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ABSTRACT 

CHARACTERIZATION OF AN IMMUNOSTIMULATORY FACTOR ASSOCIATED 

WITH SPONTANEOUSLY REGRESSING SUBLINE OF MORINE 

L1210 LYMPHOMA 

Husam Amin Ghnaim 

Master of Science 

Youngstown State University, 1992 

The cell free ascitic fluid from X-irradiated DBA/2J 

mice, bearing the spontaneously regressing subline (L1210/MR 

or MR) of L1210 murine lymphoma, contains a potent 

immunostimulatory (IST) factor that is capable of 

stimulating a specific secondary IgG antibody response, when 

injected into normal mice 3-4 days before priming with an 

antigen. When the ascitic fluid was fractionated by Ultrogel 

AcA-22 column chromatography, the IST activity was localized 

in the high-molecular-weight fraction (>1000 Kd), designated 

as UG-IST. UG-IST, on the other hand, suppressed the primary 

IgM antibody response. Further purification of UG-IST by 

ultracentrifugation in KBr at densities of 1.25, 1.063, and 

1.006 g/ml revealed that IST behaved like a high-density 

lipoprotein (HDL-IST), and was more potent than complete 

Freund's adjuvant in stimulating the secondary IgG response. 

Extraction of UG-IST by chloroform-methanol revealed that 

the IST activity was mostly associated with the aqueous 
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protein phase. When the extracted lipids were separated 

by thin-layered chromatography, compounds with Rf values 

similar to that of cholesterol esters were the only major 

lipids present. The effect of IST on the production of IgM

bearing cells in the mouse lymphoid organs (the bone marrow, 

spleen, and the lymph nodes) was also tested. When mice were 

treated with MR ascitic fluid, UG-IST or HDL-IST 3-4 days 

prior to organ removal and with or without antigen priming, 

only the bone marrow showed an increase in the percentage of 

IgM-bearing cells; all other lymphoid organs tested had no 

such increase. 

We conclude from this study that this unique factor, 

that is capable of stimulating secondary IgG response, is a 

high-density lipoprotein containing almost all neutral 

lipids, and the active moiety may reside in the protein part 

of this complex. It also increases the percentage of IgM

bearing cells in the bone marrow, even without antigen 

priming. This IST may also be the same factor which 

suppresses the primary IgM response, but needs further 

investigation. We postulate that IST is possibly a specific 

B-lymphocyte mitogen, which causes the proliferation of 

certain precursor B-lymphocytes, and it promotes the 

differentiation and maturation of B cells into plasma cells 

by enhancing class-switching and the generation of more 

memory B cells in an animal when primed with a T-dependent 

antigen. 
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Abbreviations Used: 

AF ascitic fluid 

ARS-BGG 

BGG 
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CFA 

ELISA 

FCS 
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HDL 
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LDL 

LPS 

MR 

MR-AF 

NMS 
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PBA 

PBS 
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bovine serum albumin 
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enzyme-linked immunosorbent assay 
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high density lipoprotein 

intermediate density lipoprotein 
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intraperitoneal 
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low density lipoprotein 

lipopolysaccharide 

the spontaneously regressing subline of the L1210 

murine lymphoma 

the ascitic fluid of mice bearing L1210/MR tumor 

normal mouse serum 

optical density 

the parental subline of the L1210 murine lymphoma 

polyclonal B cell activator 

phosphate-buffered saline 
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PNPP 

s.c. 

SRBC 

TLC 

UG-IST 

VLDL 

plaque forming cells 

para-nitrophenol phosphate 

subcutaneous 

sheep red blood cell 

thin-layered chromatography 

Ultrogel-purified IST, the preparation obtained 

from peak number 1 of fractions o·f Ul trogel column 

chromatography of MR-AF 

very low density lipoprotein 
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CHAPTER I 

INTRODUCTION 

When progress in clinical immunology revealed an immune 

impairment or dysfunction associated with allergies, 

autoimmune diseases, infectious diseases, cancer and AIDS, it 

became tempting to develop agents that can affect the immune 

system, primarily for stimulating the immune system to defend 

the body against infections and to correct immune disorders. 

When the infections can't be treated, investigators turn 

their attention to the prevention of many diseases and 

disorders. To achieve the prevention of diseases the use of 

vaccines has become very popular, because many vaccines are 

able to enhance the immune defense system against the 

causative agents . During vaccination the body is exposed to 

attenuated or chemically altered infectious agents which do 

not cause diseases but are capable of stimulating protective 

immune responses. IgM antibodies are the first class of 

immunoglobulins produced by B lymphocytes after the first 

vaccination (the primary immune res~onse) (Gregoriadis et al. 

1988). The IgM level reaches its peak level about 5-9 days 

from the time of the first antigen axposure. In addition to 

the IgM production, primary immunization will also generate 

memory B cells. When the body is re-exposed to the same 

infectious agent, either in its native · form or as a vaccine, 

the secondary immune response is then generated. The main 
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antibodies in the secondary antibody response are the IgG 

class. Secondary IgG is produced in much higher 

concentration than the secondary IgM, and it also reaches its 

peak level faster (within 3-5 days), and lasts much longer 

than the primary antibody response (Klein 1978). 

Vaccination provides the body with the capability to 

attain a stronger immune response (that is, the secondary or 

memory immune response), and to respond quickly whenever the 

host encounters the same infectious agent again. In the past 

century, many fascinating developments in the vaccination 

field have been achieved. The vaccines that are still being 

used include: 1. whole microorganisms that are either live 

and attenuated, or dead; 2. purified protein or carbohydrate 

products of an infectious agent; and 3. chemical agents that 

resemble the infectious agents but are not directly ·derived 

from microorganisms nor are they harmful to the host. 

Vaccine preparation in the future will include recombinant 

proteins or synthetic peptides whenever whole microorganisms 

are found ineffective. This implies the use of agents 

(adjuvants) to increase the immunogenicity of such molecules 

for both antibody and T lymphocyte responses, and to render 

weakly immunogenic vaccines more effective (Gregoriadis 

et al. 1988). 

Adjuvants immunotherapy has stimulated much interest in 

non-specific active immunotherapy of many dysfunctions. 

Several immunoadjuvants have been discovered; they include: 
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1. adjuvants of bacterial origin, 2. several families of 

polyanionic synthetic polymers, 3. alum or aluminium 

hydroxide, 4. lipid A or derivatives, etc. (Fenchel et al. 

1984). These adjuvants have been shown to be highly active as 

immunomodulators, where some enhance cell-mediated immunity, 

antibody production to test antigens, others enhance 

viruses, and tumor vaccines. 

lymphoproliferative response of 

(Fenchel et al. 1984). 

Some even 

Band T cells 

alter the 

to antigens 

Immunoadjuvants have been used successfully in vaccine 

preparation. For example, aluminium hydroxide is included in 

the diphtheria/tetanus/pertussis (DTP) trivalent vaccine. In 

the trivalent vaccine, not only is pertussis an 

immunoadjuvant itself as well as antigen, but aluminium 

hydroxide also boosts the immune response to the trivalent 

vaccine (Chapel et al. 1983). 

In spite of their great potentials, immunoadjuvants used 

in clinical trials in the past have yielded conflicting 

results 

agents 

for the 

regarding their effectiveness as immunotherapeutic 

for immune dysfunctions and neoplasms. The reasons 

failures in many cases are several fold. Many 

experimental and clinical testing were conducted without a 

firm biological basis and important guidelines were not fully 

taken into account. The guidelines include: 1. the role of 

the host factors on the pharmacokinetics of an agent, thus 

modifying its potential; 2. the host-parasite or host-tumor 
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relationship; 3. the influence of associated therapies that 

could modify the expression of the dysfunction. In addition, 

until recently little attention was directed toward 

understanding the pharmacological features and the mode of 

action of the biological response modifiers to be sure of 

their efficiency. Meanwhile, many agents came into use 

before their composition was known, and be.fore the extent of 

their toxicity, adverse effects, and carcinogenicity was 

appreciated. The first complication in the use of an 

adjuvant is the development of a granulomatous reaction, as 

in the case of using alum, CFA and monophosphoryl lipid A. A 

second undesiriable effect of adjuvants, such as LPS, is 

their 

such 

pyrogenicity that may be potent. 

as lipophilic MDP derivatives, 

Also some adjuvants, 

can lead to anterior 

uveitis and blindness, when used in Cynomolgus monkeys 

(Gregoriadis et al. 1988) . 

With the great advances that have taken place in 

immunology during the last decade, at least some of the 

effects of immunomodifiers are being defined at the cellular 

and molecular levels (Gregoriadis et al. 1988). 

Consequently, there has ensued a rather ambiguous 

interpretation of the value of agents that modify the immune 

system. Despite the problems that beset its development, 

immunomodulation remains a fascinating approach to the 

treatment and prevention of infectious diseases, 

immunodeficiencies, and neoplasms (Fenchel et al. 1984). 
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The modification of the biological or immunological 

response can occur by one or several mechanisms: (a) 

augmenting anti-antigen immunity by modulating cellular 

and/or humoral components of the immune system and inducing 

or restoring effector cells of the immune system, including 

identifiable subsets of lymphocytes, cells of the monocyte

macrophage lineage, and natural killer cells; or (b) 

protecting and/or reconstituting stem cell replication in the 

bone marrow, which also increases the ability of the host to 

tolerate the damage (Fenchel et al. 1984). 

The work being described in this thesis is a 

continuation 

factor (IST) 

of 

by 

earlier studies on 

Dr. Peter Koo and 

the 

his 

immunostimulatory 

co-workers, who 

isolated this factor from a subline of the murine L1210 

lymphoma designated as L1210/MR or MR. Unlike the parental 

L1210 lymphoma (P), this MR mutant subline of this tumor is a 

spontaneously regressing tumor in CD2F1 hybrid mice (Koo 

et al. 1982). MR and P do not differ significantly in their 

growth characteristics in vitro or in irradiated mice, but MR 

cells can protect CD2F1 mice from the lethal effects of P 

cells, when co-injected (Koo et al. 1982). Certain 

immunoregulatory factor(s) (IRF) have been found specifically 

associated with MR tumor only. MR cell extract (MR-CE) and 

cell free ascitic fluid (MR-AF) contain a potent factor which 

greatly suppresses both the primary and -secondary cytotoxic T 

cell responses in mice. These factors appear to act directly 
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on the precursor T cell and not on the sensitized cells (Koo 

et al. 1981). Both MR and P contain immunoregulatory 

factor(s) which depress the primary antibody response of 

mice. But only MR-AF contains a factor which greatly 

enhances the secondary IgM and IgG antibody responses in vivo 

(Laufer et al. 1981). Fractionation of MR-AF by gel 

filtration yielded three major U.V.-absorbing peaks ( about 

80 Kd, 300 Kd, and 1000 Kd), all of which depressed the 

primary T-killer cells response . Only the 1000-Kd peak 

material suppressed the primary antibody response and 

enhanced the secondary antibody response. However, these 

IRF had little or no effect on the delayed hypersensitivity 

skin reaction to dinitrochlorobenzene (DNCB) and skin 

allograft rejection response (Laufer et al. 1981). 

The high molecular weight peak was further fractionated 

by sucrose density gradiant ultracentrifugation into a high

density fraction (HDF) and low-density fraction (LDF). LDF, 

which is also found in P-AF, suppressed the primary antibody 

response but still enhanced the secondary antibody response; 

while HDF, which occurs only in MR-AF, did not affect the 

primary, but greatly stimulated the secondary antibody 

response. It was also found that the immunostimulatory 

factor (IST) is sensitive to protease digestion and heat 

(57°c, 30 minutes), whereas the immunosuppressive factor 

(ISP) is resistant to protease and nuclease, but sensitive 

to heat and U.V. irradiation (Laufer et al. 1981). 
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These results suggest that several MR-associated factors 

act selectively on various immune functions, and that 

suppression of the secondary cytotoxic T cell mediated 

immunity, and the primary antibody response does not preclude 

tumor regression in this system. Also in vivo experimental 

results suggest that secondary antibodies and macrophages are 

good candidates as the effectors in MR tumor regression. 

The secondary antibodies appear to interact with the 

macrophages in producing the tumor-cytolytic effect in vivo. 

And it appears that MR-specific immunostimulatory factor and 

the heightened antibody response may be important for the 

spontaneous regression of the MR tumor (Koo et al. 1981). 

The above-described results agree with those of Carlson 

and Terres (1976). They found that L1210/MTX - REV subline 

lymphoma cells were susceptible to cytolysis by 7S 

antibodies injected into the tumor-bearing mice, whereas 

the 19S antibodies were totally ineffective. They also 

indicated that antibody-induced cytotoxicity by normal 

lymphoid cells (possibly NK cells or lymphocytes with NK-like 

activity) did not require complement, and the 7S antibodies 

were responsible for inducing the cytotoxic process. The cell 

killing might also occur through the phagocytosis of the 

antibody-coated cells. They found that the host factors 

involved in the antibody-induced killing were relatively 

radiation-resistant (670 R)(Carlson et al. 1976). This 

suggests that macrophages could be involved, since they are 

7 
'"" I I I\ 1\,1 i:- Ml\ G LIBR RY 

''1}TE UI\Ji\/ RS\TY 



known to be radiation-resistant. Although antibody-induced 

killing in vivo was found to be radioresistant, the 

protective effect was radiosensitive (Carlson et al. 1976). 

In addition Koo (1981) reported that IST factor was 

most effective when injacted into mice 3-4 days before 

primary immunization. This supports the results of Koo 

(1980) indicating that this factor may act on non

sensitized immunocytes. A factor with this ability to 

stimulate an immune response before antigen priming is a non

specific immunostimulatory factor, and it is expected to 

produce the same effect with any antigen, either pathogenic 

or non-pathogenic. The enhanced activity on the secondary 

immune response was achieved without the use of any adjuvants 

aside from IST administration, followed by primary 

immunization (Koo et al. 1981). 

Many compounds have been found to act as 

immunomodulatory factors on the immune system in many 

different ways. Our interest is mainly concerned with 

substances that are capable of stimulating a host's immune 

response to a variety of antigens. The first example 

described in the following is a polyclonal B cell activator 

(PBA), which is not specific for a single antigen or subset 

of B lymphocytes that respond to PBA or any other mitogens 

to produce immunoglobulins. Several criteria which are used 

to define an agent as a polyclonal B • cell activator are 

listed as follows: 
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1) Proliferation of lymphoctes induced by the agent must not 

be due to a previous immunization of the lymphocyte donor by 

the putative mitogen or by a chemically related structure, 

which cross-reacts with the agent (Boua et al. 1979). 

2) Proliferation of B cells induced by the agent must occur 

in the absence of T cells. In the case of human lymphocytes, 

protein A from Staphylococcus aureus (PASA) may serve as a 

polyclonal B cell mitogen under certain conditions (Forsgren 

et al. 1976) . However, certain so-called "mitogens", such as 

pokeweed mitogen (PWM), are now known to require T cells 

(Brochier et al. 1976a and 1976b). Such "mitogens" may 

stimulate B cell secondarily (for example, by inducing the 

liberation of T cell-derived lymphokines, such as lymphocyte 

mitogenic factor which then provides the direct stimulus to B 

cells), therefore such agents are not considered as true B 

cell mitogens (Boua et al. 1979). 

3) The agent must induce the differentiation and maturation 

of resting small B lymphocytes into plasma cells (antibody 

producing cells), which produce antibodies of different 

specificities that may not crossreact with the stimulant 

(PBA). Since PBA can trigger B cells non-specifically 

without help from T cells, such triggered B cells can't 

mature into memory B cells nor undergo class switching and 

affinity maturation. Consequently, only IgM antibodies of low 

affinity are produced by each B cell clone; IgG and other 

major immunoglobulin classes are generally not produced (Boua 
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et al. 1979). 

Several substances are known to fulfill these criteria 

when murine lymphocytes are used. Lipopolysaccharide (LPS) 

from various Gram-negative bacteria (Andersson et al. 1972), 

enterotoxin B (Janossy et al. 1975), dextran sulfate (Dorries 

et al. 1974), flagellin and levan (Continho et al. 1973a), 

and Pneumococcal SIII polysaccharide (Continho et al. 1973b). 

Lipoprotein(s) have also been shown to affect various 

immunological responses. The intermediate density 

lipoprotein (IDL) (isolated at the density between 1.006 g/ml 

and 1.019 g/ml) injected into the mice resulted in the 

suppression of the primary humoral response to sheep red 

blood cells (SRBC) (Barclay et al. 1975), the generation of T 

lymphocytes, and the immuno-protection against the growth of 

syngeneic tumor cells. It was later shown that neutral lipid

depleted LDL-In retains full biological activity and receptor 

specificity (Barclay et al. 1975). 

that the biologically active 

These studies suggest 

component(s) of LDL 

responsible for immunosuppression resides in one or more of 

the remaining constituents of the lipoprotein including the 

lipids and/or apoproteins (Barclay et al. 1975). 

From all the studies that have been done with immuno

modulatory factors, we notice variations in the type of such 

agents, their effects on the immune system, and their mode of 

action. In comparing the effects of these agents with the 

effects achieved with the factor in the MR-AF (IST) on the 
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immune system of mice, we noticed some characteristic 

differences. As described above IST was most effective when 

injected intraperitoneally 3-4 days before antigen-priming. 

The ability of this factor to stimulate both the secondary 

IgM and IgG antibodies is a unique mechanism of action . 

The purpose of the experiments reported in this thesis 

is to further characterize the immunostimulatory component in 

the MR-AF (1ST) and to determine the site of its action in 

the · lymphoid system by examining its effect on the cells of 

the lymphoid organs (the spleen, lymph nodes, and the bone 

marrow). The bone marrow is considered as the Bursa

equivalent organ in adult mammals, which is needed for B cell 

maturation and differentiation; it is also the site of 

origin for all hematopoietic cells ( Klein 1978 ). Hence, 

the bone marrow is of major importance to us in this 

because it could be the site of IST stimulation and 

for the development of precursor B memory cells. 

11 
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CHAPTER II 

MATERIALS AND METHODS 

Animals: Six to twelve week old DBA/2J and CD2Fl mice 

(hybrids of BALB/C X DBA/2J, that accepted skin grafts from 

DBA/2J mice), bred at Northeastern Ohio Universities College 

of Medicine, were used throughout these studies. The mice 

were kept in groups of 3-5 animals per cage (15 X 12 X 25 

0 cm), 12 hours of light/dark, fed freely, and at 20-25 C. 

Tumors: The tumor cell line used here is a mutant subline of 

the murine L1210 lymphoma, designated as L1210/MR. This tumor 

cell line arose in this laboratory in DBA/2J mice that 

survived L1210/MTX-Revertant for about one month (Koo and 

Laufer, 1979). The methotrexate-sensitive L1210/MTX-

Revertant cells were originally derived from the 

methotrexate-resistant mutant (L1210/MTX), which was derived 

from the parental L1210 cell line designated as L1210/P or P 

(Koo and Laufer, 1979). The MR line in contrast to Ll210/MXT

Revertant or the parental L1210 line, is much less lethal 

and spontaneously regresses in both DBA/2J and CD2F1 mice. 

Therefore, MR cells were passaged in irradiated (650 R) 

DBA/2J mice (Koo and Laufer, 1979). 

Ascitic Fluid: Ascitic fluid used in this study was obtained 

from the X-irradiated (650 R) DBA/2J mice. Mice were 

injected intraperitoneally (i.p.) with one million cells and 

the ascitic fluid was collected seven days later from the 
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peritoneal cavity with phosphate-buffered saline (PBS) 

without calcium and magnesium under sterile conditions. Part 

of it was cultured on blood agar under both aerobic and 

anaerobic conditions to detect for bacterial growth or 

contaminations. The remaining cell suspension was 

centrifuged at 223 X g (1000 rpm) for 10 minutes, and the 

clear ascitic fluid supernatant was obtained and designated 

as MR-AF. Only uncontaminated MR-AF samples were pooled and 

used. The cell pellet obtained was washed with PBS, 

resuspended in dimethyl sulfoxide + 10% fetal calf serum 

(FCS), and stored at -140° C. 

Gel Filtration Column Chromatography: MR-AF (A at 280 nm= 7-

15) obtained from the X-irradiated DBA/2J mice was applied to 

an Ultrogel AcA-22 column (5 X 80 cm). After the column had 

been equilibrated with PBS and the MR-AF was eluted with PBS. 

The fractions (5.6 ml each) were collected within 48-hours at 

6° C. The optical density for the eluted fractions was 

determined at 280 nm. The fractions were pooled into three 

pools with respect to the three major absorbance peaks 

generated (Figure 1). The pools were concentrated separately 

by Amicon YM-100 membrane filtration under nitrogen or 

carbon dioxide positive pressure. The concentrated pools 

were then stored at -20° C until they were used for i.p. 

injection into mice to determine their effects on the 

secondary IgG response and to determine their effects on 

lYtnphoid cells in in the immune organs (the spleen, lymph 
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nodes, and the bone marrow) . 

KBr Ultracentrifugation: Two-to-three ml of concentrated pool 

1 in PBS from the Ultrogel column (Figure 1, first peak) was 

adjusted to a final density of 1.25 g/ml, or 1.063 g/ml, or 

1.006 g/ml with KBr (potassium bromide) in cellulose nitrate 

tubes (Beckman). Ultracentrifugation of the samples was 

carried out at 226,240 X g (45,000 rpm) in a TI50 rotor and 

model LS-75 ultracentrifuge (Beckman) at 12 C for 24 hours 

(Prezioso et al. 1987). After centrifugation each tube was 

divided into three fractions which were removed carefully by 

Pasteur pipets. The top fraction removed equals the volume 

of the pooled sample that was applied to each tube (2-3 ml) 

and the remaining volume was divided in half (4-5 ml each 

fraction). The absorbance at 280 nm was measured for each 

fraction using the corresponding fraction from PBS tube as 

control. The individual fractions were then dialysed against 

PBS at 4° C to remove KBr, and the absorbance for each 

fraction was measured at 280 nm against PBS after dialysis. 

The individual fractions after dialysis were tested for their 

effects on the bone marrow and the secondary antibody 

response of mice (Prezioso et al. 1987) . 

Lipid Extraction, Purification, And Thin-Layered 

Chromatography: Pool 1 from the Ultrogel column (containing 

IST) was concentrated by Amicon YH-100 membrane filtration, 
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then it was dried under a stream of nitrogen gas at 40°C. The 

white powder obtained was extracted with chloroform-methanol 

(3 : 1, V/V) (Fisher Scientific) at room temperature. The 

chloroform layer (bottom layer) was collected with a 

Pasteur pipet, flash evaporated to dryness at 40°C, and then 

resuspended in chloroform/methanol (9 : 1, V/V). Part of 

this suspention was applied to a thin-layered chromatographic 

(TLC) plate (Adsorbosil Plus, Alltech Associates, Inc. 

Deerfield, IL), which was developed using the solvent system 

chloroform/ methanol/ water (65:35:6, V/V/V). Standards 

included phosphatidylcholine and phosphatidylethanolamine. 

For the detection of hydrocarbon compounds, iodine vapor was 

used. For lipid detection, rodamine G-6 in ethanol (Sigma) 

was used. The detection of phospholipids was attained 

by using molybdenum blue reagent (Alltech Associates, 

Inc.). Cholesterol and cholesterol esters were detected 

by ferric chloride stain, and amino compounds were 

detected by ninhydrin stain (Bigh et al. 1959; Prezioso, 

1988). 

After extraction, the chloroform phase (containing 

lipids) was dried under nitrogen and reconstituted in PBS by 

vigorous shaking and vortexing. The aqueous phase (containing 

hydrophilic protein) was dialysed against PBS. Both 

reconstitutes were then diluted to a concentration equivalent 

to two 0.D. units/ml of the original MR-AF, for i.p. 

injection into mice. 
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Cellulose Acetate Membrane Electrophoresis: 

Material: Cellulose membrane (sepraphore III), high 

resolution electrophoresis buffer (Tris-Barbital-Sodium 

Barbital pH 8.8 and pH 7.0), absorbent pads, Ponceau S 

solution, Sepra Clear II (0.5% Ponceau S in 7 . 5% aqueous 

trichloroacetic acid), 5% acetic acid solution (rinse 

solution), electrophoresis chamber, power. supply, staining 

trays, and sample applicator. All were obtained from Gelman 

Instruments, Ann Arbor, Michigan. 

Procedure: The samples (3 ul each) were applied by a sample 

applicator to strips of cellulose membrane. They were then 

blotted dry and electrophoresed at 350 volts for 45 minutes, 

and 1-3 milliamperes per strip. Immediately after 

electrophoresis, the strips were removed, and stained in 

Ponceau S solution for 10 minutes. The strips were destained 

in 5% acetic acid solution for approximately 10 minutes to 

remove excess stain. The strips were fixed on glass slides 

as follows: The strips were removed from the final rinse 

tray, and immersed in Sepra Clear II solution for 5 minutes. 

They were then placed on glass slides, and their ends were 

folded over the edges of the slides. The slides were then 

placed in 80-90°C oven for 20 minutes (Gelman 1976). 

Antigens And Immunization Protocol: 

Antigens: Five percent sheep red blood -cells (SRBCs) (Cordis 

Laboratories, Miami, FL) suspended in saline solution were 
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used for intravenous (i.v.) immunization. Azobenzenearsonate

conjugated bovine gamma globulin (ARS-BGG) was prepared by 

coupling 100 mg bovine gamma globulin (Sigma) in 40 ml of 0.1 

M NaHCO3 (pH 8.1) with 60 ml of 0.02 M diazotized p-arsanilic 

acid. The diazotized arsanilic acid was prepared according 

to Koo and Cebra (1974). The coupling reaction was carried 

out at 0-5°C by slow addition of diazotized arsanilic acid 

solution to the bovine gamma-globulin solution. The pH of the 

solution was maintained between 8.5-9.0 with 5 M NaOH. The 

reaction mixture was stirred overnight at 0-5°C. The ARS-BGG 

solution was then exhaustively dialysed against PBS at 5° C 

(Koo and Cebra, 1974). 

Immunization Protocol: Four days before primary immunization 

3-5 mice in each group were injected i.p. with a dose 

of l ml of O.D. 2 at 280 nm of the original MR-AF or 

equivalent amount of test material (pool 1 from ultrogel 

filtration, or PBS as control). Then at day zero 3-5 animals 

of each group were killed, and the bone marrow, lymph nodes 

and the spleen were obtained. Indirect immunofluorescence 

assays were done with the lymphoid cells to determine the 

percentage of the IgM-bearing cells in the mice injected with 

the test materials as compared to the mice injected with PBS. 

For the other part of the study, at day zero, 3-5 mice in 

each group were immunized i.v. with a test antigen (5% SRBC). 

At day seven the mice were killed and their lymphoid organs 
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obtained to determine the percentage of IgM-bearing cells. 

In a separate experiment mouse immune serum was obtained 

and assayed for IgG level by ELISA. Three to five mice in 

each group were injected i.p. with the test material four 

days prior to primary immunization (at day -4), MR-AF was 

usually centrifuged at 22,340 X g (10,000 rpm) for 15 minutes 

to remove all traces of precipitate before it was injected 

into mice. The control group was injected with an equal 

volume of PBS. At day zero and day nine all groups of mice 

were injected with 0.5 ml of the 1 mg/ml ARS-BGG solution 

(0.25 ml l.M. + 0.25 ml S.C.). In another group the mice were 

primed with ARS-BGG emulsified in complete Frreund's adjuvant 

(CFA), and nine days later the mice were boosted with 0.5 ml 

ARS-BGG (1 mg/ml). Finally, at day fourteen the mice were 

bled through the orbital sinus under ether anesthesia. The 

blood was allowed to clot for one hour at room temperature, 

and the 

overnight. 

clot was broken and allowed to contract at 4° C 

The serum was collected and clarified by 

centrifugation at 2,010 X g (3,000 rpm) for 10 minutes at 

4°C. The serum was stored in small aliquots at -20°c before 

use. 

Collection of LYmphoid Cells: Mice were sacrificed by 

cervical dislocation, and their spleens, lymph nodes and bone 

marrow were collected into ice-cold RPMI 1640 medium 

containing 2% FCS and 0.1% NaN3 Bone marrow cells were 

obtained from the femur bone. After the associated tissues 
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were removed, both ends of the bone were cut and the bone 

marrow was washed out by the culture media with the aid of 

a 27G needle. Spleen cells and lymph node cells were 

dislodged from the lymphoid organs by pressing the organs 

against a stainless-steel wire screen. Cells 

suspended and washed three times in the RPMI 

were then 

medium. 

Leukocyte concentration and viability were determined by the 

trypan blue exclusion. The number of IgM-bearing cells were 

determined by an indirect immunofluorescent staining method. 

Enzvme-Linked Immunosorbent Assay <ELISA}: 

Materials: All materials were obtained from Sigma. They 

included: 0.2% bovine gamma globulin (20 mg BGG + 20 mg NaN3 

in 100 ml PBS) prepared fresh, 5% bovine serum albumin 5 g 

BSA + 20 mg NaN3 in 100 ml PBS), 1% bovine serum albumin (1 g 

BSA + 20 mg NaN3 in 100 ml PBS), mouse antiserum (3-fold 

dilution in PBS), alkaline phosphatase-conjugated goat anti

mouse IgG, and IgM (1:1000 dilution in 1% BSA+ 1 mM MgC1 2 + 

20 mg NaN3 in 100 ml Tris-HCl, pH 8.0), 1 mg/ml paranitroph

enolphosphate (PNPP) disodium solution (in 1 mM MgC1 2+ 1 mM 

ZnC1 2 + 20 mg NaN3 in 0.1 M glycine buffer, pH 10 . 4), 96-well 

flat-bottom tissue culture plates (Fisher Scientific), 

incubator (37°C + 100% humidity+ 5% CO2in air), ELISA-plate 

reader (at 405 nm wave length), and PBS was used as washing 

solution. 

frocedura: Equal aliquots (75 ul) of freshly prepared 2% BGG 
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were added to all the wells in flat-bottomed tissue culture 

plates and the plates were incubated at room temperature 

overnight. The BGG solution was decanted by flicking the 

plates forcefully and the plates were washed twice with PBS. 

BSA (100 ul of 5% solution) was added to all the wells and 

the plates were incubated for 1 hour at 37°c to block any 

non-specific binding sites. The BSA solution was decanted 

and the plates were washed twice with PBS. Then 45 ul of 

appropriate dilution of test samples (normal mouse serum, 

mouse antiserum, 1% BSA, and PBS, were added to the wells (in 

which 1% BSA and PBS were used as controls). The plates were 

then incubated at 37°C for 2 hours. The samples were then 

decanted and the wells washed with PBS three times. Aliquots 

(75 ul) of alkaline phosphatase-conjugated anti-mouse IgG or 

IgM antibodies prepared in goats were then added to all wells 

and incubated for 2 hours at 37°C. The plates were then 

decanted and washed with PBS three times. PNPP (60 ul) was 

added to all the wells, and the plates were incubated again 

for 30 minutes at 37°C. The color change was measured at 

405 nm by an ELISA .reader. 

The results were reported as arithmetic average of the 

absorbance at 405 nm for each serum dilution used and they 

were plotted and curve-fitted by the Cricket Graph computer 

Program by Macintosh. Then the slopes of the obtained curves 

were compared and tested separately for their significance 

against the slope of the control (PBS) by the unpaired 
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Student's t-test for the slopes. When p~ 0.05 the difference 

was considered to be significant. 

Indirect Immunofluorescent Assay: 

Antibody Absorption: One ml of concentrated stock solution of 

rabbit anti-mouse IgM was added to a normal mouse spleen 

cells which had previously been washed in PBS. 

was incubated on ice for 30 minutes with 

The mixture 

occasional 

agitation, and then centrifuged at 446 X g (2,000 rpm) for 15 

minutes. The supernatant, containing the absorbed antibody, 

0 was collected and kept frozen at -20 C before use . 

Lvrnphoid Cell Preparation: Bone marrow, spleen, and lymph 

node single cells were suspended in RPMI 1640 containing 

2% FCS and 0.1% NaN3 , centrifuged at 223 X g (1,000 rpm) for 

10 minutes, resuspended in the washing solution (PBS+ 2% FCS 

+ 0.1% NaN3 ), and allowed to settle for 2-5 minutes. The top 

1 ml suspension was collected to obtain single - cell 

suspension, that was adjusted to one million cells per ml. 

Cell viability was determined by trypan blue exclusion. 

Cell Staining: Tubes containing one million dissociated 

lymphoid cells were centrifuged at 223 X g (1,000 rpm) for 5 

minutes to remove the supernatant. To the cell pellets, 100-

ul aliquots of the absorbed normal rabbit serum, or absorbed 

normal horse serum (1:10 dilution in PBS) were added, and the 
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mixtures incubated on ice for 20 minutes. They were then 

washed three times with the washing solution 

centrifugation at 223 X g for 5 minutes each. This step 

was to block any non-specific antibody binding to the 

pellets. To the experimental tubes, a previously determined 

dilution of absorbed rabbit anti-mouse IgM (100 ul) was 

added. And to another set of control tubes, the same 

dilution of absorbed normal rabbit serum (100 ul) was added 

to control for the non-specific binding. All tubes were 

placed on ice for 30 minutes, and then washed three times by 

centrifugation at 223 X g for 5 minutes. To all resulting 

pellets FITC-conjugated goat anti-rabbit IgG (100 ul) was 

added, and the mixtures were incubated on ice for 30 

minutes. The cells were again washed four times with the 

washing solution by centrifugation as above. The cells were 

then resuspended in 500 ul 0.5% para-formaldehyde (which 

fixes and stabilizes the stain in the dark for one week). 

Wet mounts of cells were prepared on microscope slides 

and were sealed at the edges by nail polish. The wet mounts 

were read under a fluorescent microscope (Todd et al. 1981; 

Fearon et al. 1983). 

Results were reported as the arithmetic average of the 

percentage of fluorescent cells. Differences between the 

experimental groups and the control were determined separatly 

by the unpaired Student's t-test . When P was~ 0.05 the 

differences were considered to be significant. 
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CHAPTER III 

RESULTS 

In order to purify and characterize the immuno-

stimulatory component in the ascitic fluid of mice bearing 

the spontaneously regressing subline of the the murine 

lymphoma L1210 (MR), several purification techniques were 

employed, and the partially purified IST was characterized 

with respect to its immunological and physiochemical 

properties. The results are presented below. 

Ultrogel Filtration Column Chromatographv: 

MR-AF from several groups of irradiated and MR tumor 

bearing mice was collected and applied to an Ultrogel column 

at 6°C. The optical densities (at A= 280 run) of the 

collected fractions were plotted against the fraction number. 

As shown in Figure 1, three major peaks were identified: the 

first peak at fraction number 175-190 (also designated as UG

IST) , the second peak at fraction number 191-340, and the 

third peak at fraction number 340-370. The fractions within 

each peak were pooled. The resulting pools were separately 

concentrated by Amicon YM-100 membrane under N2 or CO2 
positive pressure. 

To determine which pool contained the immunostimulatory 

effect on the secondary IgG response, different groups of 

mice (3-5 mice per aroup) were injected with the different 
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pools i.p.; another group was injected with MR-AF i.p. as a 

positive control to make sure that the MR-AF used was 

itself active. The third group was injected with PBS as a 

negative control. All these injections were done four days 

before the primary immunization with ARS-BGG. On days O and 

9 all mice were immunized with ARS-BGG, and at day 14 they 

were bled and their sera were assayed by ELISA for anti-BGG 

IgG antibodies. The results are shown in Figure 2, where MR

AF and UG-IST (pool 1) are shown to significantly stimulate 

the secondary anti-BGG IgG antibody level (9-27 - fold 

increase) in comparison with that of the PBS 

2 and 3 elicited only about a 3-fold 

significant). 

control. Pools 

increase (not 

To determine the effect of UG-IST on the primary lgM 

antibody response, different groups of mice were injected 

i.p. with either UG-IST or PBS (as a control) four days 

before the primary ARS-BGG immunization. Seven days after the 

immunization the mice were bled, and their sera were 

assayed by ELISA for the level of lgM anti-BGG antibodies. 

The results, as shown in Figure 3, indicate that UG-IST 

slightly suppresses the primary lgM production by about 

2-fold (significant). 

Ultracentrifugation Results: 

UG-IST was applied to KBr at different densities (1.25, 

1.063, and 1.006 g/ml), and three fractions were collected 

from each density tube as described in the methods. The 
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optical densities of the dialyzed fractions in PBS were 

measured at 280 nm, and the results were shown in Table 1. 

To determine which density fraction contained the 

stimulatory effect, different groups of 

with different fraction samples four 

mice were injected 

days before primary 

ARS-BGG immunization. The mice were immunized in the same 

manner as for testing the effect of MR-AF described above. 

Then the mouse serum was assayed by ELISA to determine the 

effect of the different fractions on the secondary anti-BGG 

lgG antibody response. 

Figure 4 shows the effect 

ultracentrifugation at KBr density 

of the 

of 1.25 

fractions 

g/ml on 

from 

the 

secondary antibody response of mice. The results indicate 

that F 1 (the top fraction of the tube) was the most active 

fraction. This fraction normally contains the high density 

lipoproteins (HDL), low density lipoproteins (LDL), very low 

density lipoproteins (VLDL), and chylomicrons (CM) (Prezioso, 

1988). For the fractions obtained at KBr density of 1.063 

g/ml, the immunostimulating activity was distributed among 

the different fractions as shown in Figure 5, although F3 

contained more activity than the other two fractions. At KBr 

of 1.063, the top fraction normally contains LDL, VLDL, and 

CM; while the lower fractions contain HDL, and protein 

(Prezioso, 1988). For the fractions obtained at density of 

1.006 g/ml, most of the immunostimulatory effect was 

detected in F 3 (the bottom fraction), as shown in Figure 6. 
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At a density of 1.006 g/ml the fraction at the top of the 

tube normally contains VLDL and CM, while the bottom fraction 

contains HDL and proteins; LDL is distributed among all the 

fractions (Prezioso, 1988). 

The immunostimulatory effect of UG-IST was compared to 

that produced by complete Freund's adjuvant (CFA) on the 

secondary IgG response to ARS-BGG in mice. The results are 

shown in Figure 7, which demonstrates that there is a three

fold increase in the effect of UG-IST, and about a two-fold 

increase in the effect of F 1 in comparison with CFA. 

Lipid Extraction And Thin-Lavered Chromatographv: 

To determine the lipid content in the UG-IST (the 

immunostimulatory fraction from the Ultrogel column) and F 1 

fraction (from ultracentrifugation in KBr at density of 1.25 

g/ml), were extracted and the lipid phases were analyzed 

by thin-layered chromatography, along with lipid standards, 

by using different solvent systems for total lipid and 

neutral lipids. The results are shown in Figures 8 and 9. 

Figure 8 is the chromatogram for separating total lipids, 

and it shows that the vast majority of the lipids present 

have mobilities (Rf values) like cholesterol esters, together 

with two minor phospholipids (sphingomyelin (SP), and 

phosphatidylcholine (PC)). Figure 9 shows the type of 

neutral lipids present in the extract and one minor spot 

at the origin representing phospholipids. 
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shows that there are at least four neutral lipid spots with 

high Rf values like cholesterol esters. 

Also, the two phases from the chloroform:methanol 

extraction (after dialysis and reconstitution in PBS) were 

tested for their effects on the secondary response to ARS

BGG. The results in Figure 10 demonstrate that most of the 

immunostimulatory activity was in the aqueous phase (protein 

phase), which shows a 12-fold increase in the amount of IgG 

produced in comparison to the PBS control. This was slightly 

less than that produced by an equivalent amount of MR-AF 

injected (about a 20-fold increase over the PBS control), but 

it was 6 times more potent than the lipid phase material. 

Cellulose Acetate Electrophoresis: 

To determine the electrophoretic mobility of the protein 

content of UG-IST, concentrated UG-IST or the aqueous phase 

from UG-IST extraction (the protein phase) was applied onto 

Sepraphore III cellulose acetate membrane strips and 

electrophoresis was run in tris-barbital-sodium barbital 

buffer at pH 8.8 or pH 7.0 for 45 minutes. Normal mouse and 

human serum were used as controls. The results (not shown) 

indicated that only one major protein in UG-IST was detected 

by Ponceau S stain for proteins, and that protein did not 

leave the origin of application during electrophoresis under 

both pH conditions, while under the same conditions both 

normal human and mouse serum were separated normally into 
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alpha-, beta-, and gamma-globulins . 

The Effect of the ImmunostimulatorY Factor on IgM-Bearing 

Cells of mouse LYmphoid Organs: 

To determine the effects of the immunostimulatory factor 

on the development or distribution of lymphoid cells in mouse 

lymphoid organs (the bone marrow, the spleen, and lymph 

nodes), different groups of mice were tested as described in 

the methods. 

Lymphoid cell dissociates were stained by the indirect 

immunofluorescent assay described in the methods to determine 

the percentage of cells bearing lgM surface markers. As shown 

in Table 3 when MR-AF, or UG-IST, or F 1 (from the ultracent

rifugation in KBr at density of 1.25 g/ml) was injected i.p. 

into mice, 2-to-3-fold increase in the IgM-bearing cells in 

the bone marrow were noted in comparison to the mice that 

were injected i.p. with PBS. Pools 2 and 3 from the ultrogel 

column on the other hand had no significant effect. The non

specific staining was always below 5%. But when the 

percentages of lgM-bearing cells in the lymph nodes and 

spleen were estimated under identical conditions (shown 

in Tables 4 and 5), there were no differences between the 

experimental groups and the control group. 

The percentage of IgM-bearing cells in lymphoid organs 

was also estimated after MR-AF, UG-IST or PBS was injected 

i.p. and followed by primary SRBCs intravenous immunization. 
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Bone marrow, spleen and lymph node cells were collected seven 

days after the immunization and stained by the indirect 

immunofluorescent assay. The results are shown in Tables 6, 

7 and 8. Only the bone marrow showed a 3-fold increase in 

the percentage of IgM-bearing cells in the mice that were 

injected with MR-AF or UG-IST when compared with mice that 

were - injected with PBS, while lymph nodes and spleen did not 

show any significant increase. 
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Figure (1) 

The fractionation of MR-AF on Ultrogel AcA-22 Column. 

MR-AF (A at 280 run= 10-15, 30 ml) was equilibrated and 

eluted with PBS. Absorbance of each collected fraction (5.6 

ml) was determined at 280 nm, and the fraction numbers were 

plotted against their absorbance. 
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Figure (2) 

The effect of Ultrogel Column Fractions on the secondary 

IgG response to BGG (using ARS-BGG as antigen). 

For determining the the stimulation level, the slope of 

the curve obtained from the animals injected with the test 

material was compared with the slope of the curve from the 

control animals (PBS injected). And the coefficient of 

linear correlation (R) is shown for each curve. 

- Pool 2: t = 0.37, p = 0.7 

- Pool 3: t = 0.39, p = 0.7 

- MR-AF : t = 2.1, p =0.0001 

- UD-IST: t = 4.03, p < 10-6 

(Each of Figures 2-7 and Figure 10 represent a summary of 

several experiments done separately). 
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Figure (3) 

The suppressive effect of UG-IST (pool 1) on the primary 

IgM response to SRBC. 

- NMS : t = 2.3, p = 0.02 

- UG-IST: t =2.6, p = 0.012 
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TABLE 1 

Ultracentrifugation fractions (obtained after centrifug

ation of UG-IST in KBr at densities of 1.25, 1.063, or 1.006 

g/ml), and their optical densities (0.D.) were measured at 

280 nm after dialysis against PBS . Fl, F2, and F3, are 

respectively the top, middle, and bottom fractions in a 

centrifuge tube. 

Fraction number O. D. at 280 nm 

At KBr, 1.25 g/ml 
Fl 0.72 
F2 0.32 
F3 0.38 

At KBr, 1. 063 g/ml 
Fl 0.51 
F2 0.45 
F3 0.42 

At KBr, 1.006 g/ml 
Fl 0.13 
F2 0.26 
F3 0 . 61 
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Figure (4) 

The effect of ultracentrifugation at KBr density of 1.25 

g/ml on the distribution of UG-IST in fractions Fl, F2, and 

F3, and their effect on the secondary IgG response to BGG 

(using ARS-BGG as antigen). 

- Fl: t = 8.2, p < 10-6 

- F2: t = 3.8, p = 0.0004 

- F3: t = 3.9, p = 0.002 
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Figure (5) 

The effect of ultracentrifugation at KBr density of 

1. 063 g/ml on the distribution of UG-IST in fractions Fl, F2, 

and F3, and their effect on the secondary IgG response to BGG 

(using ARS-BGG as antigen). 

- Fl: t = 2.9, p = 0.005 

- F2: t = 3.4, p = 0.001 

- F3: t = 4.5, p = 5 X 10-5 
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Figure (6) 

The effect of ultracentrifugation at KBr density of 

1.006 g/ml on the distribution of UG-IST in fraction Fl, F2, 

and F3, and their effect on the secondary IgG response to BGG 

(using ARS-BGG as antigen). 

- Fl: t = 1. 45, p = 0.15 

- F2: t = 1.55, p = 0.12 

- F3: t = 5. 7, p < 10-6 
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Figure (7) 

The comparison effect of UG-IST (pool 1), Fl fraction 

(from the KBr 1.25 g/ml ultracentrifugation), and complete 

Freund's adjuvant, on secondary IgG antibody response to BGG 

(using ARS-BGG as antigen). 

- CFA: t = 2.2, p = 0.03 

- Fl: t= 4.6, p = 2 X 10-s 

- UG-IST: t = 9.05, p < 10-6 
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TABLE 2 

A summary of the data presented in Figures 4 to 7, and 

Figure 10, with respect to the slopes of the best fit plots, 

and folds increase in comparison with the slopes obtained for 

the PBS controls. 

: KBr 1.25 : KBr 1.063 l KBr 1.006 l CFA 
: slopeslfold lslopeslfold l slopeslfold l slopeslfold 

PBS 0.5 1 0.5 1 0.4 1 0.4 1 

Fl 4.6 9 3.3 6 3.3 8 
I 
I 

F2 I 2.3 5 3.9 8 3.3 8 I 
I 
I 

F3 I 2.5 5 5.0 10 11. 7 30 I 
I 
I 

UG-ISTl 4.0 10 
I 
I 

CFA I 1. 2 3 I 
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Figure (8) 

Thin-layered chromatograms for (A) lipid standards (spot 

1 ) , and UG-IST (spot # 2 and 3); (B) Fl from 

ultracentrifugation in KBr at density of 1 . 25 g/ml (spot # 

1), phospholipid standards (spot# 2). The TLC plates were 

run in CHC1 3 

temperature. 

vapor. 

MeOH: H2 0 (65:35:6, V/V/V), at room 

Then the plates were developed under iodine 

CE = cholesterol ester, PG= phosphatidylglycerol, PE = 

phosphatidylethanolamine, PI = phosphatidylinositol, PC = 

phosphatidylcholine, and SP= sphingomyelin. 
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Figure (9) 

Thin-layered chromatogram for 1) UG-IST (pool 1), and 2) 

neutral lipid standards. The plate was run in n-hexane 

ether H2o (40:10:1, V/V/V), at room temperature. Then the 

plate was developed under iodine vapor. 

PL= phospholipid, TG = triglycerides, DG = diglycerides, and 

CE= cholesterol ester. 
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Figure (10) 

The effect of the chloroform-methanol extraction phases 

(i.e., the aqueous protein phase and the chloroform or lipid 

phase) on the secondary IgG response to BGG (using ARS-BGG as 

antigen). 

- Lipid: t = 0.74, p = 0.46 

- Protein: t = 4.27, p = 8 X 10 -5 

- UG-IST: t = 8.11, p < 10-6 
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TABLE 3 

The effects of MR-AF and its purification products on 

the bone marrow IgM-bearing cells in unimmunized mice, 

days after i . p. injection of the test sample. 

Mouse Group 

Non-specific Stain 

PBS Control 

MR-AF Treated 

Pool 1 Ultrogel 
(UG-IST) Treated 

Pool 2 Ultrogel Treated 

Pool 3 Ultrogel Treated 

Fraction 1 of KBr 1.25 g/ml 
Ultracentrifugation Treated 

Percent .Fluorescent 
Bone Marrow Cells± sd 

3.9% ± 0.8 

13.2% ± 2 

28.8% + 2 * 

34.2% + 3 * 

13 . 4% + 2 

12.9% + 2 

28.3% ± 2 * 

* p ~ 0 . 01 against control by unpaired Student's t-test. 

four 

( Each of Tables 3-8 is a summary of several experiments 

done separately). 
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TABLE 4 

The effects of MR-AF and Pool 2 from the Ultrogel column 

on IgM-bearing cells in the lymph nodes of unimmunized mice, 

four days after i.p. injection of the test sample. 

Mouse Group 

PBS Control 

MR-AF Treated 

Pool 1 {UG-IST) Treated 

Percent Fluorescent 
Lymph Node Cells± sd 

42.6% ± 4 

43.8% ± 4 * 
41. 3% + 3 * 

* p > 0.05 against control by unpaired t-test. 
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TABLE 5 

The effects of MR-AF and Pool 1 from the Ultrogel column 

on IgM-bearing cells in the spleen of unimmunized mice, four 

days after i.p. injection of the test samples. 

Mouse Group 

PBS Control 

MR-AF Treated 

Pool 1 (UG-IST) Treated 

Percent Fluorescent 
Spleen Cells+ sd 

32 .1% ± 4 

33.3% + 3 * 

34.6% + 3 * 

* p > 0.05 against control by unparied t-test. 
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TABLE 6 

The effects of MR-AF and Pool 1 from the Ultrogel column 

on IgM-bearing cells in the mouse bone marrow after primary 

SRBCs immunization. Eleven days after the treatment of the 

test samples and 7 days after the primary immunization the 

lymphoid cells were obtained and stained by the indirect 

immunofluorescent assay. 

Mouse Group 

PBS Control 

MR-AF Treated 

Pool 1 (UG-IST) Treated 

Percent Fluorescent 
Bone Marrow Cells± sd 

14.2% ± 2 

33% + 2 

34 . 1% + 3 

p ~ 0.01 against control by unpaired Student's t-test. 
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TABLE 7 

The effects of MR-AF on the IgM-bearing cells in the 

lymph nodes. The cells were stained for IgM surface markers 

11 days after MR-AF treatment and 7 days after the primary 

SRBCs immunization . 

Mouse Grroup 

PBS Control 

MR-AF Treated 

Percent Fluorescent 
Lymph Node Cells± sd 

41.8% ± 3 

39 . 9% ± 3 

p > 0.05 against control by unpaired t-test. 
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TABLE 8 

The effects of MR-AF on IgM-bearing spleen cells. The 

cells were stained for IgM surface markers 11 days after 

treatment with MR-AF and 7 days after primary 

immunization. 

Mouse Group 

PBS Control 

MR-AF Treated 

Percent Fluorescent 
Spleen Cells± sd 

33.9% ± 4 

28.9% + 3 

p > 0.05 against control by unpaired t-test. 
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CHAPTER IV 

DISCUSSION 

During the past few years much of the work in the area 

of immunomodulation and the agents involved was focused on 

the development of agents which would enhance or modify 

the immune response against foreign antigens, autologus 

antigens and tumors. These agents vary in their chemical 

properties; they include proteins, protein complexes, lipids, 

lipopolysaccharides (LPS), microbial products, synthetic 

chemicals (e.g., vitamin A analogues), etc. (Fenchel et al . 

1984). Also the mode of action varies from one agent to 

another. Some act as lymphocyte mitogens (like B cell 

mitogens); others act by stimulating the immunogobulin 

production by stimulating B cell in different manners at 

various or specific stages of the immune response. For 

example, CFA, which contains Mycobacterium, is capable of 

stimulating the immune response best when injected with the 

antigen in the primary immunization (Gregoriadis et al. 

1988). Some of these agents act directly on effector cells, 

such as LPS which acts on B cells directly to increase 

antibody production (Moller et al. 1975). Some act indirectly 

by enhancing in vivo the production of biomediators that in 

turn act on effector cells; for example, pokeweed mitogen 

requires T helper lymphokines to stimulate B cells 

(Brochier et al. 1976a). Other agents act by stimulating, 
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protecting and/or reconstituting stem cells in the bone 

marrow, thus increasing the ability of the host to resist 

the invasion of foreign agents or tumor, and to tolerate the 

damage (Fenchel et al. 1984). One of the most important 

kinds of immunomodifiers is adjuvants, which act by 

increasing the immunogenicity of poorly immunogenic or non

immunogenic antigens in both humoral and cell-mediated 

responses. 

The present study verifies and substantiates the earlier 

reports on the immunostimulatory factor that is found in the 

cell-free ascitic fluid of mice bearing spontaneously 

regressing L1210/MR cells (Koo, 1981). In addition, we 

further purified the immunostimulatory factor and 

demonstrated its effect on the murine lymphoid cells of 

various major lymphoid organs, which are involved in the 

development, growth, and differentiation of lymphocytes. 

Several previous studies on this ascitic fluid by Koo et al. 

(1979-1982) were done to determine whether and how the 

secondary humoral response may play any significant role in 

the spontaneous regression of the MR tumor. It was shown 

that a potent immunostimulatory factor may be specifically 

associated with the MR regressor and it can selectively 

enhance the secondary humoral immunity in mice (Laufer et al. 

1981). Koo and his coworkers also demonstrated that when MR

AF is injected into normal mice before immunization with 

SRBCs, there was an increase in the number of IgG and IgM 

59 



plaque - forming cells (PFC) in the mice spleens after the 

secondary SRBCs immunization. Under normal circumstances, the 

level of the secondary IgM response is about the same or 

lower than the level achieved in the primary response. The 

MR-AF-stimulated secondary IgM antibody levels in all 

instances exceeded the primary IgM response and were 

approximately equal to or even surpassed the normal 

unstimulated secondary IgG level. At the same time the number 

of IgM PFC in the primary response was decreased in the mouse 

spleens. This unusual, and in fact unique, phenomenon 

can be explained at least in part by the three following 

possibilities 1. MR-AF and its purified products contained 

two separate factors; an immunostimulatory factor for 

promoting the development of IgM-bearing precursor memory B 

cells in the bone marrow and an immunosuppressive factor 

which acts on primary B cells. 2. The immunostimulatory 

factor for the secondary antibody response is the same factor 

that suppresses the primary antibody response. But it is 

stimulatory to secondary antibody response, by promoting the 

production of IgM-bearing memory cells and by promoting the 

switch of IgM cells to IgG cells after primary immunization. 

3. The immunostimulatory and the immunosuppressive activities 

are on the same factor, but this factor affects primary 

B cells and secondary B cells differently. 

The above proposed postulates are based on the following 

key experimental observations. When MR-AF was applied to an 
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Ultrogel column and the eluted materials were tested for 

their effects on the secondary IgG antibody response of mice, 

IgG antibody level was found to increase by more than 20-fold 

when the high-molecular-weight pool (UG-IST) was tested and 

compared to the amount of IgG produced in PBS control or when 

compared to the amount produced by mice injected with other 

Ultrogel column pools. This stimulation was achieved even 

by BGG, which is a relatively poor immunogen. But when UG-IST 

was tested to determine the level of IgM produced in a 

primary response to SRBC (a strong immunogen in 

was found that the level of primary IgM ( 

mice), it 

the major 

immunoglobulin produced in the primary immune response) was 

suppressed in comparison to that produced by the control 

mice. These findings are consistent with the postulates 

described above that IST is involved in the enhancement of 

the class-switching and the generation of memory B cells. 

These postulates also suggest that the secondary antibody 

production may be under the control of a separate B cell 

development somewhere in the differentiation pathway. A 

mechanism that would account for a decline in the primary 

response and the enhancement of the secondary response is as 

follows: UG-IST (the stimulatory factor) may block the 

differentiation of B cell at certain stage of the primary 

response, or may promote rapid switches of the primary B 

cells to memory B cells, thus affecting the expression of 

primary antibody-producing cells. The primary B cells or a 
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certain subset of B precursors are converted to memory B 

precursors by UG-IST, and the memory cells may then be 

selectively stimulated by antigen to undergo further B cell 

differentiation. This hypothesis is supported by the 

findings of Bixler et al. (1980) who implied that 

progenitors to secondary B cells belong to a cell 

subpopulation separable from precursors to primary antibody

forming cell clones. 

When UG-IST was subjected to KBr ultracentrifugation 

(at 1 . 25 g/ml), the immunostimulatory activity was recovered 

in the top fraction (Fl), which normally includes all the 

lipoproteins (HDL, LDL, VLDL, and chylomicrons). When the 

density of KBr in ultracentrifugation was lowered to 1.063 

g/ml, most of the activity was recovered from the middle and 

bottom fractions (F2 and F3), which normally contains HDL 

and proteins; the top fraction (Fl), which is supposed to 

contain LDL, VLDL, and chlyomicrons, showed less activity. 

Therefore, we conclude that the IST activity appears to be 

associated with HDL. The activity was also recovered from the 

bottom fraction (F3) in KBr at a density of 1.006 g/ml; this 

suggests that the activity is not associated with VLDL, and 

is not a lipid being carried by all lipoproteins. Also as 

shown in Figures 4, 5, 6, and 10, and Table 2, all the other 

fractions during the purification procedures show some 

immunostimulatory effect, which is most probably due to 

the contamination of these fractions with IST from the most 
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active fraction during the separation processes. Since IST 

is very potent, even a very small amount of contamination in 

a fraction can be detected. 

One of the most interesting results that was obtained 

was the ability of UG-IST to stimulate the secondary 

anti-BGG IgG response by 2-3-fold more than that achieved 

by CFA. (CFA is known for its immunoenhancing effect when 

it is injected into animals together with a variety of 

antigens). Several lines of evidence suggest that the 

stimulation induced by IST is not due to endotoxin 

contamination 1. Endotoxin is heat - stable and the 

immunostimulatory factor is heat-sensitive (56° C for 45 

minutes) (Laufer et al. 1981). 2. MR-AF was tested to be 

completely devoid of any bacterial contamination. 3. 

Endotoxin does not act immunologicaly like IST, which is 

effective only when injected into animals prior to antigen 

priming. 4. Our results also demonstrate that the 

immunostimulatory activity is localized in the high

molecular-weight fraction 1000 kd, when MR-AF was 

fractionated by Ultrogel AcA-22 column. These high M.W. 

substances are not lipid micells because lipids can be 

effectively absorbed by the gel matrix of the column. 

5. Extraction of IST by chloroform/methanol retains more IST 

activity in the aqueous phase than in the lipid phase. This 

suggests that the active moiety does not reside in the lipid 

part of the molecule. 6. The immunostimulatory effect was 
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localized in the high-density fraction when MR-AF was 

fractionated by a li~ear sucrose density gradiant (0-60%) 

during ultracentrifugation (Koo, 1981); endotoxin, on the 

other hand, is expected to float in this aqueous solution. 

When UG-IST was extracted for lipids and the extracted 

material was analyzed by TLC, the lipids in UG-IST had Rf 

values similar to the cholesterol ·esters, although 

insignificant amounts of phosphatidylcholine and sphingornylin 

were also present. In order to demonstrate which part of the 

UG-IST (lipid or protein) contained the stimulating factor, 

both protein and lipid extracts were injected separately into 

two different groups of mice to determine their effects on 

the secondary IgG response to BGG. When the antisera were 

obtained and assayed by ELISA, the immunostirnulatory activity 

was found to be associated with the aqueous phase (protein). 

This finding corroborates the findings of Koo (1981), 

who reported that the irnmunostimulatory activity of MR-AF 

(1ST) was abolished by trypsin digestion and heat (56° C for 

45 minutes). This suggests that the immunostimulatory agent 

is possibly a lipophilic protein complexed primarily by 

cholesterol-like compounds, forming large molecular weight 

complexes with the characteristics of HDLs. 

The MR-AF and its purification products (UG-IST and Fl 

at KBr 1.25 g/ml) were also tested to evaluate their effects 

on the cells of the main lymphoid organs of mice. Koo (1981) 

showed that the stimulatory factor increased the 
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IgG and IgM plaque - forming cells in mice after secondary 

SRBC immunization. We, therefore, tested the level of 

lymphocytes in the various lymphoid organs before 

immunization and after treatment with MR-AF and the 

purification products. MR-AF, UG-IST, and Fl ( all of which 

were able to increase the level of anti-BGG IgG in the 

secondary antibody response) were able to increase the 

number of IgM-bearing cells in the bone marrow by 2-3-fold 

when injected four days before obtaining the bone marrow, 

even without prior exposure to any antigen. Also, when the 

animals were injected with MR-AF or UG-IST and followed by 

primary immunization with 5% SRBCs, there was a two-fold 

increase in the number of IgM-bearing cells in the bone 

marrow 7 days after the immunization. But when the spleen 

and lymph nodes were similarly tested there were no increases 

in the level of IgM-bearing cells with or without 

immunization. 

This characteristic action of IST in the bone marrow 

suggests that IST may be a specific B lymphocyte mitogen, 

which causes proliferation of precursor memory B lymphocytes 

prior to stimulation by antigens or other mitogens. Also, 

this stimulatory factor may promote the differentiation and 

maturation of memory B cells into plasma cells (antibody 

producing cells) after antigen priming, since it was able to 

induce the production of large amounts of secondary anti-BGG 

IgG antibodies when compared to either the control animals 
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or the CFA-treated animals. Aside from the possibility that 

1ST may act like a B cell mitogen by inducing the 

proliferation of B stem cells in the absence of T cell help, 

1ST may act directly on T cells which when stimulated may 

produce another factor that in turn acts on the stem cell in 

the bone marrow to stimulate the production of the lgM

bearing cells. If this is the scenario, the IST that is 

found in the MR-AF is not a true B cell mitogen. 

The evidence for the occurrence of an immunostimulatory 

substance in tumor-bearing animals has been accumulated 

(Bodger et al. 1979). The stimulatory factor (M.W. = 30,000-

100,000) that occurs in human cancer ascitic fluid enhances 

the primary antibody response to SRBC in vitro and is heat-

labile (80°C for 10 minutes) (Bodger et al. 1979). Also, 

macrophages have been implicated to produce a heat-labile 

enhancing factor and a heat-stable inhibitor (Connolly et al. 

1979). The supernatants obtained from the tumor-bearing host 

macrophages, when compared with their normal counterparts, 
I 

possess a greater ability to enhance mixed lymphocyte 

reaction reactivity in vitro (Connolly et al. 1979). These 

kinds of studies on tumor models may provide us with the 

opportunities to identify and study the mechanisms of 

regulation and potentiation of anamnestic humeral responces 

by biomediators, for improving the host's response to 

neoplasms and vaccines. 
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