
RABBIT LEUCOCYTE CHEMOTAXIS 677 

nor did they develop tumor during the 364 
dray observation period. This s h o d  lack of 
in utero infection following maternal immu- 
nization with the virus. 

Discussion. Experimental studies of virus- 
induced neoplasia in animals support the 
theory of virus etiology in human cancer 
and indicate that imunoprophylaxis might 
be of practical value in preventing the disease 
once virusles responsible for human nmplasia 
are identified. The present studies revealed 
passive transfer of SV40 antibody to the 
offspring and consequent protection of the 
progeny against tumor induction by sv40 

virus adrrhistered early following birth. Im- 
munization of the mothers with live SV4, 
virus prior to conception did not result in 
infection of the offspring as revealed by lteslts 
for presence of Sv40 virus following delivery 
or by evolution of the tumw. The passive SV40 
amtibody wlas sharply reduced in amount with- 
in 1 month after birth. Tumor antigen CF 
antibody was not produced in the adult ham- 
sters, indicating lack of significant neoplastic 
tramformation by the agent. 

Similar passive protection of the newborn 
against virus-induced neoplasia by maternal 
immunization has been shown for polyoma, 
Friend leukemia, adenovirus 12, and avian 
visceral lymphmatosis viruses under em- 
mental or normal ecological conditions (5-12). 
Such procedure holds promise for effective 
vaccination agarinst nwplasia in man caused 
by viruses. 

Summary. Administration of live SV40 virus 
vaccine to adult female hamsters prior to con- 
ception afforded protection of the progeny 

against tummigenesis by the homologous virus 
given shortly following birth. The mechmkm 
appeared to be passive transfer of maternal 
antibody which prevented infection. There was 
no apparent infection of the fetus with SV,, 
virus in utero and there was no detectable CF 
antibody in the mothers or the progeny 
against SV40 tumor antigen. Maternal im- 
munization holds promise as a means for 
preventing tumor induction in man caused by 
hypothetical viral neoplastic agents. 
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Studies on Chemotaxis IX. Migration of Rabbit Leucocytes 
Through Filter Membranes.* (32538) 

H. U. KELLER AND E. SORKIN (Introduced by M. Landy) 
Schweizerisches Forschungsinstitut, Medizinische Abteilung, Davos-Pkztz, Switzerland 

and by the W d d  HeJth Organization. taxis in vitro(2) have to be permeable for 
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cells. While the proper pore size of filters used 
in the diffusion chamber culture technique 
has been evaluated by Capalbo, Albright and 
Bennett(3), there is no systematic study on 
the permeability of filter membranes for leu- 
cocytes in h o t a x i s  experiments. A study of 
the migration of rabbit granulocytes or mono- 
nuclear cells through different filters was 
therefore performed in order to evaluate a) 
the proper type of filter for chemotaxis ex- 
periments and b) the pore size which prevents 
entry of cells into the filters. 

Materials and methods. Chewtaxis of 
rabbit granulocytes and macrophages from 
peritoneal exudates has been measured by the 
technique developed by Boyden(4). The 
method involves the use of a chamber with 
two compartments separated by a filter mem- 
brane, which is permeable to migrating cells. 
The presence of a chemotactic agent in the 
lower compartment leads to the migration 
through the filter of the cells present in the 
upper compartment. The extent of the chemo- 
tactic effect is scored by counting the number 
of cells reaching the lower side of the filter. 
Filter membranes of 130-150 p thickness 
and the following chemical constitution and 
porosity were purchased from Millipore Filter 
Cop.,  Bedfcrrd, Mass. Mixed esters of cel- 
lulose: 0.01 p (VFWP); 0.45 p (HAWP); 
0.65 p (DAWP); 1.2 p (RAWP); 3 p 
(SSWP); 5 p (SMWP); 8 p (SCWP); 
polyethylene 10 p (OSWP); teflon: 10 p 
(LCWP). Two batches of 8 p filters (SCWP) 
were found to differ in their physicochemid 
properties as follows. The first batch had a 
tare weight of 5.2 mg,’cm2, while the second 
batch weighed 3.3 mg//cm2. The first batch of 
filters deteriorated in 100% ethanol within 30 
seconds, whereas the second batch of filters 
was resistant. The second batch of filters 
wetted immediately upon filling the test com- 
partment, whereas 2-3 seconds were required 
in the case of the second batch of filters. Ac- 
cording to the manufacturers, the differences 
between these two batches were “slight ad- 
justments rather than substitution of entirely 
new material.” 5 p polyvinylchloride mem- 
branes (V-1 Metricel) were obtained from 
Gelman Instrument Co., Ann Arbor, Mich. 

Ten percent normal rabbit serum incubated 
with antigen-antibody complexes was used as 

the chemotactic agent for grranulocytes and 
10 mg casein/ml Gey’s solution was employed 
in the case of macrophages. 

Results. Passage of granulocytes 01 mono- 
nuclear cells through filters of diferent Pore 
size. Filters made of mixed esters 04 cellulocje 
but differing in their pore size were compared 
in chmotaxis experiments. When granulocytes 
were used, no cells were seen to enter filters of 
0.01 p pore size. Processes of these cells enter 
filters of 0.45 p pore size, but entire cells are 
never seen within the filter. With 0.65 p 
filters, however, a considerable number of 
granulocytes migrated a short distance indo 
the filter but none succeeded in migrating 
through. Many more cells entered 1.2 p filters 
and a few of them even migrated completely 
through. Massive migration through the filter 
is observed at  a pore size of 3 p, 5 p, or 8 p. 
The demotactic values are summarized in 
Fig. 1. The corresponding values of the 
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FIG. 1. 

negative controls (Gey’s solution as test 
agent) were 0 cells/field with 0.01 p to 1.2 p 
filters and 4, 7, and 32 cells/field for 3 p, 
5 p and 8 p filters respectively. 

The results obtained with mononudeax 
cells (mostly macrophages) were diff emnt 
from those obtained with gmnulocytes. Very 
few of these cells were seen to enter 1.2 p 
filters, whereas numerous mononuclear cells 
were seen within 3 p filters although they did 
not migrate through. A few mononuclear 
cells are able to migrate through 5 p filters 
and many mare through 8 p filters. The dhta 
for this sat of experiments are also summarized 
in Fig. 1. 

Passage of cells through filters with dif- 
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fering physicochemical properties. The fore- 
going experiments demonstrated that filters 
with a pore size of 3 p or more permit mas- 
sive migration of granulocytes through them. 
In the following experiment filters of 5 p and 
10 p pore size differing in their physicochemi- 
cal properties were used for measuring chemo- 
taxis of granulocytes. In view of their pore 
size, massive migration of granulocytes 
through all these filters could be expected. 
Using filters of mixed esters of cellulose or of 
polyvinylchlmide (Table I) a pmmced 
chemotactic response to antigen-antibody 
treated m m  was indeed observed. No mi- 
gration, however, was detectable using filters 
made of polyethylene or Teflon. 
TABLE I. Migratim of Rabbit Granulocytes 
Through Filter Membranes with Different Chemi- 

ca l  Compmition. 

T w t  solution 
Cells/Field 

Gey’s 
Type of filter solution NRS + Ag-Ab 

5 p Mixed esters of cellulwe 2 500 
5 p Polyvinylchloride 7 508 

10 p Polyethylene 0 0 
10 p Teflon 0 0 

Similarly, differences in migration of mono- 
nuclear cells have been observed when two 
batches of 8 p filters (both mixed esters of 
cellulose) were compared. These two batches 
differed in their physicochemical properties. 
In the case of filter batch 1, pronounced 
migration of mononuclear cells was meas- 
ured, whereas migration was mall  or absent 
in batch 2 filters (Table 11). 

TABLE 11. Migration of Rabbit Mononuclear 
Cells Through Filter Membranes with Different 

Physicochemical Properties. 

Mononuclear cells 
Type of filter Field 

~ 

8 p First batch (SCWP) 207 
10 

7 
5 p  (SMWP) 24 

8 JL Second batch (SCWP) 
8 p Second batch washed (SCWP) 

Since even 5 p filters SMWP allowed con- 
sistently higher migration of mononuclear 
cells thtan 8 p filters of batch 2, the differences 
between the two batches of 8 p filters can be 
attributed to thdr physicochemical properties 

rather than to variations in polre size. One 
possible explanation would be that batch 2 
filters contain more detergents than batch 1 
filters. Elution of detergent from batch 2 
filters according to Cahn(5) however did not 
lead to increased migration of mononuclear 
cells through these washed filters (Table 11). 

Discussion. The experiments presented 
show that migration of cells through filter 
membranes depends on the following factors: 
1) Cell type, 2 )  pore size of the filter, and 3)  
physicochemical properties of the filter. 

The data indicate that the pore size per- 
mitting passage of cells thmugh the filters 
differs for the different cell types (Fig. 1). For 
measuring chemotaxis, the pore size should 
be at least 3 p far granulocytes and 8 p for 
momnuclear cells. Other workers( 6) p f e r  to 
use 0.65 p filters for mzurinrg chamtaxis 
because they observed pronounced m,iptim 
in the negative controls with filters of larger 
pare size. As &own previously and c o f r r d  
in tihe present experiments (Table I), p 
vided suitable experimental conditions are 
c h m  (7), migration of granulocytes is slight 
with Gey’s solution OT normal serum in the 
lower compartment as negative control. On 
the other hand, the use of 0.65 p filters 
renders the test less sensitive and evaluation of 
chemotaxis is made difficult. The cells do not 
reach the lower surface of the filter and there- 
fore can not be easily comted on a well 
defined level. 

In chemotaxis experiments the cells are 
subjected to a stimulus inducing their mi- 
gration through filters provided the properties 
of the latter allow the cells to pass through. 
Empty diffusion chambers implanted in vivo 
do not necessarily stimulate immigration of 
cells. It seemed therefore adquake to evaluate 
the pore size preventing entrance of cells into 
filters by chemotaxis experiments. These ex- 
periments showed processes of cells but no 
entire cells entering the filters of 0.45 p pore 
size. Filters of 0.01 p pore size completely 
prevented entrance of cells. This indicates 
that filters used in diffusion chambers should 
have a pore size not larger than 0.45 p and 
preferably a smaller one. 

Furthermore, the data suggest that in ad- 
dition to the pore size, ithe physicochermid 
properties of the filter are of significance for 
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chemotaxis experiments. Granulocyte mi- 
gration was observed with filters made of 
polyvinylchlaride or of mixed esters of cellu- 
lose but not with filters made of polyethylene 
or Teflon. I t  was found that filters made of 
Teflon or polyethylene are hardly wettable. 
No diffusion of the test solution into the 
upper compartment could be observed within 
5 hours. Absence of migration in these filters 
may therefore simply be due to lack of con- 
tact between cells and chemotactic solution. 
The difference in migration of macrophages 
when the two different batches of 8 p filters 
were used can not be explained on a similar 
basis. Both types of 8 p filters are readily 
wettable. Since no precise indormation on 
the chemical composition and the physcico- 
chemical properties of these filters are avail- 
able the different behaviour in chmotaxis 
experiments can not be explained. 

Summary. Mligration of rabbit granulocytes 
or mononuclear cells from peritoneal exudates 

through filter membranes has bem studied 
using Boyden’s technique for m u r i n g  
chemotaxis. Migration depends on 1) the cell 
type, 2 )  the pore size of the filter, and 3)  the 
physlicochemical properties of the filter. For 
measuring chemotaxis the pore size should be 
a t  least 3 p far granulocytes and 8 p for 
mnonuclear cells. 
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Aleutian Disease of Mink: Infectious Virus-Antibody Complexes in the 
Serum.* (32539) 

DAVID D.  PORTER^ AND AUSTIN E. LARSEN ( I n t d u c e d  by F. R a p )  
Wistar Institute of Anatomy and Biology, Philadetphia, Pennsylvania and Utah Mink 
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Aleutian disease (AD) of mink is charac- 
tenzed by a marked systemic plasma cell 
pmli f er a ti on, hy pergammaglobulinemia, and 
renal and arterial lesions ( 1-4). The disease is 
transmissible by cell-free extracts of affected 
mink tissw, urine or serum; infectivity is 
sedimentable in the ultracentrifuge and will 
pass through a 0.45 p membrane filter, 
strongly implicating a viral agent ( 5,6) .  P m  
vious attempts to demonstrate antibody to 
the agent have been unsuccessful, and have 
been hindered by the presence of the virus in 

*Supported by a grant froan the Mink Fanners 
Research Foundation, and Public H& Service 
Training Grant #S-TOl-CA05163-03 from the 
National Cancer Institute. 

t Present address: Department of Virology and 
Epidemiology, Baylor University GAlege of Medicine, 
Howton, Texas. 

tissues and Serum af the mink throughout the 
course of the disease. 

Materials and methods. Infectious serum 
was pooled from 4 mink of genotype Aa with 
elevated levels of G imunoglobdin (IgG) 
that had had AD for 4 months. This serum 
was incubated with rabbit antilbovly to n10rrna.l 
mink IgG or albumin, or with n d  rabbit 
serum. Antiserums were prepared and cham- 
terized as previously descriM(4) and weore 
specific for albumin or IgG when checked by 
immumelectmpharesis . Sufficient rabbit anti- 
body was added to precipitate dl the mink 
IgG or albumin present in the serum. Large 
floccullent precipitates were r e w e d  by low- 
speed centrifugation and then discarded. The 
clear supematmts were titrated for infectivity 
in normal mink of the genotype Aa using the 
characteristic h e  in IgG by 65 days as deter- 
mined by m m  protein dwtrophesis. A 


