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o ; vectors 1nstab111ty of naked DNA cytotox1c1ty and low -
- _transfectlon of cationic hpxds cationic polymers and other synthetic vectors are
- fsevere hmltatlons in gene therapy now a- days An 1deal non Vlral vector 1n addl- -

. ““lzath’n of ;th ﬁeld suggests that calclum phosphate nanopartncles is not a me" ;
o ‘~synthetic vector and can be de51 nated as second generatxon non v ector
o rfor gene therapy . o L o

INTRODUCTION .
. ‘ene therapy: ‘an“‘alternatlvesthera—{ “
‘ _~peut1c procedu e i ‘
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than 14 years since then about 600 gene
k therapy protocols have been approved and{

‘nearly 5000 human beings have been ¢

- ;-Jected to carry. genetlcally engmeered cells

‘ mto thelr body (3) The outcome from these

. potentlal to make revo ution in medlcme for
o treatmg broad array of human diseases and o
the procedure appears to have very lowrisk
of adverse side reactxon unhke drug ,

‘mlly expecte; Efﬁcrent expressmn of gene
to get thera“ eutlc product is stlll a major;

o nucleases naked DNA results m qu1te low};
i k‘levels of transduced gene expressmn @.In
 the begmmng of gene delivery research in

early elghtles (), scxentlsts thought of ex-

- ‘;‘1ty, cytotoxm1ty,~
. c1f1c cell types,

_ efficie

, ‘tual chmcal fa1lures of v1ral vectors have ledf‘ ‘
toa shift in focus o synthetlc non- vrral
»:?‘gene delivery systems Synthet1c vectors,

_ although currently orders of magnitude less ‘~ k
han biological vectors, areincreas-
1ngly emg“"onsulered as p0851ble alterna- o
- tives to wviral vectOrs Unfortunately the low

in vivo efﬁcrency often, precludes their use

for ¢ gene therapeut1c purposes; yet, their
fayourable mertness Jjustifies further ex-
L f,ploratron of no V1ra1'a1ternat1ves (7) Non-
 viral synthetlc
‘ llpldS are attractive owing to flexibility in
: _ design ability to be chemically or biochemi-
. ~cally functlonallzed'and tunable toxicity

rriers such as polymers or

‘ ressions
ynthetic carrlers are stlll very

‘k meffxmént COmpared to vxral vectors. Non- k
Viral vectors are synthetic vehlcles for the

introduction of foreign DNA sequences into

o target cells. Various methods for non-viral

~gene therapy have been proposed Some ap-
‘kproaches are aim djat develop ganartifi-
cial virus that attempt to mimic the process

~ of viral infusion using synthetlc materials.
“Other approaches apply the theory and

_ methods of advanced partlculate drugde-

o ;hvery to dehver DNA to selected ksomat1c -




~ In vitro transfection of
~ plasmid DNA is a cru
 wards the success of DN
~ cal. Because of the unsu

~ ;fex1st1ng non-viral vectors or prov1dmg sat—

o densed 1nto compact partrcles, non -viral  transiection efficienci
_ vectors permitt the incorporation of thegene  son i
regulatory regions that may afford better
"rcontrol ofgene expressmn DNA molecules' '

L1p1d based carrlers (11) polycat1on1cf
~~ llpldS (12), polylysine (13), _polyornithine
~ (14), histones and other chromosomal pro-
. teins (15), hydrogel polymers (16), all of
~ which can ionically condense DNA and

~ bind to the cell surface, are found to be ideal
_candidates for these vector types. Butin the
‘useof dlfferent types of cationic hposomes '
Tcat1omc polymers and dendrimers asnon-
i}of genes it has
~ been observed that in addition to cytotox-
ead to satisfac-
ion in the cells ‘
ured cells with
dication to-

"v1ra1 vectors for delive

‘.1c1ty, these carriers do n
_tory amount of gene exp

S pharmaceutx-t

. - isfactory and efficient transfectlon these -
_ studies also, albeit for d1ffer,nt reasons o

ogy at the level of chmcal practlce
- We have recently develoj d,som

orgamc phosphate nanopart1c1es l1ke cal- o

. ‘cell ‘monolayer this 1nsolubl

ssfulness of the
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| 1agne81um ‘~ hosphate- kl: "

- early methods of gene transfer in cellsrn o

culture involved co- prec1p1tat1ng DNA w1th‘ ‘k
calcium phosphate (20) v

: ‘releasmg the DNA mto the cytosol whr .
~ under suitable circumstances, can beincor-

~ porated into the host cell genome, The proo
‘cess by whrch thls transfer of DNA oceurs o

‘Th1s method is fou d o be s1mple effec— .

tive and has been w1dely used. However

_ the main drawback of the method of using

k prec1p1tated calcium phosphate istheex-
tremely low transfection e ~f1c1ency (10- 15%) ‘

as compared to that of v1ral vectors and the

ing it to in vivo studies |

the method also suffers =

1culty of app
). Moreaver
om var1at1ons in calc
ttlcle sizes,. which

phosphate DNA
ses variation

rge number of factors, such as the cell ~‘

type used, the morphology of the prec1p1-: -
: tate‘ pH of the‘buffers and the?tlmeof cop.
. tween precipitate and cells. Summing

could not bring the gene therapy technol- up the results OfVaFIOUS studres itis clearly

like o ;1erpar icu atecarrlers 1s the large -

ong experlments The transfect1on efﬁ-“f: o
cy has been found to be dependenton
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B96 ltou

mlima nrowin

 been totally eliminated when these ar

~ were treated with pDNA loaded calcium
. phosphate nanopartlcles (result not shown) ,

o lxshed the effective therapéutlc use of cal- .
~f01um phosphate:nanopartlcles as non-v1ra1‘ L

: 1nduce spec1f1c types of T helpe es onses

k §k7?ho§§$k _
. mes h‘(uits: -

_____ | w@m .

: sp]f‘(n‘ . ‘mm’(l(

i‘l“addxtlon to an,_ o‘dles b‘ aust of the in- .
creasing recognition of the ole and need

for CTL in such vaccines. Efforts are also
bemg made to. develop vaccmes that can
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lgGZaantibetagai{Umﬁmi X103) .

) : mmunoé obulm (IgGZa) assay~» Flgure 5(b).: Lympho;me prohf e
in serum of mice injected mtraperntoneallyk ~ Splenacytes of mice m vitro
_with 0.9 Ug | of pDNA entrapped in calcxumi ~
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v“ly‘sds‘dfﬁé‘sf»,u‘s;u“eilly ‘,bririg j‘a’bOu,t ‘th‘e ‘

- degradation of entrapped DNA inside the

‘*~carr1ers So endosomal escape 15 one of the :

. NuCLEus

. dergo contmuous ac1d1ﬁcatlon from the 1m— .

tial cell-surface pH (~7) to an acidic pH of

‘ k.about 5.0.As a result, the dlssolutlon of cal-
~ clum phosphate nanopartlcles in such an

'~‘ac1d1 ;endosomal‘c mpartment;takes place ~‘
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. fthrough NPC w
o f‘shown“ (36) that a

 3t020foldand
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- cies of less than 10 kDa, (11 actxve transport

source and (111) Ca? regu ated transport

. which involves intermediate sized mol-

ecules (10 70 kDa range) and does not re-

- ﬁ:the plug on’ and plug off of the NPC are

~ DNA-Ca*

a polymer, ¢

teins as calcrum

creases the i m vitro
pDNA-cationic |

fes an efflcxent endoso r

endosomal compartment the ca1c1umphos-
 phate nanoparticles are dissolved in the en-
r ~ dosome and destabilize it through osmotic
'eral exp er1menta1 ev1dences suggest that ‘

fined. ‘An 1dea1 non-v1ra1 vector m‘ust mani- k
lescape renders

, easy‘passage ofe

Because of the d:ssol

disbalance and finally deliver the genetic

- material out in the cytosol. The electrostatic

interaction of Ca ?* with negatively charged

- DNA makes the DNA stable against nu-

clease attack so that DNA can slowly enter

the nucleus without any degradation. The
~ ‘eff1c1er1t nuclear uptake of DNA from the

‘ cytosol is also assisted by Ca? ion through -
_ the deactivation of InsP SO that the nuclear
~ pore complex (NPC
compact complex, under such
circumstances, can easily enter the nucleus
through NPC, DNA*dellvered throughcon-  areastt
- ‘;ventlonal non-viral vector such as liposome
not enter the nucleus
out the help of NLS pro- e
on regulated transport i
relevant here. It hasbeen
d1 ion of ca1c1um jonin-

) remain wide open

_thereby allowing DNA-Ca?* complex to

pass through 1t We dlS(‘USS here two major

5 ho e process of traf—ﬂ

r; f DNA and an attempt to replace =

,;_the viral vectors in gene therapy protocol
by calcium phosphate nanoparticles for
o kcurmg dlseases Mecharnstm study to probe
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