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Investigation by microarray analysis of the immunostimulatory function of
an extract of the genus plant Salacia in the small intestine of rats

Yuriko ODA*, Fumitaka UEDA*, Chihaya KAKINUMA**,
Takaaki NAKAMURA**, and Yoshisada NAKAMURA*

Abstract

In our previous studies, Salacia extracts demonstrated beneficial effects on the enteric environment of the

rat, as represented by decrease in ammonia and other products decomposed by enteric microorganism. In the

present study, we showed that the expression of immunologically relevant genes increased in the epithelium
of the small intestine from the rat orally dosed with Salacia extracts. T-RFLP analysis (Nagashima method)

revealed altered composition of intestinal flora. Salacia extracts reportedly inhibit enzymatic degradation of

polysaccharides, hence blocking the intestinal absorption of polysaccharides. These results taken together

suggested that unabsorbed polysaccharides may affect the intestinal flora environment through the enteric

immune system of the rat.
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DRI T 720 T ¥ TIEMY) = % A8 K % 80mg/ml
DWERE & 72 5 X HIZES K (Otsuka Pharmaceutical
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FRMERFE (Reti), 7o hor v M (PT), EMELES
huryRTIAF R (APTT), BR&EHEE (TP),
TIVT I VigE (ALB),A/G, b)) 7T 4 F (TG),
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20001V (Sysmex Co., Ltd, Hyogo, Japan) % FH\>CTillsE
L7zo F72, PT, APTT ($4: F B i e B A A ) o €
STA 2278327 b (Roche Diagnostics K K. Tokyo. Japan)
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3.2.1 HBUEML EEF

AR DFEHTIZ & o THE 51172 Gene Ontology DS H: %
W Cw< &, Oligopeptide transport, defense response,
response to nutrient levels, antigen processing and
presentation of peptide or polysaccharide antigen via
MHC class T IZBg 40 5 AR T-HNEM S LT 5 2 & H3HH
SN o Te FEHMBMLRTFZFEMICA TN E, £
BB EE AT & AR AR T &, s
LRI D 2 BT 0% CHEBHML Tz (Fig. Do

PUE A% 177 9 MHC class I #H O EET & LT
1%, Cathepsin E (Ctse), RT1 class 11, locus Ba (RT1-Ba),
HLA class II histocompatibility antigen, DM beta chain
precursor (MHC class II antigen DMb, Hla-dmb) 3§
B ERLTwa Y,

F 7, ERBE (E) ICHET L8 L LT,
tumor necrosis factor alpha (Tnfa) Clusterin (Clu),
Chemokine (C-C motif) ligand 5 (Ccl5, Rantes),
Adenosine deaminase (Ada), Apolipoprotein A-IV
(Apoab), Chemokine (C-X-C motif) receptor 4 (Cxcr4),
Apolipoprotein H (Apoh), Membrane-spanning 4-
domains, subfamily A, member 1 (Ms4al), Dipeptidyl-

100E-3 < 100E-8

antigen processing and presentation of pep! fﬂ or polysaccharide antigen via MHC class Il

Fig. 1 Significant gene ontology categories (P < 0.001) were extracted from 237 genes showing increased expression.
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peptidase 4 (Dpp4, Cd26), Protein tyrosine
phosphatase (Ptprc, Cd45), T cell receptor beta locus
(Terb), Apoptotic peptidase activating factor 1 (Apafl)
T EDEH LTz,

TV A7ua—), 7 b EREAR Tk 3-hydroxy-3-
methylglutaryl-Coenzyme A synthase 2 (Hmgcs2),
fifi 3% % T X Solute carrier family 15 (oligopeptide
transporter), member 1 (Slcbal) ASZEEEBEINL T 7z
(Table 1),

3.22 HBEADULEETF

W, FEHEA L 7z#EEF12iE, Urea cycle, Lipid
metabolic process W& FN T W7z, JRFEV A 7 IV HE
O #& 1Z F X Arginase, type II (Arg2),
carbamoyltransferase (Otc), carbamoyl-phosphate
synthase 1 (Cpsl), RE oL #HICHE D 2
peroxiredoxin 6 (Prdx6) %°Peroxisome proliferator-
activated receptor gamma (Ppar y) 2338 L T

(Fig. 2, Table 2),

Ornithine

Table 1 Genes showing increased expression (P < 0.001, Gene ontology categories extracted using BINGO).

[[response to stress]

[defense response] [

Gene name [Definition Gene name [Definition UniGene ID
Tnf tumor necrosis factor rc rotein tyrosine phosphatase Rn.90166
Aldob aldolase B Bmp2 bone morphogenetic protein 2 Rn.90931
Clu clusterin [Tnf tumor necrosis factor Rn.2275
Atp6vig |ATPase Ephx2 Epoxide hydrolase2 Rn.54495
Abhd2 abhydrolase domain containing 2 Terb T cell receptor beta locus Rn.34871
Sfn stratifin RT1 class II, locus Ba Rn.25717
RT1-Ba RT1 class II, locus Ba chemokine (c-c motlf') ligand 5, Rn.801
Ccl5 chemokine (C=C motif) ligand 5. a complex n.5892
Hla=dmb _ |major histocompatibility complex ha-related sequence 1 Rn.122020
_ adenosine deaminase i Rn.114810
RT1 class Ib, locus Aw2 Rn.15739
Apoad  T[apolipoprotein A-IV Rn.10171
[RatNP-3b [rat neutrophil peptide—1 Rn.16385
albumin peptidase activating factor 1 Rn.64522
Cxcr4 chemokine (C-X-C motif) receptor 4 ipsi Rn.16172
Gon gelsolin__ , Tresponse to mutrient levels] |
:n:r:-::r::t—tzalr‘l‘n(i:::;a?nos rotein I) Gene name Definition UniGene ID
Creb3i3 GAMP responsive element binding protein 3-Tike 3 iApoad apolipoprotein AV Rn. 15799
Cfd complement factor D (adipsin) Suox sulfite oxidase Rn.25720
|cemplement Iastor b \adipoin BmEZ bone morphogenetic protein 2 Rn.9093
Dpp4 dipeptidyl-peptidase 4 (CD26) [Apoai apolipoprotein A-l Rn. 10301
_ara carbo_nl(; anh_drashe 3 hata Hmges2 3-hydroxy—3-methylglutaryl-Coenzyme A synthase 2 .
Bms?—loono morphogonetic roten? Qe soleain 103770
Si - laicrasericomaitase Ab albumin Rr.20z968
Eoh? Evoride hydrolsse? B suerssefcomalince Fo 1007
Terb T cell receptor beta locus Rn 24309 IAdipot .
IAdipog adiponectin, G1Q and collagen domain containing n.. o > x
Defa-rsi defensin alpha-related sequence 1 Rn.122020 = = adenosine deaminase Rn.12689
Cyp4f5 cytochrome P450 4F5 Rn.1017 [[oligopeptide transport]
[Abco2 ATP-binding cassette Rn.1026! Gene name Definition UniGene ID
g Rn.6452. Slc15a1 solute carrier family 15 (oligopeptide transporter) Rn.10500
Rn.3936 RT1-Ba RT1 class II, locus Ba Rn.25717
Rn.13425 Hla—dmb major histocompatibility complex Rn.5892
|[response to external stimulus] [response to extracellular stimulusl
Gene name [Definition UniGene ID Gene name [Definition UniGene ID
Suox sulfite oxidase |apolipoprotein A-IV. Rn.15739
Bmp2  |bone morphogenetic protein 2 sulfite oxidase Rn.25720
tumor necrosis factor bone morphogenetic protein 2 Rn.9093
Si sucrase—isomaltase apolipoprotein A-1 Rn.1030:
Clu clusterin 3—hydroxy—3-methylglutaryl-Coenzyme A synthase 2 Rn.2959:
Aldob aldolase B gelsolin Rn.103770
Ephx2 Epoxide hydrolase2 albumin Rn.202968
Abhd2  [abhydrolase domain containing 2 sucrase-isomaltase Rn.10057
Ccl5 chemokine (C—-C motif) ligand 5, . aldolase B
Adipog adiponectin, C1Q and collagen domain containin, Rn.24299 di
Ada adenosine deaminase Rn.12689
Apoad apolipoprotein A-IV Rn.15739 nd
Coro11a cor<|>_nir| i :nfgggi Definition
Apoa apolipoprotein A-| n. n
VP cytochrome P450 4F5 Rn.1017 %ﬁ locus Ba .
g 3-hydroxy—3-methylglutaryl-Coenzyme A synthase 2 Rn.29594 ‘major histocompatibili Rn.5892
Gsn gelsolin Rn.103770
Alb albumin Rn.202968
Ms4al membrane-spanning 4-domains Rn.16385
Ap apolipoprotein H (beta—2—glycoprotein I) Rn.1824
_ complement factor D (adipsin) Rn.16172
transmembrane 4 L six family member 4 Rn.13425
Smpd2 lephingomyelin phosphodiesterase 2 Rn.18572 Table 2 Genes showing decreased expression (P < 0.001, Gene
ontology categories extracted using BiNGO).
[urea cycle]
100E-3 <1.00E-8 \Gene name Definition UniGene ID
|Arg2 arginase Rn.11055
l:l Otc ornithine carbamoyltransferase Rn.2391
Cpsl carbamoyl-phosphate synthase 1 Rn.53968
Turea matebolic process]
Gene name Definition UniGene ID
|Arg2 arginase Rn.11055
Otc |ornithine carbamoyltransferase Rn.2391
ICpsT___ |carbamoyl-phosphate synthase 1 Rn.53968
cellu Tamide metabolic process] |
Gene name [Definition UniGene ID
|Arg2 arginase Rn.11055
d Otc ornithine carbamoyltransferase Rn.2391
cellutar m @ Cpsi carbamoyl-phosphate synthase 1 Rn.53968
[Iigid metabolic process)
amide met C process Gene name |Deﬁnrt|on UniGene ID
b Rn.91079
primary mIic process
urea metafhglic process 109394
Deroxlredoxln 6
rollferator—actlvated receptor ga 3443
a g 0186
|@ process 4044
Fig. 2 Significant gene ontology categories (P < 0.001) were
extracted from 113 genes showing decreased expression. Rn.104376
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Fig. 3 Fecal specimens were analyzed by T-RFLP analysis (Nagashima method) and presented as the intestinal bacterial flora composition
by OTU.
3.3 H%Wﬂ%ﬁg*ﬁ Cluster dendrogram with AU/BP values (%)
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LGB PIANEE OARRE & EREN b3 2 & A5l 70 SRAT 1 ] a0

TdHh 5 T-RFLPEZ AT, BAMERE ORI HE %
T o720 BWNHIEZEOBEILOBEEZ Hv,, [R] T
7IAYN) T wTh, R AR L, WEE Y —

02

0.1
_F
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OFWHEILBE R 177 5 720 Z O, HGREOB P T 3 g oo
BB ZNS L3RR 572707 74 ) ¥ 7 %R 21y 3 i - -
L7z (Fig. 3)o B
T T IR T AR KA B & ek R % T L7 oF
EZAH, MREEORGANMEEIIEAT S ICRE B AR, Fig. 4 Cluster analysis was performed on the intestinal bacterial
T OB b W CRMEA S o 2OV L, #255 (N o) 1o consiruct & ohyingenetic rea St
HTIIHBNMEEO 7O 7 7 A VML TBY, Rk (au=Approximately Unbiased, bp=Bootstrap Probability)
B EOBBEDIER T R ), NTNT T - 72l
WA T S 7 IRMYIHERIC X ML TL 5 2 & H5H 100
ST (Fig. 4) o o0 | [ : Control, [ : Treated* p <0.05
7, WFSLICR TR Y, 77 —3%F2—7 2 s | u
(OTU : 106, 110, 168, 332, 338, 369, 423, 494, 505, 517, L 70 - |—’
520, 650, 657, 749, 754, 919, 940, 955, 990) D& HH 2 60 | .
BIZWA L, N7 Fu4FAM (OUT : 366, 469, 853) g s | (—1
DEAPEZICHEMLTYE I ERHL IR o7 5 40 f -
(Fig. 5o L LO#EARS, #73 7BHYF 2525 S w | \§§
ICE D, SRR T ORETRERET TR BN T a0 | §§§
HIFEH#EIC OB E TV DL I EDHLNIZR 572, 10 + \
0 A\

Firmicutes Bacteroidetes

Fig. 5 Proportions of Bacteroidetes and Firmicutes relative to the
entire intestinal flora population in the fecal extract
administration.
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4, EER

T T IEAENINERD 5 % { OFRBER FED 2 & AT
SNTW225, /NGB 555 2 7Y o 4: B HE
AT A0, KR EITR o7, TOME, HEGL
FIZBWTE L OBEETORBEIEILL, 5> 7EM
MIGECTLEREZ AT L EVHL NI o7, Z
OHTYH, EMEOBEETHEEZIE, AR L
NPIDTRENIZDDTHY, TOMEMLIFFICIAET
Hotzlzd, INLBEY T T ORIEREEICER LT
MEATR D o

BT IBURNT OFERN SO N/ LA L -8R
TRFENCHE L Cw b, BRYRIRe g, AR
BB D A 8 s T, B2 ThI B EE R T 5% &
FINTVLZ EDbhrolze BEKWIZIE, 7TLVF—7%
Eap|SRITIgEDEELZIHT L E Vb TWDS
Ptpre (Cd45) 10 %>, #HFatkeyE 12953 5 ThlMifard
ML T CA26 (Dppd) 17, SESFRBRA v IV
FEECTANAL EREAOEANE ENIED, 7LV
X —PIHIVER % £ 1gG2al®, MHC class T B0 8z
T ThHolzo BHIMLZEEZTHE, KO L) RIEMA
ThlfifEE A TRXTWLEOTIE R VA LR L7219
(Fig. 6)

e, Habus A= THIN UrSER

(MHC claC.S D1cr
COR
#E ADA,
NTSE {"
N

/ ¥ DA 2
: —— gl’-ﬂAB_ MS4AT, MS4A7, M*]o [ G A
(FRME~DIHE S >:§-

CFD, TCRB,
GCEACAMI etc.

T cell .
APAF1,  FRh—S Rl

GERERGRT FABP4, Gz

IFNSEME F(FIT1), CFD, CTSE, .
PTPRC ALPI, PDLIM2, SLPI, ABHD2 TNFa
(CcD45) CCL5(RANTES), TNFa,

CXCL14, CD53, NF £B,
B | Ches voamt macrophage #64E : APOA4, GLU, ANXA1

Fig. 6 Possible mechanism of action speculated from the genes
identified as showing increased expression in the vicinity of
the Th1 cells (genes listed in Table 1 are shown in red,
genes identified among the 237 genes showing increased
expression but not used in the functional categorization by
BiNGO are presented in black).

$72, LU, bhvbWdMT o 72METiE, 737
JEHEY) % 2N XN DIEIEN R 7 ~ E=T A &
WEMENDH L ENHLRII o TWE, DD,
T T B T AEIUZ LY, BT =T ANEA
L, MNGLEDOREZEY A7 VEEEERTERO @D
(Cpsl, Arg2, Otc) A 5722 %2 Twp ),

WAEB L2, BEREICECEDSL LS
5 AT #E O T TIE, - TNTNT TH o 72l
NHIHEFE D /35 — 23T 2 TR = % 2351280

ZAbL, - T AEADTE SNz WO A
L7y 7a4 7 A, RIETLEFRASERH SN TS
WCHY, GERD S RERIGEIERASfEM SN & -7M
WL D DERVIREREERZ R L, IgA RAEEICED S
A DAV OEAREEREINSEEZEDVPHL2IIR S
T2 2 LSEOFEBRIZBVT, FICEEEMASR
SNz 714 7 AD0TU (operational taxonomic
unit) 2322572725 (OTU : 366, 469), ru—=r7
TS O NG IEBLA 2 & AHFAE 2 ME) L 724 D2
DRI RERERI R OB N7 T 0L TAOUED
T 5 Bacteroides acidofaciens H3er £ LT 5 ] fEk
ME, F72, N7 T a4 FAOMIBE T A LPS
b SREIIE AR S TWw 2,

Doz s, 5 7EMYTF 20, BRME
FICRB T2 UL BRE#ED, N T E O
BRIERIE Z 0T 5 2 EAURIE SN ARFFEIZB W
T, L BB O BT 0% < BBHEL L TW /78,
SR B X 12 BB T 5 EETCTH Y, SHEME
AT o TV E 20,

RIFFRITERLZBEETC, BESCERELREAEFHLT
AFLZT Yy PVEHWAEFERTHY, e MNENIZBWT
KEIZHHETHE T4 ZAARMBFEL LV END, —
PO REEZ e MCEESRZ LI LIITERWEY,
LarL, bivbiidt MIBWT D BNMREE 2
BT LERMERELTBY, HIEMEEICE X 20 AR
THENEEZTnE, 4k, b MIBUT LD FEiE
LTWw&E7w,

T T TIEAWIET — VT = — I B TEEM
SNTEXLDRZOREICE L Tid, WE ARG
%, Lo L, BEREY U ERRENE, YT T
BRI X ZADYET B L VDb TWAERDE 125
BEALHZDLDTHY, bRUONIEIEKRHENY T T8
T % 2 OWEEDO—EBZHS I Lz EHE L T b,

bivbiu, 2047 7Rty A2 EE Lo
metEEmE LT [ 22N 7] (Fig. 7) % 20074E12 &
HLTWh, Sthdbivbiud, EFEN ORENERTZE,
SHICHERAZEREEREMEZH BB @ L
T, ANAD7 3 )74 A7 FATMEICHFGSTES L
I Bh xRkl BB SEm AT > Tw <,

Fig. 7 Metabarrier.
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