiusnunadnveslusiudsauiinansedunisviouuss NK cell Wgstu wavnns
nssﬁuuﬁm’lﬁﬁumummLﬁu%’umaqauﬁuﬁ‘%mﬂLé‘ﬂﬂm‘lﬂiﬁuf‘&‘ﬁuﬁtﬁuqﬁu gy
500 pg/ml wuheyiusmnadnvestusiudiduaunsanssfumsiauues NK cell Wigatld
ethaililbdiy  dlasutumshildsuasmageu wagmamsnsEauAanaiuansiiuludm
Twgjues ET ratio fildvpaey ) '
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5.2.2 Pre-treatment experiment
v v v < ' o o o aaa o v
NNVAGBVTNAL (T8 5.2.1) mudeyifusuunadnuesiusiudiduiinanseduns
o = Y au Ho o 1o 1 o <
1911193 NK cell Widugetiu Tsamsideidohmsinwdeiiionin msvihemwes NK cell 4
goutufinaunanmsnszfu NK cell Tnemse wiallumaunamnmsnssdu NK cell Tavdou

o =1 L] = o s aaa :i L2
vihmsinyilaoi purified NK cells an treat foayiusuuaidnueslusiudsauiiamduty

500 [lg/ml uaztafigaungfi 37°C Tuannwitll 5% CO, Wunanu 20 44l devitesiun
naaou NK activity nu K562 (target cells) wansAnumudn daidneziinisnsianunsvine
89 NK cell Ui % NK activity w09 purified NK cell fignnszdudsayiusuunainueslusiug
FBunneuwiil (pre-treatment) filAlndiAsauaslsiunndiann purified NK cell #ilsiléign
nIgRuMBAIInaauwingela (results not shown)

Tudnmswadey Jai cell-free culture supernatant 7l¢91n SDO-treated PBMC 11
Wby purified NK cells wazgua NK activity fiu K562 (target cells) &ty wiudn NK
activity L'ﬁuﬁaﬁuaéwﬁﬂ'ﬂﬁﬁmmqaﬁﬁ \Wasuiiu control supernatant #9710 untreated
PBMC (U7l 2)  mamsdnwniluanddiiduiimmidifues soluble factor Tu culture

Y A : v 3
supernatant #1la9n SDO-treated PBMC NUAAABNITNIEAUNITNINIUUDY NK cell



xh

40 |

30 -

% NK cell activity

10

0 g o N = o Tt
control SDO-conditioned supernatant

o g ﬂ]d 3 . 1A 1

JUN 2 mavae SDO-conditioned culture supernatant ¥illfia NK activity. arfuaaatuan
5 = = ! o

mean + SEM 9nmsvadeu 2 assdudasesan, **, P < 0.01 compared to control

(supernatant from untreated PBMCs),

5.3 Cytokine production

wansfnwInde 5.2.2 Hdliiudimsnsedu NK cell Tavoysusvunmdnuvadlusig
aa ] o L% A =t ) ) 17
iy yhliliamumilaiegdinu soluble factor Tu culture supematant ilé91n SDO-

= e é’ﬁ L3 = . < o o :J v ar v
treated PBMC amisgussimanageuuinng cytokine fidrAng@anendesiunsnseduns

o v 1 A ﬁ‘ o« '
Y89 NK cell 1un IL-2 wag IFN-Y mamsveaeuuanslusul 3 uaesud 4 audidu wuin

Y

culture supernatant #6910 SDO-treated PBMC i cytokine IL-2 uaz IFN-Y TudBunasiigesnn
\fleifiguiiu control supernatant l#21n untreated PBMC
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E 200

g *E
(o]

=

100 - £
0 T — ,___. — - = L] =8 oo
0 50 100 500

SDO concentration (pg/mL)

d ar = = l:l 1 . = ' :] 1
U 3 waveseyusvuainuesiudsduailide IL-2 production., mifludnaue
¥ a Y
mean + SEM  9nn1snaapy 2 assiiludaserenu. **, P < 0.01 compared to control.
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400 -
’g 300 - -
o
2
= 200
=
e
100

0 50 100 500

SDO concenfration (pg/mL)

= o aaa dd 4 1 !
Ui 4 waveseyiusvurainuedlusiudsduiiine IFN-Y production.  Avfiuanafiuen
Q‘j A L 1 Qs
mean + SEM  9annsnedev 2 assiliudassaeny. **, P < 0.01 compared to control.

6. ajUuazITalnanIsNnaDY

miadeifinwnalamsnszfumsviniumes natural killer cell vamilagoysiuguin

[ a aas . ) = o o g o a s

winvealUsiudsdu waan co-culture experiment Jmadaulasoyiusvunmdnuediusing
aa & ' o S ] v g =3 a2 aaa

TPUNNRETIAY PBMC  udnslitiutaanuansnsavesoypiusuunadnuestusiudiauluns

27 ° 1 e ' d4 e @ aaa

nszfumMInures NK cell Iibuegned eghalsfinm Wetheyiusuunmdnveslusiugsaun

5 [l ar i ) - ) o 1 - - & 1

@839 purified NK cell (R0 PBMC) iy pre-treatment nauvnAday NK activity wun
¥ N Y a & - = o Vs ! e o

% NK activity hildifugetuiiaiiouiy control #iliiléfuasmnaey ethalsfinnu e cell-
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free culture supernatant fildan SDO-treated PBMC ywhulvinu purified NK cells wazgHa
NK activity fiu K562 (target cells) wuin %NK activity Lﬁugq%’uaéwﬁﬁﬂﬁwﬁmmaaﬁﬁ \ile
\iguiiu control supernatant fildan untreated PBMC Han1sAnytanslitiutsmuddny
983 soluble factor Tu cell-free culture supernatant fil§an SDO-treated PBMC wawiile
nogouUsuailalalamilu SDO-treated culture supernatant AinuihiiuSiuveslelnlaivia

IL-2 waz IFN-Y TudBinaiigann Weannlelalmisia IL-2 uaz IFN-Y Sumumddolusives
s potent NK stimulator fafu wavnmsanwadsiuandiidiuin msfeuudaedn
voilUsiuTiuanansansedunsianueea NK cell Wilussavsamgeduiu lihivesaneainnns
msziu NK cell Taonss widhiluldgeinieunanmsiiasdananlunsedusaduassuy

av W 1 v o a el

QAN W T-lymphocte wag macrophage Tivdslalalaiafin IL-2 uas IFN-y wazlalalain
o v 0 v |

vaseeniniazlusinansyfunisiieiues NK cell Idnumludign
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Abstract

This study investigated the effects of sericin-derived oligopeptides (SDO) on
natural killer (NK) activity. In vitro exposure of human peripheral blood mononuclear
cells with SDO resulted in an augmentation of NK cell activity against K562 target cells
and the effects appeared to be dose-related. Experiments designed to examine whether
enhanced NK activity was due to direct or indirect activation of NK cells revealed that
SDO did not induce activity of purified NK cells, and that SDO augmented NK activity
indirectly by inducing IL-2 and IFN-y production. In in vivo experimentation where mice
were orally administered with SDO and splenic mononuclear cells tested against YAC-1
target cells, significant increase in NK activity was obtained compared to control mice.
Elevated levels of IL-2 were evident in all SDO-treated groups. Together, these results
suggest the potential of SDO and support the possible therapeutic applications of such

peptides for functional improvement of NK cells.
Key words: natural killer cells, sericin, oligopeptides, in vitro, in vivo

Introduction

Natural killer (NK) cells are innate immune effector cells which are phenotypically
characterized as CD3™ CD56" large granular lymphocytes.”? These cells play a critical
role in immune surveillance against virus infections™* and malignant transformation.> ®
Unlike cytotoxic T lymphocytes, NK cells destroy target cells by direct eytotoxicity
without requitement for prior sensitization”®, putting them at a forefront of lymphocyte
defenses against virus-infected and tumor cells.? While fully functional NK cells are
advisable for optimal health, cumulative evidence indicate that advancing age, chronic
diseases, physical and mental stresses or even unhealthy lifestyles can result in the
decrease in NK cell activity.”'¥ The immune impairment states presenting with low NK
activity are often associated with malignancies and chronic viral infections.”!'” More
seriously, the declining NK function towards tumors and severe infections was reported
to be correlated with death in the elderly subjects.'™'® Usually, those cellular stresses
that lead to functional impairment in NK cells are difficult to avoid, and such undesired

state poses a significant challenge in the clinical field across the world. Supplementation



of the natural host defense with NK-enhancing agents would be a promising means for
optimizing the immunological state, or delaying the NK function decline.

Bioactive peptides, defined as specific protein fragments that have regulatory
functions in the human system, have demonstrated potential for application as health-
promoting agents against numerous chronic diseases and certain physiological conditions,
including cancer, cardiovascular diseases and inflammation.'*?” With low molecular
weight, these peptides are easily absorbed into the intestinal tract. Indeed, absorption as
short-chain peptides is considered to be more effective than intact protein and free amino
acids of equivalent amounts.”"?? Since efficient intestinal absorption reflects optimal
health benefits, the downstream health effects upon administration of the short-chain
peptides would be superior to those of intact protein and free amino acids. Bioactive
peptides are mostly derived from dietary proteins of animal or plant origins. Although
these peptides can theoretically be released from dietary proteins during gastrointestinal
digestion process, the amount of such peptides generated during digestion is probably too
low to induce significant effects on the target health system, especially when a therapeutic
effect is expected.”® Tnstead, bioactive peptide concentrates can be produced using
enzymatic hydrolysis and separation technologies. To date, enzyme hydrolysis appears to
be the most appropriate method for bioactive peptide production, not only because of
their commerecially availability and moderate cost, but also because of high quality of the
peptide products.*” As the potential health valuable molecules, the bioactive peptides
have increasingly received a great deal of interest and attention, both in scientific and
commercial scales.

The silk protein, sericin is the main constituent of cocoon proteins from the silkworm
Bombyx mori, comprising of 25-30% of the total cocoon weight.?® Although sericin is
considered as an unutilized by-product of the textile industry, scientific studies have
shown that sericin possesses various biological activities, including inhibition of

tyrosinase and lipid peroxidation,®2” suppression of colon carcinogenesis,”® > reduction

of serum lipids,>” and protection against UV-induced keratinocyte apoptosis®” and

alcohol-mediated liver damage.*” Generally, sericin preparation from the silk cocoons is
heterogeneous, with molecular weight ranging widely from 10 to over 300 kDa.>® In
terms of efficient intestinal absorption and amounts of the truly potent peptides required
for inducing significant health effects, a wide molecular weight distribution may limit
uses of such sericin preparation. Peptide concentrates of narrow and defined molecular

size would be preferential in this regard, providing an alternative to the native sericin.



Oligopeptides derived from enzymatic hydrolysis of the sericin protein have recently
been described for their biological actions, including vasorelaxation and blood pressure
lowering activities.®” As the significance of NK immune surveillance, together with the
effects of sericin peptides on immune system have not yet been examined, the present
study therefore explored the effects of sericin-derived oligopeptides on NK activity.

Investigations were conducted both in vitro and in vive in order to ascertain their

potentials for therapeutic applications.

Materials and Methods
Preparation of sericin-derived oligopeptides

Sericin-derived oligopeptides (SDO) were prepared from cocoons of the silkworm
Bombyx mori according to a pending patent with international publication number WO
2013/032411 Al. Briefly, silk cocoons cut into small pieces were extracted for seticin
protein under high pressure (150 psi) and high temperature (121°C) for 15 min. The
resulting sericin solution was then subjected to protease enzymatic hydrolysis (0.01 U/mL
protease enzyme in 0.036 M CaCl, solution at a 1:1 volumetric ratio) at 37 °C for 1 h.
Enzymatic activity was inactivated at 90 °C for 15 min and the mixture was cooled to
room temperature prior to separating the solid components by centrifugation at 9,500 x g
for 15 minutes at 4 °C. Oligopeptides with a molecular weight lower than 5,000 Da were
separated from larger oligopeptides by hollow fiber membrane téchnology using a hollow
fiber membrane cartridge with molecular weight cut off (MWCO) of 5,000 Da (GE
Healthcare Bio-Sciences AB, Uppsala, Sweden). The obtained oligopeptides of

approximately 5,000 Da were kept Iyophilized until use. The amino acid composition of
SDO analyzed by GC/MS is shown in Table 1.

Tumor target cell lines

The human chronic myelogenous leukemic cell line K562 and the murine Moloney
virus-transformed lymphoma cell line YAC-1 (American Type Culture Collection, |
Manassas, VA) were used as target cells to assay NK cell activity. These NK-sensitive
cell lines were maintained under 5% CO, and 37°C in RPMI-1640 medium (PAA,
Pasching, Austria) supplemented with 10% (v/v) fetal bovine serum (Gibco, South
America), 0.01 M HEPES pH 7.4, 2 mM L-glutamine (PAA), 100 U/mL penicillin and



100 pg/mL streptomycin (PAA). This medium was referred to as complete RPMI

medium.

Isolation of human PBMCs and NK cells

Peripheral blood mononuclear cells (PBMCs) were isolated from buffy coats of
healthy blood donors by Lymphoprep™ (Axis-Shield, Oslo, Norway) density gradient
centrifugation according to the manufacturer’s instructions. The isolated PBMCs were
washed three times before resuspending in complete RPMI medium. Human NK cells
were isolated from PBMCs by immunomagentic cell separation through CD56
microbeads and MiniMACS cell separator (Miltenyi Biotec, Bergisch Gladbach,
Germany) as specified by the manufacturer. Purity of the isolated NK cells was
approximately 90% as determined by flow cytometry. The experimental protocol was

reviewed and approved by the Institutional Human Review Board, Naresuan University.

Cell viability

Approximately 1 x 10° PBMCs were cultured in the absence or presence of SDO at
concentration ranging from 100 to 500 pg/mL for 120 h at 37°C in a humidified CO,
incubator. Total, viable and non-viable cell numbers were counted under microscope
with the help of a hemocytometer following staining by trypan blue. The percentage of
cell viability was calculated using an equation:

% viability = (viable cell number/total cell number) x 100

Animals and treatment

Female BALB/c mice at 7 weeks of age were obtained from the National Laboratory
Animal Center, Mahidol University, Thailand. The animals were housed in well-
ventilated cages at a constant temperature (2541 °C) under a 12-h dark: light cycle with
free access to sterile water and standard mouse diet (CP Company, Thailand). The in vivo
experiments were performed in compliance with Guidelines in the Care and Use of
animals and all procedures were approved by the Animal Research Ethics Committee,
Naresuan University. Mice were randomly divided into 4 groups of five each. Treated
groups were orally administered with 50, 100 or 500 mg/kg body weight (BW) of SDO
once daily for 7 days. Vehicle control received only sterile distilled water. Routine

clinical observations and changes in body weights were recorded throughout the study



period. Mice were sacrificed 24 h after the last dose by receiving an overdose of 50
mg/kg BW (intraperitoneal) Thiopental sodium (THIOPENTAL, Bigpharma, Thailand).
Vital organs (spleen, thymus, liver, lung and kidney) were removed and weighed

immediately and their indices were expressed as 100 x organ weight/ body weight.

Preparation of splenic single cells

The individual mouse spleen removed aseptically was placed in a PCM buffer
prepared with sterile phosphate-buffered saline (PBS) pH 7.4 containing 7x10™ M CaCl,,
5x10™* M MgCly, 5% (v/v) fetal bovine serum (Gibeo), 100 U/mL penicillin, and
100 pg/mL streptomycin (PAA). Single cells were isolated by gently pressing the spleen
through a cell strainer (BD Falcon, NJ). Red blood cells were lysed by 0.17 M NH,Cl,
pH 7.65 and the remaining cell suspensions were washed twice with PCM buffer and
adjusted to a desired concentration in RPMI-1640 medium (PAA) containing 10% (v/v)
fetal bovine serum (Gibco), 0.01 M HEPES pH 7.4, 5x10° M B-mercaptoethanol

(BioRad, Hercules, CA), 2 mM L-glutamine (PAA), 100 U/mL penicillin and 100 pg/mL
streptomycin (PAA).

Natural killer cell activity assay

Natural killer (NK) cell activity was assessed based upon the ability of mononuclear
cells to lyse tumor target cells. This was determined by 3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide (MTT) assay as described previously *® with some
modifications. Human PBMCs (effectors) were mixed with SDO at final concentrations
of 50, 100 and 500 pg/mL and co-cultured with K562 (targets) in 96-well flat-bottom
plates (Nunc"™, Roskilde, Denmark) for 20 h at 37°C in a humidified 5% CO,
atmosphere. The effector: target (E:T) ratios were set up to 3.13:1, 1.56:1 and 0.78:1 ina
total volume of 200 uL in each well. Recombinant human interleukin-2 (IL-2; Roche)
and interferon-y (IFN-y; Roche) at the concentration of 100 U/mL and 650 U/mL,
respectively were included in the experiment as positive controls.>”>® After the
incubation, 20 pL of MTT (5 mg/mL; Sigma, St. Louis, MO) was added. The plates were
incubated for additional 3 h and subsequently subjected to an MTT assay.* Control wells
contained either effector or target cells alone, and all tests were performed in triplicates.

The optical density (OD) at 540 nm was determined by using a microplate



spectrophotometer (Labsystem iEM Reader MF). The percentage of NK cell cytotoxic
activity was calculated using the following equation:

% NK cytotoxic activity =
{1-[(OD test— OD effector cell control)/OD target cell control]} x 100

In a separate experiment, purified NK cells were treated with SDO at a final

concentration of 500 pg/mL for 20 h followed by cytotoxicity assay against K562 target
cells.

To determine NK activity of mice fed SDO, splenic single cells and YAC-1 cells as
effector and target cells, respectively, were cultured together in 96-well flat-bottom plates
(Nunc™) at E:T ratios of 100:1 and 50: 1 in a total volume of 200 pL in each well. After

20-h incubation, an MTT assay was performed and % NK activity was calculated as
described above.

Cytokine assay

Human PBMCs of approximately 1 x 10° cells were incubated with SDO at final
concentrations of 50, 100 and 500 pg/mL. After incubating the cells at 37°C in 5% CO,
atmosphere for 72 h, the cultured supernatants were collected and assayed for IL-2 and .
IFN-y by sandwich enzyme-linked immunosorbent assay (ELISA) using ELISA MAX™
Deluxe sets for human IL-2 and IFN-y (BioLegend, San Diego, CA), respectively. All
assay procedures were performed according to the manufacturers’ instructions and the
detection limits for both assays were 7.8 pg/mL.

In the animal experiment, a total of 2 x 10° splenic cells were cultured in flat-bottom
96-well plates (Nunc™) in the presence of Concanavalin A (ConA, 0.5 pg/mL; Sigma)
and incubated at 37°C in 5% CO; atmosphere. After 72-h incubation, culture
supernatants were collected and amounts of IL-2 secreted were determined by sandwich

ELISA using Ready-Set-Go for mouse IL-2 (eBioscience) as described by the

manufacturer. The detection limit was 2 pg/mL.

Statistical analysis

Data are expressed as mean + standard error of the mean (SEM). Statistical

significance was analyzed using Student’s #-test. p values less than 0.05 were considered
significant.



Results
Ejffect of SDO on viability of human PBMCs

Viability of human PBMCs after incubation with SDO is presented in Fig. 1. As
determined by trypan blue dye exclusion, the percentage of viable cells treated with SDO
was similar to that of untreated cells. The result indicated that SDO at the concentration

up to 500 pg/ml was not toxic to human PBMCs.

Effect of SDO on NK cell activity in vitro

The in vitro exposure of PBMCs with SDO resulted in an increased NK cell activity
and the effect appeared to be dose-related (Table 2). SDO at the concentration of 500
ng/mL significantly enhanced NK cell activity at most of the effector cell-to-target cell
ratios tested, as compared to the untreated control. Interestingly, the percentages of NK
activity after exposure to SDO (500 pg/mL; E:T ratios 1.56:1 and 0.78:1) were higher
than those of recombinant IL-2 and IFN-y (Table 2).

To examine further whether the increased NK activity obtained above was due to
direct or indirect activation of NK cells, purified NK cells prepared from PBMCs were
treated with SDO at a final concentration of 500 pg/mL for 20 h prior to the cytotoxicity
assay against K562 target cells. Though detected, % cytotoxicity of SDO-treated NK
cells was similar to that of untreated cells (results not shown). However, in an additional
experiment where cell-free culture supernatant collected from SDO-treated PBMCs was
added to the purified NK cells, significant increase (p < 0.01) in NK activity was
observed compared to the control supernatant from untreated PBMCs (Fig. 2). The
activity of NK cells raised up to 2.5-folds upon the exposure to the SDO-conditioned
supernatant. These results suggested an important role of soluble factors in the SDO-
conditioned supernatant in augmenting the activity of NK cells, It is particularly to note
that ELISA assays to detect cytokine production indicated significant elevation (p < 0.01)

of IL-2 and IFN-y levels in the SDO-treated supernatant compared to untreated control
(Fig. 3).

Effect of SDO on body and organ weights

In animal experimentation, daily oral administration of SDO did not produce any signs

of illnesses, and no mortality was observed. There were no significant differences in the



body weights and vital organs indices between the control and treated mice throughout

the study period (results not shown).

Effect of SDO on NK cell activity in vivo _

To examine the ability of SDO to induce NK activity in vivo, mice were orally
administered with SDO consecutively for 7 days and their splenic mononuclear cells
tested for the ability to lyse YAC-1 target cells. As shown in Fig. 4, the percentage of
NK activity of splenic mononuclear cells from mice fed SDO was si gnificantly higher (p
<0.05) than that of control mice. The enhanced NK activity was consistently

demonstrated in all SDO-treated groups across the E:T ratios evaluated.

Effect of SDO on cytokine production from mice fed SDO
The production of cytokine measured from the supernatants of ConA-stimulated
splenic cultures from mice fed SDO is presented in Fig. 5. Elevated levels of 1L-2,

though not reached statistically significant, were evident in all SDO-treated groups

compared to untreated control.

Discussion

This study reported for the first time the effects of oligopeptides derived from sericin
protein on NK cell activity. The results obtained herein clearly demonstrated that the
sericin-derived oligopeptides efficiently enhanced NK cell activity and the effect was
greater than that achieved by recombinant IL-2 and IFN-y, the known NK stimulators.
Significantly, the SDO-enhanced NK activity was consistently observed both in human
immune cells, in vitro and in mice, in vivo. SDO also modulated the immune system by
elevating the IL.-2 and IFN-y production, and this effect appeared to be correlated with the
augmentation of NK cell activity. Moreover, no signs of harmful effects were detected
when SDO were evaluated in vifro and in vivo, suggesting that such oligopeptides at a
range of the studied concentrations would be considered as low toxic.

Up till now, various experimental models and approaches have been used to study:
immunomodulatory natural health products. While specific effects of the studied product
on specific cell types can be seen through in vitro studies, systemic effects, however,
cannot be taken into consideration by such measurements.*” The in vivo animal models

would additionally be required. Nevertheless, in many cases, investigation of the studied



product in vivo did not result in the same biological activity as that observed in vitro.?>*"
) Undoubtedly, this conflicting result would be a major obstacle for such studied
product being developed as potential therapeutics.* The fact that significant increases in
NK cell activity were noted not only when SDO were added directly to cultures of human
PBMC:s but also when they were orally administered to the mice, these findings thus
indicated the true immunomodulatory potential of such sericin oligopeptides. In this
regard, SDO would be unaffected to radical alteration by physiological exposure to gut
digestive enzymes in mice. Also, it is likely that SDO were effectively absorbed through
the epithelial cells lining the intestinal mucosa, transported to the target immune cells,
and ultimately their significant capability of inducing NK activity retained, as that
observed in vifro. The sericin-based oligopeptides preparation in this study has therefore
proven useful and further development as promising therapeutics is warranted.

It should be noted that our results on NK activity were obtained from mixed
mononuclear cells, and not from the purified NK cells. The use of a whole mononuclear
cell preparation provides a more physiological system where cell-to-cell regulatory
mechanisms are intact and several sources of soluble mediators are present.*® With
respect to this, SDO may be activating cells which influence NK activity. Indeed, it is
well documented that CD4+ T lymphocytes and macrophages can respectively release IL-
2 and IFN-y, which are potent NK stimulators.**® In our separate experiment, the
culture supernatant collected from SDO-treated PBMCs substantially contained IL-2 and
IFN-y cytokines, and the addition of this SDO-conditioned supernatant significantly
increased effector function of purified NK cells, suggesting an important role of such
cytokines for augmentation of NK activity. Although other soluble mediators and/or
additional regulatory mechanisms cannot be excluded, it is conceivable that SDO up-
regulated the production of IL-2 and IFN-y eytokines in CD4+ T cells and macrophages
which, in turn, enhanced NK activity. As the increased NK activity and IL-2 production
were obviously shown in mice fed SDO, we also believe that the NK increment could be
associated with the induction of IL-2 production.

In summary, this study demonstrated, both in vitro and in vivo, the efficient capability
of the sericin-derived oligopeptides in augmenting natural killer cell activity. These
findings suggested the potential therapeutic applications of SDO for functional

improvement of NK cells, and possibly for treatment of tumor and infectious diseases in

which NK activity contributes to host defense.
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Table 1. Amino acid composition of sericin-derived oligopeptides

Amino acids Amounts (%)
Alanine 2.54
Arginine 0.007
Aspartic acid 13.42
Cysteine 0.007
Glutamic acid 392
Glycine 4.79
Histidine 7.66
Isoleucine 1.34
Leucine 3.01
Lysine _ 15.93
Methionine 0.007
Phenylalanine 1.57
Proline 0.82
Serine 14.27
Threonine 3.33
Tryptophan 0.007
Tyrosine 23.86

Valine 3.70
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Figure captions

Fig. 1. Effect of SDO on viability of human PBMCs.
Viability of human PBMCs exposed to SDO at concentrations of 100, 300 and 500

pg/mL for 120 h was determined by trypan blue dye exclusion. Values are mean + SEM,
n=5-8.

Fig. 2. Effect of SDO-conditioned culture supernatant on NK activity.
Purified NK cells were treated with conditioned supernatant collected from SDO-
treated PBMCs for 20 h and the cytotoxicity was assayed against K562 target cells.

Values are mean = SEM from two independent experiments. **, p <0.01 compared to

control (supernatant from untreated PBMCs).

Fig. 3. Effect of SDO on in vitro cytokine production.
Human PBMCs were treated with various concentrations of SDO at 37°C in 5% CO,
atmosphere. After 72 h, culture supernatants were harvested and measured for IL-2 (A)

and IFN-y (B) by sandwich ELISA. Values are mean =+ SEM from two independent

experiments. **, p <0.01 compared to control.

Fig. 4. Effect of SDO on NK activity in vivo.

Splenic cells were isolated from BALB/c mice fed SDO daily for 7 days and cultured
with YAC-1 target cells at E:T ratios of 25:1 (A) and 50: 1 (B). After 20 h in a 37°C and
5% CO; incubator, activity of NK cells was determined by MTT assay. SD050, SDO100

and SDO500, sericin-derived oligopeptides 50, 100 and 500 mg/kg BW treated groups.
Values are mean + SEM, n=5, *, p <0.05 compared to control,

Fig. 5. Effect of SDO on IL-2 production from mice fed SDO.
Splenic cells from mice fed SDO were cultured with ConA at 37°C in 5% CO,
atmosphere. After 72 h, supernatants were harvested and analyzed by sandwich ELISA.

SDO50, SDO100 and SDOS500, sericin-derived oligopeptides 50, 100 and 500 mg/kg BW
treated groups. Values are mean + SEM, n=5.
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Abstract

Sericin is a major protein of silkworm Bombyx mori cocoons that is mostly removed as waste in silk processing. Though
possesses various pharmacological activities, its broad ranges of molecular mass produce less solubility of the sericin protein, and
may subsequently limit uses of such protein. In this study, the effect of oligopeptides derived from the sericin protein on in vitro
cytokine production was investigated. Human peripheral blood mononuclear cells (PBMC.S) obtained from healthy blood donors were
cultured in the absence or presence of sericin-derived oligopeptides at concentrations of 50, 100 and 500 Hg/ml. Upon the
incubation at 37°C for 72 hours, production of interleuin-2 (IL-2) and interferon-y (IFN-Y) was determined by sandwich
enzyme-linked immunosorbent assay. Sericin-derived oligopcpli'des of all doses significantly stimulated the IL-2 cytokine
production in human PBMCs. Similarly, such oligopeptides also induced the .productinn of IFN-Y cytokine. These effects were in
dose-dependent manner. The present results provide evidence that the sericin-derived oligopeptides exert immunostimulatory effect,

Further investigations are thus warranted to belter characterize such effects and to assess its clinical relevance.

Keywords: sericin, oligopeptides, cytokine production, human leukocytes, IL-2, IFN-Y
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