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density was observed in these embryonal tis- 
sues at 7 2  hours of incubation. Endoderm 
was also refractory to  this hormone. 
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A Transmissible Spleen Weight Increase Factor  (SWIF) of Mice.” (27173) 
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(Introduced by t‘. S. Stulberg) 

Detroit Instit ttte of Cancer Research and Depart w e n t  of Microbiology, College of Medicine, 
Wayne State L’ni2vrsity, Detroit, Mich. 

During investigation of the cell-free trans- 
mission of a reticulum cell sarcoma in BALB/ 
c mice( 1 ) ,  an agent was encountered in cer- 
tain spleen extracts whose main obvious effect 
was to cause a marked increase in size and 
weight of spleens of mice within a week. The 
mice otherwise appeared normal and contin- 
ued in apparent good health indefinitely. 
This communication concerns some of the 
properties of the spleen weight increase factor 
(SWIF), now in its seventh passage. respon- 
sible for this activity. 

Materials and methods. Cell-free extracts 
of the spleens of a transplantable reticulujm 
cell sarcoma of BALB/c mice were the origi- 
nal source of the SWIF. Extracts were pre- 
pared by homogenizing tissue for 15 minutes 
a t  the highest speed of the‘ Virtis “23” 
(23,000 rpm) apparatus surrounded by ice. 
The homogenate was centrifuged at  800 k’ 
g for 10 minutes, the supernatant removed by 
a bulb pipette and stored in a dry ice chest 
until use. Before inoculation it was frozen 
and thawed twice more, using dry ice and 
acetone. BALB/c, as well as a variety of 
other inbred lines, served as hosts for passage 
and to test for spleen weight increase activity. 

*Aided by grants from Am. Cancer SOC., the 
United Foundation of Greater Detroit, administered 
through Mich. Cancer Foundation. 

Mice of various ages and of both sexes, but 
primarily males (unless otherwise noted), 
were used. Within any experiment, however, 
strain, age, and sex were constant. 

Generally, the average of 6 mice deter- 
mined a single experimental point. The in- 
oculum consisted of 0.1 ml of a 10% cell-free 
homogenate in phosphate buffered saline in- 
troduced intraperitoneally. The mice were 
sacrificed at  7 days by chloroform. The 
spleens were excised and weighed on a Roller- 
Smith balance, and average weight and stand- 
ard error determined. 

A study of the time course of 
spleen weight increase in mice inoculated 
with the SWIF indicated that a maximum ef- 
fect occurred at  7 days, and that the abnor- 
mality persisted at  least 56 days, beyond 
which observations were not made. 

Table I contains data showing the magni- 
tude of the spleen weight increase. Lymph 
nodes were also increased in weight, though 
not to the same extent as the spleen. Other 
organs, such as the thymus, liver, lungs, and 
kidneys were not significantly affected. As 
shown in Experiment 2, Table I, the relative 
increase was the same whether the tissue was 
weighed wet or dry, suggesting that the in- 
crease in weight was due to an increase of 
cells rather than fluid. Indeed, in a prelimi- 
nary experiment, a count of cells from sec- 

Results. 
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TABLE I. Effect of SWIF on Weight of Spleen and Lymph Nodes. 

Exp. No. Organ wt (mg) increase wt (mg) increase 
Final wet Fold Final dry* Fold 

- - 1 (C57BR) t Spleen 379 *34 4.9 - - Ing. lymph nodes 13.7 A .3 2.6 
2 (BALB/c) 2 Spleen 397 2 10 3.1. 87 * 1.0 3.1 

LymphnodesQ 33 2 2.9 2.2 6.5 & .2 2.1 

* Obtained by dehydration at 110°C for 24 hr. 
t 2 mo old. 
$ 3-4 mo old. 
Q Combined brachial and inguinal lymph nodes. 

tions of normal and pathological spleens 
taken at  similar levels indicated that there 
were very nearly the same number of cells 
per unit area of spleen in both cases. Since, 
however, the area of the pathological section 
was about 3 times that of the normal spleen, 
it follows that there were about 3 times as 
many cells in the enlarged spleens. 

All 
strains tested ( Af, BALBJc, BALBf/c, 
BALB, MAf, BD, and C57BR, 3-6 months 
old) responded with an average 2.8-fold in- 
crease in spleen weight, varying from 2.3 for 
strain A4f to 3.8 for strain C57BR. This vari- 
ation was directly related to the initial spleen 
weight, which was a characteristic of the 
strain. 

Whole blood and seruni were as potent in 
activity as a 10% spleen homogenate. Activ- 
ity was destroyed in 10 minutes at 65°C. 
Homogenates of spleens of normal mice of 
various strains (BALB/c, MAf, and C57BR) 
induced no significant increase in spleen 
weight. 

Preliminary attempts a t  fractionation of 
the SWIF indicated (Table 11) that the ac- 
tivity resisted sedimentation at  50,000 X g 
for 1 hour and was not completely sedimented 
even after 2 hours at  100,OOO ><: g .  

Certain properties of a transmissible agent 
associated with a variety of experimental neo- 
plams(2),  the main effect of which was to 
increase plasma lactic dehydrogenase activ- 
ity (LDH), suggested that this agent and the 
SWIF might be the same. These properties 
were (a) the presence of both agents in mice 
with transplantable tumors; (b) their resis- 
tance to sedimentation at 100,OW >(: g; (c) 
prolonged survival of the appropriate lesion 
in infected mice; and (d) the ability of both 

The SWIF was not strain specific. 

to cause spleen enlargement (3) .  
The results in Table I11 demonstrate, how- 

ever, that the 2 agents were not identical. It 
is evident that extracts containing the SWIF 
also contained the LDH agent; but, whereas 
spleen weight increase was entirely sup- 
pressed by treatment of the mice with terra- 
mycin, plasma LDH was not significantly 
affected. By a course of such treatment, the 
SWIF was eliminated from the spleens of 
mice with the transplantable reticulum cell 
sarcoma from which it was originally derived. 
I t  was of incidental interest that terramycin 
reduced normal plasma LDH activity, sug- 
gesting that this may, in part, be due to the 
bacterial flora of the mice. 

An ultra-fine sintered glass (pore size 0.9- 
1.4 p )  filtrate of a SWIF homogenate was 

TABLE 11. Ultracentrifugation of SWIF. 

Exp. Preparation Spleen wt (mg) 

1 None 
(BALB/c) * Crude homogenate 

50,000 X g (1  hr) 
supernatant t 

50,000 X g ( 1  hr) 
sediment 3 

2 None 
(BD) Crude homogenate 

50,000 X g (1  hr) 
supernatant t 

100,000 X g (2  hr) 
supernatant t 

100,000 X g (2 hr) 
sediment$ 

94 * 4 
270 & 2 6  
242 4 16 

272 2 2 1  

89 -c- 16 
286 2 12 
211 *43  

145 2 15 

247 2 8 

* Weanlings. 
t A 10% horhogenatc was first centrifuged at 

2,300 X g for 10 min. The supernatant was then 
used for ultracentrifugation. 

3 Sediment$ were washed with one original vol- 
ume of phosphate buffered saline, reeentrifuged, 
and resuspended in the same volume of fresh bu€- 
fer. 
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found to be devoid of activity. Conventional 
microorganisms. however. could not be iden- 
tified in stained smears of the spleen. nor 
could any organisms be cultured on various 
media with or without blood. A more careful 
examination was then made of the filterability 
of the S\YIF. A 10% homogenate was suc- 
cessively passed through a series of Millipore 
fi1ters.t The results shown in Table I\‘ again 
demonstrate that the SIYTF and LDH factors 
were not identical, for while the S\\’TF was 
virtually completely retained by the 100 nip 
filter, the LDH factor passed through this 
as well as a 50 mp filter. 

Further support for the lack of identity o f  
the 2 transmissible agents was the observa- 
tion that several tumors. a mammary cancer 
in Marsh mice. and a methylcholanthrene in- 
duced fibrosarcoma in BD mice contained the 
LDH factor but not the spleen weight factor. 

Preliminary fractionation of the S\YIE’ was 
also attempted by chromatography on 
ECTKOLA(4). The results are given in  
Table L‘. They indicate 2 peaks of activity. 
eluted by 0.2 ,\I and 0.5 11 SaC’l. respec- 
tively, suggesting that the S\YIF may con- 
sist oif 2 entities. 

Discussion. The spleen weight increase 
factor is a transmissible, particulate entity. 
During the early course of this investigation 
Dr. John B. Nelson of the Rockefeller Tnsti- 
tute suggested (personal communication ) 
that the factor might he Kperythrozoon cot- 
coides. This is a term designating structures 

t Millipore Filter Corp., Bedford, Mass. 

of variable morphology and near submicro- 
scopic size first observed by Schilling(5) in 
stained smears af the peripheral blood of cer- 
tain mice, particularly after splenectomy. H e  
considered them to be parasites related to 
Hartonella. Marmorston later (6)  suggested 
that a regularly observed difference in spleen 
weight between normal mice of 2 strains un- 
der study by him was related to latent infec- 
tion of one of them with E. coccoides. Gled- 
hill ct u L ( 7 )  implicated E .  coccoides as an 
ancillary component in viral hepatitis of mice 
atid also noted, though without supporting 
data. that E .  rorcoides alone produced a per- 
manent enlargement of the spleen. 

The facts we have presented are not incon- 
sistent with an etiological role for E .  coc- 
t-oidcs in spleen weight increase. For exam- 
ple. we have shown that a tetracycline inhib- 
ited this activity: it also inhibited E .  coc- 
(*aides (8) .  The size of the spleen weight in- 
crease factors as indicated by filtration 
(<300>100 mp) is likewise not inconsistent 
with observations on the filtration orf E .  cuc- 
ioidrs through collodion membranes (9), 
which suggested a structure of less than 360 
mp. Furthermore, we have observed the 
morphological structures of E .  coccoides in 
the peripheral blood of BALB/’c mice with 
transplanted reticulum cell sarcoma, the 
spleens of which contained the SWIF. On 
the other hand, we have not seen these ele- 
ments in similar mice with a transplanted 

Spleen LDH t 
I noc*nluin wt (mg) (units/ml serum) 

* Determined in Bagg 9 ,  3 mo old. 
t See footnote $, Table 111. 

H o i i i o g c ~ i a  tc was successively passed through ;L 
Jl i l l i iwrv Iwfiltchr, and through filters having avg 
1 ) o i . t ’  i l i; i i i iotc.rr; of 1200, 800, G50, 450, 300, 100 and 

1.1) t o  : i i i ( I  j i ic . l i i ( l i i ig  tlic 3 0 0  nifi filtratc, 
i,cwilts \vcI’(’ siiiii1;ir to t h a t  o1,t;iinccl with until- 
t c b i * c t l  Iiomogena tc. 

$ This value is of borderline significance relative 
to control values of ‘108 (p = .02-.05). 

iiip. 
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TABLE V. ECTEOLA Chromatography” of SWIF. 

SWI, t 
_I____ 

P rrpara tioii Tube Solve11 t O.D. 260 incl Spleen wt (mg} O.D. 260 mp 

N 011 c -- - 142 + I 0  - 
50,000 X g supernataiit - 0.02 N plios., pH 7 22.8 378 13 10.0 
Eluatc 1 2 Idem 5.8 185 I+ 12 7.4 

” 2 12 ” + .I M NaCl .33 170 ? 15 85.0 
” 3 26 ” + .2 &I ” .19 196 * 6 284.0 
” 4 37 ” + .3 M ” .GO 175 _+ 9 5,i.O 

48 ” + .4 31 ” 1. L 165 & 5 21.0 ” 5 
” 6 60 ” + .5 BL ” .26 354 I+ 37 501 .o 
* A 1.5 cm coluinii was packed with 2 g ECTEOLA (column vol 8 ml) prepared according to  

Z’chterson and  Sober (J. Am. Cliem. Soc., 1956, v75, 751) and charged with 2 ml of a 50,000 X Q (t h r )  supernatant of a 10% spleen homogenate. Fractions of 2 in1 were collected iiiider 1 psi 
of iiitrogen af te r  addition of 35 nil portions of the various solvents. Absorption at 260 mp of 
c:wh fraction was determined, and the  tube of peak absorption from each solvent inoculated 
into mice. Solvents were 0.02 M phosphate p H  7, followed successively by 0.1, 0.2, 0.3, 0.4 a id  
0.5 M NaCl in  0.02 M phosphate. BALB/c mice were used as test animals. 

t Spleen wt increase (Le., observed wt minus 142) divided by respectivc optical density. 

lymphosarcoma, although their spleens were 
also heavily involved with a neoplastic proc- 
ess and likewise contained the SWIF; nor 
have we observed these elements in otherwise 
healthy adult mice infected with the SWIF 
whose blood and serum were infectious. 
Granted, nevertheless, that there is an asso- 
ciation between E. coccoides and spleen 
weight increase, this is only suggestive of, 
but does not establish, an etiological role. 
Neoplastic spleen extracts which contained 
the SWIF have also, in our experience, con- 
tained other infectious agents, such as the 
tumor agent itself ( l ) ,  the LDH factor and, 
a t  times, the viruses of pneumonitis and he- 
patitis. There obviously could be Gthers as 
yet unrecognized. The nature of the SWIF 
remains, therefore, to be elucidated as, in- 
deed, does E .  coccoides itself. This entity 
has, to our knowledge, neither been isolated, 
cultivated, purified, nor related with assur- 
ance to any well defined family of microor- 
ganisms. 

Summury. Some properties of  an uniden- 
tified infectious agent found in the organs of 

BALB/c mice with a transplanted reticulum 
cell sarcoma are described. The most strik- 
ing effect of the agent was to cause a 2-4- 
fold increase in spleen weight of all mouse 
strains tested within a week. The agent is 
not the LDH factor. Its relation to Epery- 
throzoon coccoides is discussed. 
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