
THE ROLE OF THE ERYTHROCYTE IN THE TRANSMISSION
AND PATHOGENESIS OF MURINE LEUKEMIAS

Item Type text; Dissertation-Reproduction (electronic)

Authors Reilly, Christopher Aloysius, 1942-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:59:45

Link to Item http://hdl.handle.net/10150/287512

http://hdl.handle.net/10150/287512


This dissertation has been 
microfilmed exactly as received 69-5700 

REILLY, Jr. Christopher Aloysius, 1942-
THE ROLE OF THE ERYTHROCYTE IN THE 
TRANSMISSION AND PATHOGENESIS OF 
MURINE LEUKEMIAS. 

University of Arizona, PhJ}., 1968 
Biology-Genetics 

University Microfilms, Inc., Ann Arbor, Michigan 



THE ROLE OF THE ERYTHROCYTE IN THE TRANSMISSION 

AND PATHOGENESIS OF MURINE LEUKEMIAS 

by ^ 
Christopher A. Reilly, Jr. 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF MICROBIOLOGY AND MEDICAL TECHNOLOGY 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9  6 8  



THE UNIVERSITY OF ARIZONA 

GRADUATE COLLEGE 

I hereby recommend that this dissertation prepared under my 

direction by Ohrlatriphgr At Bwllly .Tr». 

entitled . The Rnle nf thn Erythrocyte in t.hft Transmission 

and Pathogenesla  nf  Murine Lftukfi inlas .  

be accepted as fulfilling the dissertation requirement of the 

degree of , Doctor of Philosophy 

Dissertation Director 

/, ////• 
Date 

After inspection of the final copy of the dissertation, the 

following members of the Final Examination Committee concur in 

its approval and recommend its acceptance:" 

W*" /* * 

^ 1162 

W,/ 
r (s'V 

«V 
This approval and acceptance is contingent on the candidate's 

adequate performance and defense of this dissertation at the 

final oral examination. The inclusion of this sheet bound into 
the library copy of the dissertation is evidence of satisfactory 
performance at the final examination. 



STATEMENT BY AUTHOR 

This dissertation has been submitted in partial fulfillment of 
requirements for an advanced degree at The University of Arizona and 
is deposited in the University Library to be made available to bor
rowers under rules of the Library. 

Brief quotations from this dissertation are allowable without 
special permission, provided that accurate acknowledgment of source 
is made. Requests for permission for extended quotation from or re
production of this manuscript in whole or in part may be granted by 
the head of the major department or the Dean of the Graduate College 
when in his judgment the proposed use of the material is in the in
terests of scholarship. In all other instances, however, permission 
must be obtained from the author. 

SIGNED: 



ACKNOWLEDGMENTS 

The author wishes to thank all of those people who helped him. in 

the completion of this work. 

Special gratitude is given to Dr. Kenneth F. Wertman, the late 

head of the Department of Microbiology, for his assistance in pursuing 

an advanced degree. 

To Dr. Wayburn S. Jeter, head of the Department of Micror 

biology, who helped support this study, and Dr. Gerd T. Schloss, 

Dissertation Director, who provided the necessary direction, he is most 

thankful. 

A debt of gratitude is owed to his parents for creating a home 

environment where education was revered. 

Finally, a heartfelt thanks is given to his wife, Georgia, for her 

constant encouragement and assistance. 

iii 



TABLE OF CONTENTS 

Page 

LIST OF TABLES v 

LIST OF ILLUSTRATIONS vii 

ABSTRACT viii 

1. INTRODUCTION 1 

Virus Transmission 2 
The Influence of Friend and Rauscher Virus 

on Erythropoiesis 4 
Purpose 7 

2. MATERIALS AND METHODS 8 

Animals 8 
The Viruses 8 
Virus Titer 9 
Erythrocyte Preparation 10 
Osmotic Fragility 11 
Immunization 12 
Experimental Design 14 

Infectivity of Erythrocytes 15 
Alterations of Erythrocytes 16 
Virus-Erythrocyte Association 17 

37 RESULTS 19 

Infectivity 19 
Alterations of Erythrocytes 28 
Virus-Erythrocyte Association 36 

4. DISCUSSION 40 

5. SUMMARY 45 

LITERATURE CITED 46 

iv 



LIST OF TABLES 

Table Page 

1. Spleen and liver weights at death of BALB/c mice 
receiving various blood fractions from Friend virus-
infected mice 21 

2. Spleen and liver weights at death of BALB/c mice 
receiving various blood fractions from Friend virus-
infected mice 24 

3. Spleen and liver weights at death of BALB/c mice 
receiving various blood fractions from Rauscher 
virus-infected mice 27 

4. Virus titers Plasma anc^ washed 
erythrocytes from Friend virus-infected mice 27 

5. Virus titers (log10 
ID5(/m1^ °f Plasma and washed 

erythrocytes from Rauscher virus-infected mice 29 

6. Osmotic fragility of normal and Friend virus-infected 
erythrocytes expressed as per cent hemolysis at the 
given salt concentration 30 

7. Osmotic fragility of normal and Rauscher virus-
infected erythrocytes expressed as per cent hemolysis 
at the given salt concentration 31 

8. Hemagglutination titers to normal and Friend virus-
infected erythrocytes with rabbit sera against Friend 
virus-infected erythrocytes before and after adsorption . . 32 

9. Hemolysin titers to normal and Friend virus-infected 
erythrocytes with rabbit sera against Friend virus-
infected erythrocytes after adsorption 34 

v 



vi 

LIST OF TABLES- - Continued " 

Table Page 

10. Hemagglutination and hemolysin titers to normal and 
Friend virus-infected erythrocytes with rabbit sera 
against Friend virus-infected erythrocytes drawn 8 
days after the start of immunization 34 

11. Precipitin titers to normal and Friend virus-infected 
plasma with rabbit sera against Friend virus-infected 
erythrocytes 35 

12. Hemagglutination and hemolysin titers to normal and 
Rauscher virus-infected erythrocytes with rabbit sera 
against Rauscher virus-infected erythrocytes after 
adsorption 35 

13. Hemagglutination and hemolysin titers to normal and 
Rauscher virus-infected erythrocytes with rabbit 
sera against Rauscher virus-infected erythrocytes 
drawn 8 days after the start of immunization 37 

14. Precipitin titers to normal and Rauscher virus-
infected plasma with rabbit sera against Rauscher 
virus-infected erythrocytes 37 

15. Virus titers ID5o /mD normal erythrocytes 
and Friend virus-infected plasma incubated at 37 C 
for 1 and 4 hours 38 

16. Virus titers (log.Q ID^/ml) of Friend virus-infected 
erythrocytes anatneir buffered saline suspending 
medium after 1 hour of incubation at various 
temperatures 39 

17. Virus titers (logQ IDj._/ml) of Friend virus-infected 
erythrocytes anci their Sorenson buffer suspending 
medium after 1 hour of incubation 39 



LIST OF ILLUSTRATIONS 

Figure Page 

1. Mortality, curves for plasma and various erythrocyte 
fractions from Friend virus-infected mice 20 

2. Mortality curves.for plasma and various erythrocyte 
fractions from Friend.virus-infected mice 23 

3. Mortality curves for plasma and various erythrocyte 
fractions from Rauscher virus-infected mice 25 

vii 



ABSTRACT 

The finding of viral receptors for Friend virus on erythrocytes 

from various animal species suggested a possible role of the 

erythrocyte in the transmission of Friend virus leukemia. Experiments 

were conducted to determine the infectivity of erythrocytes from mice 

infected with Friend and Rauscher virus. Whole erythrocytes, sonicated 

erythrocytes, sonicated erythrocyte stroma, distilled water-lysed 

erythrocytes, and distilled water-lysed erythrocyte stroma were found 

to cause Friend and Rauscher leukemia in animals inoculated with these 

materials. The appearance and amount of virus in the plasma and 

erythrocytes were determined by titrations performed at 1, 2, 4, 7, and 

14 days after virus inoculation. 

The possibility that the infectivity of the erythrocytes could be 

accounted for by an increase in erythroblasts from neoplastic foci in the 

spleen led to studies on whether these erythroblasts were neoplastic or 

hyperplastic in nature. Peripheral erythrocytes from Friend virus-

infected mice were found to have increased osmotic fragility and to 

produce infection-specific hemolysins. Surface-bound virus was de

tected on Friend virus-infected erythrocytes by hemagglutination in the 

presence of erythrocyte-adsorbed sera against Friend virus-infected 

erythrocytes. The changes in Friend virus-infected erythrocytes could 
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not be duplicated with Rauscher virus-infected erythrocytes. This was 

attributed to the delayed response of BALB/c mice to Rauscher virus. 

The erythroblastosis could be a neoplastic response to the oncogenic 

virus which causes transformation of an undifferentiated stem cell which 

may mature into reticulum cells or erythroblasts. 



CHAPTER 1 
» I 

INTRODUCTION 

Since the definite establishment of a viral etiology of sponta

neously occurring leukemia in AK mice by Gross (1), much research 

has been done in this area. Many viruses producing other, but not spon

taneously occurring, murine leukemias have subsequently been isolated 

and studied in the hope that characterization of murine leukemia may 

have some direct applications to human leukemia. 

The Friend virus (2) and the Rauscher virus (3) are classified 

as one group of murine leukemia viruses due to similarity in their 

pathological responses. Following infection with either of these viruses, 

a leukemia develops which manifests itself grossly as hepatosplenomegaly 

without involvement of thymus and lymph nodes and histologically as 

proliferation of malignant reticulum cells with erythroblastosis and 

accompanying anemia. 

The transmission of the Friend and Rauscher viruses has been 

attempted in many different ways (4). Rapp, Steinglass, and Friend (5) 

reported that Friend virus will hemagglutinate various species of 

erythrocytes if the Sorenson buffer pH 5. 5-5. 6 is used. Hemadsorption 

of mouse, chicken, and guinea pig erythrocytes by Friend virus-infected 

1 
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mouse embryo tissue culture cells was demonstrated by Osato, Mirand, 

and Grace (6). The existence, then, of viral receptors on erythrocytes 

focused attention on the possible role of the erythrocyte in the trans

mission of the disease. 

The character of the erythroblastosis has yet to be established. 

This increase in immature erythrocytes could be neoplastic or could 

merely be a normal hyperplastic response of the hemopoietic system 

to the anemia produced by the virus. 

Virus Transmission 

Natural transmission of oncogenic viruses may occur vertically 

or horizontally. Vertical transmission is passage of the virus from 

mother to offspring in utero or by suckling. Horizontal transmission 

is the postnatal transmission of a virus from animal to animal by 

contact either directly, through fomites, or through an intermediate 

vector. Limited studies have been performed on the natural transmis

sion of Friend and Rauscher viruses, the majority of work directed 

toward laboratory transmission. 

Virus transmission in this group has generally been carried out 

by cell-free extracts of infected spleens. More recently, however, 

serum with Rauscher virus (7) and whole blood with Friend virus (8) 

have been used. Plasma has been used as a source of virus for many 

studies. Fink and Malmgren (9) used plasma as the source of virus 
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antigen.in the preparation of Rauscher virus antiserum. Plasma virus 

was also used in electron microscopic studies of Friend virus mor

phology (10) and in Rauscher virus nucleic acid extractions (11). 

Mir and, Buffett, and Grace (12) used organ filtrates and various 

body fluids as sources of Friend virus. Spleen and liver filtrates were 

found to be agents of transmission. Whole blood was also found to be 

highly infectious but brain filtrates only slightly so. Horizontally (i.e., 

by intraperitoneal injection), milk was 40% infectious, but vertically 

(i.e., by suckling), only 17%. Saliva, semen, urine, and.filtrates of 

feces did not transmit the disease. Horizontal transmission by virus-

carrying water, food, and air was unsuccessful. Ingestion of infected 

- - tissues also proved to be negative. Chamorro, et al. (13), showed 

that normal animals housed with, infected animals failed to contract the 

disease. Rauscher virus has been shown to be transmitted by an insect 

vector in the laboratory. Bobo, et al. (14), demonstrated leukemogenie 

activity in blood-sucking Hemiptera (Triatoma infestans) 48 hours after 

they fed on Rauscher virus-infected mice. 

Although transmission by whole blood is well established, the 

role of the erythrocyte in the infectivity of whole blood has not been 

investigated. 



4 

The Influence of Friend and Rauscher Virus on Erythropoiesis 

Friend (2) reported the induction of a murine leukemia with a 

cell-free preparation of ascites fluid from a Swiss mouse bearing an 

Ehrlich ascites carcinoma. She described a disease characterized by-

splenomegaly and hepatomegaly with anemia, leukocytosis, and an 

intense erythroblastic reaction. Metcalf, Furth, and Buffett (15) observed 

that the earliest histological changes in Friend virus leukemia could be 

found under the capsule of the spleen and consisted of foci of reticulum 

cell proliferation surrounded by an accumulation of erythroblasts of 

varying maturity. Later, a typical reticulum cell leukemia with accom

panying anemia developed. 

In contrast to these findings, Mirand and Grace (16) reported 

polycythemia resulting from Friend virus infection. There was an 

59 
initial increase in Fe uptake by the spleen, indicating to them a direct 

effect of the virus on the erythroid elements of the spleen. With the 

exception of this polycythemia, the response of the animals to the virus 

was the same as reported by Friend (2) and Metcalf, Furth, and Buffett 

(15). This virus was later considered a variant of the Friend virus (17). 

When Rauscher (3) reported the isolation of still another murine 

leukemia virus, part of the disease was again an early erythroblastic 

response. Boiron, et al. (7), characterized this leukemia as an 

erythroleukemia, i.e., proliferation of reticulum cells and erythroblasts 

in the spleen and liver, but myeloblastic proliferation in the bone marrow. 
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The occurrence of leukemia in splenectomized mice infected 

with Friend virus (18) and Rauscher virus (19) indicates that the spleen 

is not indispensable for development of the disease. 

A study of the comparative pathology of Friend and Rauscher 

virus leukemia by Siegler and Rich (20) points out the great similarity 

of the two diseases. Thus, both viruses can be used in an attempt to 

investigate the erythroblastic part of the leukemia. 

The cellular response in the spleen is thought to be of a dual 

nature, i. e., the proliferating reticulum cells are suggested to be neo

plastic, whereas the proliferating erythroblasts are considered to be 

hyperplastic (21). Erythrocyte survival studies in Friend virus leukemia 

by Brodsky, Dennis, and Kahn (8) tend to support this assumption. The 

erythrocy-tes-©f-infected mice had a shortened survival time. Hemolysis 

could be detected as early as 48 hours after infection. The reappear-

59 
ance of Fe in these erythrocytes, however, indicates that eryth-

ropoiesis is effective. The anemia is postulated to be due to some 

direct effect of the virus on the erythrocyte, and the erythroblastosis 

is thought to compensate for the hemolysis. Similar studies by Brodsky, 

et al. (22), with the Rauscher virus have shown that here, too, the first 

response is a hemolytic anemia. The erythroblastosis seen in this 

phase is a response to the anemia. Thus, the virus is capable of pro

ducing broad hematological changes, some neoplastic, some non

neoplastic. 
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The development of reticulum cell sarcomas following sub

cutaneous implantation of tissues from mice with Friend virus leukemia 

reported by Friend and Haddad (23) indicates that the reticulum cell is 

definitely neoplastic. Rich and Siegler (4) proposed that the Friend-

Rauscher complex should be called an erythroleukemia, regardless of 

whether the erythroblasts are neoplastic or hyperplastic. 

Establishment of the target cell for the virus, reticulum cell 

and/or erythroblast might ansv/er the question of the neoplastic or 

hyperplastic nature of the erythroblast. DeHarven and Friend (10) have 

reported that as early as 4 days after virus infection virions are num

erous in. the plasma, but their actual cellular origin could not be deter

mined. Many cell types are able to produce virus on their cell 

membrane. Megakaryocytes were first implicated (24), but budding 

may also be observed on platelets, spleen, and thymus cells. Appar

ently, normal cells as well as leukemic cells may produce virus 

particles. In vitro experiments by Friend, Patuleia, and DeHarven(25) 

and Patuleia and Friend (26) indicate to them that the leukemic cell may 

be an erythroblast precursor, since cells from a tissue culture line 

established from a reticulum cell sarcoma obtained by subcutaneous 

implantation of tissues from mice with Friend virus leukemia show 

maturation along the erythrocytic line. Pluznik, Sachs, and Resnitzky 

(27) demonstrated that the target cell was probably a cell in an early 

stage of erythroid differentiation since suppression of erythropoiesis in 
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Rauscher disease decreased plasma virus as measured by spleen 

colony assay, and stimulation of erythropoiesis increased the number 

of colonies. 

Purpose 

The purpose of this study is to establish the role of the eryth

rocyte 1) as an agent of transmission and 2) in a neoplastic or 

hyperplastic response of the animal to infection. 



CHAPTER 2 

MATERIALS AND METHODS 

Animals 

BALB/c mice were used in all experiments since they are 100% 

responsive to an infective dose of Friend virus (28) and show a low in

cidence of spontaneous leukemia (29). All mice were bred and raised 

at The University of Arizona. Male and female mice between 5 and 8 

weeks of age and weighing 20-25 g were utilized. The mice were 

housed either 5 or 10 to a cage and given Wayne Lab-Blox and water 

ad lib. 

White male New Zealand rabbits weighing between 2.5 and 3.5 

kg were used for preparation of immune sera. These rabbits were 

individually housed and given Purina rabbit chow and water ad lib. The 

animal quarters were maintained at a temperature of approximately 72 F 

and a humidity of approximately 50%. 

The Viruses 

Both the Friend and Rauscher viruses were initially obtained 

from A. Howard Fieldsteel, Ph.D., Stanford Research Institute, Menlo 

Park, California. The viruses were received as pooled BALB/c mouse 

spleen homogenates and have been maintained in this laboratory by 

8 
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passage of infected spleen homogenates in BALB/c mice. Stock virus 

pools for these experiments were prepared by aseptic removal of infec

ted spleens and a 20% suspension by weight made in sucrose stabilizer 

as recommended by Bovarnick, Miller, and Snyder (30) and modified by 

Fieldsteel (31). The spleens were homogenized in a Virtis 23 homogen-

izerin an ice bath, at maximum speed for 2 minutes; homogenization 

was stopped for 2 minutes, and homogenization was resumed for 2 

minutes. The homogenate was dispensed in 5 ml vials and frozen in an 

alcohol-dry ice bath. The suspension was stored at -65 C until used. 

3 99 
The Friend virus pool had a titer of 10 ' IDg^/ml. The titer of the 

4 .25 
Rauscher pool was 10 " ID^/ml. 

Virus Titer 

Virus titers were determined through an extinction-dilution 

bioassay. In the original studies, plasma or erythrocytes were serially 

diluted in cold sucrose stabilizer in tenfold steps. Threefold dilutions 

were used in later experiments since this dilution scheme gives approxi

mately half-log increments (10^, 10 0*477^ 0.954^ etc ^ which 

allows for more accurate determination of titer. Where tenfold dilutions 

were used, 10 mice were injected per dilution. Five mice per dilution 

were used when threefold dilutions were employed. Each animal was 

given by the intraperitoneal route 0.2 ml of the dilution. The animals 

were sacrificed after 35 days. Splenomegaly was the criterion of 
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infection, with any spleen larger than 0. 5 g being considered infected 

(28). Log titers were mathematically calculated by the method of Reed 

and Muench (32) and converted to the basis of a 1 ml inoculum. 

Erythrocyte Preparation 

Virus pool homogenates were thawed by gentle swirling in a 37 C 

waterbath, tnen centrifuged at 2000 x g for 5 minutes at 4 C to remove 

the particulate matter. A 10 * dilution of infected spleen homogenate 

was prepared by making a 1:2 dilution of the supernatant fluid in suc

rose  stabi l izer .  Adult  male  and female  BALB/c mice  were given 0 .2  

ml of the 10 * dilution by the intraperitoneal route. Two weeks after 

inoculation the animals were sacrificed. The mice were anesthetized 

with ether and, after opening of the peritoneal cavity exsanguinated 

through the abdominal aorta. The blood was collected using a sodium 

heparin-saline mixture ("Lipo-Hepin, " Riker Laboratories). The 

heparin solution contained 2000 units/ml and was used to wet the syringe 

and needle. 

The erythrocytes were separated from the plasma by centrifuga-

tion at 2200 x g for 10 minutes at 4C. The cells were washed in either .. 

15M NaCl (designated as "saline") or phosphate-buffered 15M NaCl, 

pH 7. 4 (designated as "buffered saline"). An equal volume of saline or 

buffered saline was added to the cells and mixed by repeated inversion. 

The cells were then centrifuged for 5 minutes and the supernatant 



11 

discarded. This procedure was repeated 10 times for all erythrocyte 

preparations except those used to prepare immune sera. These were 

washed only once. After every centrifugation the buffy coat was remov

ed with a Pasteur pipette and discarded. Following the 10th wash, 

Wright-stained smears showed only a rare leukocyte. The buffered 

saline was found to be the best medium because of minimal cell lysis. 

Osmotic Fragility 

Quantitative osmotic fragility studies were performed employing 

the method of Dacie (33). Adult BALB/c males were used exclusively. 

Fresh heparinized blood was obtained from the aorta. Sodium chloride 

concentrations of 0.85, 0.75, 0.65, 0.6, 0.55, 0.5, 0.45, 0.4, 0. 35, 

0. 3, 0. 2, and 0.1% were used. These concentrations were prepared by 

diluting the 10% stock solution of sodium chloride (pH 7. 4) with distilled 

water. The stock, solution contained the following: 

NaCl 180. 00 g 

Na2HP04 27. 31 g 

NaH2P04-2H20 4. 86 g 

Distilled water to 2. 00 L 

Five ml of each concentration were placed in a series of Wassermann 

tubes. The erythrocytes were washed twice with buffered saline, and a 

25% cell suspension was made with buffered saline. To each of 12 tubes 

were added 0. 05 ml of the 25% cell suspension. All tubes were then 
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mixed well by inversion and allowed to stand at toom temperature for 

30 minutes. The tubes were again mixed and centrifuged at 1000 x g 

for 5 minutes. Colorimetric hemoglobin determinations were used for 

quantitating the degree of cell lysis. All tubes were read at 545 m/i in 

a Coleman Junior spectrophotometer, using as a blank the super

natant fluid from the 0. 85% sodium chloride solution. The hemoglobin 

reading of the supernatant fluid from the tube containing 0.1% sodium 

chloride was considered 100% lysis. The hemoglobin readings were 

converted into per cent hemolysis by the following formula:-

Per cent hemolysis = 

P.P.  at  g iven sal t  concentrat ion 
O. D. at 0.1% salt concentration 

Fragility curves were made by plotting the per cent hemolysis against 

salt concentration. 

Immunization 

All rabbits were bled for control serum before use. Immune 

serum against infected erythrocytes was prepared in two different ways. 

One rabbit was given a mixture of 5 ml packed infected erythrocytes in 

5 ml incomplete Freund's adjuvant. The antigen-adjuvant mixture was 

injected subcutaneously into numerous areas of the back. Two additional 

rabbits received only intravenous injections of infected erythrocytes 

according to the following schedule: 
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Packed erythrocyte 
Day Volume 

1  0 . 2  

3  0 .3  

5  0 .4  

8  0 .4  

1 1  0 . 5  

15 0 .7  

18 0 .75 

21 0 .75 

24 1 .0  

A 25% erythrocyte suspension was made with buffered saline prior to 

inoculation. The rabbits received a total of 5 ml packed erythrocytes 

over the 24 day period. This procedure was carried out on both Friend 

and Rauscher virus-infected mouse erythrocytes. All animals were 

bled 8 days after the injections were initiated and exsanguinated on day 

31.  

Hemagglutination and hemolysin titers were determined by a 

microtiter technique. Normal mouse erythrocytes and either Friend or 

Rauscher virus-infected erythrocytes were used with both tests as the 

antigen. In the hemagglutination tests, serial twofold dilutions of the 

sera were made, leaving a final volume of 0. 025 ml in each well. To 

the diluted sera were added 0. 025 ml of 1% magnesium saline and 0. 05 

ml of a 0. 5% suspension of washed mouse erythrocytes in saline. The 
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microtiter plates were mixed and covered with aluminum foil. They 

were incubated at room temperature for 1 hour and then placed at 4C 

for 12 hours. Titers were then read and reported as the reciprocal of 

the highest dilution that showed characteristic hemagglutination. 

Serial twofold dilutions of the sera for hemolysin titrations were 

prepared in the same manner as for the hemagglutination titrations. 

Complement was prepared by diluting fresh guinea pig serum 1:15 with 

1% magnesium saline. In addition to the diluted sera, each microtiter 

well received 0. 025 ml of diluted complement, a 2% suspension of 

washed erythrocytes in saline, and 1% magnesium saline. After mixing, 

the microtiter plates were covered with aluminum foil and incubated 

for 1 hour at 37 C. The plates were then held at 4 C for 12 hours. 

Hemolysin titers were reported as the reciprocal of the highest dilution 

showing complete hemolysis. 

Precipitin titrations were performed using normal mouse plasma 

and virus-containing plasma as test antigens. 

Experimental Design 

This study can be divided into 3 experimental parts. The first 

deals with the infectivity of erythrocytes from animals infected with 

Friend and Rauscher viruses. The second investigates the possible 

alterations of the infected erythrocyte. The third attempts to elucidate 

a possible virus-erythrocyte association by adsorption and elution 

procedures. 
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Infectivity of Erythrocytes 

To determine the infectivity of the erythrocyte, the following 

general procedure was used. Fifty mice were exsanguinated 2 weeks 

after virus inoculation, and the blood was pooled. Packed erythrocyte 

volume was then determined by the Drummond microhematocrit method. 

The plasma was separated from the cells by centrifugation, and the 

cells were washed as previously stated. Plasma, whole erythrocytes, 

lysed erythrocytes, and the 10th wash supernatant were then assayed 

for viral activity. The saline from the 10th wash was called Fraction I. 

The plasma (called Fraction II) and whole erythrocytes (called Fraction 

III) were diluted with saline to blood volume, as determined by the 

microhematocrit. A 10 ml aliquot of erythrocytes diluted to blood 

volume was sonicated for li minutes in a dry ice-water bath (approxi

mately -40 C). Complete hemolysis of erythrocytes was confirmed by 

microscopic observation. The sonicate (called Fraction IV) was freed 

of erythrocyte stroma in one of two ways. In the first experiment, the 

sonicate was filtered through a 0. 45 mju millipore filter. The eryth

rocyte stroma was then resuspended from the filter pad, using 5 ml of 

saline. In subsequent experiments, the erythrocyte stroma was 

removed by centrifugation in a Servall Centrifuge at 17, 300 x g for 5 

minutes. The stromal pellet was then washed 3 times in buffered 

saline. The stromal elements were then suspended in 10 ml of buffered 

sal ine  (cal led Fract ion V) .  



After the first experiment, cells were also lysed with sterile 

distilled water, which leaves the erythrocyte stroma essentially intact, 

in order to determine the effect of sonication procedure on the eryth

rocyte stroma. Distilled water lysis leaves the erythrocyte stroma 

essentially intact. The distilled water lysate (called Fraction VI) was 

prepared by diluting the packed erythrocytes to blood volume with 

distilled water. The stroma (called Fraction VII) was removed by 

centrifugation and prepared in the same way as the stroma obtained by 

sonication. 

Thirty female mice received by intraperitoneal injection 0. 2 ml 

of each of the 7 fractions. The mice were then checked daily until 

death occurred. Animals found dead were autopsied, and body weight, 

spleen weight, and liver weight were recorded. This procedure was 

originally performed with the Friend Virus and then repeated with both 

the Friend and Rauscher viruses. 

The presence and amount of virus in the plasma (Fraction II) 

and erythrocytes (Fraction III) were determined by titration at 1, 2, 4, 

7, and 14 days. 

Alterations of Erythrocytes 

Two experiments were performed to determine if the infected 

erythrocytes had characteristics different from the normal erythrocytes. 

In the first experiment, the osmotic fragility (i.e., the susceptibility of 
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the erythrocyte to decreasing salt concentration) was investigated. An 

erythrocyte placed in a hypotonic sodium chloride solution takes up 

water and swells; at a given hypotonicity so much water is absorbed 

that the cell bursts. This point of lysis is inversely proportional to the 

sodium chloride concentration and directly proportional to the thickness 

of the erythrocyte. Osmotic fragility studies on infected erythrocytes 

were performed at 1, 2, 4, 7, and 14 days after both Friend and 

Rauscher virus infection. 

In the second experiment, immunological procedures were used 

to detect a possible antigenic alteration of the infected erythrocyte. 

Preliminary hemagglutination titers were determined for all immune 

sera, using both normal erythrocytes and infected erythrocytes. 

Hemagglutination and hemolysin titers were obtained for sera against 

virus-infected erythrocytes following adsorption of these sera with 

normal erythrocytes. Precipitin titers were determined for all of these 

sera. 

Virus "Erythrocyte Association 

In the first experiment, adsorption was attempted by adding 

infected plasma to normal erythrocytes. Fifty animals were infected 

with Friend Virus and exsanguinated 14 days later. The plasma and the 

erythrocytes were separated by centrifugation and the erythrocytes 

discarded. Fifty normal mice were also exsanguinated and the plasma 
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discarded, but the erythrocytes were saved. 

The infected plasma and the normal erythrocytes were combined 

in a 1:1 ratio which approximates the normal ratio between plasma and 

erythrocytes in the mouse. This mixture was agitated on a magnetic 

stirrer at 35 C. Penicillin (10, 000 units) and Streptomycin (10 mg) 

were added to the mixture to prevent bacterial contamination. Virus 

titrations were performed on the plasma prior to incubation and at 1 and 

4 hours after incubation. The normal erythrocytes from this mixture 

after incubation for 1 and 4 hours were washed 10 times in saline and 

then titered. 

Variations of temperature and pH were used to try to elute the 

virus from the infected erythrocyte. Erythrocytes from mice 2 weeks 

after virus inoculation were washed 3 times in buffered saline and 

titrated. Aliquots were then mixed with an equal volume of buffered 

saline (pH 7. 4) and incubated at 4, 10, 37, and 56 C for 1 hour. Other 

aliquots of erythrocytes were mixed with an equal volume of Sorenson 

saline buffers of pH 5. 5, 6. 5, and 8. 0 and incubated at 20 C for 1 hour. 

After incubation, all aliquots were centrifuged and the saline super-

natants separated from the erythrocytes. Both supernatants and 

erythrocytes were then titrated for virus content, using threefold dilu

tions . 



CHAPTER 3 

RESULTS 

Infectivity 

Mortality curves for mice inoculated with the various blood 

fractions are found in Fig. 1. It can be seen that with death as the end 

point, plasma, whole erythrocytes, erythrocyte sonicate, and erythro

cyte stroma gave similar curves. The mean day of death for mice 

inoculated with whole erythrocytes was 57. 0 days, for plasma 59. 0 

days, for erythrocyte sonicate 59. 3 days and for erythrocyte stroma 

70.8 days. After 165 days, animals in all groups except those receiv

ing the saline supernatant from the 10th wash were dead. The 10 

surviving animals were then sacrificed with 1 showing Friend disease 

and 9 grossly negative. Since unbuffered saline was used as the wash 

medium, most of the infectivity in this group can probably be accounted 

for by hemolysis. The hematocrit for the pooled blood from the first 

group of Friend virus-infected mice was 37. 

Spleen and liver weights for this experiment are recorded in 

Table 1. The weights for all fractions are the same as those obtained 

when spleen homogenate was used. 
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PLASMA 

WHOLE ERYTHROCYTES 

SONICATED ERYTHROCYTES 

SONICATED ERYTHROCYTE STROMA-

20 40 60 80 100 120 140 

DAYS 

Fig. 1. Mortality curves for plasma and various erythrocyte 
fractions from Friend virus-infected mice. 
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TABLE 1. Spleen and liver weights at death of BALB/c mice 
receiving various blood fractions from Friend virus-
infected mice. 

Average Spleen Average Liver 
Blood Fraction Weight (Animals) Weight (Animals) 

Grams Grams 

Tenth Saline Wash 4.58 (21) 3 .35  (21)  

Plasma 5 .26  (30)  4 .24  (30)  

Whole Erythrocytes 4 .90  (30)  3 .76  (30)  

Sonicated Erythrocytes 4 .24  (30)  3. 32 (30)  

Sonicated Erythrocyte Stroma 4. 66 (29)  2 .72  (27)  



In a second experiment, again using pooled blood from Friend 

virus-infected animals, the hematocrit was 43. As the mortality curves 

(Fig. 2) indicate, the response can be divided.into 2 groups. In the 

first group, the mean day of death for plasma was 43.5 days, forwater-

lysed erythrocytes 48.8 days, for whole erythrocytes 49.1 days and for 

sonicated erythrocytes 49.3 days. In the second group, the stroma of 

sonicated erythrocytes and of water-lysed erythrocytes were not always 

infectious, and death was delayed. The stroma of sonicated erythro

cytes was 8 7 per cent infectious with a mean day of death of 70. 3 days. 

The stroma of water-lysed erythrocytes was 83 per cent infectious with 

a mean day of death of 68. 4 days. Unbuffered saline was again used as 

wash medium, and the supernatant from the 10th wash was 90 per cent 

infectious. Animals infected with the wash supernatant showed an 

intermediate mean day of death of 60. 4 days. Spleen and liver weights 

(Table 2) were again characteristic of Friend virus leukemia. 

The mortality response to fractions of pooled blood from 

Rauscher virus-infected animals can be seen in Fig. 3. The hematocrit 

for the pooled blood was 35. The plasma fraction produced death 

rapidly, the mean day of death being 43. 2 days. With all other fractions 

the mean day of deaths occurred later: whole erythrocytes 64.0 days, 

water- lysed  erythrocytes  65 .  3  days ,  sonicated  erythrocyte  s troma 63 .0  

days, water-lysed erythrocyte stroma 68. 0 days, and sonicated 
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TABLE 2. Spleen and liver weights at death of BALB/c mice 
receiving various blood fractions.from Friend virus-
infected mice. 

Average Spleen Average Liver 
Blood Fraction Weight (Animals) Weight (Animals) 

Gr?.ms Grams 

Tenth Saline Wash " '5 .01  (26)  3 .32  (26)  

Plasma 6 .42  (30)  2 .96  (30)  

Whole Erythrocytes 5. 09 (30)  2. 68 (30)  

Sonicated Erythrocytes 5 .23  (30)  2 .68  (30)  

Sonicated Erythrocyte Stroma 5 .24  (25)  3 .75  (23)  

HgO Lysed Erythrocytes 5 .22  (30)  2 .82  (30) 

HgO Lysed Erythrocyte Stroma 4 .57  (25)  2 .92  (25)  
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Fig. 3. Mortality curves for plasma and various erythrocyte fractions 
from Rauscher virus-infected mice. 
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erythrocytes 71. 5 days. The relatively large differences in mean day 

of death between the stroma and the other erythrocyte fractions seen 

with Friend virus were not duplicated with the Eauscher virus. With 

the exception of the supernatant from the 10th wash, all fractions were 

100 per cent infectious. The supernatant fluid from the 10th wash was 

23 per cent infectious. Buffered saline was used to wash the cells in 

this experiment and could account for the low infectivity of the saline 

wash fraction due to prevention of hemolysis. Table 3 gives the spleen 

and liver weights for this experiment. These weights are typical for 

Rauscher leukemia. 

Table 4 shows the virus titers for plasma and for washed eryth

rocytes from Friend virus-infected animals. Virus is detected in 

plasma as early as 1 day after virus inoculation and shows a gradual 

5. 33 
increase with a high titer of 10 by the 14th day. No virus can be 

shown to be associated with the erythrocytes until the 4th day. After 

4 05 
14 days, a titer of 10 was reached. (In an additional experiment, 

the animals receiving the undiluted plasma arid erythrocytes from 

animals 4 and 7 days after infection were held until death instead of the 

35 days for routine titrations. Four days after infection, the mean day 

of death for the plasma was 69.1 days, for the erythrocytes 69. 5 days. 

At 7 days, the mean day of death for plasma was 67. 4 days, for eryth

rocytes  64 .1  days . )  



27 

TABLE 3. Spleen and liver weights at death of BALB/c mice 
receiving various blood fractions from Raus cher virus -
infected mice. 

Average Spleen Average Liver 
Blood Fraction Weight (Animals) Weight (Animals) 

Grams Grams 

Tenth Saline Wash 3 .98  (5)  2 .38  (5)  

Plasma 4 .96  (30)  2 .46  (30) 

Whole Erythrocytes 5 .71  (30)  3 .26  (30)  

Sonicated Erythrocytes 4 .59  (30)  2 .73  (30)  

Sonicated Erythrocyte Stroma 4 .99  (27)  3 .22  (26)  

HgOLysed Erythrocytes 3 .82  (29)  2 .55  (27)  

HgOLysed Erythrocyte Stroma 4.59 (26) 2 .98  (26)  

TABLE 4. Virus titers (logig Plasma ant* washed eryth
rocytes from Friend virus-infected mice. 

Time After 
Inoculation 

Days 

Hematocrit .1 Plasma Erythrocyte 

1 44 0. 70 

2 "43  1. 02 

4 41 3 .70  1 .53  

7 41 4 .59  2 .25  

14 37 5. 33 4 .05  
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The results of the titration of plasma and erythrocytes from 

Rauscher virus-infected animals are given in Table 5. No virus is 

detectable until 4 days after virus inoculation. After 14 days, the 

plasma had a titer of 10^* ̂  and the erythrocytes had a titer of 10^*^. 

No titer for the plasma fraction on day 4 was obtained. On the basis of 

previous experience with Friend and Rauscher viruses, an initial 

- 2  
dilution of 10 was chosen in order to conserve animals. Undoubtedly, 

2 
virus was present but of a titer of less than 10 . 

Alterations of Erythrocytes 

Erythrocytes from Friend virus-infected mice have normal 

osmotic fragility on days 1 and 2 after infection. On day 4, there is a 

mild increase in the osmotic fragility, and on days 7 and 14 there is a 

marked increase (Table 6). Rauscher virus-infected erythrocytes 

showed s l ight  but  ins igni f icant  increase  in  osmot ic  frag i l i ty  (Table  7) .  

Table 8 shows the results of hemagglutination tests using rabbit 

serum against Friend virus-infected erythrocytes. High hemagglutina

tion titers against normal and infected erythrocytes were obtained with 

rabbits receiving the series of intravenous injections of infected eryth

rocytes (Rabbits l and II). Rabbit III, which received one subcutaneous 

injection of a mixture of infected erythrocytes and adjuvant, showed a 

low titer. Adsorption of the sera of these rabbits with normal eryth

rocytes greatly lowered the titers. There were significantly higher 
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TABLE 5. Virus titers (^g^g Plasma an(* washed 
erythrocytes from Rauscher virus-infected mice. 

Time After 
Inoculation 

Days 

Hematocrit Plasma Erythrocyte 

1 48 

2 50 

4 48 <2 .00  0. 70 

7 42 

-
4

 
C

O
 

• 

C
O

 

1 .23  

14 35 4 .00  2 .90  
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TABLE 6. Osmotic fragility of normal and Friend virus-infected 
erythrocytes expressed as per cent hemolysis at the 
given salt concentration. 

Per Cent 
NaCl 

Per Cent 
Hemolysis 

Normal Days after Infection 

1 2 4" 7 14 

0 .75  2 .5  1 .9  1. 3 2 .5  0. 6 1 .3  

0. 65 1 .2  0 .4  0. 0 0 .1  0. 0 2 .0  

0. 6 1 .2  0 .2  0. 0 0. 3 3. 2 15 .4  

0. 55 4 .4  2 .9  1. 3 8 .9  30 .1  45 .2  

0 .5  32 .9  28 .  6  28 .  0  45 .5  70 .5  75 .  7  

0. 45 70 .  6  71 .  3  73 .  5  84 .3  89 .  3  86 .3  

0 .4  92 .9  91 .5  89 .  0  92 .1  93 .2  93 .3  

0. 35 92 .9  93 .5  96 .  0  92 .4  92 .2  97 .0  

0. 3 94 .3  96 .5  91 .  7  93 .3  96 .2  95 .7  

0 .2  96 .3  96 .8  98. 5 96 .5  95 .  6  99 .4  
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TABLE 7. Osmotic fragility of normal and Rauscher virus-infected 
erythrocytes expressed as per cent hemolysis at the given 
salt concentration. 

Per Cent 
NaCl 

Per Cent 
Hemolysis 

Normal Days after Infection 

1 2 4 7 14 

0 .75  2 .5  0 .9  0. 6 1 ,4  1 .5  1 .0  

0. 65 1 .2  0 .0  0. 0 0 .7  0. 0 1 .1  

0. 6 1 .2  0 .0  0 .3  1 .4  2 .2  3 .3  

0. 55 4 .4  5 .7  6. 2 8 .7  21 .  3  17 .4  

0 .5  32 .9  50 .  6  44. 8 52 .2  60 .  0  47 .1  

0 .45  70 .  6  83 .5  78 .  6  81 .  6  81. 6 74 .3  

0 .4  92 .  9  90 .4  89. 6 86 .3  89 .2  86 .1  

0. 35 92 .  9  96 .1  96 .2  95 .2  94 .4  91 .9  

0 .3  94 .3  98 .  7  96 .  0  94 .7  95 .  0  98 .8  

0 .2  96 .  3  100 .0  100. 0 96 .9  96 .  9  98 .0  
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TABLE 8. Hemagglutination titers to normal and Friend virus-
infected erythrocytes with rabbit sera against Friend 
virus-infected erythrocytes before and after adsorption. 

Pre- adsorption 
Hemagglutination 

Antiserum Titer 
Normal Infected 

Erythrocyte Erythrocyte 

Post--adsorption 
Hemagglutination 

Titer 
Normal Infected 

Erythrocyte Erythrocyte 

Rabbit I' 

Rabbit if 

Rabbit III"1 

81920 

81920  

160 

40960  

40960  

320  

32 

16  

0 

128 

128 

16 

I .V.  

S .C.  
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titers against infected erythrocytes with the adsorbed sera from all 

three rabbits. 

Hemolysin titers of the adsorbed sera were much greater with 

infected erythrocytes than with normal erythrocytes (Table 9). Results 

of hemagglutination and hemolysin titrations on unadsorbed sera drawn 

8  days  af ter  the  s tart  o f  the  immunizat ion  are  seen  in  Table  10 .  No 

significant differences in hemagglutination of normal or infected eryth

rocytes were observed. Hemolysin titers against infected erythrocytes 

were significantly increased. 

Precipitin titrations were performed with the unadsorbed sera 

against Friend virus-infected erythrocytes, using normal and virus -

infected plasma as the antigen. These titers were the same regardless 

of  the  ant igen  used  (Table  11) .  

The results of hemagglutination and hemolysin titrations with 

adsorbed rabbit sera against Rauscher virus-infected erythrocytes are 

seen in Table 12. Rabbits IV and V received the intravenous injections 

of erythrocytes, while Rabbit VI received a single subcutaneous.injec

tion of infected erythrocytes plus adjuvant. There were no significant 

differences in hemagglutination of normal or infected erythrocytes. No 

hemolysin activity was observed. Hemagglutination and hemolysin 

titrations with unadsorbed sera 8 days after the first injection of infected 

erythrocytes showed little difference between normal and infected 
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TABLE 9. Hemolysin titers to normal and Friend virus-infected 
erythrocytes with rabbit sera against Friend virus-
infected erythrocytes after adsorption. 

Antiserum 

Post- adsorption 
Hemolysin 

Titer 
Normal 

Erythrocyte 
Infected 

Erythrocyte 

Rabbit I 

Rabbit II 

Rabbitt III 

32 

8 

0 

2056  

1028 

0 

TABLE 10. Hemagglutination and hemolysin titers to normal and 
Friend virus-infected erythrocytes with rabbit sera against 
Friend virus-infected erythrocytes drawn 8 days after the 
start of immunization. 

Hemagglutination 
Antiserum Titer 

Normal Infected 
Erythrocyte Erythrocyte 

Hemolysin 
Titer 

Normal Infected 
Erythrocyte Erythrocyte 

Rabbit I 

Rabbit II 

Rabbit III 

2 

64 

1 6  

64 

2 

2 

8 

1 

8 

32 

32 
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TABLE 11. Precipitin titers to normal and Friend virus-infected 
plasma with rabbit sera against Friend virus-infected 
erythrocytes. 

Precipitin 
Antiserum Titer 

Normal Infected 
Plasma Plasma 

Rabbit I 16384 16384 

Rabbit II 16384 8192 

Rabbit III 512 512 

TABLE 12. Hemagglutination and hemolysin titers to normal and 
Rauscher virus-infected erythrocytes with rabbit sera 
against Rauscher virus-infected erythrocytes after 
adsorption. 

Hemagglutination 
Antiserum Titer 

Normal Infected 
Erythrocyte Erythrocyte 

Hemolysin 
Titer 

Normal Infected 
Erythrocyte Erythrocyte 

Rabbit IV 

Rabbit V 

Rabbit VI+ 

1 6  

8 

0 

16  

16  

0 

0 

0 

0 

0 

0 

0 

I. V. 

s. c. 
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erythrocytes (Table 13). Rabbit V had a slight increase in hemag

glutination titer with infected erythrocytes. Precipitin titers were 

essentially identical when either normal or infected plasma was used as 

the  ant igen  (Table  14) .  

Virus-Erythrocyte'. Association 

The results of the adsorption experiment can be seen in Table 15. 

After one hour of incubation, virus titer in the plasma shows an initial 

log drop which did not change during the 4 hour incubation period. There 

appeared to be a slight virus-erythrocyte association at 1 hour, but it 

was negligible after 4 hours. 

The infected erythrocytes used in the elution tests had a titer of 

2 94 10 . The optimal temperature for virus-erythrocyte association was 

37 C (Table 16). At 20 C, the erythrocyte virus titer was definitely 

decreased, and at 4 C no virus was present after incubation for 1 hour. 

The 56 C temperature inactivated the virus. 

Table 17 shows the effect of pH on virus-erythrocyte association. 

The virus titer of the erythrocyte was lowered with all Sorenson buffers 

used, but not to the extent observed with temperature change. 
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TABLE 13. Hemagglutination and hemolysin titers to normal and 
Rauscher virus-infected erythrocytes with rabbit sera 
against Rauscher virus-infected erythrocytes drawn 8 
days after the start of immunization. 

Hemagglutination 
Antiserum Titer 

Normal Infected 
Erythrocyte Erythrocyte 

Hemolysin 
Titer 

Normal Infected 
Erythrocyte Erythrocyte 

Rabbit IV 

Rabbit V 

1024 

1024  

1024 

4096 32 

32 

64 

Rabbit VI No Specimen 

TABLE 14. Precipitin titers to normal and Rauscher virus-infected 
plasma with rabbit sera against Rauscher virus-infected 
erythrocytes. 

Precipitin 
Antiserum Titer 

Normal Infected 
Plasma Plasma 

Rabbit IV 4096 4096 

Rabbit V 2048 4096 

Rabbit VI 256 256 
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TABLE 15. Virus titers normal erythrocytes and 
Friend virus-infected plasma incubated at 37 C for 1 and 
4 hours. 

Time Blood Fraction Virus Titer 
Hours log^QlDgp/ml 

0 Plasma 5.14 

1 Plasma 3.86 

4  Plasma 3 .77  

1 Erythrocytes 0.98 

4 Erythrocytes 0.08 
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TABLE 16. Virus titers (log.Q IDg_/ml) of Friend virus-infected 
erythrocytes ana their buffered saline suspending medium 
after 1 hour of incubation at various temperatures. 

Buffered 
Temperature Erythrocytes Saline 

4 C o
 

• o
 

o
 

3.33 

20 C 2.13 2 .37 

37 c  4.  04 2 .  34 

56 c  

o
 

o
 • 

o
 

o
 

o
 • 

o
 

TABLE 17. Virus titers (log- Q ID__/ml) of Friend virus-infected 
- erythrocytes ana their Sorenson buffer suspending medium 

after 1 hour of incubation. 

Sorenson 
pH Erythrocytes Buffer 

5. 5 

6. 5 

8 

2 .51  

2. 46 

2 .07  

2 .13  

1 .65  

1 .79  



CHAPTER 4 

DISCUSSION 

The results presented show that rigorously washed erythrocytes 

from mice infected with Friend or Rauscher virus are capable of trans

mitting the leukemia. Friend virus-infected erythrocytes produced 

mortality curves indistinguishable from those of infected plasma. 

Virus particles were found associated with the erythrocyte "ghosts11 

(i.e., cell membrante and stroma) as well as in the hemoglobin-containing 

fluid after removal of the "ghosts" by centrifugation. On the other hand, 

since distilled water lysis is a relatively gentle procedure, the presence 

of virus in the hemoglobin-containing fluid seems to indicate that at 

least some of the virus is not associated with the "ghosts. " The finding 

that erythrocyte-adsorbed sera against Friend virus-infected erythro

cytes showed higher hemagglutination titers with infected erythrocytes 

than with normal erythrocytes indicates surface-bound virus. 

With the technique used for viral titration, Friend virus was 

detected in the plasma 1 day after virus inoculation. In the electron 

microscopic studies of DeHarven and Friend (10), typical virus particles 

were not seen until the 4th day. Although the erythrocytes showed 

lower virus titers than the plasma on all days tested, they produced 

40 
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mortality curves identical to those of infected plasma as early as day 4, 

indicating maximum infectivity on that day. 

Spleen and liver weights are of value in mortality studies only 

as gross indications of infection, since very frequently death is caused 

by splenic rupture, adding a great deal of variability to spleen weight 

data. Animals which survive this early death show increased liver 

weights due to increased involvement of this organ. Even within a group 

of 30 similarly infected animals there is a wide range of liver weights. 

Rauscher virus-infected erythrocytes produce a mean day of 

death between 63 and 72 days, somewhat later than Friend virus-infected 

erythrocytes. On the other hand, the mean day of death for plasma 

from Rauscher virus-infected mice is on the order of that found for 

plasma from Friend virus-infected mice. Rauscher virus could not be 

detected in either erythrocytes or plasma until the 4th day after virus 

inoculation. The virus titers after 14 days were approximately one log 

lower than those obtained for the Friend virus in both plasma and 

erythrocytes, indicating a delayed response to Rauscher virus. 

It is interesting to note that relatively high virus titers were 

found in the erythrocytes of Friend and Rauscher virus-infected mice 

prior to the appearance of the severe anemia. On day 4, Friend virus-

infected mice had an hematocrit of 41 (normal BALB/c mice in our 
I 

laboratory show an hematocrit range of 45-50) and an erythrocyte virus 
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1 53 titer of 10 . Rauscher virus-infected mice had an hematocrit of 42 

1 .23  
and a titer of 10 on day 7. 

As reported by DeHarven (34), the Friend virus is inactivated 

at 56 C. In our elution studies, no virus was found in either erythro

cytes or buffered saline suspending medium incubated at that tempera

ture. The enhancement of the erythrocyte virus titer by incubation at 

37 C, approximately mouse body temperature, indicates that the eryth

rocyte may play a role in the pathogenesis of the disease. Lower 

temperatures caused dissociation of the virus from the erythrocytes 

with complete elution occurring at 4C, an observation which is difficult 

to explain. This elution could account for some of the virus found, in the 

sa l ine  wash,  s ince  the  wash procedures  were  a lways  carr ied  out  a t  4C.  

Evidence in this study suggests that the erythroblastic response 

could be "direct neoplastic" and not "indirect neoplastic" as suggested 

by Fiscus, Schloss, and Wertman (21). The fact that washed erythro

cytes are highly infectious indicates the presence of virus. This virus 

could become associated with the erythrocyte in two ways: 1) by inti

mate contact with infected plasma, or 2) by malignant transformation of 

an erythrocyte precursor and the resulting production and retention of 

virus. The inability to adsorb Friend virus onto normal erythrocytes 

by incubation with infected plasma for 1 and 4 hours seems to rule out 

the first alternative. 
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The in vitro studies with a tissue culture line derived from a 

reticulum cell sarcoma produced by subcutaneous transplantation of 

autologous spleen or liver fragments from mice with Friend virus leuke

mia (25, 26) and evidence from this study support the second alternative. 

Friend, Patuleia, and DeHarven (25) propose that the leukemic cell is 

an erythrocyte precursor. It is entirely possible that the Friend virus 

induces differentiation of an undifferentiated mesenchymal (reticulum) 

cell toward an erythrocyte, as showed previously by Baluda (35) for the 

avian leukosis virus. The increased osmotic fragility observed with 

Friend virus-infected erythrocytes indicates that this erythrocyte is not 

of normal character. Similarly, the fact that the virus-infected eryth

rocytes showed significantly higher hemolysin titers points toward an 

alteration of the erythrocyte. The surface of the infected erythrocyte 

must be changed in such a manner that lysis becomes easier. This in

creased susceptibility of infected erythrocytes to hemolysis could 

explain the early hemolytic anemia proposed by Brodsky, Dennis, and 

Kahn (8). The origin of these erythrocytes from neoplastic precursors 

then is strongly suggested by the demonstration of infectivity and altera

tion of the erythrocyte as demonstrated by increased osmotic fragility 

and production of infection-specific hemolysins. 

Certainly, not all erythrocytes in an infected mouse are derived 

from infected erythrocyte precursors. The erythroblastosis seen in the 

spleen in Friend and Rauscher virus leukemia, however, could release 
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enough altered erythrocytes into the peripheral blood to account for the 

infectivity, increased osmotic fragility, and the immunological differen

ces. As the number of altered erythrocytes in the circulation increases, 

the magnitude of the responses also increases. The inability of Rauscher 

virus-infected erythrocytes to show an increased osmotic fragility by 

day 14 could be due to the delayed response to infection with Rauscher 

virus. The Rauscher virus-infected erythrocytes which were used for 

immunization might not have been altered enough. Immunological 

findings similar to those for Friend virus-infected erythrocytes could 

perhaps be observed with sera against Rauscher virus-infected eryth

rocytes, if erythrocytes at a later stage of the disease were used for 

immunization. 

The neoplastic nature of the reticulum cell has been well 

established by Friend and Haddad (23). The erythroblast could infect 

an undifferentiated stem cell initially, and some of these cells could 

mature into reticulum cells while others become erythroblasts. 



CHAPTER 5 

SUMMARY 

The infectivity of washed erythrocytes from Friend and 

Rauscher virus-infected mice was established. Significant virus titers 

for Friend and Rauscher virus-infected erythrocytes were demonstrated. 

Friend virus-infected erythrocytes were shown to have increased 

osmotic fragility, to induce infection-specific hemolysins, and to have 

surface-bound virus. Similar erythrocyte alterations were not found 

with Rauscher virus-infected erythrocytes, but this could be explained 

by the delayed response to Rauscher virus. The changes in Friend 

virus-infected erythrocytes are attributed to neoplastic erythroblasts 

which could arise from undifferentiated stem cells. 

45 
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