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tion of migration of fibroblasts with 10. 2 5 .  
50, and 100 pg/ml quantities of cortisone 
(free alcohol) and hydrocortisone and con- 
cluded that amount of inhibition was directly 
related to concentration of the steroids. 

The formation of cytoplasmic vacuoles in 
fibroblasts grown together with cortisone or 
hydrocortisone has been oliserved by other 
workers. Paff and Stewart ( 7 ) .  who precipi- 
tated crystals of cortisone ( free alcohol) I)>* 
evaporation on coverslips before addition oi 
nutrients and chick emhrjmic dermal frag- 
ments, reported that the hrst apparent reac- 
tion of the fibroblast to the hormone was for- 
mation of cytoplasmic vacuoles. Steen ( 1 ) .  
using hanging drop cultures containing corti- 
sone acetate: also observed cytoplasmic vac- 
uoles in fibroblastic outgrowth from chick 
embryo heart. The presence of larce fat 
vacuoles in an unusually early stace of growth 
was noted by Grossfeld and Kagan(3) in 
chick embryo cultures mbmitted to the action 
of soluble hydrocortisone. 

The failure of cortisone or hydrocortisone 
to influence the mitotic indes of rat fibro- 
blasts or alter distribution of the 4 phases of 
mitosis accords with the work of Grossfeld 
and Ragan(3), who found no arrest of mi- 
tosis in any particular phase. 

1 )  The effect of cortisone ace- 
tate and hydrocortisone (free alcohol) on 
growth of L strain mouse fibroblasts was 
studied. 2 )  Addition of 10 g / m l  of either 
steroid to the culture fluid, after 11 days of 
incubation, resulted in a decrease in total 
cell count when compared with counts in con- 
trol cultures. Hydrocortisone was the more 

Sumnzary. 

inhibitory agent. 3)  The effect of 3 concen- 
trations of hydrocortisone (10, 20, and 50 
, ~ g  ml) on growth of fibroblasts over a 14-day 
period was established. The most marked 
inhibitory effect was produced during the first 
7 days of culture. Fifty micrograms per ml 
were approximately twice as inhibitory as the 
lesser amounts of hydrocortisone. 4) Devia- 
tions from normal morphology of fibroblasts 
were seen in the steroid-treated cells. The 
cell processes were shortened. cells were 
swollen and flattened and tended to cohere in 
sheets. -A great number of giant cells, often 
mu1 tinuclear or with nuclei irregularly shaped, 
were present. The cytoplasm contained many 
vacuoles. 

The authors are indebted to Dr. C. Andrew L. 
I k s c t t  ior the photomicrographs. 

I .  Stccn. S. I., Bri t .  J .  Ophthal., 1951, v35, 740. 
2 .  Kauiman, S., Mason, E. J.! and Kinney, T. D., 

3 .  Grossicld, H., and Ragan, C., PROC. Soc. Em. 

4. Mancini, K. E., and dc Lustig. S.. Compt.  Rend.  

.;. Holden, If., Seegal. B. C.. and ildams, L.: J .  

0. Baldridxe, G. D., Kligman. .A. M., Lipnik, M. J;, 

7 .  Paff, G. H., and Stewart, R., PROC. Soc. EXP. 

3. Earle, LV. R., J .  f ia t .  Cancer Inst., 1943, v4, 165. 
0 .  Saniord, K., Earle, W. R., and Likely, G. D., 

10. Murray, M. R., de Lam, H., and Chargaff, E., 

. I U I .  J .  I’uth., 19.73, \-29, 769. 

H r o r . .  ASI) MEI)., 1954, vS6: 63. 

.So( - .  df Hiol., 1951, v l l j ,  17-32. 

Exp .  Mcd . ,  1953, v98, 551. 

and Pillsbury, D. M., Arch. Path., 1951, v51, 593. 

13101.. A S D  MMED., 1953, ~ 8 3 ,  591. 

ihid., 1915, v9, 229. 

Enp. Cell Res., I I . ,  1951, v2, 165. 

Received .4pril 15, 1957. P.S.E.B.M., 1957, v95. 

Phagocytosis of Periodate-Treated and Virus-Coated Red Blood Cel ls  
B y  Whi te  Blood Cel ls  in vitro. (23224) 

ZAHARA JERUSHXLJIY, .\SDRE DE \-RIES, ALEXANDER KOHX AND SHAUL KWHWA 
(Introduced by A. L. Olitzki) 

R0g0.f Clinical Research Institute, Beilinson Hospital, Petah Tiqva,  and Israeli Institute for 
Biologicat Research, Ness Zionu, Israel. 

Hemolytic anemia has been reported in 
virus diseases, such as infectious mononucle- 
asis, virus pneumonia, Coxsackie A infection, 

influenza A infection and measles (reviewed 
by Dacie( 1)). Several viruses are known to 
be adsorbed to red blood cells, and cause irre- 
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versible changes in their membrane( 2 j . It 
has been shown that treatment of red cells 
with virus may render them antigenic and ag- 
glutinable by normal and immune serum(3: 
4).  Recently it was reported by Stewart, 
Petenyi and Rose (4) that canine erythrocytes 
treated with influenza virus had a shortened 
lifespan when infused into normal dogs. In  
some viral diseases, infectious mononucleosis? 
virus pneumonia and encephalitis due to PO- 
liomyelitis virus ( 5 , 6 )  leucocytes containing 
red cells have been found in the peripheral 
blood. Mabry and co-workers ( 7.8) demon- 
strated that treatment of human and rabbit 
erythrocytes with influenza or Sewcastle 
disease virus increased their susceptibility to 
phagocytosis by rabbit spleen macrophages in 
tissue culture in the presence of serum opsonic 
factors. 

The present study reports effect of indu- 
enza-virus treatment of human red cells on 
their subsequent susceptibility to phagocyto- 
sis by human white blood cells in vitro. 

Methods. Leucocyte suspension. 5 ml sam- 
ples of heparinized venous human blood were 
incubated at  37°C for 45 minutes in test 
tubes (100 X 13 mm) slanted a t  45": allow- 
ing the red cells to sediment. The superna- 
tants were pooled and transferred into a sili- 
conized (Dow Corning D.C. 200) test tube 
and centrifuged (1500 rpm for 30 seconds). 
The leucocyte sediment was washed twice 
with a 10-fold volume of phosphate-buffered 
saline (pH 7.2)  and resuspended in the buf- 
fered saline to a concentration of about 1.5 X 
lo7 leucocytes per ml. The leucocyte suspen- 
sions were kept at room temperature and used 
within 3 hours of drawing of the blood. Red 
cell suspension. The sedimented red cells were 
washed twice with buffered saline and a 2% 
suspension prepared. Treatment of red cells 
with periodate. To 1 ml of a 270 red cell 
suspension was added 1 ml of a 0.01 M so- 
dium periodate solution in buffered saline. 
The mixture was kept at 4°C for 20 minutes 
and then 0.05 ml of 10% glucose was added 
to arrest the action of periodate. After 3 
minutes a t  room temperature the cell suspen- 
sion was centrifuged, the sediment washed 
with 2 ml buffered saline and resuspended in 
1 ml of this medium. Serum deficient in 

periodate-agglutinin . Periodate- trea ted human 
red cells are agglutinated by compatible hu- 
man serum (9,lO). The periodate agglutinin 
responsible for this phenomenon was removed 
from the serum by repeated adsorption at 4' 
C for 15 minutes with periodate-treated red 
cells a t  a final concentration of 2% (gener- 
ally 8 to 9 adsorptions were required). De- 
struction of virus receptors on red cells by  
receptor destroying enzyme (R.D.E.) . Red 
cells were treated with R.D.E. according to 
Burnet and Stone( 11). Virus. FMl strain of 
influenza virus in form of infected allantoic 
fluid (50th-80th chicken embryo passage) or 
red cell eluate in buffered saline was used. 
The virus was concentrated and purified ac- 
cording to the method of Francis and Salk 
( 1 2 ) .  The hemagglutinin titers of the sus- 
pensions were determined in serial dilution of 
1.5-fold steps with a 1% human 0-red cell 
suspension, The virus suspensions were stored 
at  4'C as long as the titer did not change 
(not more than 5 days). Adsorption, elution 
and inactivation of the virus. For adsorption 
of the virus on the red cells, to be used in the 
phagocytosis experiments, a 2 % suspension 
of red cells was incubated in the virus sus- 
pension for 20 minutes a t  4°C. When de- 
sired, the virus suspension was eluted from 
the red cells as follows: the cells with the 
adsorbed virus were centrifuged in the cold, 
the supernatant was replaced with fresh phos- 
phate buffered saline and the suspension in- 
cubated for one hour a t  37°C. Subsequently 
the cells were thrown down, the supernatant 
was discarded and the cells resuspended for 
phagocytosis. The supernatants were titrated 
for presence of hemagglutinins, to insure that 
adsorption and elution were successful. In- 
activation of the virus by heat was done by 
incubating the virus suspension for 30 min- 
utes a t  56°C. Erythrophagocytosis experi- 
ment. One drop of the red cell suspension 
was mixed with one drop of the leucocyte 
suspension and one drop of serum on a watch 
glass. The mixture was incubated in a moist 
chamber a t  37°C. Smears were prepared 
from the sedimented cells and stained with 
Giemsa. The results were expressed as ery- 
throphagocytic index, i.e. the percentage of 
granulocytes plus monocytes with at least one 
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red cell engulfed. A total of 500 granulo- 
cytes plus monocytes was esamined in fields 
where clumping of white cells and of red cells 
was minimal. 

Kcsults.  Er?lthrophaSoc?ltosis of i l iws-  
trcutcd red cclls. Sormal red cells or red 
cells onto which virus had been adsorbed. 
were not phagocytized by leucocytes in the 
presence of compatible (in regard to -1. B 
agglutinin) serum, when incubated a t  3 7 ’ C 
for periods up to one hour. Similarly red 
cells from which the virus had been eluted or 
red cells treated with receptor destroying en- 
zyme, were not phagocytized. Tn order to 
prevent elution of the virus from the red cells. 
during the phagocytosis esperinient. three dii- 
ierent methods were used. a ) Ilcc-rcciscd tciii- 
pcruturc. So phagocxto4s of virus-coated 
red cells occurred on incul)ation of the erj-- 
throphagocytic sj-stem at 2 1  C’ for 20 min- 
utes; a t  this temperature and time the elution 
of virus was negligible. -At 2 1  c‘ leucocj-tes 
phagocytized red cells in the Ilresence of in -  
compatible serum ( erj-throphagocytic inde\c 
1 2 %  ) .  b )  ~~~~trt- ir i trct i~~cxt iol? o,i cvirus. Red 
cells coated with heat-inactivated virus were 
not phagocj.tizecl. c )  l~rc~ti’c~citrrrc,rit o j  tlzc r ~ d  
(-(?Is z i t h  pt.riotltitc1 (Talde I ) . Red cells 
treated with periotla te were readily inye5t t d  

in the presence of cornpatitile whole serum : 
i n  some esperimcnts the er!-throphacoc!-tic 
index reached 4Oy .  I t  \vits iouncl that ior 
the phagocytosis of periodate-treated red cells. 
the presence of serum was essential. The 
periodate-treated red cells in the erythrophag- 
ocytic system showed marked agglutination. 
Further it was found that serum made deti- 
cient in periodate agglutinin had lost its 01)- 
sonic property for periodate-treated red cells. 
When serial dilutions of whole serum were 
made with either saline or serum deficient in 
periodate agglutinin, the agglutinating and 
opsonic activities disappeared at  about the 
same dilution. 

.4dsorption of virus on periodate-treated 
red cells did not increase the erythrophago- 
cytic index in the presence of whole serum, 
over that of red cells treated with periodate 
only; actually a decrease of the erythro- 
phagocytic index was observed, probably due 
to massive clumping of the periodate-treated, 

virus-coated red cells, occurring in the pres- 
ence of periodate agglutinin. However, in the 
absence of periodate agglutinin, coating with 
virus of the periodate-treated red cells in- 
duced marked erythrophagocytosis, while 
without virus periodate-treated red cells were 
ingested to a small extent only or not a t  all. 

Disappearance of the  virus in the erythro- 
phugoc?ltic s!stem. Khen red cells (not 
treated with periodate) onto which virus was 
adsorbed. were incubated with leucocytes and 
serum for periods up to one hour at 37”C, no 
yirus could be detected in the supernatant of 
such a mixture, although during this period 
elution of the virus from red cells proceeded. 
The disappearance of the eluted virus could 
I)e due to its adsorption on the leucocytes or 
to 1)hagocytosis. The experiments of Boand, 
Kenipf and Hanson( 13) point to the second 
jwssibili ty . 

I)iscussion. The observations show that 
neither the presence of inlfluenza virus nor 
clestruction of viral receptors on the red cell 
1V:is suficient to induce erythrophagocytosis 
hj- white blood cells in zlitro. However when 
:rclsorbecl onto periodate-treated red cells, the 
I-it-us had a marked erythrophagocytosis pro- 
tiioting effect. manifest in the absence of 
Iwriodate agglutinin. Tn view of the experi- 
nients of Selson( 14) on phagocytosis of bac- 
teria adsorbed onto red cells, it seems quite 
ieasilde that in the erythrophagocytic system, 
containing reversibly adsorbed or heat-inacti- 
vated virus, the virus was phagocytized off 
the red cells. Nelson ( 1 5 )  had indeed sug- 
gested that virus adsorbed on red cells would 
lie more readily phagocytized than virus free 
in suspension. I t  is possible that in the case 
of periodate-treated, virus-coated red cells, to 
which the virus is more firmly attached, the 
leucocytes try to engulf the virus, but cannot 
detach it from the red cells and ingest them 
both together. Final proof for such a mech- 
anism may be possibly furnished by electron 
microscopy. -4nother explanation may be that 
the periodate-treatment and the adsorption of 
virus damage the red cells to an extent that 
the phagocytes ingest them as foreign bodies. 

The role of specific antibodies in the phago- 
cytosis of virus-coated red cells has not been 
satisfactorily elucidated. In all sera tested 
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TABLE I. Phagocytosis of Periodate-Treated, Virus-Coated Red Cells by White Blood Cells 
I n  Vitro.  

Supplemental treatnient Erythrophagocytic index, 70 
of periodated red cells Conipatible serum Exp. 1 Exp.2 Exp.3 

None Whole 
Virus adsorbed a t  4°C 1 9  

26 39 38 
19 30 20 

Kone Periodate-agglutinin deficient 0 3 4 
Virus adsorbed a t  4°C Idem 11 20 21 

by us a certain amount of influenza antibod- 
ies (hemagglutination-inhibition) was present. 
When such antibodies were removed by ad- 
sorption with virus-coated red cells the phago- 
cytosis decreased. It was however subse- 
quently found that the antibody adsorption 
resulted in removal of complement, too. The 
relative role of specific antibodies and of com- 
plement in promoting erythrophagocytosis is 
still under investigation. 

The results obtained here with white blood 
cells differ from those obtained by Mabry 
and co-workers( 7,8) with rabbit tissue macro- 
phages in tissue culture, as macrophages read- 
ily ingested red cells to which influenza virus 
was reversibly attached. Whether this dif- 
ference is due to the type of phagocyte or to 
the medium is not known. Nor is it known 
whether in the human body irreversible ad- 
sorption of virus to the red cell is required 
for the erythrophagocytosis observed in the 
peripheral blood in various diseases. 

Summary. The presence of influenza virus 
or destruction of viral receptors on human 
red blood cells did not induce erythrophago- 
cytosis by human white blood cells in presence 
of compatible serum in vitro. Influenza virus 
adsorbed onto periodate-treated red cells in- 
duced marked erythrophagocytosis in the 
presence of periodate-agglutinin deficient se- 
rum, while periodate-treated red cells without 

adsorbed virus were not phagocytized. 

The authors expres their sincere thanks to Mrs. 
C Aschheim for technical help. 
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