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Adenovirus-mediated expression of antisense RNA transcripts
complementary to pig «(1,3) galactosyltransferase mRNA
inhibits expression of Gal «{1,3) Gal epitope!
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ABSTRACT

ATM.: To examine the effects of the expression of anti-
sense RNA transcripts complementary to the pig «(1,3)
galactosyltransferase [«(1,3)GT]mRNA on the expres-
sion of Gal a(1,3) Gal structure ( gal epitope) in cultured
cell lines. METHODS: Human adenoviral vectors were
used to mediate the expression of antisense RNA. The
expression levels of H blood group antigens and gal epi-
topes were analyzed by flow cytometry using FITC-UEA-
[ and FITC-GS-1B4 lectins, respectively. RESULTS:
Recombinant adenoviruses, AdSanti-sGT600 and Ads-

anti-sGT1100, which express antisense RNA complemen-
tary to different regions of the pig «{1,3) GT mRNA,
were constructed and used to infect cell line of NIH3T3.
The results showed about 30 % reduction in the expres-
sion level of gal epitopes on the surface of NIH3T3 cells.
In addition, co-expression of human secretor type of1,2)
fucosyltransferase [a{1,2)FTJcDNA and antisense RNA
complementary to the pig ¢(1,3) GT mRNA led to a fur-
ther reduction in the gal epitope level, CONCLU-
SION:; Recombinant adenoviruses, AdSanti-sGT600 and
Ad5anti-sGT1100, are effective to down-regulate the gal
epitope expression.

INTRODUCTION
Gala(1,3) Gal epitope (gal epitope) is synthesized
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in the trans-Golgi by UDP-Gal: §1 — 4GlcNAca 1, 3-
galactosyliransferase [ o (1, 3) GT; EC 2.4.1.51],
which catalyzes the addition of galaclose to an N-acetyl-
lactosamine ( N-lac) core, and plays a very important
role in  complement-dependent hyperacute rejection
(HAR) as well as complement independent delayed
xenagraft rejection (DXR) in the xenograft of a vascular-
ized organ between discordant species, such as swine and
humant" .

It would be clearly advantagecus to develop a pig
model that did not express gal epitope. However, em-
bryonic stem cells have not yet been established for the
construction of «(1,3) GT knockout pig. Hayashi et
al'®) proposed that adenovirus-mediated gene transfer
might be an excellent strategy for in vive gene transduc-
tion to remove the gal epitope from swine endothelium.
At present, recombinant adenoviruses (rAdv) expressing
different exogenous genes, such as antisense ribozyme for
a(1,3) GT gene and a{1,2) fucosyltransferase gene,
have been constructed and tested in vitro!2™%) .

In this study, we constructed two rAdv expressing
antisense RNA complementary to the different regions of
swine a(1,3) GT mRNA and examined their inhibitory
effects on the expression of gal epitope in NIH3T3 cells.

MATERIALS AND METHODS

Cells The 293 cells, BEL-7404 cells { human liver
cancer cell line), and NIH3T3 cells were all from Type
Culture Collection of Chinese Academy of Sciences and
were maintained in Dulbecco’s modified Eagle’s medium
(Gibco, BRL) with 10 % heat-inactivated newborn
bovine serum. The 293 cells were used for adenovirus
transfection, amplification, and titration.

PCR amplification PCR was performed in 50
pL reaction mixture containing 10 pmol of each primer,
Taq DNA polymerase 1.5 u { Sino-American Biotechnol-
ogy Co), dNTP 400 pmol/L, and 1 x Taq reactiop
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buffer. The temperature profile was as follows: 1 cycle
of denaturation at ¢4 C for 1 min; 30 cycles of %4 C for
1 min, 44 C for 1 min, 72 C for 1 min; 1 cycle of ex-
tension at 72 T for 10 min. PCR products were ana-
lyzed by 0.7 % agarose gel electrophoresis and stained
with ethidium bromide.

RNA extraction and RT-PCR  Total RNA was
extracted using TRIzol total RNA isolation reagent ac-
cording to the manufacturer’s instructions ( Life Technolo-
gies}. The first-strand cDNAs were then synthesized by
Moloney murine leukemia virus reverse transcriptase (Su-
perscript; Life Technologies) at 37 C in the presence of
dNTP 200 pmol/L, DTT 0.01 mol/L, RNase 20 u with
random hexamers in a total volume of 20 pL.. The pig
<DNA corresponding to the open reading frame (ORF) of
al,3GT mRNA"™ was obtained by RT-PCR from pig
spleen total RNA using the following primers: P1 5'-
GGC TCG AGC ATG AGG AGA AAA TAA TGA ATG-
3’ (30-mer, 1-22, containing Xho I site); P2 5'-GGG
AAT TCT GGA GAA GTA GCC AGA GTA ATA (30-
mer, 1193 ~ 1170, containing EcoR I site); P3 5'-GGG
AAT TCT GGT CTT CAT GCG CAT CAT G (28-mer,
640 — 621, containing EcoR I site). The cDNA corre-
sponding to ORF of mouse a{1,3) GT mRNA could also
be amplified by RT-PCR using these primers. RT-PCR
produced a 1.19 kb DNA fragment using P1 and P2, and
yielded a (0.6-kb DNA fragment using P1 and P3. These
two fragments were cloned into pcDNA3 and sequenced,
then subcloned into adenovirus shuttle plasmid pAJCMV
(S)-BGHpA to construct the recombinant plasmids pAd-
sGT1100 and pAd-sGT600.

Northern blot analysis Briefly, total RNA 30
ug was separated on a 1.2 % agarose formaldehyde gel
and transferred onto a Hybond nylon membrane ( Amer-
sham). Blots were then hybridized in a buffer contain-
ing [ «-®P]dATP-labeled DNA probe for pig o(1,3) GT
¢DNA and autoradiographed .

Viral vectors The rAdv, Ad5null, AdShSeFT,
Ad5anti-sGT1100, and AdSanti-sGT600 were used in this
study. Viruses were produced by homologous recombi-
nation of the piM17 containing the dI309 genome'® with
shuttle plasmids pAdCMV ( S )-BGHpA, pAd-SeFT,
pAd-sGT1100, and pAd-sGT600 in 293 cells, respective-
ly. Viruses from the resulting plaques were plaque-puri-
fied for thrice. AdS5null does not contain exogenous gene
in its genome and was used as a control. AdShSeFT ex-
pressing human secretor type o(1,2) fucosyltransferase [e
(1,2) FT] which determines the production of human

blood group H antigen is described in detail in another pa-
per¥.  Viruses of AdSanti-sGT1100 and AdSanti-
sGTO00 were characterized by PCR analysis. High titers
of viruses were prepared, titered, and stored according to
the methods described earlier' ",

Flow cytometric analysis The cells detached
from the tissue culture flasks 48 h after transduction with
rAdv were fixed in 4 % paraformaldehyde for 10 min,
washed, and stamed with fluorescein isothiocyanate
(FTTC)-conjugated lectins ( Sigma) [ Two kinds of lectins
were used, Griffonia simplicifolia isolectin B4 ( GS-
1B4)® specific for gal epitope and Ulex europaeus |
(UEA- I )'® specific for H blood group antigen] at
25 C for 1 h. Afier washing, ihe stained cells were an-
alyzed with a Becton Dickinson FACScan cylometer.

Statistical analysis Data were expressed as
X + 5 and analyzed by -test.

RESULTS

Construction and characterization of recom
binant adenoviruses Ad5anti-sGT600 and Ad5-
anti-sGT1100  After double digestion of recombinant
plasmid pAd-sGT1100 with Hind [ and Xba [ , a DNA
fragment of about 1.19 kb in length was released {Fig
1A). pAd-sGT600 was characterized by the occurrence
of a 1.3-kb DNA fragment after digestion with Xba I
(Fig 1B). The results indicated that adenoviral shuttle
veclors containing «(1,3) GT cDNA fragments placed in
an antisense orientation under the control of human cy-
tomegalovirus (CMV) promoter had been constructed .

Two rAdv, AdSanti-sGTo00 and Ad>anti-sGT1100,
were generated by cowansfection of pIM17 with pAd-
sGT600 and pAd-sGTIE00 into 293 cells respectively
(Fig 2). Afier subcloning of the virus pool, individual
viral plaques were obtained. DNA extracted from viruses
were analyzed by PCR using pig o(1,3) GT cDNA spe-
cific primers (P1, P2, and P3) and the DNA fragments
of 1.19 kb and 0.6 kb in length were detected in DNA
from AdSanti-sGT1100 and AdSanti-sGT600 viruses, re-
spectively (Fig 3) . The results showed that o(1,3) GT
cDNA fragments had been inserted into the adenoviral
genomes, and that recombinant adenoviruses AdSanti-
sGT600 and AdSanti-sGT1100 had been successfully con-
structed .

BEL-7404 is a human tumeor cell line and does not
express the gal epitope. Moreover, we could not detect
any mRNA transcribed in this cell line by RT-PCR using
primers P1, P2, and P3. Therefore, BEL-7404 was
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Fig 1. Hestiction analysis of recombinant plasmids:
(A} 1) ADNA/FcoR [ + Hind N; 2) pAdCMV{5)-
BGHpA/Hind I ; 3) pAd-sGTLLH/Hind I[; 4) pAd-
CMV[S)-BGHpA/Hind K + Xba 1: 5) pAd-sGT1100/
Hind I + Xba 1. (B) 1) pAdCMV(S)-BGHpA/Hind
H; 2) pAd-sGTS00/Hind I ; 3} pAdCMV(S)-BGHpA/
Xba I ; 4) pAd-sGTE00/Xba [ ; 5) ADNA/EcoR [ +
Hind K .

used to determine whether antisense RMA could be tran-
scribed from CMY promoter located in AdSanti-sGTE00
md AdSand-sGT1100 genomes. Forty-eight hours after
transduetion with rAdy, ENA was extracted from BEL-
T4 cells and treated with RNase free DNase
{Boehringer Mannheim} at 37 C for 20 min, and then
RT-PCE. and Northem hybrdization were performed.
The RT-PCR results showed that 1.19 kb and 0.6 kb
DNA fmpgments were developed in ENA from AdSanti-
sGT1100- and AdSanti-sGTG00- transduced BEL-7404
cells, respectively, and these results did not result from
rAdv genormic DNA contamination because no PCR prod-
uct was produced from the RNA withour doing reverse
transeription (RT) (Fig4). Northem hybridization also
detected the strong sipnals in RNA isolated from BEL-
7404 cells transduced  with  AdSanli-sGT1100  amd
AdSanti-sGT6M, respectively, but not with conirol vec-
tor Adsnull (Fig 5).

Expression of antisense RNA from AdSanti-
sGT1100 and AdSanti-sGTE00 results in the re-
duction in the expression level of gal epitope
More than 80 % NIH3T3 cells were infected by human
rAdv at 200 MOIs {multiplicities of infection) as de-

scribed earlier!™ . Hers, NITH3T3 cells were analyzed

by flow cytometry using FITC-GS-IB4 lectin 48 h after
transduction with rAdy at 100 and at 200 MOIs, The

cells transduced ].-rl.th AdSanti-sGTO00 and  AdSanti-

sOTI100 & 100 MOIs showed reduction in lectin binding

up 10,12 %o and 14 % compared with control, respective- |
ly., And at 200 MOIs, the reduction reached to 28 %

and 27 %, respectively (Tab 1), These resulls demon-

strated that antisense RNA ranscripts from AdSanti-

sOTH and AdSanti-sGT1100 partly inhibited the expres-

sion of pal epitope.

Tab 1. Flow cytometric MFI {mean Fluorescence intensi-
ty] wvalues for the binding of FITC-GS-IB4 lectn to
NIHZT2 cells wansduced with vAdv. n =3 experiments.
R+s5. Pa0.05, P<0.01 v5 contral.

Treatment group MH
Contrel {no vims) Mixl2
Adsmill {200 MOIs) Mi£15°
Adbant!-sGTH0 {100 MOls) 386+ 18
AdSanti-sGTEOD {200 MOls) 3B+ 21
AdSanti-sGT1L00 {100 MOLs) 381 + WF
AdBanti-sGTI L0 {200 MOIs) 323+ 19
Cantrol { AdSnull, 400 MOLs) 162 + 40
AdSHSERT (X)) MOIs) + AdSanti-=GTE00 {200 MOI) 77 £ l6°
AdShSeFT (200 MOLs) + AdSant-sGTT100 (200 MOLs) 72 15°

Co-expression of antisense RNA and huwman
secretor type «(1,2) FT leads to further reduc-
tion in gal epitope level Recently we constructed a
recombinant adenovirus Ad5hSeFT expressing human se-
cretor type a{1,2) FT and found that its transduction re-
aolted in 40 % reduction in gal epitope level on the sor-
face of NIH3T3 cells. In this study, HINIT3 cells were
co-lranscuced with AdShSeFT plus Adbanti-sGTE00 or
with AdShSeFT plus AdSanti-sGT1100.  Forty-eipght
hours after transduction, the cells were subjected to flow
cytometric analysis. Flow cytometric analysis using
FITC-UEA-I lectin showed that H blood group antigen
was displayed on the surface of NIH3T3 cells due to ade-
novirus-mediated expression of a{1,2) FT (Fig 5), and
using FITC-G5-1B4 lectin demonstrated that the reduction
in G8-IB4 lectin hinding to gal epitope on the cells
reached up to 52 % and 55 %, respectively (Tab 1).
Therefore, synerpic effects between of1,2) FT and anti-
sense RNA (mamseripts complementary to o (1, 3) GT
mRNA on the gal epitope expression were detected.
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Fig2. Construction of recombinant adenoviruses AdSanti-sGT600 and AdSanti-sGT1100 which can express antisense
RNA complementary to pig «(1,3) GT mRNA. The DNA fragments of pig #(1,3) GT ¢cDNA obtained by RT-PCR from
pig spleen RNA were cloned into pcDNA3 to construct the recombinant plasmids pcDNA3-sGT600 and pcDNA3-
sGT1100, and then were inserted into a shuttle vector pAdCMV(S)-BGHpA in an antisense orientation under the con-
trol of CMV promoter. The resulting plasmids pAd-sGT600 and pAd-sGT1100 were cotransfected with a virus-rescu-
ing vector pJM17 into 293 cells and then the recombinant adenoviruses AdSanti-sGT600 and AdSanti-sGT1100 were

generated respectively.



ISSM (2330756 Acts Pharmacel Sin o B #2000 Nov: 21 (110

B-muil apy @ il . shone . uc. on PhnFrx, $5-21-6471-2620 A L1
AdSnull
A
Ad5hSeFT+
l‘." AdSant-sGTE00
.
2,323 .
1,929 i %
1,371 3
1,264 :
702 £
i
B AdSnull
AdS5hSeFT+
AdSanti-sGT1100
2,323
1,929
1,371
1,264
702
Fig3. PCR analysis of rAdv DNAs using pig ¢(1,3) Healatiin: dlunsesonns
GT c¢DNA specific primers (A; Pl+ P2; B; P14 _ _
P3). (A) 1} 293 cell DNA; 2,3,4) AdSant-sGT1100 Fig 5. Expression of H bleod group antigen on the

DNA; 5) ADNA/Ecog9l 1; [B) 1) 293 cell DNA; 2,3,
4) AdSanti-sGT600 DNA: 5] ADNA/Eco51 1 .

Fig 4. RT-PCR analysis of transcription of emtisense
RNA in BEL-7404 cell: after rAdv transduction using pig
ali,3) GT cDNA specific primers |A, P1+P2; B, P1 +
P3}. 1,3 mock transduction; A2, 4 AdSand-sGT1100;
B2,4 AdSanti-sGTE00 (1,2 without RT reaction; 3,4 with
RT reaction}; 5 ADNA/Frcodl [ .

surface of NIHETE cells after transduction with
AdShSeFT plus AdSanti-sGTE00 {A) and AdShSeFT
plus AdSanti-sGT1100 (B). Cells were stained with
FTTC-UEA-I lectin.

DISCUSSTON

Repulation of gene expression by antisense RNA oc-
curs naturally in both prokaryotes® and enkaryores''”.
Antisense-based pene therapy has been a major smategy
for downregulation of genc expression and can be ap-
proached in two ways, viz, synthetic antisense oligonu-
cleotide and plasmid constructs expressing antisense RNA
within the cells. To prevent the expression of the gal
epitope, we construct two recornbinant adenoviruses ex-
pressing antisense RNA complementawry to different re-
gions of the pig a{1,3) GT mRNA. The major advan-
tage of using recombinant adenovirus as expression veclor
is that antisense RNA can be generated within the cells in
relatively large quantities.

Because no cultured cells of pig origin were at hand
and the ORF of pig a{1,3) GT shares 79 % identity
with that of mouse a{1,2) GT mRNA"" in nucleotide
sequence, NIHST3'*) cell from mouse was used as &
model to test the inhibitory effects of antisense RNA
transcripts on the expression of gal epitope. The results
showerl that these two kinds of antisense RNA ( from
AdSanti-sGT600 and AdSanti-sGT1100, respectively ),
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decreased the level of gal epitope on the NIH3T3 cells to
different degrees. In general, the effectiveness of an
antisense sequence depends upon not only its ability to
recognize the intended target, but also its ability to form
stable duplexes with the complementary template, and its
ability to remain in a non self-complementary conforma-
tion. Because antisense sequence inhibits mRNA and
protein systhesis in a sequence specific as well as dose-
dependent manner, the somewhal smatl reduction in gal
epitope level by the antisense RNA in this study could
partly come from the difference in the nucleotide se-
quence of the o (1,3) GT mRNA between pig and
MOUse .

Antisense-based inhibition of gene expression is
through RNA-RNA duplex formation and subsequent
degradation of the double-stranded transcripts. Human «
(1,2) FT downregulates the expression of gal epitope
through its competition with o(1,3) GT for the common
substrale acceptor-/N-acetyllactosamine to influence the
formation of Gal «(1,3) Gal structure,  As described
above, when «(1,2) FT and antisense RNA directed a-
gainst «(1,3) GT mRNA functioned together, their syn-
ergic effects on the expression of gal epitope occurred
and an additive reduction in the gal epitope level on
NIH3T3 cells was observed.

In conclusion, the recombinant adenoviruses
AdRanti-sGT600 and AdSanti-sGT1I00 are potential
therapeutic agents for suppressing the expression of gal
epitope in vivo.
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