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Editorial 

N o m e n c l a t u r e for Synthetic G e n e D e l i v e r y S y s t e m s 

P.L. FELGNER, Y. BARENHOLZ, J.P. BEHR, S.H. CHENG, P. CULLIS, L. HUANG, J.A. JESSEE, 
L. SEYMOUR, F. SZOKA, A.R. THIERRY, E. WAGNER, and G. W U 

T W E N T Y - F I V E YEARS AGO, in an article published in Science 
(T. Friedmann and R. Roblin, Science 175, 949-955, 

1972), Ted Friedmann outlined prospects for human gene ther­
apy. This forward-looking review anticipated the development 
of two altemative gene delivery systems—viral gene therapy 
vectors and synthetic gene delivery systems using purified gene 
sequences. A s molecular biology techniques matured, the tools 
to package genes into nonreplicating, recombinant viral vectors 
became available, allowing the efficient introduction of re­
combinant genes into living cells in vitro (cultured cells) and 
in vivo (animals and humans). During the last several years, w e 
have witnessed an exponential growth in precUnical research 
and cUnical development of recombinant viral vectors for gene 
therapy appUcations. 

Although the entry of synthetic deUvery systems into the gene 
therapy repertoire has been somewhat delayed, today the cUnical 
appUcation of nonviral gene therapy products is steadily increas­
ing. The direct injection of naked D N A is being aggressively pur­
sued cUnicaUy as a method of inducing protective immunity in 
humans against influenza, human immunodeficiency virus (HIV), 
malaria, and a long and growing Ust of additional pathogenic or­
ganisms. The two classes of synthetic gene deUvery systems that 
are being investigated most actively today involve the use of ei­
ther cationic Upids or polycationic polymers. Cationic Uposome-
based deUvery systems are being evaluated in phase I and phase 
n cUnical trials for the treatment of a variety of different types of 
human cancer and for the treatment of cystic fibrosis. The cationic 
polymer-based systems have been most widely associated with 
the generation of receptor-mediated gene deUvery systems, and 
advanced cUnical trials using such systems are underway in Eu­
rope. A n expanding interest in precUnical and basic research di­
rected at improving and controUing the efficacy of synthetic nu­
cleic acid deUvery systems is evident from the growing number 
of pubUcatiohs on the topic, as weU as from the participation at 
scientific conferences devoted to this area. 

At a recent conference on the topic of synthetic gene deUvery 
systems ("Self-assembUng Systems for Gene DeUvery," San 
Diego, November 1996), the participants raised a nomenclature 
problem that is becoming increasingly difficult as more investi­
gators pubUsh in the field. It is apparent that there are an unnec­
essarily large number of terms describing the same things. For 
example, cationic Upid-mediated transfection has been caUed U-

posome-mediated transfection, cationic Uposome-mediated trans­
fection, Upofection, cytofection, amphifection, and Upid-medi­
ated transfection. Similarly, the complexes that are produced 
when cationic Upids are mixed with D N A have been referred to 
as cytosomes, amphisomes, Uposomes, nucleoUpidic particles, 
cationic Upid-DNA complexes, Upid-DNA complexes, D N A -
Upid complexes, etc. Polycation condensed D N A has been re­
ferred to as interpolyelectrolyte complexes, molecular conju­
gates, polylysine-DNA complexes, DNA-polylysine complexes, 
etc. And finally, there are numerous different ways for describ­
ing the composition of the complexes including, DNA/cationic 
Upid (or cationic polymer), cationic Upid (or cationic poly-
mer)/DNA, DNA/total Upid or total Upid/DNA, expressed either 
as wt/wt, mol/wt, wt/mol, or charge/charge. Any of us responsi­
ble for reviewing manuscripts must make conversions into fa-
miUar units before the data can be properly evaluated. 

In order to resolve these issues, an ad hoc committee was 
convened over the intemet, consisting of the authors of this ed­
itorial. The following nomenclature recommendation was 
agreed upon: 

Complexes 

Lipoplex = Cationic Upid-nucleic acid complex 
Polyplex = Cationic polymer-nucleic acid complex 

Transfection 

Lipofection = Nucleic acid deUvery mediated by cationic 
Upids 

Polyfection = Nucleic acid delivery mediated by cationic 
polymers 

Composition 

Charge ratio 

Positive charge 
equivalents of the cationic component 

Negative charge equivalents of the 
nucleic acid component 

"Lipoplex" replaces aU ofthe terms for cationic lipid-nu­
cleic acid complexes (including either D N A , R N A , or synthetic 
oligonucleotides) that were mentioned previously. For this 
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definition, cationic lipid refers to all cationic amphiphiles, in­
cluding cationic cholesterol and bile salt derivatives as well as 
other micelle-forming cationic amphiphiles such as C T A B . 
"Polyplex" replaces the term "molecular conjugates" and any 
other terms fliat were used to describe complexes using polyly­
sine or other polycationic peptides, dendrimers, polyethyl­
eneimine, and flie like. Complexes fliat contain bofli polyca­
tionic polymers and cationic Upids may be referred to as 
"Lipopolyplex." Although the general term "transfection" ap­
pUes broadly to all methods for synthetic nucleic acid deUvery, 
occasionally it may be convenient to have terms that substitate 
for phrases such as "cationic lipid-mediated transfection" or 
"tiransferrin-polysine-mediated transfection." For fliis purpose, 
lipid mediated transfection may be referred to as "Lipofection," 
and transfection mediated by systems condensed with polyca­
tions can be termed "Polyfection." 

The composition of the complexes will be related to flie net 
charge of the system as "positive charge equivalents/negative 
charge equivalents" and wiU be referred to as the "charge ra­
tio." Thus, compositions containing an excess of the cationic 
component have a charge ratio greater than 1, formulations con­
taining more negative than positive charge have a charge ratio 
less than 1, and systems containing an equal number of nega­
tive and positive charges have a charge ratio of 1. The D N A 
concentration can be determined empirically from the O D mea­
surement at 260 nm, where 50 ̂ tg/ml D N A = 1 O D . Because 
each nucleotide monomer unit in D N A bares one negative 
charge, the negative charge equivalents can be calculated by 
using an average molecular weight per nucleotide monomer of 
330. Altematively, a phosphate assay can be used to determine 
negative charge equivalents. The positive charge equivalents in 
the cationic component must be determined differently for each 
cationic agent under investigation, accounting of course for 
such things as the presence of counterions in these agents. In 
those cases in which the positively charged moieties are derived 
from groups that are titratable within the useful p H range, and 
it is therefore difficuh to ascertain the exact amount of positive 
charge contributed by the cationic component, flien the maxi­
m u m possible positive charge will be used. 

W e are hopeful that the investigators in this field will find 
this nomenclatare convention reasonably acceptable, and that 
it will faciUtate communication among the many laboratories 
engaged in this active area of scientific research. 
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