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Liposomes bearing anti-fibronectin antibodies and associated with ferromagnetic particles bound firmly to 
the sm'face of mouse embryo fibroblasts. Upon binding magnetoliposomes, the cells could be sorted in a 
magnetic field. 

Cell sorting is a procedure widely used in mod- 
ern laboratory practice to select cells with certain 
surface antigens. Cell sorting requires complex 
electronic instruments to deal with cells labelled 
with fluorescent antibodies. Here we suggest 
another, much easier way of cell sorting using 
immunomagnetoliposomes, i.e., antibody-bearing 
liposomes associated with ferromagnetic particles. 

Liposome-cell interactions are studied in many 
laboratories in order to introduce exogenous mole- 
cules into the cytoplasm or plasma membranes or 
to simulate cell-cell interactions [1-3]. Cell-lipo- 
some binding can be made efficient and specific if 
immunoglobulins are inserted into the liposomal 
membrane [4,5]. We have used this technique to 
prepare magnetosensitive liposomes bearing 
specific anti-fibronectin immunoglobulins capable 
of binding to the cell surface. 

Magnetoliposomes were prepared from di- 
stearoyl- or dipalmitoylphosphatidylcholine, as 
these 'solid' (at 37°C) vesicles firmly bind to the 
cell surface and can be removed by trypsin treat- 
ment [2,3,6]. 10 mg of dipalmitoyl- or distear- 
oylphosphatidylcholine (Sigma) were dissolved in 
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chloroform/methanol (2:1) in a round-bottomed 
flask. 1-2 mg of ferrite poowder (the mean size of a 
particle is approx. 500 A) was added to the same 
flask and the solvent was evaporated in a rotary 
evaporator, so that a thin lipid film with em- 
bedded ferrite particles was formed. I ml of Hanks' 
solution containing 0.5 mg of rabbit antibodies 
against human plasma fibronectin was added to 
the flask which was then vigorously shaken. The 
emulsion was sonicated in a UDZN-2 sonicator 
(30 s at maximal output, 50°C and 60°C for 
dipalmitoyl- and distearoylphosphatidylcholine, 
respectively). Liposomes were separated from free 
antibodies by centrifugation and resuspension in 
Hanks' solution (3 × 3 min 5000 × g, final lipid 
concentration 5 mg/ml). This procedure resulted 
in the formation of magnetosensitive liposomes, 
i.e., dosed vesicles which can move along the 
gradient of magnetic field. The integrity of the 
vesicles was evidenced by their ability to entrap 
and retain sodium fluorescein. Then magnetolipo- 
somes were formed in sodium fluorescein-contain- 
ing solution and the unentrapped dye was re- 
moved by centrifugation, a substantial amount of 
dye was retained by magnetoliposomes and at- 
tracted by a magnet. No fluorescence was found in 
association with the magnet if the fluorescent dye 

0005-2736/83/$03.00 © 1983 Elsevier Science Publishers B.V. 



Fig. 1. Immunomagnetoliposome-treated cells concentrated by a magnetic field. (a) Inititally, the cells were randomly distributed in 

the chamber. The electromagnet, with a rectangular core (small photograph), is located under the chamber and is not visible behind a 

paper screen. Bar = 5 mm. (b) After the magnetic field is applied, the cells are concentrated along the magnetic core. To visualize the 

distribution of the cells at low magnification, they were labelled with carmin particles. 

and ferromagnetic particles were mixed with 
‘empty liposomes’. The ultrastructure of magneto- 

liposomes and the mode of their association with 

ferrite particles were not studied. 
To make the cells magnetosensitive, magneto- 

liposomes bearing anti-fibronectin antibodies were 

incubated for 15 min with confluent monolayers of 

mouse embryo fibroblasts (2 ml of liposome sus- 
pension per culture flask of base 3 X 5 cm). The 

nonbound liposomes were washed away with 

Hanks’ solution. The liposome-treated cell mono- 
layers turn grayish due to the binding of ferromag- 

netic particles entrapped in liposomes. The cells 

suspended by EDTA treatment were transferred to 

the chamber above the electric magnet (Fig. la). 

(For theoretical evaluation of magnetic fields nec- 
essary for cell sorting, see Ref. 7.) After the mag- 

net was switched on, the cells assembled in l-3 

min along the perimeter of the magnetic core (Fig. 

lb). It was necessary to agitate the chamber to 
facilitate cell movement along the field gradient. 
When non-immune magnetoliposomes were used, 
i.e., those without anti-fibronectin antibodies, only 
a small fraction of the cells was attracted by the 
magnet due to low liposome binding. 

The cells assembled by means of the magnetic 
field could be collected from the chamber for 
further studies by a pipette. As tested by the 
Trypan blue exclusion test, the viability of the 
collected cells was 98.5%. These cells could be 

replated. For such experiments, the collected 
population was treated with trypsin (0.02%) to 

remove liposomes from the cell surface and to 

disaggregate the cells. After such treatment, the 
suspension consisted mainly of single cells, al- 

though a few large cellular aggregates still existed. 
No magnetic particles were observed in association 

with the cells after trypsin treatment. After re- 
plating, the cells attach to and spread on the 
substrate. At least 80% of the seeded cells remain 
spread on the surface of culture dishes, exhibiting 

normal morphology 6 h after plating. 

To find out whether the described procedure 
could be used for cell sorting, we performed model 

experiments with mixed cultures. Mouse embryo 

fibroblasts labelled with carmin and treated with 

anti-fibronectin immunomagetoliposomes were 

mixed with a suspension of untreated cells. The 

mixed population was transferred to the chamber 

and the magnetic field was switched on. After the 

cells assembled in the bands along the magnetic 
core, the chamber was perfused with Hanks’ solu- 
tion. Magnetoinsensitive cells were washed away 
by the stream, while the cells forming the bands 
were collected and suspended. The number of 
labelled cells in the initial and collected population 
was evaluated. As shown in Table I, the collected 
population was approx. 5-times enriched with 
labelled cells. In some experiments, this value re- 
ached 15. The yield of the selected cells was high: 



TABLE I 

ENRICHMENT OF A MIXED CELLULAR POPULATION 
WITH MAGNETOSENSlTIVE CELLS 

The suspensions of immunomagnetoliposome-treated carmin- 
labelled cells were mixed with non-treated cells in different 
ratios. The mixture was transferred to the chamber. Ceils 
assembled along the magnetic core were collected. The number 
of carmin-labelled and unlabelled cells was evaluated. 

Expt. No. Ratio of labelled to 
unlabelled cells 

Before After 
sorting sorting 

1 0.8 3.6 
2 0.7 4.0 
3 0.9 5.1 
4 0.3 1.4 

70-90% of  the ini t ia l  popu la t i on  of  label led cells 
were col lected f rom the chamber  after  cell sorting. 

In  fact, bo th  the enr ichment  and  the yield of  the 
sor ted  cells depend  on how skillfully one man ipu-  
lates the p ipe t t e  when col lect ing the band  formed 

by  the cells. 
The  results  do  not  depend  on cell labell ing.  

S imi lar  enr ichment  was ob ta ined  when non-  

label led  cells were t rea ted  with immunomagne to -  
l iposomes,  while the nonmagne t i c  cells were pre-  
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label led  with  ca rmin  part icles .  In  this case, the 
final popu la t ion  was enr iched with nonlabe l led  
cells. 

Thus,  wi th  the help  of  immunoma gne to l i po -  
somes, the cells could  in pr inc ip le  be sor ted  by  a 
magnet ic  field accord ing  to their  surface antigens.  
Such cell sort ing does not  require  sophis t ica ted  

and  expensive in s t rumen ta t ion  as does  f luores-  
cence-act iva ted  cell sorting, and,  if  developed,  
could  have in cer ta in  cases some advantages :  for  
example  for  sor t ing cells in h ighly  sterile condi -  
t ions - in sealed flasks or  in situ, e.g., in b lood  
vessels. 
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INFORMATION FOR CONTRIBUTORS TO BIOCHIMICA ET BIOPHYSICA ACTA 

Biochimica et Biophysica Acta publishes papers 
reporting advances in our knowledge or under- 
standing of any field of biochemistry or bio- 
physics. Descriptions of new methods valuable for 
biochemists or biophysicists are also acceptable if 
their application is made obvious or a new princi- 
ple is introduced. Negative results will be accepted 
only when they can be considered to advance our 
knowledge significantly. Papers providing only 
confirmatory evidence or extending observations 
firmly established in one species to another will 
not normally be accepted. 

Two types of paper are published, specified as 
Regular Papers and BBA Reports. As its name 
implies, a Regular Paper is the usual medium of 
publication. 

BBA Reports will be restricted to papers de- 
scribing short, complete studies. They should not 
exceed three printed pages, including figures and 
tables, and should be written in a continuous style, 
without subdivision into Introduction, Methods, 
Results, Discussion and Acknowledgements. They 
should always begin with a short summary. A 
BBA Report, although brief, should be a complete 
and final publication, and figures and tables should 
not be included in a later paper. 

Papers should be written in English (either 
American or British spelling is permitted, but only 
one form should be used in the same paper). 

Preparation of papers 
Authors and their typists should consult a re- 

cent issue of the journal in order to make them- 
selves familiar with the conventions and layout of 
articles, especially title pages and reference lists. In 
particular, typists should ensure that the beginning 
of each new paragraph is clearly indicated, prefer- 
ably by indentation. 

Three copies are required of all material sub- 
mitted (including the submission letter, if it con- 
tains information of relevance to the editors). 

Legible carbon copies or photocopies are adequate 
for the second and third copies, except for photo- 
graphs of electrophoretic patterns, electron micro- 
graphs, etc., where high-quality prints must be 
provided in triplicate. 

The entire text, including figure and table 
legends and reference list, should be typed with 
double or triple spacing on pages of uniform size, 
on one side of the paper, with a 5-cm margin. All 
pages should be numbered consecutively. 

Title 
A paper should be headed by a concise, infor- 

mative title. Authors are reminded that titles are 
widely used in information-retrieval systems. The 
title should be followed by the names of the authors 
(with first or middle names in full) and by the 
name(s) and address(es) of the laboratory(ies) 
where the work was carried out. If the work has 
been done in more than one laboratory, the one in 
which each author has worked during the study 
should be indicated. 

Summary 
A paper should begin with a summary of 

100-200 words for a Regular Paper and approx. 
50 words for a BBA Report. 

Tables 
Tables and their legends should be typed with 

double or triple spacing. 

Figures and illustrations 
Legends to figures should not be typed or writ- 

ten on the illustrations but should be typewritten, 
with double or triple spacing, on separate sheets of 
paper. The legends should consist of a title fol- 
lowed by a brief description of the way the partic- 
ular experiment was carried out, and any other 
necessary material describing the symbols or lines 
on the figure. 


