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Abstract

AIM: To study immune response induced by foreign
plasmid DNA after oral administration in mice.

METHODS: Mice were orally administered with 200 pg
of plasmid pcDNA3 once and spleen was isolated 4 h
and 18 h after administration. Total RNA was extracted
from spleen and gene expression profile of BALB/c mice
spleen was analyzed by using Affymetrix oligonucleotide
GeneChip. Functional cluster analysis was conducted by
GenMAPP software.

RESULTS: At 4 h and 18 h after oral plasmid pcDNA3
administration, a number of immune-related genes,
including cytokine and cytokine receptors, chemokines
and chemokine receptor, complement molecule,
proteasome, histocompatibility molecule, lymphocyte
antigen complex and apoptotic genes, were up-
regulated. Moreover, MAPPFinder results also showed
that numerous immune response processes were up-
regulated. In contrast, the immunoglobulin genes were
down-regulated.

CONCLUSION: Foreign plasmid DNA can modulate
the genes expression related to immune system via the
gastrointestinal tract, and further analysis of the related
immune process may help understand the molecular
mechanisms of immune response induced by foreign
plasmid via the gastrointestinal tract.
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INTRODUCTION

Foreign plasmid pcDNA3, which is a typical DNA vaccine
vector, has an immune-stimulatory capacity ascribed to
unmethylated CpG motif on its plasmid backbone!?.
Mammalian immune system recognizes synthetic oligod
eoxyribonucleotides and bacterial DNA containing CpG
dinucleotides in specific sequence contexts (CpG DNA) b,
The immune responses to CpG DNA include stimulation
of B cell proliferation, activation f macrophages, mono-
cytes, and dendritic cells””. The activation of immune
cells by CpG DNA results in the expression of several
co-stimulatory molecules and secretion of a number of
cytokines, including IT.-12, IFN-y, IT.-6 and TNF-¢/"".

The gastrointestinal tract (GIT) of mammals is the
main portal of entry for foreign DNA and proteins™. We
have documented the fate of orally administered plasmid
DNA in the GIT of the mouse. Our previous work
suggested that foreign plasmid DNA was not completely
degraded in the GIT of mice”. Plasmid could be detected
in almost all tissues 1 h after oral administration and the
copies of plasmid in tissues changed with time. Foreign
plasmid persisted transiently as fragments after feeding
in the gut and organsm. However, foreign plasmid DNA
could induce humoral and cell-mediated immune system
in mice after administration sz the GIT'"". Plasmid DNA
stimulated spleen lymphocyte proliferation and enforced
phagocytic activity of macrophage i vivd"". Tt seemed the
immunostimulatory activation mechanism is correlated to
regulation of immune response gene 7 vivo.

The immune response was considered an ancient
cellular defense mechanism against the activity of foreign
genes. Apparently, the intestinal tract is not an absolute
barrier against the uptake of macromolecules, such as
plasmid DNA"™M Tt will be interesting to investigate the
mechanism of immune response and immune-related
activated pathway induced by foreign plasmid DNA 7 vivo
via the GIT. It will help further understanding metabolic
mechanism and consequence of foreign DNA 7 vivo and
may provide a critical clue for food safety and research
on entry pathway of DNA vaccine into organism. Spleen
has multiple hematologic and immunologic functions.
It can not thoroughly elucidate regulation mechanism
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by single or several gene expression since immune
system is a complicated regulation network. With the
completion of the genome sequences of many model
organisms and the advent of DNA microarray technology,
simultaneous monitoring of the transcriptional levels of
thousands of genes in a genome has become possible.
In this study, we employed Affymetrix array technology
to characterize the gene expression profile in the spleen
after oral administration of foreign plasmid pcDNA3 in
mice. It can provide new sight into the overall cellular and
molecular consequence of foreign DNA absorbed vz the
gastrointestinal tract in the mammal systems.

MATERIALS AND METHODS

Preparation of the plasmid

Plasmid was propagated in E. co/i DH5q., purified using
EndoFree Plasmid Maxi or Mega kit (Qiagen, Hilden,
Germany), diluted in TE buffer and passed over a detoxi-
gel column (Piere, Rockford, IL, USA). The content of
endotoxin was estimated by using limulus amebocyte
lysate test (QCL-1000 test, BioWhittaker Hast Rutherford,
NJ, USA). Before administration, 2 mg of the plasmid
pcDNA3 was diluted in 2 mL of pyrogen-free NaCl. The
content of endotoxin after final dilution never exceeded

0.25 EU/mL.

Animal protocol

Six-week-old male Balb/c mice were obtained from
Shanghai Experimental Animal Center (Shanghai, China)
and maintained in a specific pathogen-free condition. Mice
were orally administered by pipette with 200 pg of plasmid
pcDNA3 in 200 pl. of saline once and sacrificed at 4 h
and 18 h later. The spleen was isolated and cleaned by
RNase-free saline. Three spleens of the same group mice
were mixed together and stored in RNA at 4°C overnight
and maintained at -20°C.

Total RNA isolation

Total RNA was extracted from the spleen using Trizol
(Invitrogen, Carlsbad, CA). The quality of RNA samples
was determined by agarose gel electrophoresis and staining
with ethidium bromide; the 18S and 28S RNA bands
were visualized under UV light. To perform microarray
hybridization, two independent extractions of RNA were
obtained from the plasmid pcDNA3 groups and the

control group.

Microarray analysis

Affymetrix MOE4 GeneChips, encompassing about 22
690 genesand ESTs on one array were processed according
to the manufacturer’s recommendations. Equal amount
of the RNA from each group was taken for purification
of poly (A) mRNA by using a poly (A) purification kit
(Promega, Madison, WI). RNA samples were reverse-
transcribed with poly dT oligonucleotide attached to a
sequence of the T7 promoter region, digested with RNase
H, and copied into dsDNAs (SuperScript Choice System,
Invitrogen). In vitro RNA transcription was performed
to incorporate biotin-labeled ribonucleotides into the
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cRNA transcripts using an RNA transcript labeling kit
(Enzo Biochem, Farmingdale, NY). Labeled cRNAs were
purified and analyzed by agarose gel electrophoresis to
confirm a size distribution ranging from 500 to 1200
bases. These cRNAs were fragmented to sizes ranging
from 50 to 200 bases by heating at 94°C for 35 min, and
then were used for separate hybridization to a rat Genome
U34A Array (Affymetrix, Santa Clara, CA) according to
the manufacturer’s instructions, with a prior quality assay
using Test2 Array probe chips. After hybridization and
subsequent washing using the Affymetrix Fluidics station
400, the bound RNAs were stained with streptavidin
phycoerythrin, and the signals were amplified with a
fluorescent-tagged antibody to streptavidin. Fluorescence
was measured using the Affymetrix scanner, and the results
were analyzed using the GeneChip Analysis Suite software.
Logz of the respective normalization factor was added to
logz of the ratio for each spot within the array, in such a
way that the average log-transformed ratio was equal to
zeto.

Functional cluster analysis

Before applying the cut-off filtering criterion, the gene
expression values selected as described above were
subjected to functional cluster analysis using GenMAPP
and MAPPFindetr!™' a software that creates a global gene
expression profile from microarray data by integrating
the annotations of the Gene Ontology (GO) Project
(Http:/ /www.geneontology.org) with the free software
package GenMAPP (Http://www.GenMAPP.org). Using
the GenMAPP Expression Dataset Manager tool, we
converted the median of gene expression values (.xls) into
an expression data set file (.gex) and defined the criteria
for meaningful gene changes in expression. The criteria
were set up to consider fold = 2 (|SLR| = 1, SLR is
equal to logzfold) which meant significantly up-regulated
and down-regulated genes. Having created the expression
Dataset file, we obtained functional cluster results using
the MAPPFinder program. MAPPFinder builds a local
copy of the GO hierarchy using the three Ontology files
(process, function and component) available from GO.
The links between GO terms and genes in the expression
data set were created through Affymetrix probe set.
For each term, MAPPFinder calculates (1) a first set of
percentages for the genes specifically associated with that
term of the GO hierarchy, (2) a second set of percentages
for the total number of genes associated with that term
and all its “children”, and (3) a z score (i.e. the level of
confidence that a term has more or less genes meeting the
criterion than those would be expected by chance).

RESULTS

A global view of different expression of total gene in the
spleen after oral administration

To investigate a systemic response to plasmid pcDNA3,
Balb/c mice were orally administered with plasmid
pcDNA3, and spleen RNA was harvested at 4 h and
18 h after oral administration. These RNA samples
were hybridized to Affymetrix MOE4 oligonucleotide
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Figure 1 GeneChip scanning scatter graph. A: 4-h plasmid group; B: 18-h
plasmid group. Genes which were not expressed are listed in yellow, genes which
were expressed are listed in red, and genes which were between expressed and
not-expressed are listed in blue.

arrays containing 22690 oligonucleotide probe sets, each
representing an expressed genes. Therefore, the array
represented roughly two-third of the protein coding
capacity of mouse genome. The general information
of gene expression is presented in Figure 1A and B. A
comparison of spleen gene between the plasmid pcDNA3
group and the control group revealed that foreign plasmid
DNA could cause global change in gene expression in
the spleen. Compared to the control group, 1803 genes
were up-regulated and 578 genes were down-regulated at
4 h after oral administration. While 1620 genes were up-
regulated and 143 genes were down-regulated at 18 h after
oral administration. The result of total differential gene
expression is presented in Table 1.

Functional cluster analysis

We used MappFinder to assign the differentially expressed
genes which changed greater than 2-fold (|SLR| = 1)
to non-mutually exclusive categories regarding biological
process, molecular function, and/or cellular components.
MappFinder calculates (1) the percentages of genes
meeting the user-defined criterion, and (2) the z score
for each GO term and local term. MAPPFinder was
able to connect 211 of the 292 significantly up-regulated
genes (SLR > 1) and 296 of 414 significantly down-
regulated genes to GO terms. Interestingly, the processes
which significantly up-regulated the genes involved at 4 h
included immune response, defense response, innate
immune response, inflammatory response, apoptotic,
and pyrimidine nucleotide metabolism. At 18 h, the
up-regulated process mainly included digestion, heat
stress response, RNA process and metabolism, and

Table 1 A global view of differential gene expression

Categories Number of up-regulated Number of down-regulated
genes genes

4h 18 h 4h 18 h
|SLR| < 1 1527 1225 131 73
|SLR| =1 276 395 447 70
[SLR| =2 64 188 92 17
[SLR| =3 21 95 60 10
|SLR| =4 4 32 27 7
Total 1803 1620 578 143

protein metabolism. While in down-regulated genes, the
process mainly included humoral response, cell growth
and regulation, protein modification, phosphoric acid
metabolism. The processes which significantly down-
regulated genes involved at 18 h mainly included humoral
response. At 4 h, up-regulated genes mainly took place in
ribosome, ribonucleoprotein complex, mitochondtrial inner
membrane and cytosol, while at 18 h the up-regulated
genes mainly took place on cell membrane. The down-
regulated genes took place in the nucleus at 4 h and in
immunoglobulin complex at 18 h.

Effect of foreign plasmid pcDNA3 on immune-related
genes expression

The results (Table 2) showed that a number of immune
genes were up-regulated. These genes mainly included
cytokine and cytokine receptors, chemokine and chemo-
kine receptors, complement molecule, proteasome,
histocompatibility molecule, lymphocyte antigen complex
and apoptotic genes. The down-regulated genes were
mainly immunoglobulin genes.

DISCUSSION

Our data provided a global view in differential genes
expression after administration of foreign plasmid
pcDNAS3 via the gastrointestinal tract. The result of
function cluster analysis of differential genes expression
by MappFinder cleatly showed that oral administration of
plasmid pcDNA3 induced a number of immune response
genes, mainly including cytokine and cytokine receptors,
chemokine and chemokines receptors, complement
molecule, proteasome, histocompatibility molecule,
lymphocyte antigen complex and apoptotic genes. The
down-regulated genes were mainly immunoglobulin genes.
Some groups of key genes which participate in immune
response atre discussed below.

NF-xB gene

Nikbia and Nfkbib genes were up-regulated at 4 h and
Nfkb2 and Nfkbia genes were up-regulated at 18 h after
oral administration of plasmid pcDNA3. Recent studies
on CpG-mediated immune activation suggest that
CpG functions through Toll-like receptor 9 (TLRY) to
deliver signals intracellularly, culminating in activation of
transcription factors NF-kB and AP-1, which, in turn,
enhances a number of genes previously implicated in
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Table 2 Levels of sIL-2R, ALT, and HBV DNA in the sera of patients with chronic HBV infection (mean + SD)

Probe set Gene symbol 4 h (SLR) 18 h(SLR) Gene title

1423754 _at 1110004CO05Rik 0.9 0.8 RIKEN cDNA 1110004C05 gene

1425156_at 9830147J24Rik 0.4 1.6 RIKEN cDNA 9830147]24 gene

1452428 _a_at B2m 0.5 0.4 beta-2 microglobulin

1418021_at C4 0.3 0.3 Complement component 4 (within H-2S)

1418126_at Ccl5 0.3 0.3 Chemokine (C-C motif) ligand 5

1419609_at Cerl 1.1 0.4 Chemokine (C-C motif) receptor 1

1418930_at Cxcl10 0.3 1.2 Chemokine (C-X-C motif) ligand 10

1417876_at Fegrl 15 0.4 Fc receptor, IgG, high affinity I

1431591_s_at Glp2 1.7 1.6 interferon, alpha-inducible protein

1420549_at Gbpl 0.6 0.7 Guanylate nucleotide binding protein 1

1435906_x_at Gbp2 0.7 0.2 Guanylate nucleotide binding protein 2

1421596_s_at H28 1.9 14 Histocompatibility 28

1425917_at H28 15 1.8 Histocompatibility 28

1451721 _a_at H2-Abl 0.3 0.2 Histocompatibility 2, class Il antigen A, beta 1

1426324 _at H2-D1 0.7 0.7 Histocompatibility 2, D region locus 1

1424948 _x_at H2-K 0.3 0.6 Histocompatibility 2, K region

1425336_x_at H2-K 0.3 0.3 Histocompatibility 2, K region

1452544 _x_at H2-K 0.5 0.3 Histocompatibility 2, K region

1421358_at H2-M3 0.5 0.2 Histocompatibility 2, M region locus 3

1449875_s_at H2-T10 0.6 0.4 histocompatibility 2, T region locus 10

1449556_at H2-T23 0.3 0.2 Histocompatibility 2, T region locus 23

1419603_at Ifil6 4.6 42 Interferon, gamma-inducible protein 16

1421551_s_at 1fi202b 1.5 0.9 Interferon activated gene 202B

1452348 _s_at 1£fi205 0.5 0.4 Interferon activated gene 205

1452349 x_at 1£fi205 0.8 0.7 Interferon activated gene 205

1450783_at Ifit1 0.8 0.6 Interferon-induced protein with tetratricopeptide repeats 1
1449025_at Ifit3 1.1 0.8 Interferon-induced protein with tetratricopeptide repeats 3
1418219 _at 1115 1.6 1.4 Interleukin 15

1416296_at Ii2rg 0.5 0.6 Iinterleukin 2 receptor, gamma chain

1449399 _a_at 111b 0.9 0.4 Interleukin 1 beta

1421322 _a_at Isgf3g 0.3 0.4 linterferon-dependent positive acting transcription factor 3 gamma
1425436_x_at Klra3 0.7 0.1 Killer cell lectin-like receptor, subfamily A, member 3
1417185_at Ly6a 0.9 0.9 Lymphocyte antigen 6 complex, locus A

1421571 _a_at Ly6c 0.7 0.3 Lymphocyte antigen 6 complex, locus C

1416930_at Lyéd 0.6 0.5 Lymphocyte antigen 6 complex, locus D

1422089_at Nerl 14 1.0 Natural cytotoxicity triggering receptor 1

1453196_a_at QOasl2 21 1.9 2'-5' oligoadenylate synthetase-like 2

1422962 _a_at Psmb8 0.4 0.3 Proteosome (prosome, macropain) subunit, beta type 8 (large multifunctional protease 7)
1450696_at Psmb9 0.8 0.6 Proteosome (prosome, macropain) subunit, beta type 9 (large multifunctional protease 2)
1417056_at Psmel 0.5 0.4 Proteasome (prosome, macropain) 28 subunit, alpha
1418131_at Samhd1 0.6 0.2 SAM domain and HD domain, 1

1421812_at Tapbp 0.3 0.5 TAP binding protein

1425324 _x_at Igh-4 -1.7 2.1 Immunoglobulin heavy chain 4 (serum IgG1)
1429381_x_at Igh-V]558 -1.2 -1.4 Immunoglobulin heavy chain (J558 family)

1451632_a_at Igh-1 -2 -2.5 Immunoglobulin heavy chain 1 (serum IgG2a)

. . 17-19 .
control of various immune cells" ", The expression of

both Nfkbia (IkBa/mad3) and Nfkbib (IkBb) increased
after plasmid administration. The function of NF-kB
can therefore be linked to that of a second messenger
molecule through its ability to transduce upstream signals
from the cytoplasm into the nucleus in activated cells in
TLRY pathway. The IKK complex which is activated by
CpG DNA phosphorylates IkB, leading to proteasome-
mediated IxkB degradation, and then NF-xB translocates
from the cytosol to the nucleus to mediate the expression
of pro-inflammatory cytokinesm]. MyD88 was also up-
regulated after plasmid pcDNA3 administration. Signaling
by CpG DNA through TLRY requires participation of
the adaptor protein MyD88 and results in activation of
common transcription factors NF-kB and AP-1. We can
deduce that plasmid pcDNA3 may activate innate immune
response through TLR9-NF-xB pathway.

www.wjgnet.com

Cytokines, chemokines and their receptors

The results presented in this study clearly showed that
plasmid pcDNA3 induced a number of cytokine and
cytokine receptor genes expression. Compared with
humans, mice may be classified as ‘high’ CpG-DNA
respondersm. In this result, systemic challenge of mice
with plasmid pcDNA3 causes a transient ‘cytokine
storm’ in the spleen; substantial concentrations of pro-
inflammatory cytokines, including chemokines and
cytokines, such as chemokine (C-C motif) ligand 12 (Ccl12),
interferon, gamma-inducible protein 16 (Ifi16), chemokine
(C-C motif) ligand 3 (Ccl3). At 4 h, Ccll2 appeared as
the most strongly induced genes, showing SLR of 5.6.
Chemokines play a key role in the balance of Th1/Th2
response. Chemokines, such as MCP-1 (Ccl12), RANTES
(Ccl5) and IP10 (Ccll10), are related to Thl response.
These chemokines can promote Th1 cell immune response
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Figure 2 Effect of orally administered foreign plasmid pDNA3 on proteasome degradation pathway. Genes which were up-regulated in response to plasmid pcDNA3 are
listed in red (SLR > 1) and yellow (0 < SLR < 1), and genes which were down-regulated are listed in blue (SLR < -1) and green (-1 < SLR < 0). Pathway is defined by

GenMAPP (http://www.GenMAPP.org).

and inhibit Th2 activity by decreasing I1.-4 expression.
Previous studies have demonstrated that CpG ODN
induces a significant increase in chemokine mRNA levels
at the site of injection and draining lymph nodes within
6 h of in vivo administration™] thereby indicating that
plasmid pcDNA3 can promote pro-Thl response by
inducing some chemokines expression. We also found a
number of cytokine genes, such as IFN-y, I1.-2, interferon
gamma-inducible protein, interferon-induced protein, 112rg
and I12tb, were induced after oral administration. I12r is a
key receptor during T cell activation. The binding between
1L-2 and IL2r improves the production of IL-2 that
subsequently induces T cell activation and proliferation.
Overall, plasmid pcDNA3 induces a Thl-like pattern of
cytokine production dominated by IFN-y, IL-2 and pro-
Th1 chemokines.

Histocompatibility molecular and proteasome gene
The results showed that plasmid pcDNA3 up-regulated a

series of hiscompatibility genes, including H2-A457, H2-D1,
H2-K, H2-M3, H2-T10, H2-1T23 and H2§. Hiscompatibility
antigen is encoded by H2 and H2 complex in mice. These
genes encode MHC I molecule, which is the principal
antigen in the immune response. MHC class I molecules
are loaded with proteins generated in the cytosol. It is
deduced that the innate immune cells-macrophages and
DCs-are acutely activated by plasmid pcDNA3, resulting
in the up-regulation of MHC class I and enhancing
presentation capacity of antigen T' cell i MHC class 1
pathway[zﬂ.

The result also showed that foreign plasmid pcDNA3
up-regulated the expression of proteasome gene, such as
Psmb8, Psmb9 and Psmel (Figure 2). Almost all genes in
o and B subunit of 208 proteasome were up-regulated
at 4 h, and part of genes in 26S proteasome were also
up-regulated. The proteasome plays a straightforward
but critical role in the function of the adaptive immune
system. The peptide antigens displayed by the major

www.wjgnet.com
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Figure 3 Effect of oral foreign plasmid pcDNA3 on complement activation classical pathway. The details defined are consistent with Figure 1.

histocompatibility complex class I (MHC) proteins on
the surface of antigen-presenting cells are products of
proteasomal degradation of proteins originated by the
invading pathogen. The genes of proteasome 20S subunits
were almost induced, while ubiquitin was significantly
suppressed. This indicated that plasmid pcDNA3 could
induce immune response in endogenous antigen pathway.
It can be concluded that foreign plasmid pcDNA3 may
activate major hiscompatibility antigen and 20S proteasome
genes in ubiquitin-proteasome pathway, and so improve
antigen presentation ability to induce T cell activation.

Complement classical pathway

All genes, such as C2, C4, C1s proenzyme and C74 which
involve in prophase of complement classical pathway,
were activated at 4 h after oral administration of plasmid
pcDNA3 (Figure 3). Complement component 4 (C4) was
up-regulated at both 4 h and 18 h. The classical pathway of
the complement system is a major effector of the humoral
branch of the human immune response. The complement
system has many other important roles in mediating and
enhancing the immune response against a wide variety
of invaders, such as foreign plasmid pcDNA3. The
activation of complement classical pathway demonstrated
the activation of this pathway occurred in the early phase
before the formation of C3 convertase. Since activation
of the complement system is a key part of the immune
system, the complement system is a part of the defense
system against invading foreign plasmid DNA, which
stimulates phagocytosis of plasmid pcDNA3 and induces
an inflammatory response.

Apoptotic genes

Our results also showed that foreign plasmid pcDNA3
could induce expression of a number of apoptotic

www.wjgnet.com

genes, including Casp3, Birc2, Birc3, Cyes, Bid, Bax, Nfkbia,
Tnfrsf1b and Traf2. On contrary, the Bired genes were
inhibited at 4 h. The mechanism of CpG DNA-mediated
apoptosis is still not clear, but it has been reported that
CpG DNA can inhibit apoptosis by caspase-dependent
and -independent pathways. Wang ez al™ investigated the
role of unmethylated mitogenic CpG motifs in regulating
Fas-mediated apoptosis in primary murine B cells™™
Unmethylated CpG motif protected CD40L-stimulated
B cells from Th1-CMC and apoptosis mediated by Fas-
specific antibody. It suggest that Fas-mediated apoptosis
requires minimum up-regulation of surface Fas expression
and that CpG motifs protect B cells from Fas-mediated
apoptosis by decreasing surface Fas expression.

We found that expression of LAP7 and L4P2 genes
was up-regulated. It has been reported that activation of
NF-kB can induce expression of cIAP1 and cIAP2P
which is similar to our result. The result that plasmid
pcDNA3 up-regulated Cyes , Bid and Bax genes expression
suggested that plasmid pcDNA3 regulated cell apoptosis
via a mitochondrial mechanism. Caspase 3, which is a
key apoptosis factor, was found be induced. Caspase
3 is responsible for the cleavage of the key cellular
proteins that lead to the typical morphological changes
observed in cells undergoing apoptosis. Moreover, tumor
necrosis factor receptor gene (I'nfrsflb) was found to
be up-regulated. Tnfrslb, a member of TNF receptor
superfamily, can complex with TNF receptor 1, and then
regulate anti-apoptosis proteins c-IAP1 and c-IAP2. The
role of c-IAP1 is to reinforce the apoptotic pathway
mediated by TNE. CpG DNA has been shown to activate
NF-xB and to induce the transcription of Bcl-XIL. These
factors may synergize with DNA repair enzyme, DNA-
PK, to inhibit cell death at mucosal sites mediated by the
administration of CpG DNAP. Plasmid pcDNA3 can
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inhibit cell apoptosis, contributing to the generation of a
sustained immune response.

In a previous report, we found that oral administration
of foreign plasmid DNA can induce humoral and
cell-mediated immunity in mice'"”. In this report, we
demonstrated, probably for the first time, by microatray
that orally administered plasmid pcDNA3 can induce
global immune-related genes 7z vivo. The results showed
that a large number of immune genes were up-regulated,
while a few immune genes were down-regulated.
MAPPFinder results also revealed that plasmid pcDNA3
induced a large number of immune-related processes. It
suggested that oral administration of plasmid pcDNA3,
which is considered a foreign immune stimulator, sharply
up-regulated immune gene in the spleen. Interestingly, we
found that the immune genes induced at 4 h were more
than those at 18 h, indicating that foreign plasmid-induced
immune genes expressions mainly take place at the early
stage and the induction become weaker gradually.

It can be considered that foreign plasmid pcDNA3
acts as “danger signal” recognized by host innate immune
system via the gastrointestinal tract. The immuno-
stimulatory plasmid pcDNA3 has been ascribed to
unmethylated CpG motif on its skeletal. Because CpG
motifs are abundant in bacterial and viral genomes, they
have been suggested as a common recognition structure,
triggering cells of the vertebrate immune system™ ",
Foreign plasmid DNA could be incompletely degraded
in the gastrointestinal tract. It has been reported that
foreign DNA (M13, plasmid) can be absorbed by the
gastrointestinal tract in a rapid process!"’. Foreign
DNA fragment remaining in the intestinal tract could
potentially be absorbed through the intestinal digesta
cither directly by epithelial cells or by antigen-presenting
cells of the immune system. Part of orally administered
plasmid possibly passes through the mucosal barrier and
enters systemically through the blood stream to the liver
and spleen, where immune responses are stimulated.
Foreign DNA in the peripheral blood and spleen was
predominantly present in leukocytes, perhaps because
of their defense functions. The leukocytes carrying the
foreign DNA had possibly migrated from the Peyet’s
patches in the gut wall to the bloodstream and spleen''".,
It is suggested that most of foreigh DNA would be
phagocytised by tissue macrophages, dendritic cells
or other terminally differentiated phagocytes of the
immune system . Regardless of the mechanism, orally
administered foreign plasmid pDNAS53 can up-regulate
substantially immune gene expression in the spleen. These
results provide us with a systematic and comprehensive
insight into the mechanism of uptake and consequences of
foreign plasmid pDNA3 administered 2z the gastrointestinal
tract and also provide key clues for gene therapy and DNA
vaccine.

COMMENTS

Background

The gastrointestinal tract is the main portal of entry of foreign DNA into organisms.
Foreign plasmid can be absorbed by gastrointestinal tract and distribute in different
tissues quickly, surviving in fragment form. The effect of foreign DNA ingested via

the gastrointestinal tract on the organism system has hardly been investigated.
Aside from its function of encoding the genetic material, DNA can have direct
immune-stimulatory effects. It will be interesting to investigate the mechanism
of immune response and immune-related activated pathway induced by foreign
plasmid DNA in vivo via the gastrointestinal tract.

Research frontiers

In previous studies, the DNA of bacteriophage M13 and plasmid vector have been
shown to persist in fragmented form in minute amounts in different parts of the
gastrointestinal tract and to gain access to cells of the intestinal wall, to the Peyer’s
patches, to peripheral white blood cells, and to cells in the spleen and liver.
Furthermore, food-ingested DNA can transgress the placental barrier in pregnant
mice, but only a few cells take up the foreign DNA. Apparently, the gastrointestinal
tract is not an absolute barrier against the uptake of macromolecules, such as
foreign DNA.

Innovations and breakthroughs

With the advent of DNA microarray technology, simultaneous monitoring of the
transcriptional levels of thousands of genes in a genome has become possible. We
employed Affymetrix array technology to characterize immune gene expression
profile in the spleen after oral administration of foreign plasmid pcDNA3 in mice. It
provides new insight into the overall cellular and molecular consequence of foreign
DNA absorbed via the gastrointestinal tract in the mammal systems.

Applications

Foreign plasmid pDNA3 given orally can up-regulate substantial immune
genes expression in the spleen. These results provide us with a systematic and
comprehensive insight into the mechanism of uptake and consequences of foreign
plasmid pDNA3 administered via the gastrointestinal tract and also provide key
clues for gene therapy and DNA vaccine.

Peer review

This is an interesting manuscript showing that oral administration of foreign DNA
alters gene expression in mice. An up-regulation of more than 100 immune-related
genes and a down-regulation of immunoglobulin genes were observed.
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