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Ab stract: RNA in ter fer ence (RNAi) is a nat u ral de fence path way in a va ri ety of spe cies, which leads to
the posttranscriptional gene si lenc ing - deg ra da tion of tar get mes sen ger RNAs in a gene-de pend ent
man ner. This phe nom e non has been em ployed to ma nip u late gene ex pres sion by in tro duc tion of small
in ter fer ing RNA (siRNA) into the cell. Re search ers are now de vel op ing RNAi-based in ter ven tions for
the pre ven tion and treat ment of hu man dis eases such as vi ral in fec tion, tu mors and met a bolic dis or ders.
How ever, RNAi-based drugs re quire us age of ef fi cient car ri ers to per mit the ge netic ma te rial to cross the
plasma mem branes of tar get cells. In this re view, we will de fine key terms of this break through
tech nol ogy and men tion some pre req ui sites of the RNAi-based ther apy that must be ful filled for this
treat ment to work. We will also point at some unique prop er ties of dendrimers as car ri ers for tar get ing
nu cleic-acid ma te ri als and in tro duce carbosilane dendrimers that are cur rently be ing stud ied by our
re search team. 
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1. In tro duc tion

Nano-sized par ti cles ex hibit unique chem i cal, bi o log i cal, elec tri cal and me chan i cal prop -
er ties. Re cently much at ten tion has been de voted to ward us ing nanotechnologies for med i -
cal ap pli ca tion (nanomedicine), since there is a grow ing ev i dence that nanomedicine has
the po ten tial to cure dis eases and re pair tis sues by ma nip u lat ing in di vid ual cells at the mo -
lec u lar level. An ex per i men tal way of us ing nanotechnologies to treat or pre vent dis ease is
a gene ther apy ap proach. The gene ther apy is mostly aimed at re plac ing an ab nor mal dis -
ease-caus ing gene or in ac ti vat ing a mu tated gene that is not work ing prop erly (or at ac ti vat -
ing a gene that should work but it does not). The method re quires us ing a car rier called a
vec tor in or der to bring the new gene into the body’s cells [1]. 
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2. RNA in ter fer ence-based ap proach

RNA in ter fer ence (RNAi)-based gene ther a pies have re cently be come prom is ing
[1-3]. RNAi is ac tu ally an adap tive de fence mech a nism that oc curs nat u rally in some or -
gan isms and is trig gered by the dou ble-stranded RNA. The di rect ap pli ca tion of a se -
quence-spe cific, dou ble-stranded RNA into an or gan ism causes se lec tive posttranscript-
ional gene si lenc ing and thus the in abil ity to pro duce the pro tein cor re spond ing to the ap -
plied gene. There fore, RNAi phe nom e non has been widely in ves ti gated in or der to si lence 
ex pres sion of se lected genes in mam ma lian and hu man cells. How ever, in mam mals, it
was ob served that dou ble-stranded RNAs lon ger than 30 nu cleo tides ac ti vate an an ti vi ral
re sponse, which leads to the non spe cific deg ra da tion of mes sen ger RNA (mRNA) tran -
scripts, pro duc tion of in ter feron, and over all shut down of pro tein syn the ses in the host cell 
[4]. But, gene spe cific sup pres sion in mam ma lian cells can also be achieved by us ing in
vi tro syn the sized short (small) in ter fer ing RNAs (siRNAs), 20-25 nu cleo tides in length.
These syn the sized siRNAs are long enough to stim u late gene-spe cific sup pres sion but
short enough to avoid the host in ter feron re sponse [4]. Since op ti mi sa tion of the use of
RNAi in mam ma lian sys tems [2], the RNAi path way has be come a pos si ble ther a peu tic
strat egy in the gene ther apy of some dis eases.  The ex ist ing strat e gies can be broadly di -
vided into two cat e go ries, namely, ex pressed short-hair pin RNAs in tro duced into cells us -
ing vi ral vec tors, as well as de liv ered siRNA (termed also as a si lenc ing RNA). 

The use of vi ruses, though ef fec tive, re sults in immunogenic re sponse, which lim its its
po ten tial for clin i cal ap pli ca tions. There fore, the ma jor ity of pro posed clin i cal ap pli ca -
tions em ploy siRNA du plexes de liv ered into the cells by nonviral vec tors to pro tect the
host from vi ral in fec tion [5]. Af ter be ing de liv ered to the tar get, they are ex pected to in -
hibit the ex pres sion of vi ral an ti gen and ac ces sory genes, con trol the tran scrip tion and rep -
li ca tion of vi ral ge nome, hin der the as sem bly of vi ral par ti cles, and in flu ence the vi rus-
host in ter ac tions. 

How ever, de spite sev eral po ten tial ther a peu tic ap pli ca tions, the ef fi ciency of siRNA in 
vivo and in vi tro is lim ited by its low re sis tance against en zy matic deg ra da tion, lim ited
per me abil ity across cell mem brane, and sub stan tial liver and re nal clear ance [6]. There -
fore, al ter na tively, antisense oligo(deoxy)nu cleo tides (ODNs) may be used in stead of
siRNA. A com par i son of dif fer ent gene si lenc ing strat e gies can be found at the pages of
The Na tional Cen ter for Bio tech nol ogy In for ma tion [7]. Syn the sized antisense ODNs, un -
like siRNA, are sin gle strands of RNA (or DNA) that are com ple men tary to the cho sen se -
quence of a gene that is known to be caus ative of a par tic u lar dis or der. The oligo-
nu cle o tide binds to the com ple men tary mRNA se quence and in ac ti vates the gene by pre -
vent ing pro tein trans la tion that will oth er wise be pro duced by that par tic u lar gene.
Antisense ODNs and siRNA du plexes both are polyanionic macromolecules that do not
readily en ter cells and typ i cally re quire the use of a proper and ap pli ca ble de liv ery sys tem
for ef fec tive gene si lenc ing. There fore, in or der to ex ploit their po ten tial ther a peu tic ap pli -
ca tions as well as to se cure op ti mal bioavailability, and non-tox ic ity of the treat ment to the 
in di vid ual, the ef fec tive way of de liv ery of siRNA/oligonucleotide into tar geted cells and
to the site of ac tion has to be es tab lished first. 
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3. Dendrimers as po ten tial car ri ers of nu cleic ma te rial

One of the most com mon meth ods used for the de liv ery of charged nu cleic ac ids in -
volves their elec tro static in ter ac tion with cationic car ri ers. Sev eral types of cationic car ri ers
such as liposome/lipids, dendrimers [8], and poly meric amines have been suc cess fully
used for the de liv ery of plasmid DNA and ODNs. Be cause of their ver sa til ity and
customizability, dendrimers be long to the most com monly stud ied nonviral vec tors [9]. 

A unique char ac ter is tic of dendrimers is that they can act as a par tic u late sys tem while
re tain ing the prop er ties of a poly mer. They are a type of highly branched, monodispersive
spher i cal macromolecules (their struc ture is shown in [10]) com posed of a multifunctional 
core mol e cule with at tached poly mer branches [11].  Dendrimers are flex i ble in terms of
their size, shape, branch ing, length, and pe riph eral groups that dom i nate the sur face prop -
er ties of the dendrimer in ques tion. Dendrimers can be struc tured to en cap su late a drug or
a di ag nos tic agent. Or the dense pe riph eral groups can be functionalized with var i ous
chem i cal agents bound to the sur face of the dendrimer by noncovalent or co va lent in ter ac -
tions which held un til the changed con di tions en able the agent to be re leased at the tar get
site [11–13]. Thus, be cause of their prop er ties and abil ity to be con ju gated with a wide
range of drugs, tar get ing moi eties, and other bi o log i cally ac tive com po nents, dendrimers
are in tensely stud ied for ap pli ca tions in phar ma ceu ti cal and med i cal sci ences [11, 12].
How ever, these highly ef fi cient de liv ery sys tems have been less ex plored for nu cleic-acid
ma te rial de liv ery.

4. Dendrimers in the de liv ery of anti-HIV1 oligonucleotides

Re cently, dif fer ent kinds of dendrimers have been widely stud ied as ef fi cient ve hi cles
for the de liv ery of genes and ther a peu tic drugs [9, 11, 12, 14]. It has been shown that
polyamidoamine (PAMAM) dendrimers or their con ju gates are more ef fi cient in de liv er -
ing antisense ODNs or plasmid DNA than siRNA [14]. Cationic dendrimers with pos i tive
sur face charge in ter act with neg a tively charged cell mem branes and per me ate more eas ily
than the neu tral or an ionic dendrimers. How ever, the pos i tive sur face charge ren ders
cytotoxicity to the cationic dendrimers, which im poses a se ri ous lim i ta tion on the po ten tial
med i cal use. The transfection ef fi ciency in creases as a func tion of the dendrimer gen er a tion
too. Good re sults are typ i cally achieved with the sixth or sev enth gen er a tions of PAMAM
dendrimers [15], be tween the third and fifth gen er a tions of phos pho rus-con tain ing
dendrimers [16]. Other kinds of den dritic macromolecules, such as polypropylenimine
(PPI) [17] and poly(lysine) [18] dendrimers, have also been stud ied as po ten tial DNA or
ODN car ri ers. For in stance, low gen er a tion PPI dendrimers have also shown gene
transfection abil ity in vi tro with low cytotoxicity. Al though, at higher gen er a tions, in -
creased tox ic ity pro hib its their use.

Since HIV/AIDS con tin ues to be a ma jor pub lic health prob lem world wide with mil -
lions of peo ple cur rently in fected, in the last few years many anti-vi ral drugs have been
de vel oped to fight and con trol HIV in fec tion. How ever, many phase II and phase III tri als
have re ported se vere side ef fects (i.e., liver tox ic ity), but par tic u larly emer gence of
drug-re sis tant strains. The most clas si cal ex am ple is GEM-91 – a phosphorothioate
antisense oligonucleotide com ple men tary in se quence to gag mRNA of HIV - that
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reached phase III clin i cal trial, but it was in ter rupted due to sec ond ary ef fects [19]. The
prob lem is the ten dency of antisense drugs to the non-spe cific bind ing to se rum pro teins, be -
cause of their an ionic charge. Those in ter ac tions lead to the de crease of antisense-drug
bioavailability. To achieve de sired ther a peu tic ef fects, the higher doses of drug are nec es -
sary, which on the other hand can in duce toxic ef fects. We have al ready shown that for ma -
tion of dendriplexes (dendrimer- ODN com plexes) pro tected the anti-HIV1 ODNs
(SREV, ANTI TAR, GEM91) from bind ing to bo vine se rum al bu min (BSA) [20, 21]. HIV 
vi rus con tains some genes in its ge nome which can be a po ten tial tar get for siRNA. There -
fore, there is much hope for ef fi cient AIDS ther apy with the use of RNAi. Ev ery drug
based on RNAi should be sta ble, se lec tive, non-toxic and per me at ing mem branes eas ily.
Thus, a lot of ef fort is put to find a proper de liv ery ve hi cle for siRNA tar geted against vi ral
mRNA.

One of the ma jor lim i ta tions for the use of siRNA, both in vivo and in vi tro, is in abil ity of 
na ked siRNA to pas sively dif fuse through the cell mem branes due to its strong an ionic
charge and elec tro static re pul sion from the an ionic mem branes [22]. There fore, the RNAi
ther apy re quires us ing the ef fi cient car ri ers to per mit the ge netic ma te rial to cross bi o log i cal
mem branes. Our team has started re search of wa ter-sol u ble carbosilane-based dendrimers
as po ten tial car ri ers for DNA or ODNs. These dendrimers are not avail able com mer cially
and have been syn the sized at the Uni ver sity of Alcala de Henares, Ma drid, Spain. These
dendrimers have shown a good transfection abil ity and low cytotoxicity [20, 21, 23]. The
mech a nisms of in ter ac tion of dendrimers with biomembranes are not known in suf fi cient
de tails yet. Based on the re sults of our pre vi ous works fo cused on the study of the mech a -
nisms of in ter ac tion of var i ous lig ands with bi o log i cal mem branes [24–26] and lipid
bilayers [27–29], in clud ing ODNs [30–32] and dendrimers as biosensors [33], we be lieve
that with the use of ad di tional ex per i men tal tech niques, such as dy namic light scat ter ing,
Langmuir-Blodgett method, etc., we will ob tain im por tant in for ma tion on the mech a nisms
of dendrimer-mem brane in ter ac tions. The pri mary fo cus will be on dendrimers as po ten tial
non-vi ral vec tors for siRNA tar geted against vi ral RNA of HIV-1 by study ing the in ter ac -
tions of dendriplexes with model and bi o log i cal mem branes [10]. The sec ond gen er a tion
wa ter-sol u ble carbosilane dendrimers with two types of ter mi nal branches are be ing used:
Si-O based branches and/or Si-C based branches both con tain ing amino group ter mi na tions
[10, 34]. Fur ther the dendrimers will be complexed with siRNA de rived from the vi ral struc -
tural gag gene (siGAG) to in hibit HIV rep li ca tion [35].

5. Con clu sion

De spite sig nif i cant ad vances that have been made in gene si lenc ing tech nol o gies, clin i cal
ap pli ca tions are re stricted with many fac tors such as bioavailability, sta bil ity, tox ic ity, cost,
etc. First of all, the ef fec tive gene si lenc ing re quires us ing ef fi cient car ri ers to per mit the ge -
netic ma te rial to cross the plasma mem branes of the tar get cells. In this short re view we have 
de fined some key terms of this break through tech nol ogy, fo cused on some ap pli ca tion re -
quire ments for dendrimers as car ri ers for tar get ing siRNAs and antisense ODNs, and out -
lined our re search ob jec tives. Our joint re search work is aimed at un der stand ing the
in ter ac tion of both, cationic carbosilane dendrimers and their com plexes with nu cleic ac ids,
with bi o log i cal mem brane struc tures.  For this pur pose we have cur rently been work ing
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with model lipid monolayers and bilayers in or der to de scribe the in ter ac tions of the
dendrimer com plexes with the mem branes in terms of se lected bio phys i cal char ac ter is tics. 

To con clude, un til gene ther apy is proven safe and ef fec tive through fur ther ba sic re -
search, it will re main an ex per i men tal treat ment only used in clin i cal stud ies. Al though
there is still a long way to go be fore the RNAi ap proach will be em ployed in clin i cal con -
di tions, sci en tists be lieve that it will even tu ally be used as a vi a ble pre ven tive or ther a peu -
tic in ter ven tion for se ri ous dis eases in the near fu ture [1, 7, 11, 36].
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