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ABSTRACT 

mouse strainsWhen bone marrow is transplanted from certain inbred 

Itto Fi hybrids of that strain, the graft often fails to proliferate, 

has been reported that this phenomenon, known as Poor Growth, is not 

demonstrable in recipients less than three weeks of age. The purpose 

of the present study was to investigate some of the parameters involved 

in this phenomenon and its sudden appearance at three weeks of age. By 

transemploying uptake and hemopoietic colony assays following 

plantation of marrow to mice of various ages and treatment groups, the 

following conclusions were drawn, 1) Parental marrow grew equally well 

than three weeksin both parental strain and F-] hybrid recipients less 

not due to endo-old; 2) The observed growth of hemopoietic tissue was 

geneous stem cell proliferation; 3) Changes in radiation sensitivity 

did not account for the fluctuations of hemopoiesis seen in mice from 

one to five weeks of age. 4) Factors in milk, either specific or non 

specific did not influence the outcome of parental marrow grafts; 5) 

Neither stimulator cells in mice less than three weeks of age nor graft 

destroying cells in older mice could be demonstrated; 6) Natural Killer 

cells were unable to effect in vitro cytalysis of bone marrow or the 

hemopoietic stem cell compartment thereof. 

Two mechanistic models of Poor Growth are presented and discussed 

and a new model is proposed. 

ii 



TABLE OF CONTENTS 

CHAPTER PAGE 

I. INTRODUCTION 1 

Transplantation Immunology 1 

Bone Marrow Transplantation 3 

Poor Growth 4 

Poor Growth and Young Mice 6 

Purpose of Research 7 

II. GENERAL MATERIALS AND METHODS 9 

Introduction 9 

Animals 9 

Irradiation. 10 

Cell Suspensions and Doses 10 

Transplantation 11 

125 
lUdR Uptake Assay 12 

Macroscopic Spleen Colony Assay 13 

III. BONE MARROW TRANSPLANTATION IN YOUNG 

RECIPIENT MICE 14 

Introduction 14 

Materials and Methods 15 

Endogenous Colony Forming Units in 

Young BDF, Mice 16 

Post-Radiation Survival 19 

Endogenous Hemopoiesis Following Radiation 25 

Growth of Parental Strain B6 Bone Marrow 

in Young B6 and BDF, Recipients 28 

iii 



iv 

CHAPTER PAGE 

Irradiated Bone Marrow Donors 34 

Discussion 34 

IV. WEANING AND BONE MARROW GROWTH IN YOUNG MICE 40 

Introduction 40 

Materials and Methods . . 41 

Marrow Growth in Reciprocal Hybrids and 

Fostered Mice 43 

Delayed Weaning 46 

General Health and Bone Marrow Growth 48 

Discussion 48 

V. STIMULATOR CELLS AND BONE MARROW GROWTH 

IN YOUNG BDF.
1 

MICE 52 

Introduction 52 

Materials and Methods 53 

Effect of BDF,1 Thymus Cells on B6 Bone Marrow 

Growth in BDF, Recipients 53 

Effect of BDF, Spleen Cells on B6 Bone Marrow 

Growth in BDF, Recipients 55 

Pretreatnient of BDF, Recipients with BDF 1 

Spleen Cells 58 

Humoral Stimulators 63 

Discussion 63 

VI. 
II 

EFFECTOR" CELLS AND BONE MARROW GROWTH IN 

YOUNG MICE 68 

Introduction . . 68 

Materials and Methods 69 



V 

CHAPTER PAGE 

Post-Irradiation Spleen Cell Treatment 69 

Spleen Cell Pretreatment 72 

Discussion 74 

VII. NATURAL KILLER CELLS AND POOR GROWTH 76 

Introduction 76 

Materials and Methods 78 

Anti-Tumor NK Activity 80 

Anti-Bone Marrow NK Activity 82 

Anti-Stem Cell NK Activity 84 

Discussion 86 

VIII. DISCUSSION: MECHANISMS OF POOR GROWTH . „ 88 

The Immune Response/Natural Killer Hypothesis 88 

Stimulating Factor Hypothesis 92 

A New Model 94 

REFERENCES 101 

VITA . . 108 



LIST OF TABLES 

TABLE PAGE 

III-l. Estimates of CFU Content in Spleen and Bone Marrow, . . 20 

III-2. Survival of 23 Day Old B6 Mice After Various Doses of 

Radiation 23 

III-3. Growth of B6 Bone Marrow in B6 and BDF] Recipients 

Following lOOOR 29 

III-4. Growth of B6 Bone Marrow in B6 and BDF-] Recipients 

Following 600R 32 

1II-5. Effect of Bone Marrow from lOOOR Irradiated Donors on 

^25iudR Uptake 35 

IV-1. Growth of B6 Bone Marrow in BDF-| Fostered and DBF] Mice 

Following lOOOR Irradiation . 44 

IV-2. Growth of B6 Bone Marrow in BDF] Fostered and DBF] Mice 

Following 600R Irradiation 45 

IV-3. B6 Bone Marrow Growth in 23 Day Old Recipients Appearing 

Listless Five Days After Transplantation 49 

V-1. Effect of BDF] and B6 Thymus Cells from Young and Adult 

Donors on the Growth of B6 Bone Marrow in BDF] Adult 

Recipients 54 

V-2 Effect of BDF] Spleen Cells from Young and Adult Donors 

on the Growth of B6 Bone Marrow in BDF] Adult 

Recipients 56 

V-3 Effect of Viable BDF] Spleen Cells from Young and Adult 

Donors on the Growth of B6 Bone Mar ro w in BDF] Adult 

Recipients 59 

VI 



VI 1 

TABLE PAGE 

V-4. Pretreatment of BDE-] Recipients with Spleen Cells from 

B6, D2 and BDFi Donors 61 

V-5. Effect of D2 Spleen Cells on the Pretreatment of BDF-] 

Recipients with Spleen Cells from B6, D2 and BDF-j Donors 62 

V-6. Lack of Stimulation of B6 Bone Marrow Growth in BDF] 

Recipients by Sera from Young BDF-] Hybrid Donors . . . . 64 

VI-1. Effect of BDFi Spleen Cells Given After Irradiation on the 

Growth of B6 Marrow in Young BDF] Recipients 71 

VI-2. Effect of BDF] Spleen Cell Pretreatment on the Growth of 

B6 Marrow in Young BDF] Recipients 73 

VII-1. NK Activity Against EL-4 and L-1210 Ascites Tumors . , . . 81 

VII-2. NK Activity Against B6 and BDF] Bone Marrow Cells 83 

VII-3. Effect of NK Cells on B6 CFU 85 



FIGURE 

III-1. 

III-2. 

III-3. 

III-4. 

III-5. 

III-6. 

III-7. 

IV-1. 

LIST OF FIGURES 

PAGE 

CFU in the Bone Marrow of Young Mice 17 

CFU in the Spleens of Young Mice 18 

Percent Survival After lOOOR 21 

Percent Survival After 600R 24 

Endogenous Splenic Hemopoiesis in BDF], Mice Following 

Radiation Exposures 26 

B6 Bone Marrow Growth in Recipients Exposed to lOOOR. . . 30 

B6 Bone Marrow Growth in Recipients Exposed to 600R . . . 33 

Effect of Weaning on Bone Marrow Growth 47 

viii 



CHAPTER I 

INTRODUCTION 

I. TRANSPLANTATION IMMUNOLOGY 

has been theOne of the major barriers to tissue transplantation 

the graftedability of the immune system of the recipient to recognize 

result intissue as foreign" and mount a response against it which may 

the "rejection" of the graft. Turn of the century reports by Loeb 

this (51, 52).and his collaborators were among the first to demonstrate 

They found that a tumor of Japanese waltzing mouse origin was trans 

plantable to nearly 100% of these mice, yet failed to grow in an unre 

lated strain. Although neither the nature of the genes responsible nor 

that susthe means by which they acted were known, the conclusion 

wasceptibility to transplanted tumors is genetically controlled 

inescapable. 

who, duringThe discovery pointed the way for other investigators 

the course of the next 40 years, worked to define and interpret the 

genetics of tissue transplantation, By 1941 Little had established a 

set of "laws, based on his own observations as well as those of others. 

These were summar-which predicted the outcome of tissue grafts (50). 

ized by Snell and Stimpfling (77) as follows: 

in1. Grafts within inbred strains are successful; or stated 

more general terms, isografts succeed. 

or stated2. Grafts between inbred strains are not successful; 

in more general terms, allografts fail. 

1 
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hybrid3. Grafts from either inbred parent strain to the F-j 

succeed, but grafts in the reverse direction fail. 

in all4. Grafts from F2 or subsequent generations also grow 
mice. 

5, Grafts from either inbred parent strain are accepted by some 

members of an F^ generation, but rejected by others. 
ofFrom these and other observations, two basic principles 

that the success ortransplantation genetics have emerged. The first is 

failure of a tissue transplant is dictated by the presence of transplan 

tation antigens, which are the products of a set of genes designated 

histocompatibility genes. In the mouse, the major transplantatio n 

termed the H-2antigens are controlled by the genes in a complex locus 

locus. When the prospective donor and host are identical with respect 

between them.to these genes, grafts will be successful when exchanged 

However, disparity at the H-2 locus (or any of the other histocompati 

bility loci) will result in the eventual failure of the graft (7). 

alleles whichThe second principle is that the family of genes or 

andmay occupy any given histocompatibility locus are inherited 

Thus a cross between an individual that isexpressed codominantly (7). 

and that isgenotypically a/a for a given histocompatibility locus one 

of a b/b genotype would produce offspring both genotypically and pheno-

typically a/b. It is for this reason that, as noted above, grafts from 

recipients. Suchinbred parental strains are accepted by F-j hybrid 

grafts present no new histocompatability antigens not already expressed 

in the F, recipients.1 
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II. BONE MARROW TRANSPLANTATION 

as wellBone marrow consists of a variety of mature blood cells 

In addition, bone marrow containsas numerous precursors of such cells, 

maintaina population of hemopoietic stem cells which, by definition, 

demand fortheir own numbers while continuing to supply the body's 

mature blood elements (86). It is the presence of these stem cells 

ability.which gives bone marrow its sustained blood forming 

Because of its hemopoietic capacity, bone marrow transplanted in 

treatment of thethe form of dissociated cells, was first employed as a 

deleterious effects of ionizing radiations on hemopoiesis, Supralethal 

doses of radiation have been shown to result in anemia, leukopenia and 

and bone marrowthrombocytopenia as well as damage to lymphatic tissues 

aplasia (4, 75). In mice, death after such exposures usually occurred 

within two weeks. In 1951 Lorenz and his coworkers demonstrated that 

the survival of irradiated mice could be significantly prolonged by the 

injection of bone marrow cells (58). Later reports (11, 22, 59, 65) 

of marrow resultshave been established that the radioprotective capacity 

of the host byfrom the reconstitution of the hemopoietic compartment 

donor cells. 

the multi-Perhaps foremost among the reconstituting cells is 

by Till and McCullochpotential hemopoietic stem cell originally detected 

(CPU),(79) and commonly referred to as a colony-forming unit When 

rise discretetransplanted into an irradiated host, these cells give to 

foci the of recipient, These foci or colonieshemopoietic in spleen the 

in nature, howevercan be erythrocytic, granulocytic or megakaryocytic 

There is considerablelymphoid colonies do not arise from these cells. 
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which is capable ofevidence that a truly pluripotent stem cell exists 

to CPUs relymphoid progeny as well (1, 80) however its relationship 

mains at this time unclear (1). Nevertheless, the ability of trans-

planted bone marrow cells to repopulate all hemopoietic compartments of 

radiation injured recipients has been amply demonstrated (1, 80). 

features whichBone marrow, as a tissue graft, has several unique 

distinguish it from other types of grafts, First of all, it is typically 

transplanted by intravenous injection in the form of a suspension of 

dissociated cells. Secondly, removal of the recipient's bone marrow in 

preparation for a marrow transplant is accomplished by either large 

doses of radiation or by very powerful cytotoxic drugs rather than by 

of bonesurgery. Third and most important, the immunologic consequenses 

encountered withmarrow transplantation are often the reverse of those 

other types of tissue grafts, Because the classical immunity of the host 

is abolished by the destruction of the host marrow, rejection of a 

marrow transplant is unlikely, However, the graft itself is capable of 

Inreconstituting in the recipient an immune system of the donor type, 

histoincompatable doner-host combinations, this gives rise to a phenom 

enon called graft-versus-host (GVH), in which the transplant, in effect, 

attempts to reject the host. At the present time, GVH remains one of the 

(9).largest obstacles to routine clinical bone marrow transplantatio n 

III. POOR GROWTH 

The Poor Growth phenonmenon represents an additional complication 

to the genetics of bone marrow transplantation, Since the mid-1960's, 

from certain inbredit has been well established that bone marrow grafts 
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irradiatedmouse strains fail to proliferate as well in lethally 

hybrid recipients as they do in syngeneic mice (13, 15, 24, 38, 39), 

This phenomenon is inexplicable in terms of classical" transplantation 

immunology for at least two reasons, First, as noted above, all of 

the histocompatability antigens of both parents should be expressed in 

transplantationan F-j hybrid. Second, even in the presence of foreign 

antigens, the immune system of the recipient should be unable to respond 

to such antigens following lethal irradiation (60), 

Poor Growth (also called hybrid resistance (16), hemopoietic 

resistance (17), genetic resistance (56), allogeneic inhibition (39), 

be defined heresyngeneic preference (38) and CFU repression (61) shall 

as the sub-optimal proliferation of hemopoietic tissue grafts in 

failures oflethally irradiated recipients. This definition includes 

parental grafts in hybrid recipients as well as grafts from allogeneic 

and xenogeneic donors (82). 

the nature ofAlthough several theories have been put forth as to 

these graft failures, no completely satisfying explanation of the 

mechanisms involved has been advanced To date, the most widely 

Poor Growth is theaccepted of these hypotheses involves the view that 

result of a host-derived immunity (13). According to this hypothesis, 

recipients resultsthe failure of parental marrow grafts in F-| hybrid 

against an antigenfrom an immune reaction on the part of the F-j hybrid 

(or antigens) expressed by the hemopoietic tissues of the parental 

strain which are absent in the F-,.
1 

At the heart of this hypothesis are two assumptions which are 

radically different from what is known about "classical transplantation 

immunology. The first is that a cell mediated immune reaction can take 



6 

to abrogate otherplace in a recipient after radiation exposures known 

immune responses (2, 46). Secondly, that certain transplantation anti-

are notgens, termed hemopoietic histocompatability (Hh) antigens, 

has beencodominantly expressed (56). Although extensive research 

carried out in this field over the last 15 years, the validity of these 

VIII for furthertwo assumptions has not been confirmed. (See Chapter 

discussion). 

IV. POOR GROWTH AND YOUNG MICE 

Poor GrowthCudkowicz (16) has reported that, in contrast to the 

of parentalseen in adult F-j mice, hemopoiesis in young F-j recipients 
when the mice weremarrow was comparable to that seen in syngeneic hosts 

This observationless than 21 days old at the time of transplantation., 

of thehas been interpreted as a reflection of the "late maturation" 

cellular mechanism responsible for the rejection of bone marrow grafts 

another(16, 18). If true, such a late maturation v;ould represent yet 

unique feature of the "effector cells of Poor Growth, in that other 

birthimmunocompetant cell types are either already functional at or 

become so with in 10 days thereafter (78), Subsequent reports (82) have 

shown that transplantation of otherwise poorly growing allogenic and 

reconstituxenogenic bone marrow result in high levels of hemopoietic 

tion in very young recipient mice. 

However, reports of parental bone marrow growth in young hybrid 

recipients have failed to address themselves to the question of whether 

the observed hemopoietic activity resulted from the ability of these 

The extent of hostrecipients to support parental bone marrow growth, 

stem cell proliferation following radiation exposure was only nominally 
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investigated in these reports (16, 18), even though changes in both 

the CFL) content and radiation sensitivity are characteristic of very 

young mice (12, 23, 63). Such information is basic to an accurate 

interpretation of these data. Moreover, such an interpretation re 

quires data, as yet unavailable in the literature, regarding the 

magnitude of hemopoiesis in both F and syngeneic recipients of1 

parental marrow at the time of "maturation of Poor Growth. 

V. PURPOSE OF RESEARCH 

the cellularThe purpose of the present research was to investigate 

recipients ofbasis of hemopoietic recovery in very young F-j hybrid 

parental bone marrow with the expectation that such research might shed 

some light on the mechanism by which stem cells are regulated in this 

system. In Chapter II of this volume, the routine materials and methods 

employed in this research are described. Chapter III consists of a con 

of parentalfirmation of hemopoietic recovery in young F^ recipients 
marrow and an exploration of the hemopoietic background of these recip 

factors in thisients. The role of both specific and non-specific milk 

phenomenon is reported in Chapter IV. Chapter V shows the results of 

experiments designed to study the ability of lymphoid cells from young 

grafts in olderF^ donors to influence the outcome of parental marrow 

type in adult FF.| recipients. In Chapter VI, the presence of a cell 1 

mice, capable of diminishing parental bone marrow growth in young 

recipients, was sought. The ability of a putative "effector" cell, the 

Natural Killer cell, to lyse parental bone marrow or stemthe cell 

compartment of that marrow in vitro was tested and the data are 
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presented in Chapter VII. In Chapter VIII, two previously proposed 

discussed. Inmechanistic models of Poor Growth are presented and 

stem celladdition, a new model for the regulation of hemopoietic 

growth is advanced in this Chapter, which is based on the data pre 

sented here as well as those of others. 



CHAPTER II 

GENERAL MATERIALS AND METHODS 

I. INTRODUCTION 

Many procedures, reagents and mouse strains were employed during 

the course of the research described in this volume. Of those, the 

materials and methods used routinely are reported in this chapter. 

methods describedOther techniques or variations of the materials and 

arehere, which were employed in only a few, specific experiments, 

reported in the chapters to which they are applicable. 

II. ANIMALS 

Adult (12-22 weeks of age), inbred mice of the C57BL/6 (B6) 

mice of both sexesstrain as well as (C57BL/6 x DBA/2Fi (BDF.| ) hybrid 
were obtained from Jackson Laboratories, Bar Harbor, Maine. Adult 

DBA/2 and congenitaly athymic Bal6/c nu/nu mice as well as young (1-42 

days of age) BDF.|, B6 and (DBA/2 x C57BL/6)F.j (called DBF.|) mice of 
Division of the Oakboth sexes were bred and maintained in the Biology 

Ridge National Laboratory, Oak Ridge Tennessee, from stock originally 

obtained from Jackson Laboratories. 

Stock animals were generally housed ten per cage in the Biology 

0 

Division animal facility. They were maintained at 72 F with a 12 hour 

alternating dark/light cycle. Food (Purina Mouse Chow) and water were 

given ^ libitum. Experimental animals were housed in a separate room 

from that of the stock animals under identical conditions, with the 

exception that experimental animals were generally housed five per cage. 

9 
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III. IRRADIATION 

either aWhole body x-irradiation of mice was performed using 

the followingPhilips x-ray machine or a G.E. Maxitron 300 under 

conditions: 

with 1.0 inmThe Philips machine was operated at 250 kV and 15 niA 

A1 added filtration and an HVL of 0.5 mni Cu. A target to object dis 

tance of 60 cm was used, and at this distance the exposure rate ranged 

The G.E, Maxitron 300 wasfrom 140 to 170 R/min. as measured in air. 

distance of 70 cm.operated at 300 kV and 20 mA at a target to object 

of 0.5 Cu.Two mm A1 added filtration was used to give an HVL mm 

Under these conditions the exposure rate ranged from 180 to 205 R/min, 

measured in air. 

luciteFor whole body irradiation, mice were placed in a circular 

holder with a maximum capicity of 12 mice, The holder v/as then placed 

on a turntable which rotated during irradiation to assure uniformity of 

radiation exposure. 

IV. CELL SUSPENSIONS AND DOSES 

Bone marrow cell donors were sacrificed by decapitation, exsangui 

nated, and the bones to be used (femera, tibia and/or humeri) were 

removed. Marrow plugs were expelled into cold, sterile phosphate buf 

fered saline (PBS: 15.3g NaCl ; 1.45g Na2HP0^; 0.424g KH^PO^ in twice 

distilled water to a final volume of 2.0 liters), pH 7.2 to 7.4, by 

marrowaspiration of the marrow cavity with a 22 gauge needle, The 

cold PBS to removecavities were subsequently flushed with additional 

adhearing cells. The cells thus obtained were passed several times 
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through first a 22 gauge and then a 'll gauge needle and finally filtered 

through 80 mesh nylon to obtain a single cell suspension. 

Spleen and thymus cell donors were also sacrificed by decapitation 

and exsanguinated, Cell suspensions from these organs were prepared 

by gentle disruption of the organ in a thick walled Sorval centrifuge 

tube with a teflon pestle in a small amount (1.0 to 2.0 ml) of PBS. The 

cells were then passed through 80 mesh nylon to remove debris and cell 

clumps. Unless otherwise noted, all cell suspensions employed in the 

present work were obtained from a pool of at least three animals to re 

duce the effects of individual variability. 

The number of nucleated cells in the suspensions so obtained was 

assessed with a Coulter particle counter. In preparation for counting, 

the cells were diluted in a solution of 0.01% saponin in 0.15 molar 

saline to lyse red blood cells. The percentage of viable cells in these 

suspensions (based on their ability to exclude Eosin Y; Matheson, Cole 

man and Bell) was determined in a hemacytometer under 240X magnification. 

Unless otherwise stated, cell doses reported in this volume are 

expressed in terms of viable nucleated cells. 

V. TRANSPLANTATION 

In general, dissociated spleen or bone marrow cells were trans 

planted within 24 hours after lethal irradiation of the recipients. 

Lethal radiation doses given were 900R for hybrid mice and 800R for in-

bred strains. Transplantation was accomplished by intravenous injection 

of the cellular inoculum in a lateral tail vein. The size of the inoculum 

varied considerably depending on the genetic make up of the donor and 

recipient, the particular growth assay employed and the objectives of the 

experiment. 
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125
VI. lUdR UPTAKE ASSAY 

Cellular proliferation in the spleen following irradiation and 

125 125
lUdR (5- lodo 2'-deoxyuridine)transplantation was assessed by the 

assay developed by Cudkowicz (14). Five days after inoculation of 

nucleated bone niarrov/irradiated recipients with 0.5 to 1.0 x 10^ viable 
saline wascells, 10"^M FUdR (5-F1uoro 2'-deoxyuridine) in physiologic 

a volume of 0.2administered to each recipient intraperitoneally in 

ml. This was done to inhibit the endogenous synthesis of thymidine 

125 
nucleotides and maximize the incorporation of lUdR into DNA. Thirty 

minutes following FUdR administration, the recipient mice were given 

125 of0.5 Ci of lUdR, (Amersham Searle) intraperitoneally in a volume 

disloca-0.2 ml. Eighteen hours later, the mice sere killed by cervical 

tion and their spleens removed. These spleens were routinely fixed in 

acetic acid: 70%Tellyesniczky's solution (1:1:20 of formalin:glacial 

Auto Gamma counter.ethanol) and their radioactivity counted in a Packard 

a standard,For each experiment in which this assay was employed, 

and counted.consisting of 1% of the injected dose, was also prepared 

values wereBackground counts were made periodically, and these 

Countstaken into account in the final expression of the results, 

dose and werewere usually expressed as a precentage of the injected 

determined as follows: 

Counts per minute (Experimental) minus Counts per minute (Background) = 
Counts per minute (Standard) 

Percent Injected Dose 



13 

VII. MACROSCOPIC SPLEEN COLONY ASSAY 

was used bothThe spleen colony assay of Till and McCulloch (71) 

inocula and toto determine the stem cell content of spleen and marrow 

assess the proliferation of these stem cells following transplantation. 

Spleen or bone marrow cells were given to irradiated mice in a dose 

estimated (by prior experience or pilot experiment) to yield a countable 

number of splenic colonies (15-25 being ideal), Eight days after 

transplantation, the mice were killed by cervical dislocation and their 

spleens removed and fixed in Tellyesniczky's solution. Gross colonies 

Thewere enumerated under a dissecting microscope at 9X magnification, 

results are expressed for a given group as the mean number of colonies 

per spleen - the standard error of the mean. 



CHAPTER III 

BONE MARROW TRANSPLANTATION IN YOUNG RECIPIENT MICE 

I. INTRODUCTION 

three weeksIn 1968 it was reported (16) that, in mice less than 

of age, hemopoietic recovery was comparable following x-irradiation 

and parental strain bone marrow transplantation, regardless of whether 

the recipients were of the donor strain or an F, hybrid of that strain. 

This effect, which was in direct contrast to the Poor Growth usually 

observed in these hybrids, (15, 24, 56), persisted until 19 to 22 days 

of age, during which time a sharp decline in splenic hemopoiesis (with 

recipients ofrespect to syngeneic recipients) occurred in F-j hybrid 
this suddenparental marrow. Although supplementary data regarding 

"maturation" of Poor Growth has since been reported (18), much informa 

tion, most notably the magnitudes of both the observed bone marrow 

growth and the endogenous stem cell proliferation, has been unavailable 

in the literature. 

Data from preliminary experiments (Goodman and Shinpock - un 

published) suggested that, while the magnitude of hemopoiesis observable 

greater in micein F^ hybrid recipients of parental bone marrow was 

less than three weeks of age as compared with adult recipients, endo 

genous stem cell proliferation in these mice was also drastically ele 

vated with respect to adult recipients. 

It was therefore essential to undertake a careful, detailed study 

of bone marrow growth in young parental strain and F-i hybrid recipients. 
cellInasmuch as the information regarding the hemopoietic stem content 

14 
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(63, 69), radiation sensitivity (12, 23, 71) and the extent of endo 

genous hemopoietic recovery following irradiation in mice of this age 

has been sketchy, and because these parameters might affect the levels 

of hemopoiesis following irradiation and bone marrow transplantation, 

all were explored in detail, Such information was essential for assess-

ing the proliferative capacity of parental bone marrow grafts in these 

animals. 

studiesAnswers to the following questions were sought in the 

presented in this chapter: 

1. What is the hemopoietic stem cell content of BDF-, hybrid mice 

during the first five weeks of life? Might changes in the 

stem cell content of these mice at about 21 days of age cause 

a sudden decline in hemopoietic recovery following irradiation 

and bone marrow transplantation? 

2. How does the radiation sensitivity of these mice vary during 

thethe first five weeks? Might these changes account for 

apparent good growth of parental bone marrow during the first 

three weeks of life? 

3. Does parental B6 bone marrow indeed grow well in young hybrid 

recipients? Does Poor Growth suddenly "mature" at 21 days of 

age? 

II. MATERIALS AND METHODS 

Cell doses usedB6 and BDF-, hybrid mice were used in these studies. 
4 5

from 5 X 10 to 10 bone marrowin the determination of CPU content ranged 

4 6 
cells and 5 X 10 to 10 spleen cells, depending on the age of the donor. 

All other procedures were as described in Chapter II. 
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III. ENDOGENOUS COLONY FORMING UNITS 

IN YOUNG BDF. MICE
1 

In order to assess the hemopoietic stem cell or colony forming 

of age, spleen andunit (CFU) content of BOF-j hybrid mice, 1 to 32 days 
bone marrow cells from donors of this age were transplanted into lethally 

irradiated (900R) syngeneic recipients 12 to 18 weeks of age, and gross 

hemopoietic colonies arising in the spleen were enumerated eight days 

5 
viabl epost-transplantation. The CFU contents (expressed as CFU/10 

donors are shownnucleated cells) of the bone marrow and spleen of these 

in Figs. III-l and III-2 respectively. 

In the bone marrow, the CFU concentration remained relatively 

constant at a value of 15.1 to 17.0 CFU/10^ cells through 13 days of 

and fourth weeks,age. This concentration increased during the third 

of the fourth week.reaching a level of 26.0 to 27.0 CFU/10^ by the end 
mean adult boneThis was not significantly different (P=.05) from the 

marrow CFU content of 27.1 CFU/10^ obtained in these experiments, and 

adult mice (64, 76).was comparable to the values reported by others for 

theThe stem cell concentration in the spleen (Fig. III-2), on 

other hand, shortly after birth appeared to begin a progressive decrease -

somewhat erratic in these experiments - which lasted through the first 

two weeks of life. During the third and fourth weeks, this value appeared 

to plateau at a level of 4.5 to 6.7 CFU/10^ nucleated spleen cells. In 

contrast to the CFU concentration in the bone marrow at this age, that 

in the spleen (6.66 CFU/10^ nucleated spleen cells) was significantly 

observed in thesedifferent (P<.001) from the adult level of 1.9 CFU/10 

experiments. To obtain a coherent and comprehensive picture of the CFU 
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content of the spleen and bone marrow at this age, the data, pooled by 

weeks are presented in Table III-l. 

Because tibial, and in one instance humeral marrow was used in 

addition to femoral marrow in these experiments, the estimates of femoral 

cellularity presented in Table III-l were calculated from an approxima 

tion based on data reported by Tyan, that the cellular content of t!ie 

tibia is equal to 0.3226 that of the femur and that the cellularity of 

the humerus is 0.8000 that of the tibia. For this reason, these data 

must be regarded as estimates rather than definitive values. 

IV. POST-RADIATION SURVIVAL 

Because preliminary data (Goodman and Shinpock - unpublished) 

suggested that very high levels of spontaneous hemopoietic regeneration 

occurred in the spleens of mice less than three weeks of age following 

x-irradiation doses of 700 to 800R without subsequent marrow transplanta 

tion, it appeared appropriate to use a higher dose (lOOOR) as a condi 

tioning agent prior to bone marrow transplantation in these studies. 

This was done in order to minimize the levels of endogenous hemopoietic 

recovery which could conceivably interfere with the interpretation of 

the results of these experiments. It was not possible, however, to 

complete the studies of bone marrow growth following this exposure dose 

due to a sharp increase in the radiation sensitivity of mice of this age 

17 to 19which became manifest in these experiments at approximately 

days of age. 

BDF-, mice sixFig. 111-3 shows the percent survival of both B6 and 

days following lOOOR of x-radiation as a function of age at the time 
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of exposure. Survival of both B6 and BDFi mice from 1 to 16 days
1 

of age ranged from 62 to 90% six days post-irradiation, A rapid 

in B6 and 19decline in survival was observed, beginning at 17 days 

days in BDF-, mice. By 23 days of age, survival of BDF-, mice had reached1 

zero, with B6 survival at zero by the age of 26 days. Both B6 and BDF 
1 

mortality remained at the level of 90 to 100% through 42 days of age. 

could beIn order to determine the optimal radiation dose which 

B6 mice wereused as a treatment for mice of this age, 23 day old 

was assessedexposed to various doses of x-radiation and their survival 

six and ten days later. A radiation dose was sought that would give 

of host derivedacceptable survival and the lowest possible levels 

hemopoietic regeneration. As the assays of bone marrow growth employed 

in these studies required survival to eight days or less, long term 

survival was not followed. The results are presented in Table III-2. 

dose in theseAs expected, survival varied inversely with the exposure 

animals. Based on the data in Table III-2, 600R was selected as a 

not result in un-routine dose, as it was the highest dose which did 

acceptable mortality. Eighty percent survival was observed at six and 

ten days. 

Figure III-4 shows the survival of both B6 and BDF mice six days 

after irradiation with 600R as a function of age. Although some 

in B6 micemortality was observed after this exposure dose, especially 

(10 to 29%) 14 to 24 days of age, survival of BDF mice was uniformly
1 

These data were obtained from radia-high throughout this time period, 

tion control animals (irradiated but not bone marrow transplanted) used 

to determine the extent of endogenous regeneration in the spleen after 

irradiation (see Section V of this Chapter). 
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TABLE III-2 

SURVIVAL OF 23 DAY OLD B6 MICE AFTER 

VARIOUS DOSES OF RADIATION 

SURVIVAL 

RADIATION DOSE (R) AT 6 DAYS AT 10 DAYS 

1000 0/9 0/9 

800 1/7 0/7 

700 3/6 1/6 

600 8/10 8/10 

500 8/10 7/10 

Data are expressed as the number of surviving mice/the 
number exposed. 
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V. ENDOGENOUS HEMOPOIESIS FOLLOWING RADIATION 

B6 andThe extent of endogenous hemopoietic recovery of both 

125 
lUdRBDFt mice of both sexes, 1 to 42 days of age was determined by

1 

assay of the spleens of these mice six days after x-ray doses of 600, 

700 and lOOOR. These results are presented in Figure III-5. To put 

125
thethese data in perspective. Figure III-5 also shows lUdR uptake 

an x-rayin the spleens of BDF-j adults (12 to 15 weeks) following 
of theseexposure of 900R as well as that seen after reconstitution 

adults with 10^ syngeneic bone marrow cells. The spleens from adult 

dose. Thosemice showed no macroscopic colonies after this exposure 

too numerousreconstituted with bone marrow had macroscopic colonies 

to count. 

It is apparent from this figure that very young BDF, mice had high 

levels of hemopoiesis following even lOOOR of radiation. Indeed, the 

levels of hemopoietic recovery observed in mice less than one week of 

to that of boneage following exposures of 600 or 700R were comparable 

marrow reconstituted adults. 

declinedIn all cases, the extent of post-irradiation recovery 

125 
with age. By day 11, the splenic lUdR uptake of BDF, mice was not1 

significantly different (P=.05) from that of adult mice following 900R 

exposures. However following 600 or 700R, the splenic regeneration 

remained higher (P<.05) than that seen in adults until 22 to 23 days of 

age. 
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Mice FollowingFigure III-5. Endogenous Splenic Hemopoiesis in BDF-| 
Radiation Exposures. 

II. Mice werelUdR uptake was determined as described in Chapter 
exposed to lOOOR (dotted line), 700R (dashed line), or 600R (solid line) 

the meanfive days prior to spleen removal. The upper bar represents 
recipients following- standard error of lUdR uptake seen in BDF-i adult 

marrow cells. Theexposure to 900R and transplantation of 10° syngeneic 
radiation (900R)lower bar shows the lUdR uptake seen in BDF-j adult 

controls. 
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VI. GROWTH OF PARENTAL STRAIN B6 BONE MARROW 

IN YOUNG B6 AND BDF, RECIPIENTS
1 

mice ofThe magnitude of B6 bone marrow growth in B6 and BDF 1 

125 
both sexes 13 to 42 days of age was determined by the lUdR assay 

Radiation •following irradiation and injection of 10® marrow cells, 
littermates ofcontrol animals, irradiated and not transplanted, were 

The results of thesethose receiving bone marrow whenever possible, 

shown in Tableexperiments, employing an x-ray exposure of lOOOR are 

to assessIII-3. As noted in Section IV of this Chapter, attempts 

bone marrow growth in these animals between 20 and 42 days of age 

following 1000R met with excessive mortality, and this study could 

therefore not be extended past 19 days. 

and B6 boneHemopoietic recovery observed following irradiation 

marrow transplantation in recipient mice within this limited age 

125 
lUdR uptakerange was comparable in both B6 and BDF-j animals, 

was observed to be significantly higher (P<.05) in both B6 and BDF 
1 

marrow recipients 13 to 17 days of age than that seen in syngeneic 

adult recipients of B6 marrow. 

to theThe amount of regeneration in these recipients attributable 
125 

bone marrow grafts was determined by subtracting the lUdR uptake 

seen in non-transplanted controls from that of bone marrow recipients 

of the same strain and age. These data are presented in Figure III-6. 

in both B6 andB6 bone marrow displayed approximately equal growth 

contrasted sharplyBDF-J recipients 13 to 19 days of age. This effect 
with the failure of this marrow to proliferate in BDF-, adult recipients.

1 
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TABLE III-3 

GROWTH OF B6 BONE 
RECIPIENTS 

MARROW IN 
FOLLOWING 

B6 AND 
lOOOR 

BDF 
1 

B6 BDFi6 
RECIPIENT TO B6 T25iudR T25iijdR 

AGE BONE MARROW %SPLENIC UPTAKE ^SPLENIC UPTAKE N 

13 Day + 0.526.^ 10 0.491^ 19 

.088 .067 

13 Day 0.016^ 0.019^ n 

.010 .006 

+ 0.399-
+ 

7 0.400^ 101 6 Day 
.096 .029 

16 Day 0.014^ 7 0.018-
+ 

7 

.002 .005 

17 Day + 0.475^ 6 0.466-
+ 

.077 ,069 

17 Day 0.017^ 4 0.012-1
+ 

8 

.003 .001 

19 Day + 0.271-
-f-

4 0.383^ 11 

.085 .009 

19 Day 0.010^ 7 0.009^ 10 

.002 .001 

125 
Chapter II.lUdR ^uptake values were obtainec^ as described in 

errors.These values are expressed as the means - standard 
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Poor GrowthIn order to study the kinetics of the appearance of 

out in which anin young BDF^ mice, a series of experiments was carried 
exposure dose of 600R was employed prior to bone marrow transplantation. 

of B6 boneThe use of this exposure dose made possible the assessment 

The results of thesemarrow growth in recipients 14 to 42 days of age. 

experiments are summarized in Table 111-4. As was the case following 

were observedexposures of lOOOR, relatively high levels of recovery 

in both B6 and BDF-, animals, 14 to 20 days of age, following marrow 

transplantation. 

125
The tended tolUdR uptake in BDF-j recipients of parental marrow 

decrease with age throughout the age range studied. Splenic hemo 

poiesis in B6 recipients decreased with age in animals 14 to 23 days of 

age and then recovered to relatively high levels in 25 to 42 day old 

marrow, themice. In both B6 and BOF-j mice given 600R but no bone 
125 

lUdR uptake was significantly elevated (P .05) at 14 to 18 days of 

age over that seen in older, 20 to 42 day old mice. 

125
The difference between the lUdR uptake of transplanted versus 

non-transplanted mice, as a function of age following x-ray exposures of 

600R is shown in Figure III-7. The same general pattern as that seen in 

Table III-4 persisted after this correction for endogenous recovery 

was made. B6 bone marrow appeared to proliferate in BDF recipients as1 

well as, and often better than it did in syngeneic recipients during 

the 14 to 25 day age span. While the proliferation observed in BDF 1 
mice 

in B6 mice aftercontinued to decline in older recipients, it increased 

23 days of age. Thus Poor Growth would appear in these experiments to 

have "matured" between 25 and 30 days of age. This is somewhat different 

from the 19 to 22 day age of "maturation" previously reported. 
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TABLE 111-4 

GROWTH OF B6 BONE MARROW IN B6 AND BDF 
1

RECIPIENTS FOLLOWING 600R 

B6 BDFl
6

RECIPIENT lO'^BG ^^lUdR rrSTOdR 
AGE BONE MARROW %SPLENIC UPTAKE %SPLENIC UPTAKE 

+ 

14 Day + 0.588^ 099 10 0.704-.062 11 

0.695.-.014 9 0.265-.038 11 

16 Day + 0.596^.182 10 0.577^.072 12 

0.083r.026 8 0.125^022 13 

18 Day + 0.340^.049 13 0.571^.050 11 

(J0.070-.011 Q 0.211-.046 10 

+ 8 0.238-.039 1320 Day 0.191j.030 
+ 

0.033-.005 9 0.0241.005 11 

+ 11 1422 Day 0.09lJ.026 0.242^.063 
0.on-.002 10 0.012T.002 12 

23 Day + 0.057^.017 13 0.240^.037 13 

0.Oil-.002 11 0.018-.005 12 

25 Day + 0.131^.044 14 160.132^.035 
0.023-.011 11 0.018-.004 13 

+ 

30 Day + 0.404_.105 0.052^.009 13 

0.019-.003 11 0.034-.007 12 

40-42 Day + 0.197^.037 12 0.031^.004 17 

O.OlO-.OOl 10 0.019-.002 13 

125 
lUdR %uptake values were obtained as described in Chapter II. 

These values are expressed as means - standard errors. 
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VII. IRRADIATED BONE MARROW DONORS 

bone marrowTo preclude the possibility that the presence of B6 

cells following transplantation was in some manner inducing prolifera 

mice were irradiatedtions of host type hemopoietic cells, 15 day old BDF-j 
donors or donors(600R) and given B6 bone marrow from either normal 

of their marrow.irradiated (lOOOR) immediately prior to the collection 

The pre-irradiation of donors was carried out to abolish the prolifer 

ative capacity of the stem cells in this marrow. The results are shown 

in Table III-5. 

Although BDF, recipients of normal B6 bone marrow showed greatly
1 

125
increased bonelUdR uptake over that seen in non-transplanted mice, 

marrow from irradiated recipients had no effect on hemopoietic regenera 

tion in these mice. The efficacy of prior irradiation of bone marrow 

donors in preventing proliferation of these grafts was demonstrated by 

adult recithe lack of significant splenic regeneration in syngeneic 

pients of marrow from these donors. 

VIII. DISCUSSION 

afterThe hemopoietic regeneration observed in these experiments 

irradiation and B6 bone marrow transplantation in both B6 and BDF 
1 

animals confirmed earlier reports that Poor Growth was not detectable 

125
(16, lUdRin hybrid mice during the first three weeks of life 18). 

uptake following parental bone marrow transplantation in BDF-, mice. 

conditioned with either 600 or lOOOR, was equivalent to, and sometimes 

greater than that seen in age-matched syngeneic B6 recipients during 

the first 25 days of life. The age at which Poor Growth appeared to 
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TABLE III-5 

EFFECT OF BONE MARROW FROM 1000R IRRADIATED DONORS 
125 

ON lUdR UPTAKE 

RECIPIENTS RADIATION 10® B6 125 
lUdR 

STRAIN AGE DOSE (R) MARROW DONOR ^UPTAKE 

BDF 16 Day 600 Normal 0.473-
+ 

9
1 

.108 

+
BDF 16 Day 600 Irradiated 0.1394 10

1 
.032 

BDF 
1 16 Day •600 None 0.154^ 

.029 

B6 15 Weeks 800 Normal 0.3724
+ 

15 

.029 

B6 15 Weeks 800 Irradiated 0.0174
+ 

15 

.003 

B6 15 Weeks 800 None 0.0154
+ 

10 

.003 

125 

lUdR %uptake values were obt|ined as described in Chapter II. 

These values are expressed as means - the stand errors. 
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marrow'mature, taken by others to be the time at which parental bone 

appeared to proliferate less well in hybrid recipients than in syngeneic 

than thatones (16), was somewhat older (25^ days) in these experiments 

(21 days) previously reported (16, 18). 

marrowThe earlier reports however, expressed growth of parental 

in the hybrid only as a percentage of the growth observed in parental 

strain recipients, Poor Growth is indeed a failure of hemopoietic 

well relativecells of a given strain (in this case B6) to proliferate 

to its capacity to do so in syngeneic recipients. However, as the 

ability of syngeneic mice to support such proliferation changed 

radically with age in these experiments, expression of parental bone 

marrow growth in hybrid recipients only as a percentage of its prolifera 

tion in syngeneic recipients would tend to be both misleading and mask 

of Poorthe underlying kinetics involved. In fact, the "maturation" 

Growth in these experiments was not due to a sudden drop in the ability 

of hybrid recipients to support parental bone marrow growth as might 

be assumed to be the case from earlier reports (16, 18). Parental bone 

mice from 16 tomarrow grew progressively less well with age in BDF.| 
marrow in B642 days old in these experiments. The growth of this 

recipients, 16 to 23 days old, also declined with age. It was only 

after three and one-half weeks that bone marrow growth recovered from 

the decline in B5 mice and thus outpaced that seen in Fj animals. Poor 

during the fourthGrowth thus "matured" rather abruptly in BDF.| hybrids 
to that seen inweek of life when this growth was considered relative 

was in factage matched parental strain recipients. This "maturation" 

a much more gradual process when the growth of parental marrow in hybrid 



37 

of thatrecipients was considered relative to the growth potential 

III of thismarrow. It is clear from the data presented in Section 

Chapter that endogenous CPU in the spleens of these mice prior to 21 

in thesedays of age did not account for the hemopoiesis detected 

experiments after irradiation and parental bone marrow transplantation. 

Although post natal changes in the CPU concentration of the spleen did 

occur in this hybrid, the critical time period (18 to 26 days) was 

marked by a plateau of CPU concentration. Moreover, in spite of the 

early high concentration of splenic CPU and its subsequent decline, 

constantthe total number of CPU in these spleens remained relatively 

because of increased splenic cellularity. 

forThe possibility that excess bone marrow CPU, available 

recruitment to the spleen prior to 26 days of age, might account for 

the observed improved hemopoietic growth appeared unlikely not only 

also the low concenbecause of their relatively low total numbers, but 

tration of CPU at this site as well. Thus endogenous CPU, not under 

absolute numbersgoing a radical decline in either concentration or 

could not accountduring the critical third to fourth week time period, 

irradiationfor the hemopoietic regeneration of P-| hybrids following 
and parental bone marrow transplantation. 

Whether changes in the radiation sensitivity of these mice played 

a role in the regeneration of hemopoiesis could not be as easily 

anddismissed. There was indeed a parallel following irradiation 

parental bone marrow transplantation between splenic recovery and 

asradiation sensitivity, both in terms of general sensitivity 

assessed by survival and the sensitivity of endogenous hemopoiesis to 

irradiation. That significant endogenous regeneration took place 
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within 14 to 18 day old animals following 600R is in disagreement 

followCudkowicz and Bennett (18), who reported no such regeneration 

ing 600 to 700R in mice of this age. As neither the specific data nor 

the methods used to obtain this result were reported, it is not possible 

to reconcile the conflict. 

It is true that due to the relative insensitivity to radiation 

of host hemopoietic cells in mice 14 to 18 days of age, some recovery 

in the spleens of these mice arose spontaneously in the absence of 

transplanted bone marrow. This endogenous growth however, could not 

account for most of the regeneration seen following parental bone 

marrow transplantation. This is based on the following several 

observations. 

125 
After taking the lUdR uptake observed in animals given no bone 

marrow into account, significant hemopoiesis was observed (Figures III-6 

and III-7). Recipient mice exposed to lOOOR at 13 to 19 days of age. 

in which little or no recovery was detected in the absence of marrow 

125 
grafts, still displayed high levels of lUdR uptake following parental 

seen in non-bone marrow transplantation. This growth, minus that 

transplanted controls was comparable to that seen in BDF-^ recipients of 
after thethe same age range following 600R and marrow transplantation 

same correction was made. Finally, injection of irradiated B6 bone 

in which endogenousmarrow, incapable of proliferation, into BDF-j mice 

recovery was observed, did not result in an increase in endogenous pro 

liferation (Table IV-5). Such an increase would have been expected 

if the presence of parental cells induced the growth of host type stem 

cells. 
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did takeIt was concluded therefore that much hemopoietic recovery 

marrow transplantaplace in the spleens of BDF-j mice following B6 bone 
three to four weekstion when the transplant was given during the first 

was attributableof recipient age. Most of the observed regeneration 

Thisto proliferation of the graft and not to endogenous recovery. 

effect diminished with age and was absent in BDF 1 mice 30 days of age 

and older. 



CHAPTER IV 

WEANING AND BONE MARROW GROWTH IN YOUNG MICE 

I. INTRODUCTION 

that the timeIt was noted at the outset of the present research 

at which the divergence in parental bone marrow growth patterns between 

precisely with theparental and F-j hybrid recipients occurred coincided 
Indeed, inage at which laboratory mice are routinely weaned (62), 

both the experiments reported in Chapter III and those reported by 

others (16, 18), mice receiving transplants before 21 days of age were 

caged with their mothers throughout the duration of the experiment. 

older were weanedHowever those mice transplanted at 21 days of age or 

and caged separately from their mothers prior to bone marrow transplanta-

tion. Thus mice 20 days of age at the time of transplantation, 25 days 

old at the termination of the experiment, were nursing and receiving a 

of milk, whereassubstantial portion of their nourishment in the form 

mice 21 days of age at transplantation were deprived of milk throughout 

the duration of the experiment, The possibility that this dietary 

in the eventualdiscrepancy between experimental groups played a role 

considered.fate of the bone marrow grafts in these mice was therefore 

Although these two phenomena (weaning and bone marrow engraftment) 

reasons to believeappear superficially unrelated, there were several 

lack it,that the presence of milk in the diet of these mice, or of 

It has beenmight indeed influence bone marrow cell engraftment. 

demonstrated that the milk of several species, including mice, contains 

both immunoglugulins (10, 34) and immunocompetent cells (5, 6, 21, 66, 84) 

mice. It has furtherof maternal origin, which are ingested by suckling 

40 
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strain T cellsbeen demonstrated the i.v. introduction of parental 

into adult hybrids at the time of transplantation has a profound 

Poor Growtheffect on marrow cell engraftment, virtually abolishing 

(4, 27-33, 20). It was reasoned therefore, that such cells, intro 

duced through the milk, might account in part for the absence of poor 

growth in nursing mice. As all experiments reported in Chapter III 

syngeneic with theemployed BDF-j hybrid mice, the mothers of which were 
milk factorbone marrow donors, the possibility that a B6 specific 

marrow in theinfluenced the engraftment of transplanted B6 bone 

suckling hybrids, appeared to be a tenable one. 

Because the mechanism by which Poor Growth is effected has yet to 

or solublebe determined, the possible influence of other cellular 

marrow befactors in milk on the growth of transplanted bone could not 

deter-ignored. A series of experiments was therefore carried out to 

milk of micemine a) whether a factor or factors, present in the 

syngeneic to the given bone marrow graft and specific for that strain, 

in micewas responsible for the absence of Poor Growth observed 

of milk exerted aconsuming that milk, or b) whether the consumption 

marrow. Thi snon-specific influence on the growth of transplanted 

was accomplished by two types of experiments, The first employed the 

use of both reciprocal hybrids (BDF-j and DBF.|) as well as BDF-j mice 

fostered by D2 mothers. The second utilized mice kept on an exclusive 

milk diet well beyond the usual 21 day weaning age. 

II. MATERIALS AND METHODS 

125 
Bone marrow transplantation and lUdR assays were carried out 

as detailed in Chapter II. BDF,, DBF, and B6 mice were used as recipients.
1 1 
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Bone marrow donors were B6 mice of both sexes, 14 to 17 weeks of age. 

Fostered Mice 

from theirIn some experiments, litters of BDF^ mice were removed 
D2 female.mothers within 24 hours of birth and caged with a lactating 

for three to six hoursThe litter and foster mother were closely observed 

to determine whether or not proper "adoption " had taken place as assessed 

by free nursing on the part of the litter, If no nursing was observed 

during this time, the litter was then removed to a cage containing a 

second lactating D2 female and observed once more, Adoption" by 

either the first or second female invariably occurred. 

mothers forThe litters were then maintained with their surrogate 

at least two weeks prior to irradiation and bone marrow transplantation 

and remained so throughout the experiments. 

Delayed Weaning 

of non-specificIn experiments designed to test the possible effects 

milk factors on bone marrow growth, prospective recipients were kept 

on a diet which consisted exclusively of milk and water for periods of 

time ranging up to 28 days of age. This was accomplished by the use of 

surrogate mothers as follows: 

At 12 to 14 days of age, litters of mice were removed to pans 

which were not supplied with solid food, The mother was separated from 

food and water. Athe litter and housed in a feeding cage containing 

the litterlactating B6 female was then placed in the pan containing 

(three to six hours).and kept there until the litter had been "adopted" 

Real and surrogate mothers were then alternated between cages containing 

the nursing litter and the feeding pans. Such alternations were performed 
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every three to four hours for the duration of the experiment, usually 

7 to 17 days. In every case, only mothers of BDF^ litters were used as 

surrogates for BDF^ litters and mothers of B6 litters were used as 

surrogates for B6 litters. 

III. MARROW GROWTH IN RECIPROCAL HYBRIDS 

AND FOSTERED MICE 

transplantedHaving established that BDF-j mice exhibit growth of 
bone marrow comparable to that of syngeneic recipients during the first 

hybrid of BDFthree weeks of life, both the DDF^ (D2 x B6 ) reciprocal 1 

test whether a diet ofand BDF-^ mice fostered by D2 females were used to 
enhanced themilk from a source syngeneic with the bone marrow graft, 

of Poor Growthgrowth of that graft. It was reasoned that if the absence 

in these young mice was due to the presence of a strain specific 

soluble or cellular factor(s) introduced through the milk, then hybrid 

mice, raised on milk from a source allogeneic with respect to the trans 

planted bone marrow, should exhibit hematopoietic regeneration signifi 

cantly less than that seen in mice receiving B6 milk. 

Tables IV-1 and IV-2 show the extent of hemopoietic receovery in the 

spleen five days after transplantation of parental marrow. Recipient 

been irradiatedmice were 16 days old in all cases and had previously 

with lOOOR (Table IV-1) or 600R (Table IV-2). In all cases, no signifi 

fostered recipientscant differences (P=.05) among B6, BDF^ DBF^ and BDF-j 
of B6 bone marrow were observed. It should be noted that the BDF, foster-

1 

24 hours of life anded recipients had access to B6 milk during the first 

The data in Table IV-1the DBF-] recipients had no access whatever, 

represent two experiments, whereas those in Table IV-2 represent three. 
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TABLE IV-1 

GROWTH OF B6 BONE MARROW IN BDF^ FOSTERED AND DBF. MICE 

FOLLOWING lOOOR IRRADIATION 

RECIPIENT 

BDF 
1 

BDF
1 

BDF.
1 

BDF,
1 

DBF
1 

DBF 
1 

B6 

B6 

(fostered) 

(fostered) 

6 125
10 B6 

BONE MARROW 0/ UPTAKE/o 

+ 0.340^ 
.029 

0.018^ 
.005 

+ 0.331^ 
.043 

0.019^ 
.007 

+ 
+ 0.320-

.008 

+ 
0.007-

.002 

+ 0.399^ 
.096 

+ 
0.017-

.009 

lUdR - SPLEEN 

A UPTAKE 

0.322 

INDEX 

84.3 

N 

10 

8 

0.312 81 .7 

5 

0.313 81 .9 8 

5 

0.382 100.0 9 

5 

%uptake values were obtained as described in Chapter II. A uptake 
is the difference in the uptake in mice given bone marrow minus that 

of raidation controls. The index values are a percentage of uptake as 
compared to syngeneic recipients. 

Recipients were 16 days old and of both sexes in all cases. 
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TABLE IV-2 

GROWTH OF B6 BONE MARROW IN BDF^ FOSTERED AND DBE-, MICE 

FOLLOWING 600R IRRADIATION 

10^ B6 125 
lUdR - SPLEEN N 

RECIPIENT BONE MARROW 
0!
UPTAKE A UPTAKE INDEX/O 

+ 

BDF + 0.577- 0.453 90.1 12 
1 

.072 

BDF 0.125-
+ 

13 
1 

.022 

BDF, (fostered) + 0.607^ 0.463 92.0 11 
1 

.117 

BDFt (fostered) 0.144^ 10 
1 

.040 

DBF + 0.589-
+ 

0.489 97.2 13 
1 

.126 

DBF 0.100^ 8 
1 

.017 

B6 + 0.596^ 0.503 100.0 10 

.182 

+ 
B6 0.083- 8 

.026 

%uptake values were obtained as described in Chapter II. A uptake 
marrow minus that ofis the difference in the uptake of mice given bone 

the radiation controls. The index is the percentage of uptake as com 
pared to syngeneic recipients. 

Recipients were 16 day old mice of both sexes in all experimental 
groups. 
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IV. DELAYED WEANING 

in the diet ofIn order to determine whether the presence of milk 

young hybrid mice played a more general role in the growth of trans 

were weaned wasplanted parental marrow, the age at which BDF^ mice 
extended from 21 days to 23, 25 or 28 days of age. As mice of this age 

take an increasing portion of their diet in the form of solid food, 

the mice used inprecautions were taken to ensure that the diets of 

these experiments consisted enitrely of milk and water prior to irradia 

tion and bone marrow transplantation. 

on milkThe growth of B6 bone marrow in BDF, hybrids maintained 

versus that seen in mice weaned at 21 days of age is shown in Figure 

125 
IV-1. In recipients 23 days of age, the mean splenic uptake of lUdR 

in micein mice maintained on milk was nearly twice that observed 

weaned at 21 days of age. Because of the variability of bone marrow 

growth which occurred among different litters within experimental groups, 

from each other, Itthese mean values were not significantly different 

litters maintainedwas noted however, that the mice in two out of five 

on milk exhibited hemopoietic recovery significantly (P<.05) higher 

than the mean recovery observed in mice weaned at 21 days of age. 

At 25 days of age, bone marrow recipients continued to display 

marrow inconsiderable variability. However the growth of bone 

weaned aninursing mice tended to be lower than that seen in normally 

no differences,mals. Twenty-eight day old recipients showed virtually 

between litterseither between litters within experimental groups or 

maintained on milk versus those consuming solid food. The growth of 

typical of the Poortransplanted marrow in all BDF-j mice of this age was 

Growth seen throughout adulthood. 
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lUdR uptake was determined as described in Chapter II. Each 

point represents the mean value for a given litter (3-7 mice). Closed 
circles represent litters maintained on milk; open circles represent 
litters weaned at 21 days of age. The overall mean of each group is 
indicated by a horizontal bar. 

Figure IV-1. Effect of Weaning on Bone Marrow Growth. 
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V. GENERAL HEALTH AND BONE MARROW GROWTH 

in much ofBecause the ages (23 to 26 days) of the recipients 

this work corresponds to the time of maximum radiation sensitivity in 

these animals (Chapter III), the state of health of experimental mice 

was noted at the time of sacrifice. A striking correlation between 

the general state of health of bone marrow transplant recipients and 

the proliferation of those grafts was observed. Table IV-3 shows a 

comparison between the growth of B6 marrow in both BDF, and B5 recip 

ients found to be in either relative good health or listless and 

moribund upon gross examination at the time of sacrifice. In both 

BDF, as well as syngeneic recipients, the grafts showed profoundly 

reduced growth in mice found to be in apparently poor comhealth as 

pared to healthy recipients. In many cases these recipients showed no 

better hemopoietic recovery than that seen in animals given no bone 

marrow following irradiation (radiation controls). 

VI. DISCUSSION 

Whether Poor Growth is viewed as an anti-parent immune reaction 

(13, 17, 18) or as a failure of transplanted parental bone marrow to 

proliferate in the absence of some inducing factor of parental origin 

(71), it is not difficult to conceive of mechanisms by which milk of 

parental strain origin might affect this phenomenon. If an anti-parent 

immune response were the mechanism by which Poor Growth is effected, 

cells or cell associated antigens in the milk might induce a temporary 

tolerance of sorts in nursing mice, Cells capable of suppressing such 

an anti-parent response in the milk could account for the proliferation 
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TABLE IV-3 

B6 BONE MARROW GROWTH IN 23 DAY OLD RECIPIENTS APPEARING 

LISTLESS FIVE DAYS AFTER TRANSPLANTATION 

GENERAL %UPTAKE 

RECIPIENT APPEARANCE WEIGHT (grams) I^SiudR N 

BDF
1 

Good 12.3^0.9 0.240^ 12 

.037 

+ +a 
BDF Listless- 7.8-0.9 0.038-

1 
Moribund .017 

B6 Good 11.8^1.1 0.057^ 13 

.017 

+ +a 
B6 Listless- 8.1-0.9 0.019- 6 

Moribund .002 

^Uptake significantly (P<.01) less than that seen in healthy 
recipients. 

%Uptake values are expressed as means - standard errors of those 

means. 

Mice found to be listless in all other experiments at the time 

of sacrifice were eliminated from the data pool. 

5 
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an over-observed. Alternatively, parental antigens might effect 

load" of the immune mechanism involved as has been proposed for parental 

thymocyte augmentation of bone marrow grafts in adult hybrids (82). If 

Poor Growth is the result of a missing factor of some type, necessary 

of such a factorfor the proliferation of B6 bone marrow, the presence 

in milk might explain bone marrow growth observed in nursing hybrids. 

in orderHowever there appears to be no requirement for B6 milk 

of nursingfor B6 bone marrow to proliferate in BDF-i hybrid recipients 

age. Both BDF^ mice fostered by D2 females as well as D8F.| mice nursed 

by their natural D2 mothers exhibited bone marrow growth comparable to 

Thus parentalthat seen in BDF.j recipients nursed by their B6 mothers. 
than three weeks ofB6 bone marrow growth in F^ hybrid recipients less 

age is not dependent on a strain specific milk factor. 

speak againstThe data involving the delayed weaning of BDF.^ mice 

the involvement of nonspecific milk factors effecting parental bone 

difference betweenmarrow growth in hybrid recipients. No significant 

on milkthe growth of B6 bone marrow in hybrid recipients maintained 

and hybrids weaned at 21 days of age was detected in these experiments. 

It was unfortunately not possible to obtain data regarding the growth 

there wasof marrow in mice weaned prior to 21 days of age, because 

almost 10Q% mortality in such animals following irradiation 

extension of theand bone marrow transplantation. However, that the 

nursing period was not accompanied by a similar extension of good 

growth indicates that milk factors are not responsible for supporting 

hemopoietic grafts in nursing mice. 

seen in miceSignificantly increased bone marrow growth over that 

weaned at 21 days occurred in two litters whose nursing period was 
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extended. It is highly unlikely that this v;as the result of growth 

enhancing milk factors, Improved growth was observed in 23 day old 

animals only and not in 25 or 28 day old mice, Further, even in 23 

day old mice, significantly increased bone marrow growth was a rela 

tively rare occurrence (two out of eight litters). 

It has been suggested that the increase in radiation sensitivity 

at three weeks of age is due to a sudden, temporary increase in the 

radiation sensitivity of the intestine (23). It has further been 

suggested that this sensitivity is the result of developmental changes 

of solidin the intestinal mucosa in.^ preparation for the digestion 

food (23). It is possible that these developmental changes might be 

somewhat altered or delayed in mice whose dietary intake consists solely 

of liquids, thus increasing their general resistance to total body 

irradiation. boneAs it is clear that the general state of health of 

marrow transplant recipients following irradiation can influence the 

proliferation of the transplant (Table IV-3), it is conceivable that 

the exceptional hemopoietic growth observed in some litters of 23 day 

old nursing mice is due to a delay in the onset of extreme radiation 

sensitivity. This, coupled with the biological variability inherent 

in mice of this age, would account for the occasional high levels of 

parental marrow growth seen in 23 day old nursing mice. 



CHAPTER V 

STIMULATOR CELLS AND BONE MARROW 

GROWTH IN YOUNG BDF. MICE
1 

I. INTRODUCTION 

There are several lines of evidence which suggest that the proli 

feration of hemopoietic stem cells in the mouse may be regulated in vivo 

by interactions with lymphoid cells. The growth of parental bone 

marrow in F, hybrid recipients can be greatly enhanced by treatment of 

cells two or morerecipients with parental strain spleen or lymph node 

weeks prior to irradiation and transplantation (24, 27). Treatment of 

tissue sources atF-j recipients with parental cells from a variety of 

the time of transplantation has also been shown to augment the growth of 

parental marrow (28-33). It has further been reported that, in syngeneic 

transplantation situations, T-cells are capable of exerting a stimulatory 

influence on CFU growth (53, 85). However, the administration of F 
1 

hybrid cells has repeatedly failed to dramatically stimulate the growth 

of parental marrow in F 1 recipients when given either prior to (24, 27) 

As the donors of For at the time of (28, 29, 30) transplantation. 1 

cells were themselves incapable of properly supporting parental bone 

marrow growth, the inability of their cells to stimulate such growth 

is not surprising. 

BDFIn this Chapter, an attempt was made to determine whether 1 

spleen or thymus cells from donors less than three weeks old, themselves 

capable of supporting B6 bone marrow growth, could augment such growth 

in young adult BDF recipient animals.1 

52 
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This was done for two reasons. First, such experiments would determine 

whether the mechanism by which parental bone marrow is able to prolifer 

ate in these recipients involves a stimulatory cell and second, they 

of adult Fwould shed light on the question of whether the inability 1 

donors to stimulate parental marrow growth indicates a genetic restric 

tion governing this type of cellular interaction. 

II. MATERIALS AND METHODS 

125 
Bone marrow transplantation and lUdR assays were performed as 

described in Chapter II. BDF, recipients of both sexes were 12 to 17 

weeks old at the time of irradiation. B6 recipients of both sexes were 

within 24 hours13 to 17 weeks of age. Bone marrow was transplanted 

after x-ray exposure (900R - BDF, and 800R - B6) unless otherwise noted. 

III. EFFECT OF BDF, THYMUS CELLS ON B6 BONE MARROW
1 

GROWTH IN BDF, RECIPIENTS
1 

bone marrowOne to four hours prior to the transplantation of B6 

7 
of 4 X 10 thymuscells, BDF.J hybrids were given an intravenous dose 

cells from either young (14 to 17 days) or adult (12 to 15 weeks) BDF 
1 

or B6 donors. This protocol was chosen because it was known to result 

were usedin the augmentation of B6 marrow growth when B6 thymocytes 

(28, 31 70). Augmentation was confirmed in these experiments (Table 

V-1). Thymocytes from adult B6 donors increased the splenic uptake of 

125 
lUdR following B6 bone marrow transplantation from 0.031% seen 

in recipients of marrow only to 0.314% in recipients of both B6 marrow 

and thymocytes. These thymocytes, when given alone, did not increase 

125
the B6lUdR uptake over that seen in radiation control animals. 
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TABLE V-1 

EFFECT OF BDF] AND B6 THYMUS CELLS FROM YOUNG AND ADULT DONORS 

ON THE GROWTH OF B6 BONE MARROW IN BDF] ADULT RECIPIENTS 

RECIPIENT 4X10^ THYMUS 10^ B6 125 
lUdR 

STRAIN CELL DONORS BONE MARROW ^UPTAKE 

BDF
1 

B6 - Adult + 
+ 

0.314-

.029 

BDF
1 

B6 - Adult 0.020^ 
.001 

BDF
1 B6 - Young + 

+ 
0.291-

.049 

+ 
BDF

1 B6 - Young 0.033-: 

.010 

BDF
1 

BDF.
1 

- Adult + 0.035^ 
.012 

+ 
BDF

1 
BDF.

1 
- Adult 0.029-

.007 

BDF
1 BDF. - Young + 0.040^ 

.010 

+ 
BDF

1 BDF^ - Young 0.031-

.013 

BDF 
1 

+ 0.031^ 
.005 

BDF
1 

0.019^ 
.002 

B6 + 0.375^ 
.073 

B6 0.019^ 
.003 

N 

20 

15 

20 

14 

19 

15 

25 

13 

20 

15 

18 

12 

were 12 to 15BDF] and B6 adult recipients and thymus cell donors 
week old males. Young thymus cell donors were 14 to 17 day old animals 
of both sexes. %Uptake of l^SjudR is expressed as means ^ standard 
errors. 
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thymus cells from young donors proved equally effective in abrogating 

Poor Growth in these experiments. 

proved inconseThymocytes from adult BDF-j donors on the other hand, 

recipients. Thisquential to the growth of parental marrow in BDF-j 
finding was in agreement with earlier reports of such failure (28, 30). 

ineffective inThymus cells obtained from young BDF^ donors were equally 
stimulating the growth of B6 bone marrow in hybrid hosts, as no signifi 

cant differences were seen between recipients of these cells plus marrow 

and recipients of marrow only. 

The magnitude of hemopoiesis observed in syngeneic recipients of 

125 
B6 marrow is also shown in Table V-1. Although the uptake of lUdR 

tended to be somewhat higher (0.375%) in these animals than that seen 

(0.314%) or young B6in BDF^ mice given marrow plus adult B6 thymocytes 

thymocytes (0.291%), there were no significant differences (P=.05) be-

tween these groups. 

IV. EFFECT OF BDF. SPLEEN CELLS ON B6 BONE MARROW
1 

GROWTH IN BDF, RECIPIENTS
1 

animals wasBecause parental bone marrow growth in young F^ hybrid 

routinely assayed in terms of splenic hemopoiesis, it was reasoned 

that any stimulator cells might logically be sought within the spleen 

itself. To that end, spleen cells from young and adult BDF-j donors were 

protocol used withadministered to prospective BDF-j donors by the same 

thymus cells described in Section III of this chapter. The results of 

these experiments are presented in Table V-2. 

In distinction to the thymus cell preparations, the spleen cells 

used in these experiments contained large numbers of CFU (see Chapter III, 
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TABLE V-2 

EFFECT OF BDF-] SPLEEN CELLS FROM YOUNG AND ADULT DONORS 
ON THE GROWTH OF B6 BONE MARROW IN BDF^ ADULT RECIPIENTS 

6 125 
RECIPIENT 10 B6 lUdR4X10^ BDF] SPLEEN 
STRAIN CELL DONORS BONE MARROW ?ajPTAKE 

BDF + 0.039- 18Young 
+ 

1 
.013 

BDF 0.019- 20Young 
+ 

1 
.001 

BDF Adult + 0.028^ 16 
1 

.010 

BDF Adult 0.020- 10 
1 

.009 

+ 
BDF + 0.031- 17 

1 
,003 

BDF., 0,018-
+ 

10 

. 044 

B6 0.527^ 14 

.044 

B6 0.029- 10 

.005 

Spleen cell donors were irradiated (lOOOR) immediately prior to 
donors were 13spleen removal. BDFi adult recipients and spleen cell 

weeks old males, as were B6 recipients. Bone marrow donors were B6 

males, 13-15 weeks old. Recipients were irradiated (900R-BDF] and 
800R-B6) approximately 18 hours prior to transplantation. Young spleen 
cell donors were 13 to 15 days old. 

125 
as%Uptake of lUdR in the spleens of recipients was deterijiined 

as means - thedescribed in Chapter II. These values are expressed 
standard errors. 

These data represent two experiments. 
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Section III). In order to prevent the proliferation of stem cells 

from the spleen cell preparations, which would be indistinguisha ble 

from the proliferation of B6 stem cells in the bone marrow inoculum, 

removal.donors were exposed to lOOOR immediately prior to spleen 

no effectAs expected, BDF, spleen cells from adult donors had 

A similaron the growth of parental marrow in hybrid recipients. 

marrow graft failure was observed in recipients of marrow plus young 

BDF, spleen cells. No significant differences (P=.05) among recipients 

of marrow only and recipients of marrow plus adult spleen or marrow 

plus young spleen were observed in these experiments. The prolifera-

tive capacity of the marrow inocula employed was assessed in syngeneic 

125
recipients (Table V-2). The uptake of lUdR in the spleens of syn-

geneic recipients (0.527%) was more than ten times higher than that 

observed in BDF recipients in all experimental and control groups.1 

couldThe results of these experiments, although unequivocal, not 

completely rule out the presence of cells, stimulatory to parental 

bone marrow growth, in the spleens of F, hybrids less than three weeks
1 

old. Although thymus cells could be administered without prior irradia 

tion of the donors, spleen cells could not. Even though irradiated B6 

spleen cells have been shown to enhance parental bone marrow growth in 

hybrid mice, the possibility existed that similar cells of F on gi n1 

might not be able to settle properly in the spleens of syngeneic 

recipients, and their ability to stimulate hemopoietic activity could 

thereby be impaired. 

In an attempt to circumvent this problem, a series experimentsV I 

was carried out in which prospective BDF recipients were sub-lethally1 

(500R) irradiated and given spleen cells from normal, unirradiated 



58 

donors. Two days after this treatment, when cells could be presumed 

to have settled normally, recipient mice were irradiated (900R) and 

given B6 bone marrow as usual. This protocol provided the viable 

in 'which tospleen cells with both an irradiated splenic environment 

settle and an adequate time to do so. The results of these experiments 

are summarized in Table V-3. Once again spleen cells, at a dose of 

7 
5X10, from young and adult BDF, donors failed to enhance the growth 

of B6 bone marrow. No significant differences were seen among recip 

ients of B6 bone marrow plus adult spleen, bone marrow plus young 

spleen, and recipients of marrow only. 

V. PRETREATMENT OF BDF, RECIPIENTS
1 

WITH BDF, SPLEEN CELLS
1 

PoorThe ability of parental strain spleen cells to alleviate 

intra-Growth in hybrid recipients, when the cells are administered 

peritoneally to prospective marrow recipients two weeks or more prior 

to irradiation and transplantation has been well documented (24, 27). 

Although the mechanism by which parental spleen cells function in this 

situation remains unclear, such pretreatment of prospective recipients 

could not be excluded as a potential means of detecting cells that 

might be capable of stimulating parental bone marrow growth in very 

young hybrid mice. Consequently, spleen cells from both B6 and BDF 1 

BDFdonors were administered intraperitoneally to prospective 1 

recipients 14 days prior to irradiation and bone marrow transplantation. 

Young donors in these experiments were less than seven days old so 

weeks at thethat their chronological age would be less than three 

time of transplantation. Spleen cells from adult D2 donors were also 
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TABLE V-3 

DONORSEFFECT OF VIABLE BDF] SPLEEN CELLS FROM YOUNG AND ADULT 
ON THE GROWTH OF B6 BONE MARROW IN BDFn ADULT RECIPIENTS

1 

RECIPIENT 5 X 10^ bdFt spleen 10^ B6 125 
lUdR 

STRAIN CELL DONORS BONE MARROW ^UPTAKE 

+
BDF Young + 0.029- 29

1 
.003 

+ 
BDF Young 0.008- 24

1 
.001 

+
BDF Adult + 0.032- 30

1 
.005 

+
BDF Adult 0.009- 22

1 
.001 

+ 
BDF + 0.030- 30

1 
.005 

BDF 
1 

0.009-
+ 

22 

.002 

+ 
B6 + 0.352- 21 

.051 

B6 0.007^ 24 

.001 

15 to 17 week oldBDF-j adult recipients and spleen cell donors were 
females. BOF] young spleen cell donors were 14 to 13 day old animals of 
both sexes. B6 recipients and marrow donors were 12 to 13 week old 
females. 

and bone marTwo days prior to irradiation (900R-BDF-| and 800R-B6) 
row transplantation, all recipients were sub-lethally irradiated (500R) 
and viable spleen cells were administered to appropriate groups immediately 
thereafter. 

125
^Uptake of lUdR in the spleens of recipients was deterqiined as 

described in Chapter II. These values are expressed as means - the stand 
ard errors. 

These data represent three individual experiments. 
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These datagiven to one group of recipients as an additional control. 

are shown in Table V-4. 

The ability of adult B6 spleen cells to enhance the subsequent 

growth of B6 marrow in hybrid recipients was clearly indicated by the 

125 
increased splenic uptake of lUdR in animals pretreated with such 

cells (0.193%) over that seen in normal recipients (0.015%). The 

125 
lUdR uptake in animals pretreated with young B6 spleen cells (0.162) 

was not significantly different (P=.05) from that seen following pre 

treatment with adult cells. Spleen cells from 02 donors had no effect 

on the outcome of marrow grafts in these experiments. BDF-i spleen 

cells from either young or old donors were equally ineffective in 

stimulating parental marrow growth when given in this manner. 

Because the mechanism by which parental strain spleen cells 

stimulate bone marrow growth is not understood, the possibility was 

considered that a graft-versus-host reaction (GVH), initiated by B6 

stimulatorspleen cells, might underlie the effect. If true, BDF' 1 

cells might not have been detected in these experiments simply because 

no GVH would arise from pretreatment of recipients with syngeneic 

BDF, spleen cells. In an attempt to resolve this question, three 

experiments were carried out in which prospective BDF recipients were1 

with BDF spleengiven D2 spleen cells five days prior to pretreatment 1 

in order to initiate a GVH reaction. D2 spleen was chosen because it 

had been established that these cells did not alter the Poor Growth 

of B6 marrow in these hvbrids (Table V-4). Table V-5 shows the results 

of these experiments, Recipient mice, pretreated with B6 spleen, again 

of B6 bone marrowdisplayed an enhanced capacity to support the growth 

ofgrafts. This capacity was not altered by the additional treatment 
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TABLE V-4 

PRETREATMENT OF BDF. RECIPIENTS WITH SPLEEN CELLS 

FROM B6, D2 AND BDF^ DONORS
1 

RECIPIENT 3 X 10^ SPLEEN 10^ B6 125 
lUdR 

STRAIN CELL DONORS BONE MARROW %UPTAKE N 

+ 
BDF B6 - Adult + 0.193- 19

1 
.022 

BDF B6 - Young + 0.162-
+ 

20
1 

.038 

+ 
BDF D2 - Adult + 0.013- 19

1 
.001 

+ 
BDF BDF. - Adult + 0.013- 20

1 1 
.001 

BDF + 0.012- 20
1 BDF^ - Young 

+ 

.001 

+ 
BDF + 0.015- 20

1 
.002 

BDF 0.012^ 15
1 

.001 

B6 + 0.300^ 20 

.206 

B6 0.012^ 14 

.001 

16 weeks oldBOF-j and B6 spleen cell donors were males, 14 and 
respectively. D2 spleen donors were 13 week old females. Bone marrow 

donors were 18 week old males. Both B6 and BDF. recipients were males, 
15 to 16 weeks old at the time of irradiation (900R - BDF-, and 800R -

B6). Mice were given spleen cells intraperitoneally 14 days prior to 
irradiation and transplantation of marrow. 

125 
%Uptake of lUdR in the spleen i^as determined as described in 

errors.Chapter II and are expressed as means - the standard 

These data represent two experiments. 
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TABLE V-5 

EFFECT OF D2 SPLEEN CELLS ON THE PRETREATMENT OF 
BDF, RECIPIENTS WITH SPLEEN CELLS FROM 

' B6, D2 AND BDF,
1 

DONORS 

7 
3 X TO SPLEEN 

RECIPIENT CELL DONORS 10^ B6 125 
lUdR 

STRAIN DAY-19 DAY-14 BONE MARROW ^UPTAKE N 

BDF D2-Adult B6-Adult + 0.179^ 20 
1 

.036 

+ 
BDF D2-Adult D2-Adult + 0.02U 19

1 
.001 

+BDF D2-Adult BDF,-Adult 0.019^ 29
1 1 

.002 

BDF D2-Adult BDF,-Young + 0.027^ 30
1 

.003 

+ 
BDF B6-Adult 0.220- 30 

1 
.029 

BDF + 0.029^ 28 
1 

.001 

+ 
BDF 0.019- 23 

1 
.001 

B6 0.357^ 25 

.053 

B6 0.020^ 21 

.002 

old males. 

B6 bone marrow donors were 14 week old females. B6 recipients were 16 
old females. 

BDF,, B6 and D2 spleen cell donors were 14 to 17 week 

week old males. BDF-j recipients were 12 to 16 week 
125

^Uptake of lUdR in the spleen was determined as described in 
errors.Chapter II and are expressed as the means - standard 

These data represent three experiments. 
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these recipients with D2 spleen. All other experimental groups, in 

failed to showcluding recipients of young BDF^ plus 02 spleen cells, 
above that seenany significant (P=.05) augmentation of marrow growth 

in D2 treated or normal recipients. 

VI. HUMORAL STIMULATORS 

A limited number of experiments was carried out to test for the 

presence of a factor or factors in the serum of young hybrid mice that 

might be capable of stimulating the growth of parental marrow in these 

animals. size andThese experiments^were severely restricted in both 

scope because of the small amounts of serum obtainable from mice less 

than three weeks of age. 

Adult BDF recipients were given intravenous injections of serum1 

in doses ranging from 0.1 to 1.0 ml immediately following marrow trans 

plantation. The serum used was obtained from 12 to 18 day old BDF 1 

mice of both sexes. Both serum previously stored for toone five 

months at -40° C. as well as serum collected on the day of transplantation 

In two experiments bone marrow was incubated with serumwas used. for 

one hour at 37° C. at a concentration of 10^ cells/ml undiluted serum. 

A summary of these experiments is given in Table V-6. Neither preincu 

bation of bone marrow with serum nor treatment of recipients with 

bone marrowserum resulted in any detectable increase of parental 

growth in these recipients. 

VII. DISCUSSION 

Therenow exists a considerable body of evidence strongly suggest 

ing that the growth of hemopoietic stem cells can be regulated by 
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TABLE V-5 

LACK OF STIMULATION OF B6 BONE MARROW GROWTH IN BFD 
1 

RECIPIENTS BY SERA FROM YOUNG BDF, HYBRID DONORS
1 

10^ B6 
SERUM TYPE VOLUME (ML) BONE MARROW 

Stored 0.1 Normal 

Stored 0.2 Normal 

Stored 0.5 Normal 

Stored 1.0 Normal 

Stored 1.0 Serum-Incubated 

Fresh 0.5 Normal 

Fresh 1.0 Serum-Incubated 

None Normal 

None 

125 
lUdR 

^UPTAKE 

0.024^ 
.002 

0.022-

.001 

0.024^ 
.001 

+ 
0.027^ 
.004 

0.020^ 
.003 

+ 
0.019-

.002 

+ 
0.020-

.002 

+ 
0.027-

.005 

0.016^ 
.001 

6 

3 

4 

3 

3 

5 

3 

43 

31 

Recipients were BDF-. males and females 12 to 14 weeks old. Serum 

old. B6 bone mardonors were BDF-i animals of both sexes 12 to 18 days 
row donors were 13 to 17 week old males. Stored serum was kept at -40° 
C. for up to five months before use. Fresh serum was obtained on the 

day of transplantation. Serum was administered intravenously within two 

hours of marrow transplantation. Serum-incubated marrow was treated 

with either fresh or stored serum for one hour at 37° C. at a concentra 

tion of 10' cells/ml serum. 

and weThese data wer^ obtained from five separate experiments 
expressed as means - standard errors. 
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interactions with lymphoid cells. In the parent into transplant 

situation, there are compelling data that marrow growth can be augmented 

by lymphoid cells of parental origin (28-33). As there is disagreement 

as to the nature of the mechanisms involved in Poor Growth, there is 

this alleviationalso considerable debate as to the mechanism by which 

of Poor Growth is effected. Two explanations have thus far been offered. 

On the one hand it has been claimed that lymphoid cells, possessing 

the immunethe putative Hh antigens of the parental type, overload 

effector cell mechanism of the recipient and allow parental CFU to go 

undetected as foreign, Proliferation of parental CFU can therefore 

succeed under these circumstances (82). On the other hand it has been 

argued that parental lymphoid cells function not as a source of antigen 

but as a direct stimulant of parental hemopoietic stem cells (70). 

Demonstrations of the ability of thymic lymphocytes to stimulate 

hemopoietic stem cell proliferation in vitro and in syngeneic transplant 

situations in vivo (53, 85) support this hypothesis. In addition, con 

siderable strength has been given this argument by the recent finding by 

Goodman et. al, (33) that augmentation of parental bone marrow growth 

which have beenby parental thymocytes does not occur in recipients 

extensively depleted of T-cells. If parental thymocytes acted solely 

of hostas a source of antigen under such circumstances, depletion 

T-cells would not effect their ability to overload the host immunity to 

them. 

It was therefore quite reasonable to suppose that the proliferation 

of parental marrow in very young hybrid mice might be mediated by a 

stimulatory lymphoid cell and that such a cell would be detectable by its 

transplantation into adult F-, recipients. Tables V-1 through V-5 
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clearly show however, that this was not the case. None of the trans 

plantation protocols, employed in these studies, resulted in the in 

crease of splenic hemopoiesis in recipients of young BDF-| lymphoid 

cells plus B6 marrow over that seen in recipients of marrow only. It 

must be concluded therefore, that transplantable stimulator cells, of 

the type presumed to be present in B6 thymus and spleen did not mediate 

hybrids. Thisthe improved parental marrow growth seen in young BDF^ 
to stimulatefinding indicates that the failure of adult BDF-| cells 

parental bone marrow growth did not stem from inability of the donors to 

support such growth, but prqbably from a genetic restriction of this 

type of interaction. 

An additional reason to suspect that young BDF spleen cells might1 

enhance the growth of B6 marrow in hybrid recipients was suggested by 

a study of Natural Killer (NK) cells (49). There appears to exist in 

mouse spleen a cell type capable of cytotoxicity against a variety of 

both malignant (35, 40-43) and normal (42) cells. Because this response 

does not require previous specific exposure or priming of these cells 

to their targets, they have been designated Natural Killers (48). Re 

cently, NK cells have been proposed as the cells responsible for 

"immunity" to marrow cell grafts (43, 49, 54, 55, 57). 

In an attempt to draw a parallel between NK activity and Poor 

Growth, Lotzova and Savary (56, 57) showed that spleen cells from mice 

less than three weeks of age were capable of suppressing NK activity 

in vitro. This finding was used to explain why parental marrow grew 

well in F, recipients of this age. If the explanation by analogy is 

valid, it would be anticipated that young hybrid spleen cells, capable 

of surpressing NK activity, would enhance parental bone marrow growth 
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in adult recipients, The failure of such cells to do so in the experi-

ments presented here suggests 1) suppression of NK activity in vitro 

has no in vivo analogue, 2) NK reactivity is not the mechanism by 

which Poor Growth is mediated. 

The studies involving stimulation of marrow growth by serum 

that suchfactors, although very limited in scope, strongly indicated 

factors could not abrogate Poor Growth in adult hybrid recipients. 

of such factorsThese studies did not, however, preclude the existence 

Further studies wouldnor their possible detection by other means, 

donors and were therehave required a prohibitive.,number of young serum 

fore not pursued. 



CHAPTER VI 

EFFECTOR" CELLS AND BONE MARROW GROWTH IN YOUNG MICE 

I. INTRODUCTION 

the transIt was established in Chapter III of this report that 

plantation of B6 bone marrow into BDF recipients less than three1 

that seen inweeks old resulted in hemopoietic recovery comparable to 

age matched B6 mice. It was further demonstrated that neither 

fluctuations in the endogenous stem cell pools of the hosts nor changes 

in radiation sensitivity characteristic of mice of this age could 

in olderaccount for this recovery or its subsequent disappearance 

BDF recipients. Thus the hemopoiesis observed in young BDF reelp-
1 1 

ients of B6 marrow was ascribed to the ability of these mice to 

which contrastedsupport the proliferation of B6 hemopoietic stem cells 

sharply with the inability of older BDF animals to do so. The influ-
1 

in the milkence of exogenous factors, either specific or non-specific, 

consumed by suckling mice on the outcome of marrow grafts was dis 

counted in Chapter IV. 

It has been suggested that Poor Growth is the result of an F.| anti-
on the surfaceparent immune response to putative Hh antigens expressed 

of hemopoietic stem cells in the donor marrow (17, 56). It has further 

been suggested that treatments which abrogate Poor Growth do so either 

by eliminating the cellular mechanism responsible for the "rejection" 

of marrow stem cells (19, 82) or by rendering them disfunctional (56). 

Early reports of parental bone marrow growth in young F.| hybrids there 
fore claimed that the lack of Poor Growth in mice of this age was due to 

68 
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the "late maturation" of the "effector" cell mechanism responsible for 

the destruction of parental marrow grafts (16, 18). 

The experiments presented in this Chapter were designed to 

determine whether this hypothesis would be borne out experimentally, 

It waswith the use of young hybrid recipients as a test model. 

reasoned that if the growth of parental marrow in young hybrids was 

due to the lack of "effector" cells, then introduction of such cells 

into young hybrid recipients would decrease the ability of these hy 

brids to support parental marrow growth. To this end, young BDF 1 

either at thehybrids were given spleen cells from adult BDF, donors 

time of B6 marrow transplantation or at various intervals prior to 

marrow grafting, The subsequent outcome of these grafts was deter-

125 
mined five days post-transplantation by the lUdR assay. 

II. MATERIALS AND METHODS 

125 
Bone marrow transplantation and lUdR assays were performed as 

of both sexes, 18described in Chapter II. Recipients were BDF-j mice 

to 19 days old at the time of irradiation. In experiments where spleen 

the donors ofcells were given after irradiation of the recipients, 

the spleen cells were themselves irradiated (lOOOR) immediately prior 

withto spleen removal. Spleen cell donors were either age-matched 

recipient mice (young) or 14 to 17 weeks old (adult). Recipient mice 

were exposed to 600R of x-rays prior to marrow transplantation. 

III. POST-IRRADIATION SPLEEN CELL TREATMENT 

doses ofA series of experiments was carried out in which graded 

spleen cells from adult BDF, donors were administered to young BDF 1 



70 

recipients one to three hours before B6 bone marrow transplantation. 

The spleen cell donors were exposed to lOOOR of x-radiation immediately 

prior to sacrifice and spleen removal to inhibit the proliferation of 

As "effectorssplenic CPU from these donors to the young recipients, 

of thisof Poor Growth must necessarily be resistant to radiation 

magnitude (72), it was believed that such exposure should not impair the 

ability of these cells to carry out their function after transplanta 

tion into young recipients. The recipients in these experiments were 

18 to 19 days old. Mice of this age were chosen because they were 

bone marrowstill within the age range capable of supporting parental 

growth and yet large enough so that marrow could be transplanted with 

relative ease and accuracy. 

inThe combined results of four such experiments are presented 

from adultTable VI-1. Treatment of recipients with spleen cells 

to have nodonors in doses ranging from 10^ to 4 X 10^ cells appeared 

suppressive effect on the outcome of parental bone marrow grafts as 

125 
the lUdRno significant differences (P=.05) were observed between 

of marrowuptake of recipients of marrow only and that of recipients 

with inplus spleen. Nor was any trend in that direction observed 

creasing spleen cell dose. As was expected, spleen cells from young 

(14 to 18 day old) BDF-, donors did not effect the growth of parental 

marrow grafts. 

donors wereSpleen cells from irradiated young or adult hybrid 

rendered incapable of proliferation in these hosts as none of the recip 

125 
ient groups of spleen only showed an lUdR uptake significantly 

(P=.05) above that seen in radiation control animals, This finding 

also provides additional confirmation of the contention (Chapter III, 
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TABLE VI-1 

EFFECT OF BDF, SPLEEN CELLS GIVEN AFTER IRRADIATION ON THE 

GROWTH OF B6 MARROW IN YOUNG BDF^RECIPI ENTS 

125 
CELL DOSE lUdR 

BONE MARROW ADULT SPLEEN YOUNG SPLEEN ^UPTAKE 

7 +

10^ B6 0.306-.039 9
10' 7 

122 X IO7 0.289^.040 
3x10. 0.331-.024 14 

7 
4 X 10 0.291-.031 13 

7 +
Q 
t,'10 0.329-.022

7 
0.319^.0532 X 10; 10 

3 X 10^ 90.292^.0157 
4 X 10 0.325-.033 11 

0.340-.029 31 

H-

None 10' 0.161-.023 8 

0.179-.030 92 X IO7 
N D.3 X IO7

4 X 10^ 0.139-.041 10 

10 
7 0.173^.028 11 

7 
2 X 10; 0.150T.034 7 

3x10:^ N^D.
4 X 10^ 0.157-.019 9 

0.140-.035 22 

weeks old.Adult spleen cell Conors were BDF-| females 14 to 16 
Young spleen donors were BDF-. animals of both sexes, 14 to 18 days of 
age. All spleen cell donors were irradiated (lOOOR) immediately prior 
to spleen removal. Marrow donors were B6 mice of both sexes, 14 to 15 
weeks old. Recipients were BDF-, animals of both sexes, 18 to 19 days 
old at the time of irradiation (600R). 

125 
/^Uptake of lUdR was determined as described in Chapter II. The 

results are expressed as means - the standard errors. 

These data represent four experiments. 



72 

cellsSection VII) that the mere presence of additional transplanted 

stem cellsdoes not promote the proliferation of host-type hemopoietic 

in young mice. 

IV. SPLEEN CELL PRETREATMENT 

of parentalBecause adult F-j spleen cell treatment at the time 
in the growthbone marrow transplantation failed to cause a decrease 

was underof these marrow grafts, a second series of experiments 

to irradiationtaken to determine whether spleen cells, given prior 
7 

could effect such a suppression. In these experiments, 3 X 10 

spleen cells from adult BDF-| donors were administered to young BDF^ 

and B6 bone marrowrecipients at various intervals before irradiation 

transplantation. As the recipients were irradiated (600R) after spleen 

cell treatment, there was no need to compromise the proliferative 

Recipients incapacity of these cells by irradiation of the donors, 

mice of both sexes.these experiments were again 18 to 19 day old BDF.j 

The results are presented in Table VI-2. 

of from 2Pretreatment of prospective F.| recipients at intervals 

to 15 days prior to irradiation with spleen cells from adult F.j donors 

again did not affect the outcome of subsequent parental-strain bone 

125 

marrow grafts. No significant differences (P=.05) in the lUdR 

marrow recipientsuptake of spleen cell treated versus non-treated bone 

Included as an additionalcould be detected in these experiments. 

control were mice which were pretreated with young F.| spleen cells 

age-matched These animals too showed no change in(.from donors). 
125 

lUdR uptake with respect to non-pretreated controls. 
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TABLE VI-2 

EFFECT OF BDF, SPLEEN CELL PRETREATMENT ON THE 
GROWTH OF B6 MARROW IN YOUNG BDF-, RECIPIENTS 

PRETREATMENT - SPLEEN TYPE 
ADULT YOUNG NONE 

125 125 125
lUdR lUdRDAY OF SPLEEN 10® B6 lUdR 

CELL TREATMENT BONE MARROW %UPTAKE %UPTAKE N %UPTAKE N 

-2 + 0.599^ 10 0.587^ 9 0.562-
+ 

11 

.049 .035 .079 

+
70.093- 8 0.080^ 9 0.087^ 

.020 .015 .026 

-5 + 0.611^ 8 0.623^ 10 0.621^ 9 

.092 .050 .072 

0.124^ 7 0.137^ 6 0.120-
+ 

10 

.022 .014 .029 

-10 + 0.543^ 12 0.529^ 9 0.559-
+ 

12 

.043 .063 .050 

+

0.099^ 13 0.093- 10 0.085-
+ 

9 

.029 .009.010 

6
-15 + 0.576t 7 0.591^ 6 0.587-

+ 

.053 .048.079 

0.086t 5 0.091^ 4 0.070- 5 

.012 .005 019 

weeks old.Adult spleen cell donors were BDF] females 14 to 17 
to 15 days of ageYoung spleen donors were BDF, mice of both sexes 4 

Marrow donors(age-matched with recipients at the time of pretreatment). 
were B6 females 12 to 16 weeks old. Recipient mice were BDF^ animals of

(SOUR).both sexes, 18 to 19 days old at the time of irradiation 

3 X 10^ spleenRecipient mice were pretreated intraperitoneally with 
0).cells on the day indicated (day of irradiation = day 

The
%Uptake of 

125 
lUdR was determined as described in Chapter II. 

results are expressed as means - the standard errors. 

These data represent four experiments. 
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V. DISCUSSION 

effector" cell type, capable ofAlthough the existance of an 

killing transplanted hemopoietic stem cells has been postulated for 

several years (17, 18, 19), no direct test of this hypothesis has been 

The experiments prereported in the literature regarding Poor Growth, 

results of which dosented in this Chapter represent one such test, the 

effector" cell mechanism. Doses of irradiatednot speak in favor of an 

at the timeadult F-| spleen cells of up to 4 X 10^ cells, administered 
of parental marrow transplantation, were unable to suppress the growth 

of marrow transplants in young hybrid recipients, in spite of claims that 

"effector" cells constitute a sub-population of adult F 
1 spleen cells 

at inhibiting(19). Normal hybrid spleen cells were equally ineffective 

from two toparental marrow growth in young F^ mice when administered 

15 days prior to transplantation. 

cells toOne possible reason for the failure of adult F-i spleen 

recipients issuppress parental bone marrow growth in young F-j hybrid 

that such cells simply do not exist, However, other explanations are 

It is conceivable for instance, that though they exist.also possible, 

to a new"effector" cells are unable to function after transplantation 

of Poorhost. If true however, this would suggest a cellular basis 

cell killing nowGrowth somewhat more complicated than the direct stem 

postulated (19). It is also possible that "effector" cells were not 

in these experi-transplanted in sufficient numbers to be effective 

ments. However, although complete abrogation of bone marrow growth 

X 10^might be an unreasonable expectation, the administration of 4 

should havecells, roughly the equivalent of 1/3 of an adult spleen, 

resulted in at least a marginal decrease in parental bone marrow growth 
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in this system.if direct graft destruction were their mode of action 

exist, effectorThus the data presented here suggest that if they do 

but may be incells probably do not act simply as stem cell killers, 

other, less directvolved in the regulation of stem cell growth by some 

means. One such mechanism is postulated in Chapter VIII, Section III 

of this volume. 



CHAPTER VII 

NATURAL KILLER CELLS AND POOR GROWTH 

I. INTRODUCTION 

in vitroCell mediated immune responses against tumor cell lines 

have been widely investigated employing numerous experimental systems 

and assays, In 1973, Herberman et al (40) published a report regard-

Thei ring one such system involving T-cell dependent cytotoxicity. 

system was basically as follows: Two weeks following immunization of 

from these micemice with murine sarcoma virus (MSV), spleen cells 

were tested for their ability to lyse RBL-5 tumor cells (a Raucher 

for fourvirus-induced leukemic cell line) when cultured together 
51 

Cr releasehours. The assay employed in these experiments was a 
51 

assay in which the target (tumor) cells were labeled with Cr prior 

to culturing with attacker (spleen) cells, The cytolytic effect of 

the attacker cells was determined by the percentage of isotope released 

by the target cells into the culture medium after co-culturing of 

target and attacker cells. 

testsAs part of this study, the investigators included control 

as the attackeremploying spleen cells from normal, non-immunized mice 

controlcell population, They found that when cultured with these 
51 

amounts of Crcells, the tumor cells released low but significant 

(1.7 to 7.2%) above spontaneous release levels, This apparent cytotoxi-

to arisecity was of interest to them not only because it appeared 

but becausewithout the usual requirement of prior antigenic exposure, 

in contrast to the immunized cells, the cytotoxicity of normal cells 

76 
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of these cellsdid not appear to be thymic dependent, as treatment 

with anti-0 serum (a T-cell specific antiserum) and complement did not 

reduce their cytotoxic potential. 

andThe discovery of a thymic independent, naturally occurring 

rapidly reacting immune mechanism against tumor cells caught the inter-

est of several investigators, The possibility that such a mechanism 

but in immuno-could be of major importance, not only in autoimunnity 

(35, 45, 65).surveillance against tumors, did not long go unnoticed 

Further credence to this possibility was provided by reports of such 

natural killer (NK) activity in both guinae pigs (3) and humans (45, 

67, 73). Noting similarities between in vitro NK activity and Poor 

bone marrow transGrowth in vivo, several groups studying experimental 
of NK cells.plantation have also been drawn into the investigation 

or notResults of investigations directed at determining whether 

mechanism haveNK activity and Poor Growth are mediated by the same 

and Poorshown a parallel between the response of both NK activity 

Growth to a variety of treatments, On the basis of some positive 

correlations derived from such studies, it has been proposed that the 

same as those re-cells responsible for NK cytolysis in vitro are the 

sponsible for "rejection of parental bone marrow grafts in_ vivo (49, 

54, 55, 57). Direct attempts to establish such a relationship have not 

been forthcoming. Missing from the literature regarding this subject 

tested for theirare reports in which NK cells of hybrid origin were 

ability to lyse parental strain bone marrow cells, This Chapter reports 

one such study designed to determine whether NK cells of F-j hybrid 
cells.origin exert a cytotoxic effect on parental hemopoietic 
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I. MATERIALS AND METHODS 

Culture Medium 

fetalRPMI 1640 medium, supplemented with 10% heat-inactivated 

calf serum, penicillin (50 units/ml) and streptomycin (50 ug/ml) was 

medium.used in all experiments as a diluent and tissue culture 

Target Cells 

Two tumor cell lines were used as targets for NK lysis, EL-4, a 

tumor of C57B1 (H-2^) origin was maintained in an ascites by serial 

passage in B6 hosts. L-1210, of D2 (H-2‘^) origin, was also maintained 
as an ascites tumor in 02 mice. In addition, bone marrow from both B6 

and BDF, mice were also employed as target cells.
1 

- J,Labeling of Target Cells 

51 
Prior to labeling with Cr, target cells were washed in medium. 

7 51 
counted and resuspended to a concentration of 10 cel 1 s/ml. Cr, in 

7
the form of sodium chromate, was added (100 uCi/lO cells) and the 

cells v/ere then incubated at 37 C for 45 minutes. After incubation the 

and allowed tocells were washed three times in medium, resuspended 

stand for 30 minutes on ice. •The cells were then washed once again. 

counted and adjusted to the desired concentration. 

NK Cells 

old, bredB6, BDF.j and Balb/c nu/nu (nude) mice six to ten weeks 
National Laboraand maintained at the Biology Division of the Oak Ridge 

tory, were used as donors of NK cells. Spleen cell suspensions were 

that cultureprepared as described in Chapter II with the exception 

medium was used in place of PBS. After initial preparation, spleen 
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to thecells were washed once in medium, counted and resuspended 

desired concentrations. 

51 
Cr Release Assay 

and 0.05^^Cr-labeled target cells were diluted to 10^ cells/ml 
tubes (11 Xml quantities of these suspensions were added to glass 

4 
0.10 ml75 mm) giving a final concentration of 5 X 10 cells/tube, 

of 12.5-100of spleen cells was added to the tubes in concentrations 

X 10^ cells/ml to give final concentrations of 1.25-10 X 10^ cells/ 

four hourstube. Target and effector (spleen) cells were incubated for 

at 37°C in a humidified incubator in an atmosphere of S% COp in air. 
was added to eachAt the end of the incubation period, 1.0 ml of medium 

tube and the cells were pelleted by centrifugation, The supernatant 

Auto-Gamma counter.from each tube was decanted and counted in a Packard 

incubation ofThe levels of spontaneous release were determined by 

Maximum release in theselabeled target cells without added spleen, 

four to fiveexperiments was considered to be the release seen after 

alternation betweencycles of freeze-thawing of labeled target cells by 

an ethanol-dry ice bath and a 37°C water bath, Results are expressed 

as % lysis as determined by the following formula: 

Counts per minute (test) - Counts per minute (spontaneous) 
% lysis = Counts per minute (maximum) 

X 100 

All tests reported here were carried out in triplicate. 

CPU Assay 

51 
In a manner identical to that used in the Cr release assay, un-

labeled bone marrow cells were diluted and incubated with spleen cells 
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from donors which were irradiated (lOOOR) immediately prior to spleen 

and afterremoval. Twelve tubes of each bone marrow type were prepared 

washed in medium andincubation the cells from these tubes were pooled, 

di1uted to 12 ml. 1.0 ml of this suspension was injected into lethally 

in the inoculum.irradiated recipients, syngeneic to the bone marrow 

This was equal to a theoretical dose of 5 X lo'^’' marrow cells, however 

this could not be directly determined by counting because of the spleen 

cells in these preparations, The actual dose was, in all probability, 

values,somewhat lower than that calculated from the initial Recipient 

mice were sacrificed seven to eight days after transplantation and gross 

II. In eachsplenic colonies were enumerated as described in Chapter 

cells used wasexperiment, the presence of NK activity in the spleen 
51 

Cr-labeled L-1210 tumor targets.determined by their ability to lyse 

III. ANTI-TUMOR NK ACTIVITY 

nude mice toThe ability of spleen cells from B6, BDF.j and Balb/c 
ratioslyse EL-4 and L-1210 tumor targets was tested at effectorrtarget 

of from 25:1 to 200:1 . The results of three such experiments are shown 

in Table VII-1. EL-4 tumor cells are thought to possess high concentra-

tions of B6 type Hh antigens on their surfaces (74). Their suscepti-

cells was therebility to NK lysis by both BDF.j and Balb/c nude spleen 

fore of great interest because B6 bone marrow grows poorly in recipients 

of both of these strains (19). However EL-4 cells proved to be particu-

confirming similarlarly poor targets of NK lysis in these experiments, 

findings by others (41, 48). 

L-1210 tumor cells appeared to be a much more suitable target for 

the demonstration of NK activity. Both B6 and BDF, spleen cells showed 
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TABLE VII-1 

NK ACTIVITY AGAINST EL-4 AND 
L-1210 ASCITES TUMORS 

% LYSIS 

EFFECTOR:TARGET RATIO 

NUMBER TARGET EFFECTOR 25:1 50:1 100:1 200:1 
EXPERIMENT 

1 EL-4 B6 -5.2 -6.7 -4.8 -5.9 

BDF -3.8 -1.0 -2.2 -0.9 
1 

-2.7 0.7 1.2Balb/c Nude -6.0 

L-1210 B6 -3.6 2.7 5.6 6.6 
BDF -2.6 1.9 3.7 5.7 

1 
Balb/c Nude 3.6 9.4 15.8 19.3 

2 B6 -2.9 -0.8 1.2 -1 .2EL-4 

BDF -4.2 -4.4 -0.3 -2.2 
1 

2.4 2.3Balb/c Nude -2.8 -1.6 

2.4 3.7L-1210 B6 -2.3 1 .0 

BDF -3.1 0.3 5.6 7.2 

Bali/c Nude 5.0 9.2 11.3 13.5 

3 EL-4 B6 N.D. -7.9 -6.3 -2.0 

BDF N.D. -12.2 -7.8 -1 .8 
1 

N.D. -3.2 -2.4 -0.1Balb/c Nude 

L-1210 B6 N.D. -3.6 -1 .7 -2.1 

BDF, N.D. 2.3 2.3 4.1 

N.D. 4.2 9.7 10.8BalD/c Nude 

In each experiment effector cells were obtained from a pool of 
were betweenat least three mice of each strain. Spleen cell donors 
nudes insix and eight weeks old in all cases except the Balb/c 

experiment 3 which were ten weeks of age. 
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tumor with a maximumlow and approximately equal reactivity against this 

Spleen cells from Balb/c nudelysis of 6.6% by B6 and 7.2% by BDF-i. 

mice were much more reactive to L-1210 cells, giving rise to a cytotox 

19.3% an effector:icity against these cells which ranged from 10.8% to at 

target ratio of 200:1 . This finding is in agreement with other reports 

of elevated NK activity in nude mice (41, 42). Because of this finding, 

L-1210 cells were routinely employed as a control test for the presence 

of NK activity in all subsequent experiments. 

IV. ANTI-BONE MARROW NK ACTIVITY 

A working NK anti-tumor system having been established, experi 

ments were next directed toward the detection of anti-bone marrow NK 

activity. The specific question to which these experiments were 

addressed was whether B6 bone marrow could be lysed by NK cells from 

to support the growtlieither BDF^ or Balb/c nude donors, whose inability 
of this marrow in vivo has well been documented (18, 19). To this end, 

Cr-labeled bone marrow was incubated with spleen cells
51 

from B6, BDF-| 
51 

Cr was assessed after fourand Balb/c nude donors and the release of 

hours. The ability of these spleen cells to lyse L-1210 tumor targets 

was also assayed. The results are summarized in Table VII-2, 

In experiment 1 of this Table, low levels of NK activity against 

L-1210 cells were observed in B6 and BDF spleen cells, Relatively
1 

in Balb/c nudehigh anti-L-1210 NK lysis (21.2%) was again detected 

able tospleen. However, none of these spleen cell preparations were 

51
induce the release of Cr by B6 bone marrow cells above the spontaneous 

release levels. In experiment 2, BDF-i bone marrow was also included 
as a control target cell. Although again no lysis of bone marrow cells 
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TABLE VII-2 

NK ACTIVITY AGAINST B6 AND BDF 
1 

BONE MARROW CELLS 

% LYSIS 

TARGET EFFECTOR EXPERIMENT 1 EXPERIMENT 2 

-3.6B6 Bone Marrow B6 -2.7 

BDF -5.3 0.3 
1 

-2.4 -5.6Balb/c Nude 

-5.6BDF-, Bone Marrow B6 N.D. 
1 

bdf; N.D. -1.3 
1 

Balb/c Nude N.D. 0.8 

L-1210 Tumor B6 5.4 -2.3 

BDF 9.8 -1 .6 
1 

Balb/c Nude 21 .2 5.8 

In each experiment effector cells were obtained from a pool of at 
weeks old inleast three mice. Spleen cell donors were six to eight 

all cases. 

An effector:target ratio of 200:1 was employed in both experiments. 
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was lyticobserved, both B6 and BDF,1 spleen cells showed no demonstrable 

the results of theactivity against the tumor targets, in contrast to 

previous Table, Balb/c nude spleen was cytotoxic to L-1210 at a relative-

VII-1), but thesely low level (5.8%) compared with other data (Table 

cells were also unable to lyse bone marrow cell targets. 

V. ANTI-STEM CELL NK ACTIVITY 

strainIt has been suggested (81) that the reason anti-parental 

bone marrow NK activity might not be detected is that the hemopoietic 

stem cells may be the only population of bone marrow cells that express 

to NK lysis, AsHh antigens and thus the only marrow cells subject 

bone marrow cellsthese represent only a very small percentage of adult 

Section III), the(25 to 30/10^ total marrow cells; see Chapter III, 
release of 

51 
Cr by these cells would be completely undetectable in a 

conventional NK cell assay, even though the stem cells may in fact be 

killed by NK cells in vitro, In order to test this hypothesis, un-

labeled B6 bone marrow was incubated with irradiated spleen cells from 

into irradiatedB6, BDFt1 and Balb/c nude donors and then transplanted 

The effect of NK cells on marrow CFU was assessed eightB6 recipients, 

in the spleensdays later by enumeration of gross hemopoietic colonies 
51 

Cr releaseof recipient mice, Included in these experiments were 

assessments of anti-bone marrow NK activity as well as activity against 

L-1210 tumor cells. The results are shown in Table VII-3. 

to lyseAgain, while all three effector cell types were able 

of NK cellsL-1210 target cells (confirming the raidation resistance 
51 

Cr release.(47)), no cytotoxicity to B6 bone marrow was detectable by 

irradiatedMoreover, upon transplantation of the cell mixtures to B6 
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TABLE VII-3 

EFFECT OF NK CELLS ON B6 CFU 

TARGET EFFECTOR %LYSIS CFU N 

L-1210 Tumor B6 9.8^2.7 

BDF 6.8^2.3 
1 

Balb/c Nude 15.5^3.6 
+ 

B6 Bone Marrow B6 -2.7-0.7 11.841.7 20 

+ 

BDF -3.5^1.9 12.4-1.5 19 
1 

Balb/c Nude -1.4^^.4 
+ 

13.943.2 20 

+ 

None 0.0 13.4-1.2 20 

None B6 0.0 15 

+ 

BDF 0.140.1 15 
1 

Balb/c Nude 0.0 14 

None 0.0 14 

three mice.Effector cellswere obtained from a pool of at least 
irradiatedSpleen cell donors were six to nine weeks old and were 

cells were(lOOOR) immediately prior to spleen removal. Bone marrow 
also obtained from a pool of three mice. 

expressedThese data represent two experiments. %lysis data ar^ 
- standard 

individual re 
as the mean of the values obtained in the two experiments 

errors. ^FU data are expressed as the mean of all the 
to the totalcipients - the standard error of that mean. N refers 

number of recipients of syngeneic marrow. 
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be detected in NKrecipients, no reduction in the number of CPU could 

treated marrow cells. There were no differences (P=.05) between reci 

incubated inpients of NK incubated marrow and recipients of marrow 

medium alone. That this colony-forming ability was derived from B6 

was demonstratedmarrow and not the spleen cells present in the inocula 

Thus NK didby the lack of CPU in recipients of spleen only, cells not 

selectively attack bone marrow stem cells in these experiments. 

VI. DISCUSSION 

done much toThe relatively recent discovery of NK cells (30) has 

lend credibility to the hypothesis that Poor Growth is an P-j anti-parent 

immune reaction. Indeed one of the biggest drawbacks to such an hypoth 

esis has been the need to postulate an immune cell type of a highly un-

conventional nature. Among the traits necessarily ascribed to the "effect-

ors of Poor Growth are radiation resistance (73), rapid reactivity (17), 

appearance after three weeks of age (16) and ability to respond to cells 

At the time of theirwithout prior exposure to their antigens (17). 

Thus with thepostulation, no cell type known possessed these traits, 

later discovery of such a cell type (NK), it was very inviting to claim 

them to be the long-sought "effectors of Poor Growth. 

However, as tempting as this speculation might be, it is important 

There areto keep it in its proper perspective - that of a hypothesis, 

other assumptions of the immune reaction theory that appear not to be 

borne out by experimental evidence (See Chapter VIII, Section I). 

Furthermore, the theory predicts that NK cells should be cytotoxic to 

of theparental bone marrow or at least to the stem cell compartment 

this ismarrow. However, the data presented in this Chapter show that 
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51 
not the case, Neither whole parental bone marrow, assayed by Cr 

were sensitive torelease nor parental CFU assayed by transplantation 

nude spleen cells.NK lysis by either BDF^ or more highly reactive Balb/c 
in the Poor GrowthMoreover, if Hh antigens are the targets of NK cells 

of these antigens, shouldsystem, EL-4, believed to express large amounts 

This also has notmake particularly sensitive targets for NK lysis, 

been borne out here or by others (41, 48). 

of NK in theAlthough these data do not preclude an indirect role 

failure of parental marrow grafts to proliferate in F-j recipients, they 
of such grafts.certainly speak strongly against NK cells as killers 



CHAPTER VIII 

DISCUSSION: MECHANISMS OF POOR GROWTH 

I. THE IMMUNE RESPONSE/NATURAL KILLER HYPOTHESIS 

Since the discovery of Poor Growth, the mechanisms by which this 

phenomenon is mediated have been the subject of considerable specula 

tion (17, 18, 33, 38, 70). Among the hypotheses put forth to explain 

has been onethe nature of Poor Growth, the most widely accepted 

by him (15-19)originally conceived by Cudkowicz (13) and since expanded 

Poor Growth is theas well as others (56, 82). This theory holds that 

directed atresult of an anti parent immune reaction specifically 

parental hemopoietic stem cells. 

exists inCentral to this hypothesis is the assertion that there 

the mouse genome unique histocompatabi1ity genes, now designated Hh 

genes, whose phenotypic expression, in the form of Hh antigens, is 

limited to hemopoietic cells, The unique quality of these genes stems 

from their apparent inheritance characteristics, While the gene pro 

ducts of other histocompatability loci are expressed codominantly in 

Ft mice, itF-j hybrid mice (77), Hh gene products are not so expressed, 1 

be differenthas been suggested, express an Hh phenotype which may 

at the Hhfrom either parental phenotype due simply to heterozygosity 

In caseslocus (56) or to interaction of the two parental alleles (15). 

in which Poor Growth is observed, the difference between the Hh antigens 

of the hybrid and those of the adult are so great that F-j animals are 
and mount an immuneable to recognize them as immunologically "foreign" 

response against them by selective cytotoxicity of the hemopoietic cells 

88 
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bearing these surface antigens (15). Because of this immunity, bone 

would not be ex-marrow grafts between Hh incompatible mouse strains 

pected to survive. 

immune reactionIn order to explain how a host is able to mount an 

against Hh antigen bearing cells following radiation exposures known 

to abrogate classical immunities (60), a new type of immunocompetent 

cell has been postulated (14, 16-18). This cell type has been ascribed 

the Poor Growthproperties which reflect the known facts regarding 

phenomenon itself. Because Poor Growth can be detected following lethal 

radiation exposures of the host, the "effector" cells have been postu 

lated to be radiation resistant (72). 

The absence of Poor Growth in mice less than three weeks of age 

has led to the conclusion that "effectot 
•> 

cells are late in maturing 

(16). 

Sr anti bone 

The cell type responsible for mediating F 1 anti parent reactions 

has been assumed to be derived in the bone marrow as treatment of 

89 
or mouse marrow serumprospective recipeints with either 

weakens Poor Growth (56). The persistance of Poor Growth following 

thymectomy of the recipients (17, 30, 33) and reports of "hyper-resis-

tance have ledto bone marrow grafts in athymic (nude) mice (8, 19), 

to the conclusion that "effector cells are not T-cells or in any way 

dependent on the thymus for their function (17, 56). Abrogation of 

Poor Growth by anti macrophage agents (18, 56) has given rise to specula 

or are detion that "effector" cells are either macrophages themselves 

pendent upon accessory macrophages in order to respond to Hh antigens. 

"effectors" ofRecently, striking papal leis have been drawn between 

Poor Growth and Natural Killer cells, a summary of which is presented 

below: 
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1. Both are rapidly reacting mechanisms which do not require 

prior antigenic exposure in order to function (49, 54). 

three2. Neither function is apparent in mice until after 

weeks of age (45, 54). 

3. Both are relatively radiation resistant (^5, 54). 

marrow4. Both are suppressed by depletion of the host bone 
8 9

with either Sr or rabbit anti mouse bone marrow serum (45). 

5. Both are reduced by anti macrophage agents (45, 54, 55). 

that inOn the basis of such comparisons, it has been suggested 

addition to mediating cellular toxicity to both normal and malignant 

cells in vitro, NK cells are responsible for rejection of Hh incompatible 

cells in vivo. 

after irradiaObservations of the ability of parental cells, given 

tion, to augment parental bone marrow growth have been explained within 

the context of the immune rejection/Natural Killer hypothesis as an 

"overload" of the "effector" cell mechanism with Hh incompatible cells 

cells have the(82). It has further been claimed that Hh incompatible 

ability to induce "specific unresponsiveness" to Hh antigens. This 

of Poor Growthargument was advanced in order to explain the abrogation 

irradiation and boneby parental cells when given several days prior to 

marrow transplantation (56). 

the observationsAlthough this model can be used to explain many of 

are several seriouswhich have been reported regarding Poor Growth, there 

drawbacks to this hypothesis that deserve note. First and perhaps most 

important, the existence of the putative Hh antigens may be called into 

question, In the 15 or so years since their postulation, and despite 

vigorous attempts to do so (25, 26), the presence of Hh antigens on the 



91 

As Hhsurface of hemopoietic stem cells has not been demonstrated, 

Killer hypothesis.antigens form the basis of the immune rejection/Natural 

the inability to detect them by serological means is of great concern. 

Secondly, although the ability of parental thymocytes to augment 

bone marrow growth is in itself compatible with the proposed model, 

over-recent evidence casts doubt on the suggestion that parental cells 

load" an immune mechanism. A study employing F recipient mice exten-
1 

were unablesively depleted of T-cells showed that parental thymocytes 

in these animalsto augment the growth of transplanted parental marrow 

with the(33). This finding is neither predicted by, nor compatible 

hypothesis at hand, Depletion of host T-cells should not render donor 

thymocytes incapable of augmenting stem cell proliferation if thyocytes 

acted solely as an antigenic overload. 

and theThirdly, in spite of the parallels between NK reactivity 

phenomenon of Poor Growth, there are data which suggest that, while 

there may be some relationship between the two, NK cells probably do 

stem cells.not mediate Poor Growth by direct cytotoxicity of hemopoietic 

that the B6A comparison of strain responses in both systems shows 

to Poor Growth bothstrain is considered a prototype strain with respect 

and alloin terms of the proliferation of B6 marrow in semi-al1ogeneic 

geneic recipients and the proliferation of allogeneic marrow grafts in 

Yet B6 has often been shown to be unimpressiveBg hosts (14, 17, 80). 
in terms of its NK activity (41). Tumor targets such as EL-4, of Bg 

origin and thought to possess high levels of surface Hh antigens (74) 

make particularly poor targets in the NK system (41, 48). 

directedFurthermore, there have been no reports of NK activity 

specifically against parental strain marrow cells. The data presented 



92 

more highly reactivehere (Chapter VII) indicate that neither BDF-i nor 

Balb/c nude NK cells show any appreciable cytotoxicity against B6 bone 

Nor do these NKmarrow cells above that seen against syngeneic cells, 

cells exert a suppressive effect on the proliferative ability of B6 

For thesemarrow subsequently transplanted into syngeneic recipients, 

reasons, the immune response/Natural Killer model has proven to be an 

unsatisfying one. 

II. STIMULATING FACTOR HYPOTHESIS 

above modelBecause of some of the .discrepancies inherent in the 

and the hypothetical nature of Hh antigens, Pritchard (70) in 1974 

which did not re-proposed an alternative model to explain Poor Growth 

response, It stated.quire the postulation of an F-j anti parent immune 

in brief, that the growth of hemopoietic stem cells is stimulated by 

which bindshort-range humeral factors produced by a type of thymocyte 

to receptors on the surface of stem cells, thus initiating proliferation 

and/or differentiation. Both the factors and their corresponding re-

ceptors, it was suggested, display varying degrees of strain-specificity, 

with B6 being among the most highly specific. The model further pro 

posed that the genes for the factors and their receptors are expressed 

approximatelycodominantly. Thus in a theoretical (A X B)F-| hybrid, 
and the other 50%50% of the factors produced would be of A strain type 

B strain type. 

Poor Growth in this model is a consequence of the low cross-reactivi 

B6 marrowty of B6 receptors with non-B6 factors. In an F^ hybrid, 
of which would bewould be presented with mixture of factors, only 50% 

capable of stimulating the proliferation of B6 stem cells, thus giving 
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from that seen inrise to a decrease in proliferation of this marrow 

syngeneic recipients. The research which lead to this hypothesis em-

support theployed (B6 X C3H)F^ mice which are able to adequately 

growth of C3H marrow, as are B6 recipients, The good growth of C3H 

ofmarrow. in these hybrids was ascribed to a high cross-reactivity 

B6 factors and C3H receptor sites, as evidenced by the good growth of 

C3H marrow in B6 hosts. 

This hypothesis can be seen to have certain distinct advantages 

over the immune response/Natural Killer model. For instance, Poor 

model without theGrowth can be explained within the context of this 

necessity of postulate a very non-classical immune system. Nor does 

demonstration.this model center on antigens whose existence has defied 

Furthermore, not only is it able to predict the ability of parental 

thymocytes to augment parental bone marrow growth (production by parental 

with thethymocytes of compatible factors), but it is also compatible 

inability of thymocytes to augment growth in T-cell depleted recipients. 

in T-cell deOne need only postulate an accessory cell type, missing 

pleted animals, which is required for factor production by thymocytes. 

However, this hypothesis too, is not without its short-comings. 

The model would seem to predict that B6 bone marrow should grow approxi 

recipients, as onemately half as well in F-j hybrids as in syngeneic 
half of the factors produced by these mice would be stimulatory to B6 

than thatstem cells. B6 bone marrow in fact grew much more poorly 

in the (B6 X C3H)F^ mice studied (70). In the case of BDF^ mice, the 
in these animals asmodel predicts that D2 marrow should grow as poorly 

does B6 marrow because D2 stem cells do not cross-react with B6 factor, 

as seen by the Poor Growth of D2 marrow in B6 recipients (70). This 
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nearly as wellprediction however, is not borne out as D2 marrow grows 

and far betterin this hybrid as it does in syngeneic recipients, 

than does B6 marrow. 

III. A NEW MODEL 

Because both of the currently proposed models, detailed above, 

of the observationsfail in some respects to adequately deal with many 

This model can be sumregarding Poor Growth, a new model is proposed. 

marized as follows: 

short-1. Hemopoietic stem cell proliferation is stimulated by 

one subrange humoral factors which are produced by at least 

population of T-cells (and quite possibly other cell types). 

2. theInitiation of stem cell division is brought about by 

sur-binding of these factors to specific receptors on the 

face of stem cells. 

3. Factors can be of two types: a "strain-specific" factor, 

deproduced under most circumstances, which exhibits varying 

ofgrees of cross-reactivity with stem cell receptor sites 

other strains. This factor will be referred to as "strain-

specific hemopoietic factor" (SHP). In situations of great 

demand for CFU proliferation, a second type of factor is pro 

duced which is entirely strain (and species) non-specific, 

This will be referred to as non-specific hemopoietic factor" 

(NHF). 

are4. Genes for both SHF and their corresponding recptors 

closely linked in most mouse strains. 

5. In the F, heterozygote, both SHF and receptor alleles may
1 
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exundergo an interaction which results in the phenotypic 

pression of SHF and receptors that may display varying de 

grees of cross-reactivity with parental SHF and receptors. 

6. Both B6 SHF and B6 receptors tend to have a low affinity for 

SHF and receptors of non-B6 strains. 

7. The production of SHF by T-cells requires the interaction of 

Thisthe SHF producting cell with a second T-cell type. 

the twointeraction does not require strain homology between 

interacting cell types, 

8. Production of NHP is inhibited by NK cells, possibly by direct 

cytotoxicity of NHF producing cells. Homology is not required 

inhibitionbetween NK and NHF producing cells in order for this 

to be achieved. 

have a lowThe proposed model predicts that since B6 receptors 

cells would notcross-reactivity with respect to non-B6 SHF, B6 stem 

be stimulated to proliferate in non-B6 transplant recipients, As F 
1 

from B6recipients produce SHF of a non-B6 type, marrow transplants 

which of course isdonors would be expected to fail in these recipients, 

exactly the case. 

can beThe relatively good growth of D2 marrow in BDF-j recipients 

explained within the context of this model as the result of a high cross 

reactivity between D2 receptors and F-j type SHF. 
of the twoThis model has several clear advantages over either 

of D2 marrow inmodels detailed above. That it explains the growth 

put forth byBDF.J hybrids is one such advantage over the hypothesis 
definitionPrichard. In addition, it is able to deal with an expanded 

of Poor Growth which includes bone marrow failures from allogeneic (17) 
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and xenogeneic (17,82) donors. It has been shown for example, that 

prior irradiation (500R, ten days prior to lethal irradiation and bone 

marrow transplantation) abrogates not only the Poor Growth of parental 

allogeneic andmarrow in F-i hybrids, but the Poor Growth of completely 

xenogeneic marrow in inbred recipient mouse strains as well (82). Such 

observations are inexplicable by Pritchard's model, as it states tliat 

prior irradiation results only in the increased production of a relative 

ly strain-specific factor (70). The hypothesis presented here indicates 

that such growth would be the result of the production of NHF, capable 

of stimulating allogeneic and xenogeneic stem cells, in response to the 

demand brought on by prior irradiation. 

Whereas the inability to demonstrate Hh antigens is a clear 

liability to the immune response/Natural Killer hypothesis, it is 

perfectly compatible with the model proposed here as no such antigens 

are suggested. The abrogation of Poor Growth by lymphoid cells repre 

sents, according to this model, the transplantation of SHF producing 

cells. of B6Thus, when B6 lymphoid cells are given to a recipient 

marrow, the production of syngeneic SHF by the transplanted lymphoid 

cells stimulates the proliferation of the marrow stem cells, The 

proposed role of an accessory cell in the production of SHF adequately 

accounts for the failure of parental thymocytes to augment bone marrow 

growth in T-cell depleted recipients. Future demonstrations of other cell 

types involved in the regulation of SHF production, while not speci 

fically proposed here, would certainly be compatible with this new model. 

Perhaps one of the most intriguing aspects of this model is that it 

can be used.to explain both the observed parallels between Poor Growth 

and NK activity as well as the discrepancies betwen the two phenomena. 
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Because an inhibitory influence of NK cells on the production of NHF 

is proposed, the model predicts that it should be harder to abrogate 

than in micePoor Growth in mice that demonstrate high NK reactivity 

with moderate or low NK potential, Studies involving the Poor Growth 

Nude mice haveand NK activity of nude mice bear out this prediction, 

not only been shown to exhibit very high levels of NK activity (41, 42), 

but Poor Growth in these mice has been more difficult to abolish (8, 

19). 

The theory further predicts that, aside from the administration 

of cells which produce SHF compatible with parental marrow receptors, 

the ability of host pretreatments to abrogate Poor Growth will depend 

Thus the radiation sensi-upon their ability to suppress NK activity, 

Poor Growth in bone marrowtiyity of NK cells (49) accounts for the 

recipients following lethal irradiation (72). Host pretreatments 

89 
such as Sr treatment (49), rabbit anti mouse bone marrow injection 

(49) and treatment with anti macrophage agents (49, 55, 57) have been 

shown to reduce NK reactivity and would therefore be predicted to 

result in the agumentation of parental bone marrow growth, which they 

do (49, 55, 57), 

Although the model ascribes a role to NK cells in the Poor Growth 

phenomenon, the discrepancies between Poor Growth and NK activity can 

Theeasily be accounted for within the context of the hypothesis. 

lyse parental boneapparent inability of F-j NK cells to specifically 
marrow or its stem cells does not weaken the model because the proposed 

function of NK cells in this system is the inhibition of NHF production 

Nor does the modelrather than a direct assault on parental stem cells, 

strains and thosesuggest that a correlation exists between NK reactive 
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exhibiting Poor Growth, Poor Growth, according to this hypothesis, is 

SHF strainthe result of a lack of cross-reactivity between the of one 

and the receptors for SHF of another, which leads to a poor proliferation 

NK cells of parentaland is not the result of direct cell killing by F-j 
thebone marrow. For these reasons, this model is also compatible with 

obersvations that the B6 tumor EL-4 is not susceptible to NK lysis 

(41, 48). 

until afterThe absence of detectable NK activity in most mice 

would be uninhithree weeks of age (44) suggests that NHF production 

bited in these animals, thus accounting for their ability to support 

parental bone marrow grafts, That lymphoid cells from these young mice 

are not capable of augmenting the growth of B6 marrow in adult BOF-j 

recipients (Chapter V), is also compatible with the model. Lymphoid 

adult mice, becomecells from young donors would, when transplanted to 

and thereforesubject to the inhibitory influences of host NK cells 

cease NHF production. 

The hypothesis put forth here would, however, predict that parental 

by co-trans-bone marrow growth in young F.| mice should be diminished 
adult donorsplantation of adult spleen cells, as the NK cells from 

should be able to inhibit NHF production by young mice. In the experi 

case. However thisments reported here (Chapter VI), this was not the 

failure may have been due to a) the known liability of NK cells, b) too 

few NK cells in the spleen cell preparations employed or, c) the inability 

of NK cells to function after transplantation. Indeed, the transplanta 

tion of NK activity against tumors has similarly proven difficult, In 

the only report of success in this area (47), it was found that whole 

spleen cells were ineffective in preventing tumor growth. Only after 
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extensive enrichment of NK activity with the use of Ly 5.1 antiserum were 

Such enrichmenttransplanted spleen cells able to inhibit tumor grwoth. 

of NHF in youngmay be required for NK cells to reduce the production 

hybrid mice. 

MK cellsThis model makes the rather unorthodox suggestion that 

may exert their inhibitory influence on NHF production by direct cyto-

toxicity of NHF producing cells. This proposal is not unique however 

functions of anotheras the concept that one cell type may suppress the 

by killing it has been proposed before (49). In the present case such 

a suggestion would mean that while the inability of NK cells to speci 

it would befically lyse bone marrow stem cells presents no problem, 

should bepredicted that NK activity against NHF producing cells 

Itdemonstrable. Such a prediction may have already been borne out. 

cells from micehas been reported (36, 37) that both thymus and spleen 

and that theless than three weeks old are susceptible to NK lysis 

onset of Poor Growthdisappearance of this susceptibility parallels the 

(37). An inverse relationship between susceptibility to NK lysis of 

has also beenthymus cells and the endogenous levels of NK activity 

reported. These findings further support the proposed model of Poor 

Growth. 
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