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Partial Purification and Properties of Lupus Erythematosus Cell Promoting 
Factor. (24448) 
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Patients with disseminated lupus erythe- 
matosus (DLE) have a substance in their se- 
rum which is thought responsible for forma- 
tion of the characteristic “lupus erythema- 
tosus cells.” Previous attempts at  isolation 
of this substance have indicated that it is as- 
sociated with the gamma globulin fraction 
(1). A useful method for chromatographic 
fractionation of proteins using cellulose ex- 
changers has recently been developed ( 2 ) .  The 
technic is carried out under conditions which 
favor preservation of the structure and biolo- 
gic activity of the proteins recovered in the 
fractions. The wide range of applicability of 
this method is reflected in the reports appear- 
ing in the literature(3). A previously re- 
ported preliminary study (4) indicated that an 
anionic cellulose exchanger may effect some 
separation of the L-E factor. The purpose of 
this communication is to report on some of the 
properties of a preparation containing L-E 
activity by use of a cationic cellulose ex- 
changer. 

Sera obtained from normal in- 
dividuals and from patients with DLE were 
stored in frozen state until ready for use. -411 
fractionation procedures were carried out in 
cold room at 4°C. Isolation of serum gamma 
globulins was done by electrophoretic convec- 
tion in 0.15M phosphate buffer a t  pH 7.4. 
Nitrogen determinations were done by micro- 
Kjeldahl technic and phosphorus values were 
obtained by Schmidt-Thannhauser technic 
( 5 ) .  The resulting products contained little 
or no contaminating beta globulin as deter- 
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mined by moving boundary and paper electro- 
phoresis. However, when the products were 
examined by agar diffusion (6) using rabbit 
anti-human gamma globulin as the develop- 
ing agent, as many as 7 distinct antigenic com- 
ponents could be identified. The gamma 
globulin isolated from patients with DLE gave 
strongly positive reactions in the L-E cell 
preparations ( 7)  and in the DNA-protein 
coated latex agglutination test (8). Serum 
samples and gamma globulin fractions from 
normals and subjects with DLE were pre- 
pared for column chromatography by pre- 
liminary dialysis against 0.05M phosphate 
buffer a t  pH 5.0.. A small amount of insoluble 
material, usually present a t  end of 24 hours, 
was removed by centrifugation. When whole 
serum was to be chromatographed, the dia- 
lyzed sample was diluted l : 10 with the start- 
ing buffer before placing it on the column. 
Gamma globulin samples were placed on the 
column without preliminary dilution. Ap- 
proximately 15 g of cationic exchange cellu- 
lose, CM-cellulose-SF,t were placed in 3 
changes of 0.05M phosphate buffer at  pH 5 
for 48 hours. The slurry was placed in a 20 
x 200 mm glass column and packed until a 
standard height with a flat crown had been 
achieved. Under these conditions, the flow 
rate varied from 60 to 80 ml/hour. The pH 
and salt concentration of the eluting buffers 
was increased simultaneously. The initial pH 
was 5 and final pH 7 ;  initial salt concentra- 
tion was 0.05M and final concentration 0.15M. 
Salt concentration was increased by step-wise 
addition of sodium chloride. Six ml samples 
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TABLE I. 

Posi t iw coluinii 
I , -E  y glo1)ulin fmvtioii 

were recovered with an automatic fraction 
collector operating in room at  4’C: at  ilow 
rate of 60 to 70 ml/hour. Elution curves were 
constructed plotting fraction number against 
optical density at  280 mU. Selected groups 
of consecutive fractions showing heavy ab- 
sorption were pooled and concentrated against 
0.1 531 sodium chloride by negative pressure 
dialysis. The resulting concentrates were 
characterized as follows: L-E cell promoting 
activity: DSA-protein coated lates aggluti- 
nating activity: nitrogen and phosphorus con- 
tent; electrophoretic and ultracentrifugal 
properties : immunologic behavior in gel tlif- 
fusion studies. 

Results. Elution diagrams of normal se- 
rum and serum from patients with DIX are 
qualitatively similar. As indicated. evidence 
of L-E activity was present in one of the con- 
centrated pooled fractions. Only rosettes 
were seen in the L-E cell preparation but this 
material resulted in a strongly positive DSA- 
protein coated latex agglutination test. 

Fig. 1 presents typical elution diagrams of 
gamma globulin fractions prepared from nor- 
mal individuals and from patients with DLF:. 

ELUTION PATTERNS OF NUGRMAL AND L U P U S  
GAMMA GLOBU L I N 
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FIG. 1. 

The relatively minor differences in the pat- 
terns are of questionable significance since 
they could result from variations in column 
packing, column size, buffer flow rates, and 
rates of change in pH and salt concentration. 
-4 pooled concentrated fraction could be re- 
covered from L-E gamma globulin which 
demonstrated L-E activity in both agglutina- 
tion test and in L-E cell test (Fig. 2 ) .  The 
positive fractions were regularly obtained at  
a pH between 6.8 and 7.0 and at  a salt con- 
centration of 0.1531. 

Tn a typical experiment, 100 mg of L-E 
gamma globulin nitrogen was placed on the 
column. L-E activity was recovered in a 
pooled concentrated fraction with approxi- 
mately the same activity intensity as the 
starting material. In Table I, data are shown 
comparing the properties of the starting ma- 
terial with those of the positive fraction. Ac- 
tivity could be demonstrated in a preparation 
which had lost 97% of its original total pro- 
tein nitrogen. Of some interest is the reduc- 
tion in nitrogen to phosphorus ratio from 44 
to 14.3. Since the first major elution peak 
had a nitrogen to phosphorus ratio of 13, i t  
is presumed that a considerable amount of 
gamma globulin remained fixed on the col- 
umn. 

The positive pooled fraction was examined 
i n  the Tiselius moving boundary electro- 
phoresis apparatus and with conventional pa- 
per electrophoresis. A single peak with the 
mobility of normal gamma globulin was ob- 
served. When placed in the ultracentrifuge, 
the fraction showed a single peak with a sedi- 
nientation constant of 7 Svedberg units. 

The starting L-E gamma globulin prepara- 
tion regularly showed as many as 7 distinct 
antigenic components when examined by the 
Ochterlony technic : the positive fraction, 
however, failed to demonstrate more than a 
single band. Tn addition, this single band 
showed a reaction of identity with a compon- 
ent of normal gamma globulin. No band 
was observed when the positive fraction 
was set up in the agar diffusion against puri- 
fied DXA over a pH range of 7.4 to 8.2. The 
gel diffusion properties of the “leuco-precipi- 
tines” described by Seligman are similar to 
our findings except we were unable to demon- 
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FIG. 2. 

strate a precipitin reaction between the L-E 
factor and DNA (9).  

The first major peak, shown in the elution 
pattern of L-E gamma globulin in Fig. 1 ,  regu- 
larly showed from 3 to 5 components when ex- 
amined by the Ochterlony technic. On 2 oc- 
casions, fractions in the first peak demon- 
strated a positive L-E agglutination test but 
none of the fractions from this peak produced 
a positive L-E cell preparation. 

Discussion. This study illustrates another 
use of cellulose exchangers in chromatographic 
separation of serum proteins. The product 
showing L-E activity exhibited electrophoretic 
and sedimentation properties similar to 
products prepared by other methods( 10). 
Within the limitations of the technics em- 
ployed, the L-E factor appears to behave as 
a single component. The data do not support 
the position that more than one specific fac- 
tor present in L-E sera is responsilble for he- 
matoxylin body formation. The data do sug- 
gest that the L-E factor is a substance asso- 
ciated with gamma globulin which shares an- 
tigenic groupings with normally occurring 
gamma globulin. This view receives further 
support from the observation in our Iabora- 
tory that rabbit anti-normal human gamma 
globulin serum is capable of removing the L-E 
activity from positive preparations (to be 
published). Tn addition, fluorochrome studies 
(11) indicate that, when the L-E factor and 

nucleoprotein become associated, normal 
gamma globulin is added to the complex. 

The suggestion is often advanced that the 
L-E factor is an “antibody” to a nuclear com- 
ponent but the evidence available does not 
permit this conclusion. The amount of pro- 
tein nitrogen necessary to retain full biologic 
activity of the L-E phenomenon is small. The 
unusual sensitivity of the L-E phenomenon 
to pH, temperature, storage and dilution, and 
the sequence of events as seen under phase 
microscopy ( 12 ) , are not reminiscent of an 
ordinary antigen-antibody reaction. An al- 
ternative suggestion is that L-E activity may 
be conferred on the normally occurring gamma 
globulin by its association with a small but 
highly active abnormal component. 

Partial purification of the L-E 
cell promoting factor from gamma globulin 
has been achieved with the aid of a cationic 
cellulose exchanger. The fraction contain- 
ing L-E activity is eluted at  a pH of approxi- 
mately 7 and a salt concentration of 0.15M. 
In the process of purification, total protein 
nitrogen content was reduced 97% nitrogen 
to phosphorus ratio was reduced from 44 to 
14.3 without notable reduction in biologic ac- 
tivity. This fraction possesses the electro- 
phoretic, sedimentation and immunologic 
properties of a normal gamma globulin. 
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Considerable interest in the physiology of 
the spleen has been shown since Barcroft and 
co-workers ( 1-6) showed its importance as 
a reservoir for red blood cells. This function 
has been confirmed by Haam(7) and Rramer 
(8) .  Iiramer concluded on effect of hypo\ia 
on sjvsteniic hemoglobin content and splren 
weight, that the spleen consists almost en- 
tirely of packed red cells. Keeve(9) postu- 
lated from P3? blood volume determinations 
that the spleen concentrates red blood cells. 
Everell (1 0) calculated splenic heniatocrit in  
rats, after allowing 1 5  minutes for red cell 
mixing with injected labeled red cells. He 
cound the hematocrit to lie 46.9 in fenialc 
rats and 50.7 in the males. These values 
would raise a question when compared to 
Kramer's (8)  conclusion that the spleen con- 
sists almost entirely of packed red cells. How- 
ever, Barcroft ( l ) using CO. had previously 
demonstrated that 30 to 90 minutes elapses 
before the general circulation and general 
mass of hemoglobin in the spleen acquire the 
same CO content. This indicates that per- 
haps Everell did not allow sufficient time for 
red cell mixing to occur. The foIlowing es- 
periments were designed to determine the time 
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necessary for equilibrium to be reached be- 
tween general systemic circulation and splenic 
venous outflow. This enabled calculation of 
niean transit time of plasma and red blood 
cells and provided data from which the splenic 
hematocrit could be determined. 

J/r thods.  Eight healthy mongrel dogs 
weighing 9 to 1 2  kg were anesthetized with 
sodium pentobarbital, 2 5 mg/kg. A generous 
midline abdominal incision was made and the 
spleen exposed. One of the large splenic 
veins was dissected free,, care being taken that 
adequate collateral venous drainage was left 
intact. This vein was incised and a poly- 
ethylene catheter tied into the proximal seg- 
ment. The free end of the catheter contained 
a stopcock. Similar polyethylene catheters 
were inserted into the femoral artery and 
femoral vein. In  6 experiments, aortic pres- 
sure was monitored with a mercury manome- 
ter connected to the femoral arterial catheter. 
Twelve ml of a saline suspension of the dogs' 
red cells previously tagged with approximately 
500 microcuries of CrZ1 and washed free of 
i i n ~ y  estracorpuscular Crs1 activity was mixed 
with 125 microcuries of Ir"l tagged human 
seruni albumin. Tn one experiment, 
gamma globulin was used instead of 
stfruiii albumin. 'This mixture was then in- 
jected Over an 8 to 10 second period into the 
femoral vein. From the start of injection 
until 5 minutes later, femoral arterial blood 
and splenic venous blood was collected con- 
tinuously a t  30 second intervals into paraf- 


