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Abstract

AIM: To explore the influence of foreign plasmid
DNA on the intestinal gene expression profile
after absorption via the gastrointestinal tract in
mice.

METHODS: Balb/c mice were orally adminis-
tered with 200 pg plasmid pcDNA3 and a length
of jejunum was isolated 4 h after oral administra-
tion. The total RNA was extracted from the in-
testine and the gene expression profile of Balb/c
mice was analyzed using oligonucleotide array
after oral administration of plasmid pcDNA3.

RESULTS: Among 17667 genes obtained from
gene expression profile analysis, there were 61
genes differentially expressed from those in
GenBank, of which 36 genes were up-regulated
and 25 ones were down-regulated after oral ad-
ministration of foreign plasmid DNA. The dif-
ferentially expressed genes were mainly related
to immune response, anti-oxidation, detoxifica-
tion function, lipid metabolism, anion transport

protein, apoptosis and signal transduction.

CONCLUSION: Foreign plasmid DNA, ad-
ministered via the gastrointestinal tract, may
widely modulate the expression of many
genes in the intestine in mice.
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25’;? ;:—i%;zg GenBank accession Cy5/Cy3 Symbol BERZIR
e B fi% 75 5 4 NM_023138 2.0063 MAP2K2 LRIRBNEEO B2
Mg AR, M5B NM_013867 2.0245 BCAR3 Breast cancer anti—estrogen resistance 3
FHEEG. W NM_030238 2.0286 DNCHC1 Dynein, cytoplasmic, heavy chain 13)/J&8
B T BAE 5 A BC006631 2.0361 AL022610 EST AA764025
Btz ppiE ik U70139 2.0372 CCRN4L Carbon catabolite repression 4 homolog (S. cerevisiae)
P E X B Y8 NM_010738 2.0667 LYBA Lymphocyte antigen 6 complex, locus ARG, Ly 8
W —E &, W NM_030677 2.0834 GPX2 Glutathione peroxidase 2 SPtEROI S IES 2
HABEAKYE NM_019946 2.1065 MGST1 Microsomal glutathione S—transferase 1{RRHASHEEASEEDEE
A0 B e T M if 2t NM_008530 2.1192 LYBF Lymphocyte antigen 6 complex, locus F SEBIRIE, Ly T/
Ik R R L BOK BT NM_010286 2.1292 DSIP1 R ERBSNaMRNATHE
FAWMEEEA, NM_011068 2.1709 PEXT1A WRICYIBAEYIRERS11a
By ik B Rk NM_015783 2.1765 G1P2 Interferon—stimulated protein (15 kDa) I EAEES
T Al R AKO05036 2.2043 1300017K07RIK RIKEN cDNA 1300017K07 gene
SN R 5 DNA AF110802 2.2327 IL18BP Interferon gamma inducing factor binding protein T ENES
Wi 64 FORAL . RTEEED
NM_008638 2.3244 MTHFD2 Methylenetetrahydrofolate dehydrogenase(NAD+ dependent),
methenyltetrahydrofolate cyclohydrolase
MEREIUS IR SRS, JREPEIUS IR X e
NM_019810 2.3264 SLCBA1 Solute carrier family 5, member 1 &3FREIAZE
NM_011150 2.3762 LGALS3BP Peptidylprolyl isomerase C-associated protein IAEHRELZ
HBECEMEES
NM_007885 2.4262 SLC26A2 Solute carrier family 26 (sulfate transporter), member 2 Y&/R
HIAKI
AY008277 2.4573 CLCA4 Mus musculus calcium-activated chloride channel CLCA4
mMmRNA, complete cds
NM_021394 2.5322 ZBP1 Tumor stroma and activated macrophage protein DLM-1 f@
BERERMARES
NM_022331 2.7000 HERPUD1 Homocysteine—inducible, endoplasmic reticulum stress—
inducible, ubiquitin—like domain member 1
NM_007672 2.7677 CDR2 Cerebellar degeneration—related 2 /) \IRR{ILER
NM_010501 2.9068 IFIT3 Interferon—induced protein with tetratricopeptide repeats 3
MEBFERE
BC013478 3.0711 SLC30A2 Mus musculus, clone IMAGE: 4239648, mRNA
NM_011036 3.1659 PAP Pancreatitis—associated proteinfRIZIANEFEDS
BC005552 3.3969 ASNS Asparagine synthetase K XEiAZSAEF
AK002567 3.4149 MT2 Metallothionein 2 /EFMEE2
NM_011260 4.2078 REG3G Regenerating islet—derived 3 gamma B4EH
AF027131 45115 MUC3 Mucin 3, intestinalf52&E 5
BC007173 4.5371 TPP2 Mus musculus, clone IMAGE:3493127, mRNA, partial cds
NM_007769 4.6993 DMBT1 Crp—ductin {&5EADBINHIER
NM_007679 4.7027 CEBPD CCAAT/enhancer binding protein (C/EBP), delta CCATIZ3R 455
£8
NM_022411 5.3687 SLC13A2 Solute carrier family 13 (sodium-dependent dicarboxylate
transporter), member 2 BFEAS
NM_011470 6.2025 SPRR2D Small proline—rich protein 2D /| fHRRESEB
AK019097 11.7085 2310057M21RIK RIKEN cDNA 2310057M21 gene
AKO016647 20.4069 SLCO6C1 RIKEN cDNA 4933404A18 gene
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GenBank accession  Cy5/Cy3  Symbol HEZMR

X78543 0.0829 MCPT-PS1 B RSBy

NM_008339 0.1468  CD79B RRRECER

AK008016 0.1705 2010001TMO9RIK  RIKEN cDNA 2010001MO09 gene

NM_009696 02125  APOE Apolipoprotein EZEEEEE

NM_011402 0.2243 SLC34A2 Solute carrier family 34 (sodium phosphate), member 25FZAR
S

NM_013492 0.2466 CLU ClusterinfeE=E 83

NM_007398 0.2932  ADA Adenosine deaminase IR iR &5

NM_010382 0.2964 H2-EB1 Histocompatibility 2, class Il antigen E betaZ=Z2/B/3MEZSIETR
=Sl

NM_007489 0.3206 ARNTL Aryl hydrocarbon receptor nuclear translocator—like S &S
BURT

NM_009042 0.3611 REG1 Regenerating islet—derived 1 B4EXR

BC021548 0.3644 0610039P13RIK RIKEN cDNA 0610039P13 gene

AY030094 0.3734 4932416A11RIK ~ Mus musculus von Willebrand factor A-related protein (Warp)
mRNA, complete cds

NM_011468 0.3760  SPRR2A SSEE)\ED

AK004658 0.3900  HSPCA RURTREE86

BC007144 0.4201 PSCDBP Expressed sequence C80816

NM_021520 0.4247  SLC28A2 SBREUASIE28

NM_019411 0.4250 PPP2CA EBEiRshs

BC011492 0.4303 9130020G10RIK RIKEN cDNA 9130020G10 gene

M28739 0.4349  TUBB2 Tubulin, beta 2 RIEEB

NM_009825 0.4648  SERPINH1 RURTREB47

NM_130450 0.4711 ELOVL6E Expressed sequence C77826

NM_009810 0.4712 CASP3 Caspase 3, apoptosis related cysteine protease

NM_009984 0.4725  CTSL RIREDE

NM_023114 0.4757  APOC3 Apolipoprotein CllII ZgESC I
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BTATRBLAMJEDN A 1] 52 1 — 26 Jig 3 B 25
THROAZE A MRS, Hh Rk R Solute
carrier family 5, member 1. Solute carrier family
26. Solute carrier family 13; 1A T i )45 Solute
carrier family 34. Solute carrier family 28. ki
pcDNA3JE i 47 G F A (1B 5 1, il )
fieSolute carrier family{F A 45 TR DNATE 1 1
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TR FIEEA, £ RN FIRHR. Mk

www. wjgnet.com

TR N ol 1 — TR 5 = FR R AN A v 6] 7 ) H 3 1)
AHLE FiiaE . EIER B M. A
NEEER LA AL, SLC13A2R] 4 B R4
fude pt R AV RS . S 5% L 4id
SR G 1, I W] e 2 MU TR B Y4 110 1 1, 15
S TR 2 K.

SEEG R I Caspase 3K 1A Fif]. Caspases/&
— 5 A B T O R AR B DI 4L A
H AN N Caspases/ &4 LI T2 $UAT & . 15 %
A7 0T At A LA OGS VE (0l SR 8 XA . ARt
WA B SR ERERT, 76— 3L )
R = i R i O S g N - S DT i
TS S 4206 2 Caspases, JH8H 2 2 W05 -
COHA T WG, MCaspase3iiib ) v HEEY)
FIIF T DN AT R A -1 (—F145 kDag F{H) 5]
HCDNAEf#. |1 T Caspase3feiiftb— Pl 4%
Wy, Jaa REAEDNA ER— 5 P FE AT LK Y,
UL B E I Uk I SR IUER T 4k 7. Daniel
Rachmilewitaz(2002)™" & 3 G2 H DN A J7- 471
A BFEDSSIHE SR ZiCaspase 335 1E, IR
A £1SS-ODNRE /i L NF-k B, 15 FBcl-x LA
FI#E 5, XL R Z IS S-ODNIH /L DNA-PK,
T A 6 ST A0 ) 4 B PR R T AR S8 R B

| PG X4

RN O 2
# B (mGST): &
—RAAH SHMHA
P 7 449 F 3 B,
o AL 2y AR
N—FE L1l
H A Ey, LA
A AT A 1

B/FRBKREG
BB BT RIE R,
MAPKs/Z 5 4 %
BRBEETKS
Feampn, £ am
e R AR 5 A
FEmBA L
N, S5l ke mpp At
My BB (o 0 Bl
¥, 5. #
B A )it
BPELAEEXE
Lo AER.



3006 ISSN 1009-3079 CN 14-1260/R WRENENAE  20068F11888  $14% 315
MAMHM  Caspase3FEBHIFIA T, U6 095N TRDNA T4 2001; 106: 89-97; discussion 143-160
HILFE, A A 17 ST 3 Palka-Santini M, Schwarz-Herzke B, Hosel M,
PR R FHik & M e T A L Renz D, Auerochs S, Brondke H, Doerfler W. The
ig@%i@f }5&; AT KB 2 24 5 s R B gastrointestinal tract as the portal of entry for
R » FE A N N " . o . foreign macromolecules: fate of DNA and proteins.
At sk (MAP2K2YRZE BIH, GEWISMIRBORDN AT e Mol Cenet Genomics 2003, 270: 201215
gﬂ;ifﬁég ]:]:@’ WITMAPKIR G R R ., 220 EnE 4 Schubbert R, Renz D, Schmitz B, Doerfler W.
SR SN e Foreign (M13) DNA ingested by mice reaches
o FE 3 =] S A Gl —R=Vi
z%;:g‘ff ﬁi— HH {%i(MAPK)iEéHﬂE@ W—RERE S peripheral leukocytes, spleen, and liver via the
A %‘ ,fgj} g/; ;;T 5 F. MAPK 35S FIMAPKK (N %4 Mek)% i, AN intestinal wall mucosa and can be covalently linked
P Kb SRR A 7] (9 M e K3 A ] H@MAPK, fiMek (84T ’;cglrng(;l;se DNA. Proc Natl Acad Sci USA 1997; 94:
B % R AR s ooy WL Nt - e o e
S EAEDNAL  TEHSerfiIE FRERRAL, W EEMAPKKKMAELI 5 ks, iR, REG. SEFRDNALNE
i b O 3T MAP2KKK. MeK. MAPK 1% 25 1 Eéﬁ)’;w&gﬁiﬁmtﬁ. HFAEATHIAE 2004; 12:
H] BT B i Ak 52 e N 1108-111
o R R, Tk Y. R GLAA F.3 5ot EE ° 6 Schubbert R, Hohlweg U, Renz D, Doerfler W.
3 , J N 2 GERA B FL B 22 A 5 A g AR R g
et BRARES 4 R ASTaRAEK. RE. 5. On the fate of orally ingested foreign DNA in
®,R—ERFE ’ o - ) A A mice: chromosomal association and placental
# . T L AR W R BRIMGENF-«B4k, CpG transmission to the fetus. Mol Gen Genet 1998; 259:
DN AJE 1 G A [ [(MA PGl . 324, it 269-376
LT{%&@ A E/J LE% s 7, IS 7 Hohlweg U, Doerfler W. On the fate of plant or
CpG DNARIA R (1) S5 40 i, &R IMAT 34 other foreign genes upon the uptake in food or after
MAPKHE K% 0 R A s T4l 40 o aM=s =30 intramuscular injection in mice. Mol Genet Genomics
) o 2001; 265: 225-233
T [ ## (extracellular-signal regulated protein 8 watson JL, McKay DM. The immunophysiological
kinase, ERK). c-j unﬁ%ﬂiﬁﬁﬁ?ﬁ@ﬁ(]NK)%ﬂpiﬁ& Ii;npacztogibaag;erliallleG DNA on the gut. Clin Chim
. e e . cta ; c1-
MAP2K2EACM APKIAAS BRI MBS R o s, oiiog, RI1E. SMERRDNAZ H it
Pk L, A LAk, i ALERK 1 FIERK 2. XS/ N G RE RS2, A N, 2004;
. 12: 2614-2617
MAPKHFALRERF AN A PSR 22UBAG 5 10 s, sRimfh, HeFE. SMEFRIDN A% it
A 336 2] 40 % P 1255 K 2 BOEC A% 4 i 4 A 4. Tt/ N S SRR VRSV P RIS 90 TS
i o s & 2005; 21: 548-552
ﬂ_ﬂj{: E,?éﬁfﬁi]i"ﬁ A Zj] %éﬂ?] H@‘ EPMAP Ksk%ﬁéj( 11  Remus R, Kammer C, Heller H, Schmitz B, Schell
;o ARt ERK1/2i&4%. ERKS5i&1E. INKi& G, Doerfler W. Insertion of foreign DNA into an
42 A2 S TR I . established mammalian genome can alter the
12 p383$13:. A5 lﬁﬁ{%ﬁ@&(ERKl/Z)j\J methylation of cellular DNA sequences. | Virol
SR (MAPKGE 4, 3 B4 540 89 24 A 1999; 73:1010-1022
I\ b2 L g [30] ™ N - \ 12 Doerfler W, Hohlweg U, Muller K, Remus R, Heller
OPARHIA e L UL UL AN ORIDN AJlE H, Hertz ]. Foreign DNA integration-perturbations
T ERK S A2 103 118 o 2 41 i of the genome-oncogenesis. Ann NY Acad Sci 2001;
N o o Ty 945: 276-288
P4 237 LS 7l St e
e L ﬁﬁﬁn%]ﬁﬁ%lﬂ H}%‘Tﬁ*?’ii}u{ﬁ H 13 Muller K, Heller H, Doerfler W. Foreign DNA
JFURIDNA 4 h/7, K5 hENE IR RIE R integration. Genome-wide perturbations of
AL, BARRDNARA R RIR bt OO iz
%IEE@ ﬁ%ﬁﬂ%%&)ﬁ%ﬁ , E’i*jDNAH/‘] ﬁﬂﬁﬁ” 17'%( 14  Beever DE, Kemp CF. Safety issues associated with
P y
SR 2 TR AL IR CpG FEA, [ i i the DNA in animal feed d.erived fro.m ge.n.etically
. . e modified crops. A review of scientific and
() — S8 2 P T e b R AR AR N AR AL, B G BT AR regulatory procedures. Nutri Abstr Rev 2000; 70:
feo I, SRRMRY. BTSIE. Ay I8
. e U . 15 Ledwith BJ, Manam S, Troilo PJ, Barnum AB,
TR AR G55 AU IR A 4R Ak Pauley CJ, Griffiths TG 2nd, Harper LB, Schock
{}51 E’ﬁngN A%’%ﬁ”ﬁq& %u T/Eﬁﬁ HL—FE'J %E'lzﬁt T ﬁ:% HB, Zhang H, Faris JE, Way PA, Beare CM, Bagdon
A e . o W], Nichols WW. Plasmid DNA vaccines: assay for
AP EIIWEFLL R, FEIEIEAE F XTI 22 57 3R integration into host genomic DNA. Dev Biol (Basel)
& 8
IEFE A ETTITIE, W] B AN ORI DN A F i 2000; 104: 33-43
. jl ) - - 16 Ledwith BJ, Manam S, Troilo PJ, Barnum AB,
’f’hlﬁf*ﬂﬁiﬂﬁﬁh\)\ﬁg Tﬁ@ Pauley CJ, Griffiths TG 2nd, Harper LB, Beare CM,
Bagdon WJ, Nichols WW. Plasmid DNA vaccines:
% X investigation of integration into host cellular
4 BN DNA following intramuscular injection in mice.
1 Doerfler W, Foreign DNA in mammalian systems. Intervirology 2000; 43: 258-272
New York: Wiley-VCH, 2000 17  Manam S, Ledwith BJ, Barnum AB, Troilo PJ,

2 Doerfler W, Remus R, Muller K, Heller H, Hohlweg
U, Schubbert R. The fate of foreign DNA in
mammalian cells and organisms. Dev Biol (Basel)

Pauley CJ, Harper LB, Griffiths TG 2nd, Niu Z,
Denisova L, Follmer TT, Pacchione SJ, Wang Z,
Beare CM, Bagdon W], Nichols WW. Plasmid

www. wjgnet.com



N, F. INRERIDNANY )\ IpEERFRAENFT

3007

18

19

20

21

22

23

24

DNA vaccines: tissue distribution and effects of
DNA sequence, adjuvants and delivery method on
integration into host DNA. Intervirology 2000; 43:
273-281

Wang Z, Troilo PJ, Wang X, Griffiths TG, Pacchione
SJ, Barnum AB, Harper LB, Pauley CJ, Niu Z,
Denisova L, Follmer TT, Rizzuto G, Ciliberto
G, Fattori E, Monica NL, Manam S, Ledwith BJ.
Detection of integration of plasmid DNA into host
genomic DNA following intramuscular injection
and electroporation. Gene Ther 2004; 11: 711-721
PERRE, BRI, B 2R H IRt b K i 1o iR
12, EWCE S AR 1997; 24: 401
Andersson C, Mosialou E, Weinander R,
Morgenstern R. Enzymology of microsomal
glutathione S-transferase. Adv Pharmacol 1994; 27:
19-35

Peng RX, Wang H, Wang YS, Fu LS, Ding H.
Glutathione-related enzyme activities in human
fetal adrenal, liver, and kidney. Zhongguo Yao Li
Xue Bao 1998;19: 167-171

Jakobsson PJ, Mancini JA, Riendeau D, Ford-
Hutchinson AW. Identification and characterization
of a novel microsomal enzyme with glutathione-
dependent transferase and peroxidase activities. |
Biol Chem 1997; 272: 22934-22939

Morbitzer M, Herget T. Expression of
gastrointestinal glutathione peroxidase is inversely
correlated to the presence of hepatitis C virus
subgenomic RNA in human liver cells. | Biol Chem
2005; 280: 8831-8841

Kasperczyk S, Kasperczyk A, Ostalowska A,

25

26

27

28

29

30

Dziwisz M, Birkner E. Activity of glutathione
peroxidase, glutathione reductase, and lipid
peroxidation in erythrocytes in workers exposed to
lead. Biol Trace Elem Res 2004; 102: 61-72

Ames BN, Cathcart R, Schwiers E, Hochstein P. Uric
acid provides an antioxidant defense in humans
against oxidant- and radical-caused aging and
cancer: a hypothesis. Proc Natl Acad Sci USA 1981;
78: 6858-6862

Hooper LV, Wong MH, Thelin A, Hansson L, Falk
PG, Gordon JI. Molecular analysis of commensal
host-microbial relationships in the intestine. Science
2001; 291: 881-884

Ishibashi S, Yamada N, Shimano H, Mori N,
Mokuno H, Gotohda T, Kawakami M, Murase
T, Takaku F. Apolipoprotein E and lipoprotein
lipase secreted from human monocyte-derived
macrophages modulate very low density
lipoprotein uptake. | Biol Chem 1990; 265: 3040-3047
EHRA, T, R, i, EIRES, IMETL. CpG-Tk
R Gl AR R IR M . S0 FER
iz 2003; 24: 1086-1089

Rachmilewitz D, Karmeli F, Takabayashi K,
Hayashi T, Leider-Trejo L, Lee ], Leoni LM, Raz E.
Immunostimulatory DNA ameliorates experimental
and spontaneous murine colitis. Gastroenterology
2002; 122: 1428-1441

Lee KH, Hyun MS, Kim JR. Growth factor-
dependent activation of the MAPK pathway in
human pancreatic cancer: MEK/ERK and p38
MAP kinase interaction in uPA synthesis. Clin Exp
Metastasis 2003; 20: 499-505

v St it BAR

ISSN 1009-3079 CN 14-1260/R  20064F A I HH Fi 1 s 2 24 s 1

° ‘Yi!iﬁ L

¢ @ % A A 124 5] i£98.% (2006)

AHER MR O EZEARWTIZEE PN B E(CAICED))Y 20054618280 8- FIENT H #1214 J7 4 vh [ 4111 5|
SCHUE R S ONKT o B IR 7 vt (9 352005-01/124 30 R 30 5% (151258 YOI R FEA SIS G vt b 43 3):
TS A A 2 B AR HET] S ISSN 1009-3079 CN 14-1260/R; J5 H 44 FK: B 251 2A\IR AR RN K i L R 2
PR (YKS.2.3)LE M 513K 2471, SEmaA T 40.661, SEEFEMIN T~ 40.644, BI4EFHR40.079, A5 E 51N
0.73, #51WITIECA491, 513 h4.6, 20058 30 F 4768, Fa4p it S 0.44, WebRIIAE R HZ40.6. [ [H
FARIATOGH ) B T AL h R RFE SCER TR PP AT 700

www. wjgnet.com



