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The AKR strain of mice have a genetic trait for spontan-

eous development of lymphocytic leukemia. In this study, leuk-

emic mice were found to have significantly larger (p<0.01)

thymuses and spleens than preleukemic mice. The enlarged

leukemic tissues were densely packed with a light staining cell,

with a hollow-appearing nucleus. Tissues from preleukemic mice

were observed to be infiltrated with a smaller, darker-staining

lymphocyte. Fluorescent antibody staining was done on preleukemic

and leukemic tissues, using three antisera against murine lympho-

cyte theta antigen, and an antiserum against murine IgG. Signi-

ficantly brighter fluorescence, (p <0.05) with theta-specific

antisera, was found in leukemic thymuses,spleens, and kidneys

than in the same preleukemic tissues. Leukemic tissues had sig-

nificantly brighter fluorescence (p <0.05) than preleukemic

tissues with IgG antiserum.
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CHAPTER I

INTRODUCTION

Genetics of AKR Strain Leukemia

The highly inbred murine strain, AKR, has an aberrant

trait of developing leukemia spontaneously (32). In 1935

Furth selected and bred mice with a high incidence of

leukemia to engender the AKR strain (37). Approximately

ninety-eight per cent of AKR strain mice develop leukemia

from six to fourteen months of age, with peak incidence

nine through ten months of age (32, 82).

The first murine leukemia virus was isolated by Gross

in 1951 from the AKR strain (30). Gross leukemia virus,

Leukovirus subgroup A and C-type particle, has been demon-

strated in at least two chromosomal loci (39, 44). A pair

of unlinked dominant genes Akv-1, in chromosome seven,

and Akv-2, chromosome location unknown, have been referred

to as "inducibility genes". Presence of either Akv-1 or

Akv-2 in murine DNA results in the expression of infectious

virus (43). Several other genes have also been implicated

in the leukemogenic process. The Fv-1 locus in Group VIII,

within chromosome four, is a regulatory gene which governs

murine leukemia virus dissemination (43, 69). The H-2

linked gene Rgv-1, within Group IX, mediates the effects

1
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ofimmunologic mechanisms. Expression of murine leukemia

virus group specific antigens is controlled by a pair of

dominant genes, presumably identical with Akv-1 and Akv-2

(43).

Cell Surface Virion Antigens

AKR strain mice have evidence of Gross leukemia virus

infection from birth (32, 82). The presence of cell sur-

face virion antigen remain constant for the first six

months, then sharply increase in expression (39). Several

viral structural components associated with AKR cells have

been identified. These viral components include: glyco-

protein 70 (gp 70), protein 30 (p 30), protein 15E (p 15E),

protein 45 (p 45), protein 12 (p 12), and G(RADAI). Glyco-

protein 70, 70,000 daltons, composes the major viral

envelope. A surface antigen found on thymocytes, GIX, is

a constituent of gp 70 (57). Highest concentrations of

GIX antigen are located on AKR strain leukemic cells (39).

Biochemical studies on the viral antigens demonstrate

that glycoprotein 70 and protein 1SE are linked as complexes

by one or more disulfide bonds. Theprecursor to these

complexes has a molecular weight around 85,000 daltons

(63). Protein 12, 12,000 daltons, is a cell surface

antigen specific to the Gross subgroup. The major viral

core protein is a 30,000 dalton molecule, p 30 (39).

Immune complexes eluted from the glomeruli of AKR strain
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mice have shown immunochemical specificity of p 30 (59).

Antibodies have been detected in the serum of AKR strain

mice to gp 70, p 45, p 30, and a smaller protein, between

10,000 and 15,000 daltons by radioimmune precipitation

assays (34). The most recently described cell surface

antigen G(RADAI), is a type specific determinant of glyco-

protein 70 (58). Gross-cell surface antigen, persistent

lifelong on AKR strain cells, is indicative of active

virus replication (32). Concentrations of Gross-cell

surface antigen (GCSA) on thymocytes increase with age.

After six months of age, amounts of GCSA on thymocytes

are equivalent to that found on leukemic cells (39).

Thymic Pathogenesis

Thymus involvement in pathogenesis of disease in AKR

mice has been recognized for several years (74). Alter-

ations in the thymus begin in the preleukemic period.

One of the first gross abnormalities observed in patho-

genesis was premature thymic involution. Thymic weight

loss and histologic changes accompany involution. Two

major areas constitute the thymus. The outer area, or

cortex, normally consists of large thymocytes which

have dense surface theta antig'bn, low concentrations of

H-2 antigen, and express thymus leukemia antigens.

Thymocytes mature as they migrate into the inner area or

medulla. Thymus cells in the medulla have lesser
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concentrations of theta antigen, increased concentrations

of H-2 antigens, but no thymus leukemia antigen (64).

Around four months of age one or both thymic lobes are

depleted of cortical lymphocytes. In early stages of patho-

genesis, the smaller thymic lobe is the first to become

involved in tumorigenesis (15, 49). The malignant lympho-

cytes later metastasize to lymphoid organs and other

tissues (24). As the thymus enlarges, there is hyperplasia

of large and medium lymphocytes (74). Incidence of

leukemia in the AKR strain of mice has been reduced by

thymectomy of the young mice. Delay of leukemia in older

mice has been demonstrated as a result of grafting thymuses

from younger mice onto thymus of older mice. Premature

leukemia has been induced by grafting thymuses from older

mice, five to six months of age, onto thymuses of younger

mice (53). Studies indicate thymus epithelial cells of

aged AKR strain mice are necessary to trigger leukemic

transformation. Specific interactions in the thymic micro-

environment and generation of neoplasia have yet to be

determined (83).

Alterations of Cellular Immunity

Since the thymus is the primary target in leukemo-

genesis, it is not surprising that cellular immune

responses are altered in preleukemic and leukemic AKR mice.

Changes in cellular immunity of AKR mice have been
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difficult to analyze, and many analogous studies have con-

tradictory results (54, 90). Generally, leukemogenesis

produces a depression of cellular immune responses. Ela-

boration of the lymphokine, migration inhibition factor, is

depressed throughout the lifetime of AKR (46). Skin graft

survival in the AKR strain is longer than in normal mice

(46, 53). Graft versus host reaction has been reported

to be diminished in the AK.R strain according to one study

(32). An analogous study demonstrated contrary results, e.g.

no decrease in AKR strain of graft verus host reaction

(31). In vivo studies showed that AKR mice have peak

responsiveness of graft versus host reaction at seven

months of age. However, similar in vitro tests demon-

strated greatest graft verus host reaction in the AKR

strain at ten months of age (46). At least two studies

on T-lymphocyte response to different mitogens in the

AKR strain do not agree (54, 90). Nagaya (54) describes

diminished lymphocyte blastogenesis to phytohemagglutinin

A (PHA) with preleukemic and leukemic lymphocytes. An in-

depth study by Zatz (90) demonstrated marked increases

in blastogenesis to PHA with leukemic lymphocytes. Changes

in lymphocytes from thymus, spleen, and lymph node were

also examined by Zatz (90). Leukemic mice were found to

have increases in total numbers of cells in all three

organs and in percentage of theta-bearing cells. In a

previous study by Zatz (89), two types of leukemias in the
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AKR strain were described. Characterization of the leu-

kemias was based on gross organ appearance and lymphocyte

mitogen responses. Type A leukemia was characterized by

enlarged thymus, spleen, and lymph nodes. Type B leu-

kemia was characterized by an atrophied thymus, enlarged

spleen and lymph nodes. Phytohemagglutinin A stimulated

type A leukemic cells, but not type B. Recirculating

lymphocytes decreased in both types of leukemia. Type A

leukemic lymphocytes were found to be more sensitive to

anti-theta serum than type B leukemic lymphocytes. An

independent study confirmed the different mitogen responses

with malignant AKR strain lymphocytes, and the two types

of AKR strain leukemic cell lines (56).

Alterations of Humoral Immunity

Many of the studies on the humoral immune responses

in the AKR strain mice have conflicting results. These

results clarified by Ram et al. (65) with the suggestion

that humoral immune responses depend upon the stage of neo-

plasia. Alterations in antibody responses are due to the

lack of or absence of antibody forming cells as a result

of malignant cell infiltration. Normal syngeneic or semi-

allogeneic cells were reported to be immunologically

suppressed by contact with AKR strain leukemic cells (67).

Preleukemic mice have normal gamma globulin levels and

normal cellular immune response to the T-dependent
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antigen sheep erythrocytes (24). Complement component five,
which has an effect on malignant cell destruction, has

been shown to be deficient throughout AKR strain lifetime

(37).

Immune Responses Against Leukemia Virus

AKR strain mice, once thought to be immunologically

tolerant to their endogenous virus, elicit both humoral

and cellular immune responses against the virus. Two dis-

tinct antibody responses were detected in the serum of AKR

mice and identified as complement fixing antibodies to

internal virion components and antibodies to Gross cell-

surface antigens. Immune complex disease develops in AKR

mice at an early age. Three-month old mice were found to

have virus-antibody complexes in the glomeruli. Greater

than seventy per cent of AKR strain mice at nine months

of age have histologic and immunofluorescent evidence of

immune complex disease. Glomerulonephritis has been

demonstrated as the cause of death for approximately ten

per cent of the AKR strain population (59). Preleukemic

mice have autoantibodies that are cytotoxic for thymocytes

and neuraminidase-treated leukemic cells. These heat-

labile, IgM-like autoantibodies are inhibited with

different sugars, indicating different receptor specifici-

ties (70).
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The two AKR substrains, AKR/J (theta antigen 1.1)

and AKR/Cu (theta antigen 1.2), have been shown to reject

the reciprocal's transplanted lymphoma. Cytotoxic cells

are generated in primed AKR/J strain for target cells homo-

logous at the K- and/or D-region of the H-2 complex.

Cytotoxic cells from AKR/Cu strain lyse cells homologous

at the D-region of the H-2 complex (91). Cytolysis by a

non-T cell against Gross positive lymphoma cells has been

detected in preleukemic and older (eight months old) AKR

strain mice. Removal of phagocytic cells abrogated the

cytolytic effect for 24 hours, suggesting an antibody-

dependent cell-mediated reaction (28).

Membrane Antigens on Malignant Lymphocytes

Characterization of the neoplastic lymphocytes has been

done by several investigators. The majority of the

literature concur that theta antigen resides on the cell

membrane, denoting a T-lymphocyte (39, 56, 66, 71, 83,

89, 90). However, identification of the malignant T-cell

has not been discerned relative to the membrane density

of theta antigen. There are conflicting reports as to the

presence of immunoglobulin receptors or Fc receptors and

surface immunoglobulin on the leukemic cell membranes

(56, 71).
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Malignant Diseases Induced by Other Murine
C-type Viruses

Two major subgroups of murine C-type viruses have been

described. One, Gross (G) cell surface antigen found

with leukemic cells and cells of normal lymphoid tissues

of high incidence leukemia murine strains, AKR, C58, and

PL&F. Second, Friend-Maloney-Rauscher antigen found on

leukemic cells and in sera of mice infected with these

viruses. Friend-Maloney-Rauscher viruses are not endo-

genous to any one mouse strain. Genetically susceptible

mice strains develop disease only after inoculation with

virus (22).

Friend virus produces a reticulum cell leukemia in

susceptible mice. The first day of infection is marked

by lymphocytosis. Later, erythroblastic proliferation

develops; however, it is not a sequela of anemia. Two

mortality peaks have been observed in this pathogenesis.

Death occurs from splenic rupture at ten through thirty

days post infection. Hepato-splenomegaly causes death

at fifty through eighty days after infection with

Friend virus (48).

Friend virus infected preleukemic and leukemic mice

show a depressed humoral immune response to sheep erythro-

cytes, other nonleukemic antigens and to Friend virus

itself (24, 65, 81). Bainbridge and Bendinelli (6) report

that Friend virus-infected mice show a diminished response
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to sheep erythrocytes, but not to allogeneic lymphocytes.

Infected mice developed normal antibody responses to sheep

erythrocytes when challenged in the footpad. The authors

suggested that the lymphoid organs accept circulating

lymphocytes more or less normally, if one accounts for

splenic dilution with neoplastic cells. Radiolabelling

experiments show that the transit of circulating lympho-

cytes was slowed in the infected spleen. Cellular

immune responses have been found to be depressed in Friend

virus infected mice. Several of the cellular immune

responses found to be depressed include: levels of cir-

culating lymphocytes, response of spleen cells to PHA,

migration inhibition factor elaboration prior to leukemia,

delayed hypersensitivity responses to purified protein

derivative or tuberculin extract, generation of cytolytic

T cells, and graft versus host response across weak H-2

disparities (46, 81).

Studies on the identity of the permissive cell in

Friend leukemia indicate it as a B lymphocyte (14). How-

ever, an immunohistochemical study on the malignant cell

population demonstrated cells bearing Thy-1 antigens

and/or non-reactive antigens in the spleen and thymus of

Friend and Rauscher leukemic mice (19).

Rauscher leukemia virus produces a leukemia in mice

evolving in two phases. The early phase is characterized

by splenic erythroblasts. A second delayed phase is a
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lymphocytic leukemia. Spleen and liver are invaded with

cells that resemble reticulum cells in the first phase of

leukemia. The neoplasm is restricted to the spleen and

liver with no further metastasis (8).

Immunodepression caused by Rauscher virus infection is

similar to that in Friend infection (18, 22). Humoral

immune responses are depressed in preleukemic and leukemic

stages (24). The depression of humoral immunity is depen-

dent upon the degree of splenic alteration, as suggested

in both Gross and Friend leukemias (65). Four types of

responses to Rauscher virus in neonatally-infected mice

have been recognized by Ishimoto and Ito (35). Most of

the mice developing leukemia had lower than normal antibody

titers. None of the mice infected with Rauscher virus

had specific tolerance to Gross and Friend-Maloney-Rauscher

antigens (35). Cellular immune responses in Rauscher

leukemogenesis resemble the depression in Friend infection.

Delayed hypersensitive response to purified protein

derivative and migration inhibition factor were depressed

in Rauscher virus-infected mice (46).

Susceptible mice infected with Maloney virus develop

a lymphocytic leukemia. Eight weeks after infection many

megakaryocytes containing granulocytes were observed in

mouse bone marrow. Splenic hyperplasia was next detected,

and a few mice developed reticulum-cell hyperplasia in
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the lymph node. Neoplasia in lymph nodes occurred only

in thymectomized or splenectomized preleukemic mice.

Thymus is involved in the preleukemic and leukemic stages

of Maloney infection. Somtimes only one lobe was affected

in the early stages of the disease. Thymic involution

prior to onset of leukemia has been observed in Maloney

virus infected BALB/c strain mice (21). Glomerulonephritis

was found in Maloney infected mice. Recher found a few

virus particles in the glomeruli of Maloney infected mice,

but found mature virion particles in the glomeruli of AKR

strain mice (12). Maloney leukemogenesis was depressed

in T-cell reconstituted thymectomized mice. Antiserum

against Maloney tumor was found effective in depressing

tumorigenesis (16).

Antigens from Maloney leukemia virus are not as closely

associated as Friend and Rauscher viral antigens. Serologi-

cal tests demonstrated cross-reactivity between Friend and

Rauscher antigens, but none found between Friend and

Maloney (79). Strand et al. (78) found structural and

antigenic similarity between Rauscher protein 15 and Gross

protein 12. Cell surface antigenicity is correlated with

Gross protein 12. Rauscher protein 15, similar to a protein

of Friend virus, is different from proteins of Maloney

virus.
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Autoimmune Disease Induced by Endogenous
Virus in New Zealand Mice

New Zealand mice and their hybrids carry endogenous

virus. Older New Zealand mice spontaneously develop auto-

antibodies and immune complex disease. The severity and

onset of the disease differs with the strain and sometimes

sex within a strain. New Zealand Black (NZB) mice develop

the most severe autoimmune disease. The disease is charac-

terized by hemolytic anemia, anti-nuclear antibodies,

glomerulonephritis, and a positive Coombs test. New Zealand

White (NZW) strain mice develop anti-nuclear antibodies,

glomerulonephritis, and a positive Coombs test. Hybrids

of these two strains (NZB x NZW) Fl, B/W, develop anti-

nuclear antibodies and glomerulonephritis (80).

Impaired immune responses to bovine serum albumin

and sheep erythrocytes have been observed during the first

months of life in NZB and B/W strain mice. Progressive

impairment of immunity occurs after the development of

autoimmune disease. Lymphocytes involved in antibody

formation and T-dependent reactions are altered with age.

Within six weeks after birth the mice are incapable of

developing immune tolerance (47). Part of the immunological

imbalance observed in the NZ strain is due to the absence

of suppressor cells. Anti-thy 1,2 serum activates suppres-

sor cells, or reduces the number of cells participating in

NZ immune hyperreactivity. B/W strain mice at five weeks
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of age require a greater concentration of anti-thy 1.2

serum to prolong skin graft survival than BALB/c mice at

five weeks of age. Anti-thy 1.2 serum has no effect on

seventeen week-old B/W strain mice (40). Thymus epithelial

cells of NZB strain mice show an age-related loss of function

and morphology in vitro. NZB thymocytes were restored

with suppressor functions after incubation with BALB/c

thymus epithelial cells (25).

Viral envelope glycoprotein, gp 69/71, was found in

much higher concentration in serum and tissues of NZ strain

mice than in AKR strain mice. Immune complexes in NZ

strain kidneys were found to have higher concentrations of

the viral envelope glycoprotein, gp 69/71, than the major

structural protein, p 30. Hybrid mice, B/W, were found

to have gp 69/71 deposits in the peripheral capillary

loops, indicative of severe capillary damage. NZB strain

mice had lesser amounts of immune complexes in the

capillaries, but greater concentrations in the mesangia.

AKR mice were found to have viral components, gp 69/71

and p 30, intrinsic in the glomeruli (87).

Pathogenesis of AKR strain leukemia is most like that

of Maloney virus induced leukemia. The major lymphoid

organs, including the thymus, are involved in oncogenesis.

However, the bone marrow is involved in Maloney virus

leukemia to a greater extent than spontaneous leukemia

seen in AKR strain. The major viral proteins of Friend
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Maloney-Rauscher viruses are not closely related to Gross

viral components. Only Rauscher protein 12 has been

repoted to be similar to AKR strain protein 15. Impairment

of immune responsiveness is inevitable in AKR strain and

Friend-Maloney-Rauscher viral leukemias. The degree of

immune alteration seems to be dependent upon the amount of

cellular transformation and metastasis. Asynchronous

neoplastic transformations make it difficult to study in

vivo immunological changes within a group of mice. Perhaps

this is one factor contributing to the contradictory

reports on the cellular and humoral immune status in pre-

leukemic and leukemic mice.

Viral disease in the AKR strain seems closely asso-

ciated with New Zealand strain disease. Both have endogenous

virus that affects the onset of spontaneous disease.

Although, pathogenesis in the AKR and NZ strains are not

identical, there are similarities. For example, AKR strain

mice develop an autoimmune response to the virus as evi-

denced by immune complexes in the kidney. However,

autoimmune disease in the NZ strain is much more austere

than in AKR strain. Immune complexes in NZ strain kidneys

contain viral envelope glycoproteins, whereas AKR strain

kidneys have complexes of viral structural protein. Viral

proteins isolated from the AKR strain show greater antigenic

similarities to those from the NZ strain mice when compared

to other leukemic antigens. Clearly, a loss of suppressor
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function in NZ strain mice is associated with thymic epi-

thelial cell pathology. The mechanisms involved in AKR

strain leukemogenesis have not been clarified, but may

have some analogies with the disease processes observed

in the NZ strain mice.

Murine Theta-Specific Antisera

Antisera, such as rabbit anti-mouse thymocyte serum

(ATS), rabbit anti-mouse lymphocyte serum (ALS), and rabbit

anti-mouse brain serum (RAMB), have different specificities

for theta antigen density. Previous studies have shown that

the less mature T-lymphocytes have dense amounts of theta

antigen on the cell surface, and the more mature T-lympho-

cytes have sparse amounts of theta antigen on the cell

surface (64).

Two types of T cells were reported to be sensitive to

rabbit anti-mouse thymocyte serum in the literature. One

population is the long-lived T-cells responsible for

enhancing primary humoral immune responses. The second

population, also long-lived, primes the delayed hyper-

sensitive reaction (1). Horse anti-mouse thymocyte globulin

was tested for organ specificity. The antiserum cross-

reacted with non-thymic and non-lymphoid tissues, but did

contain specific antibodies for thymus (25).

Rabbit anti-mouse lymphocyte serum has been described

as a potent immunosuppressant. Recirculating, small
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T-lymphocytes are destroyed by anti-lymphocyte serum and

complement. Delayed hypersensitive responses, first and

second set allograft or xenograft normal or malignant

transplants, and primary T-dependent antibody responses

are depressed following treatment with anti-lymphocyte

serum (1). Various lymphoid tissues are used to prepare

anti-lymphocyte serum. Specificity of the antiserum is

dependent upon absorption of nonspecific antibodies with

non-lymphoid tissues. Anti-lymphocyte serum absorbed

with erythrocytes and liver shows specificity for thymo-

cytes and leukemic cells in cytotoxicity test, but not

in complement-fixation tests (2). The literature

describing the specificities of ALS and ATS is confusing.

Terminology and test systems have not been standardized,

thus resulting in contradictory and inconsistent reports.

The thymic, theta, antigen was found in the brain

tissue from AKR strain and C3H/Fe strain mice. The

theta antigen found in the brain of the C3H/Fe strain was

similar to that in the brain of AKR strain mice (66).

Rabbit antisera against AKR strain mouse brain was found

to bind theta dense lymphocytes in both AKR strain and

C3H strain mice. Preleukemic AKR strain and C3H strain

mice showed lymphocyte depletion in the cortical areas of

the thymus and marginal and periarteriolar areas of the

spleen after seven injections with rabbit anti-mouse
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brain serum (RAMB). However, leukemic AKR strain mice

showed less dramatic lymphocyte changes in the spleen

and thymus after seven injections with RAMB than either

the preleukemic AKR strain or C3H strain mice. The

study by Fillipi et al. (23) infers that RAMB has a speci-

ficity for lymphocytes sensitive to ATS, theta dense and

more mature lymphocyte population. The leukemic lympho-

cytes in AKR strain were found to be insensitive to RAMB,

perhaps due to lesser amounts of theta antigen on the

cell surface.

Unlabelled Antibody Enzyme Stain With
Peroxidase-Antiperoxidase

Peroxidase staining has been used for many years to

identify white blood cells. Immature granulocytes and

eosinophils are strongly peroxidase positive. By compari-

son, only a few granules in monocytes stain with peroxidase

(51). Mitochondria of striated muscle and heart have

peroxidase activity. Other cells with peroxidase activity

include: thyroid and salivary gland cells, the medulla

of the kidney, Kupffer cells of the liver, and hair

follicles (33).

Peroxidases are heme enzymes and reduce the substrate

via the transfer of two hydrogen atoms to hydrogen peroxide

yielding water and oxidized dyes (33). Peroxidase was used

as a tracer in ultrastructural physiology by Graham
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and Karnovsky (29). The substrate, 3 ,3 '-diaminobenzidine,

employed in this staining procedure has been commonly used in

subsequent peroxidase-label studies. Immunocytochemical use

of peroxidase was developed by Nakane and Pierce. Peroxi-

dase was conjugated to antibody specific for tissue antigen

with a bifunctional reagent, p,p'-difluor-m,m'-dinitro-

phenyl sulfone (FNPS) (55). Glutaraldehyde was

also found to be a good bifunctional reagent to couple

peroxidase to antibodies or antigens (3, 4, 41). The

peroxidase conjugated proteins are also efficient

immunoabsorbents besides immunocytochemical markers.

Immunoabsorption with peroxidase conjugated protein can

be accomplished by conjugate attachment to a column or

alone in an absorption procedure (3). Avareas (4)

described three indirect immunoenzymatic techniques, one

the mixed antibody technique, which employs three appli-

cations of antiserum with the appropriate specificities.

The enzyme is added in the last step, attaches to the third

antiserum, an anti-enzyme antiserum. The hybrid antibody

method was another indirect immunoenzymatic technique

described by Avrameas. Anti-enzyme antibodies and

anti-protein or antigen antibodies were cleaved into half

immunoglobulin molecules. The halves of each were reduced,

then a mixture of the two antibodies oxidized to yield a

hybrid complex immunoglobulin molecule. The antienzyme-

antiprotein hybrid complexes were next applied to the cell
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or tissue preparation and subsequently treated with

enzyme. The last technique described was an amplification

antibody reaction. Enzyme labelled specific antibody was

first reacted with the cell or antigen. Anti-enzyme anti-

bodies were next added which attached to the enzyme conjugate.

Additional amounts of enzyme were incubated with the enzyme-

antienzyme complexes, the resulting indirect sandwich

amplified the enzyme.

The unlabelled antibody enzyme method developed by

Sternberger is very similar to the mixed antibody technique

of Avrameas'. First, antiserum against the cell or speci-

fic antigen is bound. Next, antiserum to the first

antiserum is added in excess so that the probability of

only one F(ab) fragment binding is increased. A peroxidase-

antiperoxidase complex containing antibodies to the second

antiserum is incubated with the test tissue. Finally, the

complex is stained with peroxidase substrate (75,76).

Unlabelled antibody enzyme method is suitable for paraffin

embedded tissues used in light microscopy as well as meth-

acrylate embedded tissues for electron microscopy (9, 20).

A wide range of membrane or tissue-associated antigens,

e.g., viral antigens, cell surface contractile proteins,

and hormone receptors, can be detected with unlabelled

antibody enzyme methods (9, 20, 52). The peroxidase-

antiperoxidase stain is sensitive to small amounts of

antigen or antibody. Rat pituitary was stained for
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adrenocorticotropin and melanocyte-stimulating hormone with

the peroxidase-antiperoxidase procedure. The hormone

receptors could be detected with antiserum titers too low

for detection in a comparable radioimmunoassay (52).

Subsequent studies demonstrated that frozen tissue sections,

antigens fixed under mild conditions, had optimal staining

with high titers of primary antiserum. Increasing concen-

trations of primary antiserum lowers staining specificity.

Low titers of primary atniserum binds antigens in the juxta-

position and successive applications of antisera poorly

bind due to the steric hinderance (7).

Immunofluorescent Stain

Immunofluorescence was another immunohistochemical

method used in this study. Antibodies can be conjugated

to fluorochrome dyes without alteration of immunological

specificity (76). When the fluorochrome labelled antibodies

are incubated with the test tissues or cells, the antibody

binds complimentary antigens on the sample. The test

tissues or cells are then examined microscopically with

an ultraviolet light source. The fluorochrome dyes, iso-

thiocyanate derivatives and diazonium compounds, have the

capacity to absorb short-wave light, then emit light of a

longer wavelength. Filters are used in fluorescent micro-

scopy to select the wavelengths most suitable for the

excitation and emission of the fluorochrome dyes.
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Two techniques are commonly used in immunofluorescent

staining, the direct stain and indirect stain. Fluoro-

chrome-labelled antisera applied to an appropriately

prepared test sample is referred to as a direct stain.

When an unlabelled primary antisera is applied to a sample

followed by complimentary antibody conjugated to a fluoro-

chrome, this is referred to as an indirect stain (33).

The two most common fluorescent dyes are fluorescein and

rhodamine. Fluorescein has an apple green color, the peak

excitation is at 495 nm and emission is at 525 nm. Rhodamine

has a yellow-orange color, the peak excitation is at 500

nm and emission is at 580 nm. Both fluorescent dyes have

a color different from the blue fluorescence associated

with autofluorescence. The variety of fluorochromes pro-

vides the tools for simultaneous examination of two antigens

in a single tissue. One of the first double labelling

experiments used fluorescein isothiocyanate and lissamine

rhodamine B200 as the fluorescent labels (84). Immuno-

fluorescent techniques have been widely used for

the localization of antigens and antibodies. Immuno-

fluorescence was first employed by Coons in 1950,

immunochemical localization of pneumococcal antigens in

pneumococci-infected tissues (17). The immunofluorescent

staining has had considerable application in the areas of

biological research and clinical pathology (76).
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Peroxidase immunoenzymatic staining and immunofluores-

cent staining have been compared in at least two studies.

Both studies concur that peroxidase immunoenzymatic staining

offers more advantages. These advantages include: (1)

peroxidase stained preparations are permanent, (2) peroxidase

stain can be used as a double label or triple label by

alteration of the substrates, (3) products of immunoenzy-

matic stains can be made electron-dense for electron

microscopy, (4) light microscopy is less fatiguing to view

over prolonged slide examination than fluorescent micro-

scopy, and (5) substrates for immunoenzymatic staining

withstand the effects of radioactivity and photographic

reagents (62, 85).

Changes in the lymphocyte population with respect to

theta antigen density between the preleukemic period into

the leukemic disease have not been fully characterized.

This study endeavored to identify the differences in theta

antigen density with three theta specific antisera, rabbit

anti-mouse thymocyte serum, rabbit anti-mouse lymphocyte

serum and rabbit anti-mouse brain serum. Two different

immunocytochemical staining techniques were employed to

label antisera localization in the mice tissues. The

first immunohistochemical procedure used in this study

was the unlabelled antibody enzyme technique. Peroxidase-

antiperoxidase complexes, the antibody marker, were bound



24

indirectly to the tissues by complimentary antisera.

Immunofluorescent staining was the second immunocyto-

chemical staining technique. The theta specific antisera

was stained by an indirect method using rhodamine labelled

antisera as the antibody tracer. A direct stain was

employed to detect IgG complexes in the kidney; fluorescein

isothiocyanate was the antibody tracer.



CHAPTER II

MATERIALS AND METHODS

Animals

The AKR strain of mice used in these experiments were

purchased from Jackson Laboratories in Bar Harbor, Maine.

The mice were housed in the animal quarters and maintained

on Purina laboratory chow and water ad libitum. The animals

ranged from five to eleven months of age. Preleukemic and

leukemic mice were separated on the basis of white cell

counts and organ weights of spleen, thymus, and kidneys.

White Cell Counts and Differentiation

Blood samples collected from mice were diluted 1:100

in a commercial white blood cell diluent (Unopette test

5855, Becton-Dickinson). Dilutions of the white cells were

counted manually on a hemocytometer (Bright Line, American

Optical) at 100x power. Peripheral blood smears were

made on each mouse and stained with Wright's stain

(Dif-Quick, Difco). White cells were morphologically

differentiated and the percentage of each cell type was

obtained.

25
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Tissue Preparation and Fixation

Mice were sacrificed by cervical dislocation and the

spleen, thymus, kidneys, and lymph nodes removed. Weights

were obtained on all organs except lymph nodes. Tissue

fixation was begun immediately after weights had been

taken.

Initially, two methods of tissue fixation were done

one, the cold ethanol fixation (13) suitable for fixing

tissues for fluorescent antibody staining, and the second,

a formal-glutaraldehyde fixation (61), for tissues to be

stained for peroxidase. The cold ethanol technique

described by Brandtzaeg (13) was found to be the better of

the two methods. Tissues were placed in plastic receptacles

and fixed in 96% ethanol at 40 C for 18 hours. The tissues

were transferred into absolute ethanol at 40 C for about

four hours. The tissues were further dehydrated in xylene

at 40 C for 20 hours. Tissues were infiltrated with

paraffin (Paraplast) for three hours at 560 C. Finally,

paraffin blocks of the tissues were made and stored at 40

C.

Tissues for peroxidase staining were first fixed in a

formal-glutaraldehyde solution for five hours. The formal-

glutaraldehyde solution was prepared by dissolving 2 g

paraformaldehyde (Fisher Scientific Co.) in 25 ml deionized

water at 70* C, then adding a few drops of 1N sodium
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hydroxide until the solution cleared. A solution con-

taining 5 ml of 50% glutaraldehyde, 20 ml of cacodylate

buffer, pH 72., and 25 mg of calcium chloride was mixed

into the paraformaldehyde solution. Tissues were washed

for eighteen hours in 0.1 M cacodylate buffer, pH 7.2.

Fixation and washing of the tissues were followed by

dehydration and paraffin infiltration. Dehydration was

carried out for one hour each with one rinse 70% ethanol,

one rinse 83% ethanol, two 90% ethanol rinses, two absolute

ethanol rinses, and two xylene rinses. Infiltration was

done for one hour each in two changes of paraffin. The

dehydration and infiltration processes were done in the

Tissuematon (Fisher Scientific Co.). Tissues were embedded

in paraffin after infiltration and stored at 4* C.

Tissues were manually cut on a microtome into 7 micron

thick sections. Two to three sections were put onto

commercially precleaned microscope slide. Tissue adhesion

chemicals were not used as aids to secure the sections

to the slide so extraneous factors that might interfere

with the immunochemical reactions were not introduced.

Antisera

All antisera used in the immunochemical stains were

commercially purchased. Rabbit anti-mouse lymphocyte

serum (ALS) and rabbit anti-mouse thymocyte serum (ATS)

(Microbiological Associates, Bethesda, Maryland) were
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prepared by inoculation of lymph node and thymus cells

from Swiss strain mice, respectively. Neither antiserum

was absorbed before using the staining procedures.

Rabbit anti-mouse lymphocyte serum was determined to have a

cytotoxicity titer of 1:3200 and a hemagglutination titer

of 1:128. The rabbit anti-mouse thymocyte serum was deter-

mined to have a cytotoxicity titer of 1:6400 and a

hemagglutination titer of 1:64. The anti-thymocyte serum

and anti-lymphocyte serum were used in the unlabelled

antibody enzyme stain and fluorescent antibody stain. A

third theta specific antiserum, rabbit anti-mouse brain

serum (Bionetics Inc., Kensington, Md.), was made by

inoculating brain tissue of BALB/c strain mice. Anti-

mouse brain serum used in the fluorescent antibody stain

was also unabsorbed. Cytotoxicity titer was determined

to be 1:1000 and killed 90% AKR strain thymocytes.

Hematoxylin-Eosin Stain

Three staining techniques were employed in this

study. The first stain, hematoxylin-eosin (Fisher Scientific

Co.) stained tissues so that the overall tissue and cellular

morphology could be examined. Tissue sections were first

dewaxed by going through two rinses of xylene, two rinses

of absolute ethanol, one rinse with 83% ethanol and one

70% ethanol rinse. After the sections had air dried, they

were flooded with hematoxylin-eosin for fifteen minutes at
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room temperature, then rinsed with deionized water. After

the sections had dried, permanent mounts of the sections

were made by affixing number 2 coverslips (Scientific

Products) with Permount (Fisher Scientific Co.).

Preparation of Peroxidase-Antiperoxidase Complex

The unlabelled antibody enzyme stain was the second

of the three staining techniques employed in this study.

The immunocytochemical stain is an indirect stain and used

a peroxidase-antiperoxidase complex as the antigen marker.

The peroxidase-antiperoxidase complex was prepared as a part

of this project.

First, anti-peroxidase antiserum was prepared in a

rabbit. A New Zealand White rabbit was sensitized with 4 mg

horseradish peroxidase, type IV, (Sigma Chemical Co.).

The peroxidase was dissolved in 1 ml sterile saline and

mixed with 1 ml Freud's complete adjuvant (Difco). Sub-

cutaneous injections were given on the rabbit's back in

0.5 ml aliquots at four different sites. Four weeks later

the rabbit was given a booster dose of horseradish peroxi-

dase, type II (Sigma Chemical Co.), dissolved in sterile

saline and injected intravenously. Two and one-half weeks

after the booster dose a 5 ml blood sample was drawn from

an ear vein. Anti-peroxidase antibodies were quantitated

in an Ouchterlony precipitation test. One week later a

second booster dose was given intravenously as described
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for the first booster dose. Two and one-half weeks after

the second booster dose 31 ml of blood was drawn by

cardiocentesis. The blood sample was spun down and the

serum drawn off. Prior to conjugation of the rabbit anti-

peroxidase serum with peroxidase, it was necessary to deter-

mine the titer of anti-peroxidase antibodies. This was

accomplished by a peroxidase-anti-peroxidase equivalence

zone determination (76). The equivalence zone determination

measures the highest dilution of antibody that can bind and

form a precipitate with minimal and excess concentrations of

antigen. Horseradish peroxidase, type II, 1 mg/ml, was

diluted in deionized water. Dilutions of the peroxidase

were made into ten tubes with a concentration range of

0.5 mg/ml to 0.05 mg/ml. Aliquots of 0.2 ml of these

dilutions were transferred into a second set of ten tubes.

Equal volumes of the rabbit anti-peroxidase serum was added

to each of the ten tubes. The tubes were thoroughly mixed

and refrigerated overnight. The next day all tubes were

centrifuged to spin down the precipitate which had formed.

Supernates were quantitatively put into a clean set of ten

tubes, labelled peroxidase. To another set of ten tubes,

labelled anti-peroxidase, 0.1 ml mrabbit anti-peroxidase

serum was then added. Peroxidase, 0.1 ml, 1 mg/ml con-

centration, was added to the tubes labelled peroxidase.

Both sets of tubes were incubated for one hour at room

temperature, then examined for precipitate formation.
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The antigen equivalence zone was found to be 0.08 mg,

and the antibody equivalence zone was 0.04 mg. According to

Sternberg, it is desirable to have all anti-peroxidase pre-

cipitate from the antiserum with about one and one-half

times the antigen equivalence proportion for the peroxidase-

anti-peroxidase conjugate.

The peroxidase-anti-peroxidase complex was prepared

by the method of Sternberg (76). Horseradish peroxidase,

type IV, 2 mg/ml, was dissolved in 32 ml saline. Three

ml of the peroxidase was then added to 9.75 ml rabbit

anti-peroxidase serum. The peroxidase-rabbit serum solution

was put into a 250 ml centrifuge bottle and allowed to

incubate at room temperature for approximately an hour.

After the incubation, the solution was centrifuged at 2,000

rpm for 20 minutes at 20 C. The supernate was discarded,

and the precipitate was resuspended in cold saline, then

washed with 75 ml of cold saline three times. After the

final wash, the minimum volume of saline was added in order

to dissolve the precipitate. The pH was adjusted to 2.3

with hydrochloric acid, then quickly brought up to 7.35

with sodium hydroxide. A volume of 1.2 ml of buffer con-

taining 0.08N sodium acetate and 0.15N ammonium acetate

was added, and the solution was refrigerated over-

night. The next day the solution was then centrifuged for

20 minutes at 17,500 rpm at 20 C to remove all particulate

matter. Fifteen ml of supernatant was transferred to a
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beaker, and, under constant stirring, an equal volume of

saturated ammonium sulfate was slowly added. The solution

was allowed to stir for 25 minutes after the ammonium

sulfate had been added. The precipitate was removed from

the solution by centrifugation at 17,500 rpm for 16 minutes

at l* C. The supernate was decanted, and the pellet was

resuspended in 20 ml of 60% ammonium sulfate. The solu-

tion was centrifuged again at 17,500 rpm for 16 minutes

at l* C. After the final centrifugation the pellet was

dissolved in 12 ml of deionized water. The solution was

dialyzed against five, one liter, changes of saline-sodium-

ammonium acetate solution (900 ml saline, 100 ml water, 5

ml 1.5N sodium acetate, and 5 ml 3N ammonium acetate) in

the dark at 4' C. After dialyses were complete, the solution

was centrifuged at 17,500 rpm for 16 minutes at l' C.

Two ml volumes of the supernate was stored at -20' C in

dark brown bottles. Peroxidase and anti-peroxidase con-

tents in the PAP complex were determined by optical

density at 400 nm and 280 nm.

Unlabelled Antibody Enzyme Stain

Tissues for the unlabelled antibody enzyme stain were

dewaxed by the same procedure used for the hematoxylin-

eosin stain. Next, endogenous peroxidase was destroyed

in all tissue sections by incubating in methanol for

fifteen minutes, then in 0.05% hydrogen peroxide for
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30 minutes (78). After the tissue had dried, the primary

antiserum, ATS or ALS, was applied. All incubation

periods were done at 370 C in a humid chamber for 30

minutes. After incubation with the primary antiserum,

the tissues were washed in four changes of deionized water.

The sections were allowed to dry before addition of the

second antiserum, goat anti-rabbit IgG. The second anti-

serum was applied only to test sections and omitted from

the sections used as controls for nonspecific staining.

The slides were incubated as described for the primary

antisera, then washed. Peroxidase-anti-peroxidase complex

(PAP) was next applied to all tissue sections. Various

concentrations were tried on the tissue sections with the

highest dilution being 1:500. Two different staining

substrates were used, the best of which was a freshly pre-

pared mixture of 50 mg diaminobenzidine (Kodak) dissolved

in 100 ml of 0.01% hydrogen peroxide in 50 mM Tris-Ci

buffer, pH 7.6, which was filtered through number 1 or 2

filter paper (Whatman) (62). An aliquot of substrate

was applied to each section, and the entire surface of the

sections was exposed to the substrate. After a ten minute

incubation period at room temperature, the slides were

rinsed with water, dried, and finally covered with a cover-

slip. The tissue sections were examined on a light

microscope at 250x power.
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Preparation of Rabbit Gamma Globulin

The third staining technique employed was fluorescent

antibody staining. Three unlabelled antisera, ATS, ALS,

and RAMB, specific for the theta antigen, were employed in

an indirect fluorescent staining. A direct stain, fluores-

cein labelled rabbit anti-mouse IgG, was used to identify

IgG or immune complexes. An additional part of this pro-

ject was to prepare a nonspecific staining control for the

direct immunofluorescent stain, FITC labelled rabbit gamma

globulin (76). Approximately 90 ml of blood was drawn from

a rabbit. After centrifugation of the whole blood, approx-

imately 53 ml of serum was obtained. The serum was diluted

with 51 ml of sterile water. Saturated ammonium sulfate,

pH 7.2, was added dropwise to the serum while constantly

stirring at 4 C until 50% saturation was reached. The

solution continued stirring for an hour at 4* C after the

ammonium sulfate had been added. The precipitate was

separated by centrifugation at 10,000 rpm for 20 minutes

at 10 C. The supernate was discarded after centrifugation

and the precipitate redissolved in sterile distilled water

to a volume of 20.5 ml. A Sephadex G-25 column (Sigma

Chemical Co.) was prepared for gamma globulin desalting,

and blue dextran (Sigma Chemical Co.) was used to determine

the void volume. Sephadex was mixed with 150 pl of 0.01%

sodium azide prior to pouring the column. The preparative
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gel filtration was done at 4' C. Protein concentration

was measured spectrophotometrically at 280 nm, using

rabbit gamma globulin (Miles Laboratories), as the standard.
The prepared rabbit gamma globulin, 42.5 ml, had a protein
concentration of 26.03 mg/ml.

Conjugation of Rabbit Gamma Globulin With
Fluorescein Isothiocyanate

The rabbit gamma globulin preparation was adjusted to
a protein concentration of 20 mg/ml with phosphate buffered
saline, pH 7.2, and one-fifth volume of 0.5 M carbonate-

bicarbonate buffer, pH 9.5. Crystalline fluorescein iso-

thiocyanate was added to the gamma globulin at a concen-

tration of 500 pg/ml protein solution. The solution was
constantly stirred for 24 hours in the dark. The conjugated

protein was extensively dialyzed against phosphate buffered
saline (PBS), pH 7.2. Mole fluorescein/protein ratios

were determined by optical densities at 280 nm and 490 nm,
with crystalline fluorescein isothiocyanate and rabbit

gamma globulin as the standards. The fluorescein/protein

ratio was excessively high, so a diethylaminoethyl

cellulose column was prepared to separate the higher

fluorescein conjugates from the lower conjugates. Cellulex

D (Bio-Rad) was swelled in 10 mM phosphate buffer, and

the conjugated sample was applied. A sodium chloride-

phosphate buffer gradient was run to separate the
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fluorescein conjugates, initial concentration 10 mM phos-

phate buffer, pH 7.56, and final concentration 500 mM sodium

chloride in 100 mM phosphate buffer, pH 7.56. The samples

were examined by optical densities at 280 nm and 490 nm as

described in the initial fluorescein/protein determination.

Protein concentrations were also assayed by the Coomassie

Brilliant Blue technique described by Bradford (11).

Desirable fluorescein/protein mole ratios are around 1 to

2. Fractions with fluorescein/protein ratios as high as

2 were pooled, then lyophilized. The lyophilized conjugate

was reconstituted in 1 ml of deionized water. The conjugate

was examined at 490 nm and 280 nm and by the Coomassie

Blue assay.

Antisera Absorption and Cytotoxicity Assay

Aliquots of the three antisera used in fluorescent

staining were absorbed with red blood cells and liver cells

from the appropriate mouse strain, then tested in the cyto-

toxicity assay for increased specificity. Rabbit anti-

mouse thymocyte serum and rabbit anti-mouse lymphocyte

serum were made from thymocytes and lymphocytes of Swiss

strain mice. Swiss strain mice have theta antigen type

1.2 similar to that of C3H strain mice. Since Swiss strain

mice were unavailable, erythrocytes and liver cells of C3H

strain were used to absorb these two antisera. Rabbit

anti-mouse brain serum was made from BALB/c strain
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mouse brain. This strain of mice was available; therefore,

erythrocytes and liver cells from BALB/c strain were used

to absorb the rabbit anti-mouse brain serum. Preleukemic

AKR strain mice were used in the cytotoxicity assay. White

cells from the AKR strain peripheral blood and spleen were

tested against all three antisera.

Peripheral blood from the mice was obtained by intra-

orbital phlebotomy prior to sacrifice. Spleens and livers

were removed from the mice and individually teased through

a wire screen and washed with Hank's media (Difco), pH 7.2.

The liver cells and peripheral blood were pooled and layered

over a separate tube of ficoll-hypaque. The white cells and

gradient were centrifuged at 2,500 rpm for 25 minutes.

White cells from the spleen and liver were pooled in a

clean tube. The red cell layers were also put into clean

tubes. Both white cells and red cells were washed once in

Hank's solution and put over a second ficoll-hypaque

gradient to improve the red and white cell separation.

White cells were washed once in Hank's solution, then sus-

pended in an enriched media containing TC 199 (Difco),

pH 7.2, 15% fetal calf serum (K. C. Biological, Inc.) and

1% penstrep (Difco). The final white cell count was

adjusted to 1.5 x 106 cells/ml. The red cells were washed

twice in Hank's solution, then suspended in Hanks' solution

to a final concentration of 5.0 x 108 cells/ml.
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Each antiserum was absorbed with an equal volume of red

cell suspension. The erythrocyte-antiserum mixture was

allowed a thirty minute incubation period at room tempera-

ture, then centrifuged at 1,500 rpm for five minutes. The

antiserum was removed with a Pasteur pipette into another

tube and absorbed for a second time.

Cytotoxicity testing with the three antisera was per-

formed according to the protocol of the tissue typing

laboratory at Wadley Institutes of Molecular Medicine in

Dallas, Texas. Dilutions of the three unabsorbed and

absorbed antisera were made. ATS and ALS were tested

against lymphocytes of C3H strain mice and AKR strain mice.

RAMB serum was tested against lymphocytes of BALB/c strain

mice and AKR strain mice. Microtest plate wells (Falcon

3034) were filled with microscope immersion oil. One

microliter volumes of each antiserum dilution was put into

the oil. One microliter aliquots of the cell suspensions

were then put into the drop of antisera. The cells and

antisera were incubated for thirty minutes at room temperature.

After this incubation period, five microliters of rabbit

complement (Grand Rapids Island) was put into the anti-

sera-cells mixture, then incubated for an hour at room

temperature. One hundred microliters of eosin dye was

added to all wells for a six minute period. This was

followed by addition of 100 pl of formaldehyde to all
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wells for three minutes at room temperature. Coverslips

were put onto the plates and sealed with paraffin. All

plates were examined the next day on an inverted light

microscope at 100x power. The percentages of stained

cells, representing cells that were sensitive to the

antisera, were estimated.

Fluorescent Antibody Staining

Tissue sections for the fluorescent antibody staining

required extra care to remove the paraffin, since auto-

fluorescence was observed in the sections dewaxed by the

process used for hematoxylin-eosin and unlabelled antibody

enzyme stains. All sections were stored at 4* C and were

dewaxed in three washes in xylene, three washes in absolute

ethanol, one wash in 83% ethanol, and one wash in 70% ethanol,

allowing 15 minutes in each wash at 4* C. After the slides

were dry, three additional washes for five minutes each in

phosphate buffered saline (PBS) were done. The slides were

ready for fluorescent staining after the PBS rinses. Prior

to the application of the first antiserum the slides were

examined and exposure times taken as a measure of auto-

fluorescence. The initial staining reaction was an indirect

stain using the three antisera specific for the T-lymphocyte

surface, theta antigen, and a nonspecific staining control,

normal rabbit serum. A 1:10 dilution of the antiserum was

first used; however, brighter fluorescence was observed with
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1:5 dilution of the antisera in PBS, pH 7.2. Each section

on the slides was covered with approximately 100 pl of

antiserum. The slides were i ncubated in a humid atmosphere

at 37* C for 45 minutes. After incubation, the antiserum

was drained off the slides and the slides were dipped three

to four times in four changes of deionized water. All slides

were air dried, then layered with a 1:5 dilution of the

second antiserum, a rhodaminq-conjugated goat anti-rabbit

IgG (Cappell Laboratories). Incubation and wash procedures

were identical to the primary antisera stage. After the

slides were dry, coverslips (Corning, number 1) were put on

the section and secured by a peripheral application of finger-

nail polish. The slides were examined and exposure times

taken microscopically with an ultraviolet light source.

After the rhodamine stained slides were examined, the

second stain was done, a direct immunofluorescent stain.

Rabbit anti-mouse IgG (Miles Laboratories), diluted 1:5

in PBS, pH 7.2, was applied to the tissue sections as

described for the indirect stain. Fluorescein isothio-

cyanate conjugated to goat apiti-rabbit immunoglobulins

(Meloy) was used as the nonspecific staining control.

All slides were incubated for 45 minutes at 37* C in a

humid chamber. The slides were washed three to four times

in four changes of deionized water. Fluorescent staining
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for IgG and immune complexes in the kidney were examined

after the slides had dried and were covered with a cover-

slip.

Rhodamine-labelled stain was examined for increasing

fluorescence with increasing concentrations of rhodamine.

Rhodamine stains a yellow-orange color, and this assay was

done to corroborate the observation of decreased exposure

times in sections stained for theta antigen as indicative

of increased rhodamine staining rather than nonspecific

staining or autofluorescence. Rhodamine conjugated anti-

serum was diluated in concentrations of 1:2, 1:4, 1:5, 1:8,

1:10, and 1:20 in PBS, pH 7.2. A 100 p1 aliquot of the

dilutions were applied to a one centimeter square area

and air dried. The rhodamine covered areas were covered

with a coverslip and examined microscopically with the

same ultraviolet light source and filters as used with the

tissues.

Fluorescent Microscopy

The slides were examined on a Leitz microscope

equitted with an Osram ultraviolet light source. The

highest magnification used and maintaining tissue clarity

was 250x. The excitation filter used was a blue-green,

number 3, and the emission filter was a violet, number 2.

This combination reduced autofluorescence to a greater

extent than any other filter combination, yet allowed
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the rhodamine and the fluorescein stains to be observed.

Exposure times and microphotographs were taken by a camera

mounted on the microscope. The camera was connected to a

photomultiplier tube which controlled the exposure times.

The amount of light which the photomultiplier tube could

detect was controlled by an object dark/light ratio selec-

tor switch. The best microphotographs of the fluorescent

stain were taken when the object dark/light ratio was 80%

with an ASA of 800., The film used in all fluorescent micro-

photographs was Kodak Ektachrome 200.



CHAPTER III

RESULTS

White Blood Cell Counts and Organ Weights

The mean white blood cell counts of the leukemic mice

compared to preleukemic mice were about 61% higher; however,

due to the large standard deviation, the differences were

not statistically significant. Tables I and II list the

white cell counts from individual mice and the means of the

white counts from the preleukemic and leukemic groups.

White cell differentials were done on blood smears from 11

of the mice. The percentages of lymphocytes per one hundred

white cells counted were not significantly different between

the preleukemic and leukemic groups of mice. However,

leukemic blood smears had a greater number of smudge cells

per one hundred white cells. Figure 1A shows an example

of the smudge cells in leukemic blood smears. Occasionally,

morphologically atypical lymphocytes were observed in the

blood smears from leukemic mice. The most notable of the

atypical cells was a mononuclear cell which had a hole in

the center of the nucleus. Out of the blood smears

examined, however, only three leukemic mice were found to

have white cells with the "donut-shaped" nucleus. A cell

which had a strong resemblance to the atypical cell with

43
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the donut-shaped nucleus was found in a germinal center in

the spleen of a preleukemic mouse. The appearance of

this morphological type of cell in both the peripheral

blood of leukemic mice and in a germinal center in the spleen

from a preleukemic mouse implicates that this type

of cell evolved from the malignant disease. Examples of the

atypical lymphocytes observed in the blood smears from

leukemic mice and in the spleen from a preleukemic mouse

are shown in Figure 1, B-D.

Differentiation of the leukemic and preleukemic mice

was based on the size and weight of the thymus and spleen.

The kidney and lymph nodes were accessory in this evaluation

of the two groups. There were essentially no differences in

the mean kidney weights between the two groups of mice.

Lymph nodes, although no weights were taken, were grossly

enlarged in the leukemic mice, but of normal size or only

slightly enlarged in the preleukemic mice. The thymus and

spleen were significantly larger, p<0.01, in the leukemic

mice, compared to the preleukemic mice. Table I lists the

organ weights, as well as the white cell counts, for all

mice examined. Table II lists the mean averages for the

same determinations. The difference of the means between

animals judged to be leukemic and those referred to as

preleukemic are also shown in Table II.
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TABLE I

COMPARISON OF ORGAN WEIGHTS AND WHITE BLOOD
CELL COUNTS IN AKR/J MICE

Disease State Organ Weights Cell Counts

Thymus Kidney Spleen 6 WBC
(g) (g) (g) (10 cells/ml)

Preleukemic

Preleukemic

Preleukemic

Leukemic

Leukemic

Leukemic

Preleukemic

Preleukemic

Leukemic

Leukemic

Preleukemic

Leukemic

Preleukemic

Preleukemic

Leukemic

Preleukemic

Preleukemic

Preleukemic

0.0947

0.0742

0.1035

0.3104

0.6622

0.0478

0.0443

0.1032

0.6927

0.6927

0.0255

0.6832

0. 2398*

0.0508

0.3158

0.1509

0.0437

0.0515

0.1559/0.1700

0.1190/0.1415

0.0810/0.1459

0.1763/0.1460

0.1644/0.1687

0.6176/0.6303

0.1886/0.1984

0. 2305/0.2097

0.1426/0.1380

0.1426/0.1205

0.2140/0.2110

0.1242/0.1114

0.1608/0.1558

0.1672/0.1806

0.1718/0.1583

0.1779/0.01875

0.2127/0.2071

0.1396/0.2500

weight may

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

0.0404

0.0442

0.0475

0.4697

0.4865

0.8510

0.0567

0.0842

0.'3923

0.06424

0.1116

0.2637

0.0986

0.0500

0.3264

0.0676

0.1377

0.4207.

4.6

4.0

4.0

5.2

10.0

24.8

8.8

20.6

76.0

10.0

8.7

4.1

6.8

6.6

6.0

3.7

8.9

17.3

*Severed artery while removing thymus, so
be heavier due to blood infiltration.
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TABLE II

COMPARISON OF MEAN ORGAN WEIGHTS AND WHITE CELL COUNTS

IN PRELEUKEMIC AND LEUKEMIC AKR/J MICE

Mean White a
Cell Countsa

Mean Organ Weights

Thymus b

Spleenc

Kidneyd

Preleukemic Mice

67.2 x 10 cells/mI

0.0928 g

0.0727 g

0.1691 g

Leukemic Mice

618.3 x 10 cells/ml

0.3757 g

0.4374 g

0.1630 g

a White cell count mean averages were based on 9 pre-

leukemic mice and 9 leukemic mice.

bThymus weight mean averages were based on 9 pre-

leukemic mice and 9 leukemic mice. Difference of means

was p<0.01.

cSpleen weight mean averages were based on 9 preleu-

kemic mice and 9 leukemic mice. Difference of means was

p<O.01.

dKidney weight mean averages was based on 8 preleu-

kemic mice and 9 leukemic mice.
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Figure 1. --Peripheral blood smears stained with Wright's
stain showing:

A. Smudge cells prevalent in leukemic blood smears
(x 630).

B. Double nucleated lymphocytes seem in a leukemic
mouse blood smear (x 630).

C and D. Atypical appearing cells, presumably
lymphocytes, found in a leukemic mouse
blood smear (x 630).

E. Atypical cell found in a germinal center in a
spleen tissue section from a preleukemic mouse.
The morphology of the cell strongly resembles
the atypical cells in pictures C and D (x 250).
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Hematoxylin-Eosin Stain

The hematoxylin-eosin staining technique is suitable

for examining cellular mosphology of tissues. All of the

tissue sections from the preleukemic mice were found to have

lymphocyte infiltration and occasional foci or germinal

areas. However, the lymphocyte infiltration was not enough

to cause enlargement of the organs. Tissues from leukemic

mice were packed with atypical lymphocytes; consequently,

the lymph nodes, thymuses, and spleens were enlarged.

Spleens from the preleukemic mice had lymphocytes

throughout the sections, but a few small germinal centers

were observed in .most of the splenic -tissue sections.

Leukemic spleens were enlarged due to cellular proliferation.

Some spleens were so densely packed with lymphocytes

that germinal centers could not be distinguished. Examples

of the preleukemic and leukemic splenic tissue sections

are shown in Figure 2, A-E. Lymph nodes, normally quite

cellular, had gross cellular proliferation in the leukemic

tissue sections. The majority of the lymph node tissue

sections from preleukemic mice were normal in size with

occasional germinal centers. Two preleukemic mice had

slightly enlarged lymph nodes due to cellular proliferation,

and one preleukemic mouse had a normal-sized lymph node

with moderate lymphocytosis. Lymph node tissue sections

typical of the preleukemic and leukemic mice examined are

shown in Figure 3, A-D.
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Figure 2.--Spleen tissue sections stained with hema-
toxylin-eosin stain showing:

A. Spleen tissue section from a preleukemic mouse.
Areas enclosed in the squares represent two of
several lymphocyte centers found in this spleen
(x 35).

B. A lymphocyte germinal center is shown at a higher
magnification. The area enclosed in the square
is shown at a higher magnification in photograph
C (x 250).

C. Lymphocyte germinal center from photograph B (x 630).

D. Spleen tissue section from a leukemic mouse (x 35).

E. Typical malignant lymphocytes found in densely
cellular leukemic tissues are localized within
the black circle. These cells have a hollow
appearing center and stain a light color with
heatoxylin-eosin stain (x 250).



51

144

& If

Nor
Sf

10 4

iWt PAS-

44

4 4A
Ty

d l



52

Figure 3. Lymph node tissue sections stained with

hematoxylin-eosin stain showing:

A. Lymph node tissue section from a 
preleukemic

mouse. The area in the black square is a

lymphocyte germinal center (x 35).

B. Lymphocyte germinal center seen in a higher

magnification. The cells in the germinal

center do not appear to be completely
transformed because the cells stain darkly and

do not have hollow centers (x 250).

C. Lymph node tissue section from a 
leukemic mouse.

The leukemic tissue sections are completely

devoid of germinal centers and are packed with

cells (x 35).

D. The same leukemic tissue section as in C that

shows lymphocytes typical of leukemic cells (x 250).
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Figure 4. Thymus tissue sections stained with hema-
toxylin-eosin stain showing:

A. Thymus tissue from a preleukemic mouse (x 35).

B. A higher 'magnification of the tissue in A showing
the lack of lymphocyte transformation (x 250).

C. Preleukemic thymus tissue section showing invo-
lution of the cortical area of the thymus which
is designated with C (x 35).

D. Thymus tissue section from a leukemic mouse (x 35).

E. Higher magnification of the thymus tissue section
from D showing the density of leukemic cells.
Cellular integrity is completely lost (x 250).
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The thymuses from preleukemic mice showed some abnormal

cell proliferation; however, only two preleukemic mice

had slightly enlarged thymuses. Thymic cortical involution

prior to onset of lymphoma had been reported by Siegler et

al. (74). One preleukemic mice had thymic tissue sections

which exemplified this type of thymic alteration. Leukemic

thymuses were found to be enlarged due to large numbers of

abnormal lymphocytes. Individual cellular integrity in many

leukemic thymuses was lost due to gross cellular density.

Thymic tissue sections typical of those described are shown

in Figure 4, A-E.

Kidneys of the preleukemic mice had moderate lymphocyte

infiltration and could not be distinguished from kidney

tissue sections of leukemic mice. Two leukemic mice had a

few lymphocyte foci in the kidney. Examples of the pre-

leukemic and leukemic kidney tissue sections are shown in

Figure 5, A-D.

Two morphological types of lymphocytes were thus

observed in the tissues of leukemic mice. One type in

densely cellular areas or germinal centers, had a light

staining nucleus almost appearing like a hole in the center.

The second type observed in less cellular areas had a

darker staining or normal staining nucleus. The lighter

staining lymphocytes were predominantly found in leukemic

tissue sections, and the darker staining lymphocytes found
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in the preleukemic tissue sections. Examples of these two
types of lymphocytes are clearly shown in both Figure
2E and Figure 5B. The two cell types in Figure 5B, the
darker staining cell enclosed in the triangle and the
lighter staining cell enclosed in the circle, appear
distinctively different. The darker staining cell appears
to be smaller in size than the lighter staining cell.

The Unlabelled Antibody Enzyme Stain

The peroxidase-anti-peroxidase (PAP) complex prepared
in this study was evaluated spectrophotometrically,

according to the method of Sternberg. A 1:5 dilution of
the PAP solution was measured at 400 nm to determine the
peroxidase contents in peroxidase-anti-peroxidase/ml by

this formula:

Peroxidase(mg/ml of PAP) = O.D.(400nm) x 0.413 x 5 mg

The peroxidase content of PAP/ml was 0.56 mg/ml. The anti-
peroxidase content of PAP/ml was determined by O.D. readings
of PAP and peroxidase in 400 nm and 280 nm:

Anti-Peroxidase(mg/ml of PAP) = [O.D.(280nm)PAP]-

O.D. (400 nm) PAP x O.D. (280 nm) PO*
U. D. (400 n II) P F

x 0.62 x 5 mg

*PO- peroxidase.
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Figure 5. Kidney tissue sections stained with hema-toxylin-eosin stain showing:

A. Kidney tissue sections from preleukemic mouse(x 35).

B. Higher magnification of the kidney tissue sectionfrom A. The kidney tissue section from the pre-leukemic mouse has considerable lymphocyte infil-tration. The small dark staining lymphocytes arethe predominant cell type (x 250).

C. Kidney tissue section from a leukemic mouse. Thearea in the square is a lymphocyte germinalcenter (x 35).

D. Higher magnification of the germinal center in Cshows the two types of lymphocyte populationsobserved in the present study. The dark staining,smaller lymphocyte is enclosed in the triangle.the light staining lymphocyte with a hollow appearingcenter is enclosed in the circle (x 250).
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Anti-peroxidase contents of PAP/ml was 1.68 mg/ml. The

peroxidase/anti-peroxidase mole ratio was determined by

this formula:

moles PO -mg peroxidase x 156,000
mole-anti PO mg anti-peroxidase x 39,800

The peroxidase/anti-peroxidase mole ratio was 1.3. This is

lower than the desired optimal ratio of 2.0 - 3.0.

Many different combinations of antisera concentrations

were tried. Initially, concentrated amounts of all anti-

sera were applied to the tissues, and the final stain was

very light. Bigbee et al. (7) found that low concentrations

of primary antisera were necessary to obtain good PAP stains

in "antigen-rich" tissues. Although the tissue sections

used in this study were not fixed in the same manner as that

described by Bigbee, the fixation process was relatively

mild, so that cell surface antigens should be preserved.

When dilute concentrations of primary antisera were used,

the tissue sections stained darker. However, the staining

was nonspecific because the control tissue sections were as

dark or darker than the test tissues. Further testing

showed that a 1:1000 dilution of PAP conjugate could bind

the mouse tissue sections without complimentary antisera,

e.g., ALS or ATS, and goat anti-rabbit IgG. Examples of

the dilution effect of primary antisera on tissues stained

by the PAP conjugate are shown in Figure 6, A-D.
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Figure 6. Lymph node tissue sections stained by the
peroxidase-anti-peroxidase method showing:

A. Nonspecific staining in a control tissue section
incubated with goat anti-rabbit IgG and a 1:20
dilution of peroxidase-anti-peroxidase (PAP),
but not with specific primary antiserum (x 250).

B. Staining observed in a test lymph node tissue
section after incubation with a 1:5 dilution of
anti-thymocyte serum, goat anti-rabbit IgG,
and a 1:20 dilution of PAP (x 250).

C. Nonspecific staining in another control tissue
section after incubation with the same antisera
described in A (x 250).

D. Staining observed in a test tissue section after
incubation with a 1:100 dilution of anti-thymocyte
serum, goat anti-rabbit IgG, and a 1:20 dilution
of PAP (x 250).
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Rabbit Gamma Globulin

Fractions of fluorescein isothiocyanate (FITC) conjugated

rabbit gamma globulin obtained from DEAE cellulose column

with fluorescein/protein ratios up to 2.0 were pooled.

Protein assay on the pooled fractions totalling 13 ml was 9.6

jg/ml, and the fluorescein/protein ratio was 10. This

preparation was, therefore, not used in the fluorescent

staining procedure due to the low protein yield and high

fluorescein/protein ratio.

Cytotoxicity Assay

Cytotoxic titers were extremely variable between the

tests which were run in triplicate. Considerable diffi-

culty in evaluation of the results were encountered. Clumps

of platelets obscured the white blood cells in the test

wells. For this reason, estimation of the per cent lysed

white blood cells was subjective and not a precise method

of quantitation. Table III lists the results obtained in

these tests. The values shown on the chart are an average

of the three assays.

Fluorescent Antibody Stain

Tissue stained by the fluorescent antibody method was

evaluated in two ways, first by visual observation, and

secondly, by taking a series of exposure times in several

areas of the tissues at a constant camera setting.
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TABLE III

RESULTS FROM CYTOTOXICITY ASSAY (PER CENT LYSIS)

C3H AKR BALB/c AKR
(ATS/ALS) (ATS/ALS) RAMB RAMB

Control

Undiluted

1:2

1:4

1:8

1:16

1:32

1:64

1:128

1:256

1:512

1:1024

1:2048

1:4096

1/1

1/2

1/2

-/2

-/4

2/-

4/-

-/-

-/-

2/1

-/1

-/1

4/1

1/2

1/2

1/1

-/1

-/2

-/2

-/2

-/2

6/2

-/1

-/1

2/-

2/-

4

8

8

4

2

N.D.**

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

*(-) cell lysis estimate
could not be made.

**N.D. not done.

Grading System
(per cent lysis)

0-9 = 1
10-29 = 2
30-49 = 4
50-79 = 6
80-100 = 8

1

1

1

1

1

1

1

1
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After the tissues were dewaxed and rinsed, they were

examined for nonspecific or autofluorescence. The amount

of autofluorescence measured in the tissue sections by

taking exposure times is referred to as autocontrol tissue

sections. Examples of the autocontrol tissue sections are

shown in Figures 7A, 8A, 9A, and IOA. Certain tissue sec-

tions such as kidney tissue sections visually appeared to

have more autofluorescence than others. The tissue sections

were first incubated with the theta specific antisera, ALS,
ATS, and RAMB. Rabbit serum was used as the nonspecific

staining control. Rhodamine labelled goat anti-rabbit IgG

was used as the fluorescent tag in this indirect immuno-

fluorescent stain. Tissue sections from a preleukemic

mouse stained with the theta specific antisera are shown

in Figures 7B-E, 8B-E, 9B-E, and 1OB-E.

Finally, the tissues were stained for IgG by a direct

immunofluorescent method with fluorescein labelled rabbit

anti-mouse IgG (RaMIg). The negative staining control was

FITC labelled goat anti-rabbit IgG (GaRIg). Examples of

the IgG immunofluorescent stained tissue sections are

shown in Figure 11 A and B.

Visual examination of fluorescence proved to be an

inadequate method of differentiating brightness of

fluorescence in the preleukemic and leukemic tissue

sections. Estimation of fluorescent exposure times proved
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Figure 7.--Immunofluorescent stain of preleukemic
splenic tissue sections showing:

A. Control splenic tissue section showing
autofluorescence observed prior to exposure
of section to labelled or unlabelled anti-
sera (x 250).

B. Control splenic tissue section showing non-
specific fluorescence observed after
incubation with a 1:5 dilution of rabbit
serum and a 1:5 dilution of rhodamine
labelled goat anti-rabbit IgG (x 250).

C. Specific staining observed in a splenic tissue
section after incubation with a 1:5 dilution
of anti-thymocyte serum (ATS) and a 1:5
dilution of rhodamine labelled goat anti-
rabbit IgG (x 250).

D. Specific staining observed in a splenic
tissue section after incubation with a 1:5
dilution of anti-lymphocyte serum (ALS)
and a 1:5 dilution of rhodamine labelled
goat anti-rabbit IgG (x 250).

E. Specific staining observed in a splenic
tissue section after incubation with a
1:5 dilution of rabbit anti-mouse brain
serum (RAMB) and a 1:5 dilution of
rhodamine labelled goat anti-rabbit IgG
(x 250).
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Figure 8.--Immunofluorescent stain of preleukemic
lymph node tissue sections showing:

A. Control lymph node tissue section showing
autofluorescence observed prior to
exposure of section to labelled or unlabelled
antisera (x 250).

B. Control lymph node tissue section showing
nonspecific fluorescence observed after
incubation with a 1:5 dilution of rabbit
serum and a 1:5 dilution of rhodamine
labelled gpat anti-rabbit IgG (x 250).

C. Specific staining observed in a lymph node
tissue section after incubation with a 1:5
dilution of anti-thymocyte serum (ATS)
and a 1:5 dilution of rhodamine labelled
goat anti-rabbit IgG (x 250).

D. Specific staining observed in a lymph node
tissue section after incubation with a 1:5
dilution of anti-lymphocyte serum (ALS)
and a 1:5 dilution of rhodamine labelled
goat anti-rabbit IgG (x 250).

E. Specific staining observed in a lymph node
tissue section after incubation with a
1:5 dilution of rabbit anti-mouse brain
serum (RAMB) and a 1:5 dilution of
rhodamine labelled goat anti-rabbit IgG
(x 250).
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Figure 9. --Immunofluorescent stain of preleukemicthymus tissue sections showing:

A. Control thymus tissue section showing
autofluorescence observed prior to exposure
of section to labelled or unlabelled anti-
sera (x 250).

B. Control thymus tissue section showing non-
specific fluorescence observed after
incubation with a 1:5 dilution of rabbit
serum and a 1:5 dilution of rhodamine
labelled goat anti-rabbit IgG (x 250).

C. Specific staining observed in a thymus tissue
section after incubation with a 1:5 dilution
of anti-thymocyte serum (ATS) and a 1:5
dilution of rhodamine labelled goat anti-
rabbit IgG (x 250).

D. Specific staining observed in a thymus
tissue section after incubation with a 1:5
dilution of anti-lymphocyte serum (ALS)
and a 1:5 dilution of rhodamine labelled
goat anti-rabbit IgG (x 250).

E. Specific staining observed in a thymus
tissue section after incubation with a
1:5 dilution of rabbit anti-mouse brain
serum (RAMB) and a 1:5 dilution of
rhodamine labelled goat anti-rabbit IgG
(x 250).
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Figure 10.--Immunofluorescent stain of preleukemic
kidney tissue sections showing:

A. Control kidney tissue section showing
autofluorescence observed prior to exposure
of section to labelled or unlabelled anti-
sera (x 250).

B. Control kidney tissue section showing non-
specific fluorescence observed after
incubation with a 1:5 dilution of rabbit
serum and a 1:5 dilution of rhodamine
labelled goat anti-rabbit IgG (x 250).

C. Specific staining observed in a kidney
tissue section after incubation with a 1:5
dilution of anti-thymocyte serum (ATS) and
a 1:5 dilution of rhodamine labelled goat
anti-rabbit IgG (x 250).-

D. Specific staining observed in a kidney
tissue section after incubation with a 1:5
dilution of anti-lymphocyte serum (ALS) and
a 1:5 dilution of rhodamine labelled goat
anti-rabbit IgG (x 250).

E. Specific staining observed in a kidney
tissue section after incubation with a
1:5 dilution of rabbit anti-mouse brain
serum (RAMB) and a 1:5 dilution of
rhodamine labelled goat anti-rabbit IgG
(x 250).
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Figure ll.'--Immunofluorescent stain of preleukemic
kidney tissue sections showing:

A. Control kidney tissue section showing nonspecific
fluorescence observed after incubation with
a 1:5 dilution of fluorescein isothiocyanate
labelled goat anti-rabbit IgG (x 250).

B. Specific staining observed in a kidney tissue
section after incubation with a 1:5 dilution
of fluorescein isothiocyanate labelled rabbit
anti-mouse IgG (x 250).
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proved to be a more sensitive method of quantitating

fluorescent brightness. A fluorescent exposure time curve

with increasing concentrations of rhodamine-labelled anti-

sera was performed to insure that brighter fluorescence

with rhodamine staining was a result of greater binding of

the antisera. Rhodamine does not fluoresce as brightly

as fluorescein and visual differentiation of specifically

stained tissue sections with rhodamine labelled antisera

was a problem. Fluorescent efficiency, the ratio of

the number of quanta emitted to the number absorbed, of

rhodamine is lower, 0.25, than that of fluorescein, 0.70

(84).

Figure 12 shows a time exposure curve taken from

dilutions of rhodamine labelled antisera. The curve shows

that the rate of increasing fluorescence has two different

slopes with 0.25 ml rhodamine/lml PBS the point of change.

Average rates of increasing fluorescence or decreasing

exposure times were calculated from the experimental data.

Dilutions of rhodamine labelled antisera were applied onto

a one centimeter square area and a series of exposure times

were taken. The average rate of decreasing exposure time

between 0.05 ml rhodamine/ml and 0.25 ml rhodamine/ml was

-33 seconds/0.2 ml rhodamine/ml. The second part of the

curve between 0.25 ml rhodamine/ml and undiluted rhodamine

had a decreasing exposure time of -10 seconds/0.75 ml

rhodamine/ml.
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Figure 12.--Exposure times in seconds recorded for
undiluted rhodamine labelled antiserum and after dilution
from 1:2 to 1:20 in phosphate buffered saline, pH 7.2.
The average of the exposure times for the dilutions of
rhodamine were: undiluted, 3"; 1:2, 7"; 1:4, 13"; 1:5,25"; 1:8, 30"; 1:10, 33"; and 1:20, 46".
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Tables IV and V show the averages obtained for a

series of exposure times on tissue sections from both

preleukemic and leukemic mice. The longer exposure

times indicate darker or lesser amounts of fluorescence.

The autocontrol exposure times measure the amount of

fluorescence in the tissue sections before exposure to

labelled or unlabelled sera. In order to evaluate the

amount of specific immunofluorescence in the tissues, the

average exposure times were normalized. The differences

between exposure times obtained for the autocontrols and

those obtained for nonspecific staining controls and

for specifically stained sections were calculated. Differ-

ences obtained thus reflect increased fluorescence due to

the specific staining reaction.

In the case of the direct immunofluorescent stains,

fluorescence due to the indirect stain also had to be

taken into account. In the use of lymph node sections of

leukemic mouse 1, where the differences between the auto-

control and all of the antisera were taken into account,

only ALS and rabbit anti-mouse IgG (RaMIg) had increased

brightness or fluorescence due to specific binding of

antisera. The other sera appeared to have quenched

fluorescence, as indicated by a negative difference.

Although the other antisera may have bound to the tissues,

this cannot be assumed, because the overall fluorescence
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TABLE IV

AVERAGES OF FLUORESCENT ANTIBODY STAIN EXPOSURE
TIMES OF LEUKEMIC MICE

Serum Mouse Tissue Sections
Number

Lymph
Node Spleen Thymus Kidney

Autocontrola

Rabbitb

Anti-
Thymocyte

Anti-
Lymphocyte

Rabbit Anti-
Mouse Brain

Goat c Anti-
Rabbit IgG-
FITC

Rabbit Anti-
Mouse IgG

1.
2.
3.

1.
2.
3.

1.
2.
3.

1.
2.
3.

1.
2.
3.

1.
2.
3.

1.
2.
3.

84"?
69"
46??

107"?
72??
44?

87??
41??
38??

68??
64??
33??

1033"
79"
30??

89??

46??

54??
34"
29?

141?

25??

105?
58??
32??

76??
42"
23??

55"1
62??
31"

84?
52??
28??

67??
36??
20??

49"
22??
16??

213?
71?"
62?

163?
109?
57??

158?
58??
66??

104?
61??
53"

103?
47?
83??

147?
63?
60??

68??
40"
67"?

100?
15"1

25??

91??
23?
14?

59"t
28??

11??

68?
25??
14??

75"1
25??

9"?

58?
13?
12??

34"?
13?

8"1

Autocontrol exposure times taken without any antiserum
or stain, i.e., a measure of tissue autofluorescence.

bRabbit serum - the nonspecific rhodamine staining con-
trol for ALS, ATS and RAMB.

cGoat anti-rabbit IgG - the nonspecific FITC staining
control for tissue sections specifically stained for rabbit
anti-mouse IgG.
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TABLE V

AVERAGES OF FLUORESCENT ANTIBODY STAIN EXPOSURE
TIMES OF PRELEUKEMIC MICE

Serum Mouse Tissue Sections
Number

Lymph Spleen Thymus KidneyNode

Autocontrol a 1 40" 35?? 35?" 33??
2. 77?? 40?? 56" 10??
3. 37" 22?? 31?? 5??

Rabbit 1. 28?? 56?? 41?? 27??
2. 44" 25?" 45?? 8"
3. 34?? 27?? 37?? 7??

Anti- 1. 20" 25" 30" 35"
Thymocyte 2. 31?? 67" 40?? 7??

3. 35? 22?? 41?? 9??

Anti- 1. 31?? 45?? 28?? 16??Lymphocyte 2. 30?? 20? 47?? 6??
3. 37?? 21?? 40?? 7??

Rabbit Anti- 1. 25?? 23?? 29?? 27??
Mouse Brain 2. 32?? 25" 42" N.D. c

3. 33" 20?? 37?? 9??
Gotd

GoatdAnti- 1. 41?? N.D. 39" 55"Rabbit IgG- 2. 43?? 26" 48" 7"FITC 3. 44" 24" 44" 7"

Rabbit Anti- 1. 20" N.D. 27" 26"
Mouse IgG 2. 26" 20" 34" 5"

3. 38" 23" 38" 5"

Autocontrol exposure times taken without any antiserumor stain, i.e.,.a measure of tissue autofluorescence.
bRabbit serum - the nonspecific rhodamine staining con-

trol for ALS, ATS, and RAMB.

cN.D. - not done.

d
Goat anti-rabbit IgG - the nonspecific FITC staining

control for tissue sections specifically stained for rabbitanti-mouse IgG.
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was not increased. To determine the actual brightness due

to FITC labelled antisera binding, the difference between

the normalized times of goat anti-rabbit IgG (GaRIg-FITC)

and rabbit serum, the nonspecific rhodamine staining con-

trol, were taken. The average of the normalized positive

times of ALS, ATS, and RAMB were subtracted from the

normalized time of RaMIg. Since ALS was the only positive

time in the lymph node of leukemic mouse 1, this value was

subtracted from the normalized value of RaMIg. Tables VI

and VII show the means and standard errors of the normalized

exposure times for the leukemic and preleukemic mice. All

negative values or quenched fluorescence were calculated

in the means and standard errors as zero, since there was

no increase in fluorescence. Figure 13 shows a graph of

the normalized fluorescent exposure times.

Statistical evaluations of the fluorescent stain data

were done by the two sample rank, Mann Whitney U test.

The normalized mean exposure times of the different tissues

and antisera from the preleukemic group was compared to the

same normalized mean exposure times from the leukemic

group. First, the normalized mean exposure times from

theta antisera stained tissues in the preleukemic and leu-

kemic groups were arranged in increasing numerical order.

R.nk numbers were assigned to each exposure time. The

rank numbers from the preleukemic exposure times were

added together to obtain the value R. N and N' designate
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TABLE VI

NORMALIZED FLUORESCENT ANTIBODY STAIN EXPOSURE
TIMES OF LEUKEMIC MICE

Serum Tissue Sections

Nodh Spleen Thymus Kidney

Rabbit Mean 0.7" 12.0" 18.Of 70"
S.E.* 0.7" 12.0" 16.0" 3.4"

Anti- Mean 12.0" 25.0" 23.0" 18.0"
Thymocyte S.E. 8.3" 20.0" 16.2" 12.1"

Anti- Mean 11.0" 29.0" 43V.0" 14.0"
Lymphocyte S.E. 3.3" 28.7" 33.2" 9,4"

Rabbit Anti- Mean 5.0" 19.0" 45'.0" 14.0"
Mouse Brain S.E. 5.0" 19.0" 33.2" 9.4"

Goat Anti- Mean 5.0" 19.0" 8.0" 12..0"Rabbit IgG- SE 5.0" 9.8" 4.6" 10.3"FITC

Rabbit Mean 14 .0" 17.0" 23.0" 13.0"Anti-Mouse S.E. 5.6" 4.9" 16.0" 10.2"IgG

*S.E. - standard error, standard deviation

V'no. of samples
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TABLE VII

NORMALIZED FLUORESCENT ANTIBODY STAIN EXPOSURE
TIMES OF PRELEUKEMIC MICE

Serum

Rabb i t

Anti-
Thymocyte

Anti-
Lymphocyte

Rabbit Anti-
Mouse Brain

Goat Anti-
Rabbit IgG-
FITC

Rabbit Anti-
Mouse IgG

Me an

Me anS.E.*

Mean
S.E.

Mean
S.E.

Lymph
Node

16.0"1
8.9"

23.0"
12.8"

19.0"
14.4"

21.0"
12.3"

Me an
S.E.

Mean
S.E.

0.3"
0.3"

3.0"
1.7"

Tissue Sections

Spleen Thymus

5.0"
5.0"

3.0"
3.0"

7.0"
6.5"

10.0"
3.9"

0.0"

5. 0"
5.0"

4.0"
4.0"

7.0"
4. 7"

5 .0"
2. 7"

7 .0"
4 .0"

0 .0"

0.0"

2.7"

Kidney

3.0"

1 .8"

1 . 0"
1.0"

7 . 0"
5.1"

3.0"
3. 0"

0.3"
0.3"

0.5"
0.5"

*S.E. - standard error, standard deviation

Vno. of samples
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Figure 13.--Graph of means and standard errors ofnormalized fluorescent antibody stain exposure times inseconds. The @ shows the mean of the normalized exposuretimes, the bars show the standard errors. The solid linesjoin the mean exposure times of the leukemic mice. Thedashed lines join the mean exposure times of the preleu-kemic mice. The fluorescent data for the antisera andnonspecific staining controls are presented as: (a)rabbit serum, (b) rabbit anti-mouse thymocyte serum (ATS),(c) rabbit anti-mouse lymphocyte serum (ALS), (d) rabbitanti-mouse brain serum (RAMB), (e) goat anti-rabbit IgG-FITC (GaRig), (f) rabbit anti-mouse IgG (RaMIg).
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sample size of each leukemic group and preleukemic group;

the number of samples in the leukemic group was the same as

in the preleukemic group. The U value is the number used

to determine the statistical significance of the two

sample comparison from the U test tube. The U value is

determined by the formula:

U = NN' + N(N+l) - R2

The U value or U' value, whichever is smaller, was examined

at the 5% and 1% levels of significance from the table of

critical U values. The U' value is determined by the

formula:

U' = NN' - U

The fluorescent data was examined only by the one-tailed

test. The mean values of the leukemic mice compared to

the mean values of the preleukemic mice show statistically

greater fluorescence with the theta specific antisera in

all tissues except in the lymph node by this method of

analysis. In the latter tissues mean values obtained

indicate brighter fluorescence with preleukemic than

leukemic lymph nodes after staining with the theta spe-

cific antisera. The mean values of the leukemic tissues

compared to the preleukemic tissues are significantly
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brighter than IgG specific antisera. Preleukemic lymph

nodes have a greater fluorescence with theta specific

antisera than the other preleukemic tissues. Leukemic

thymus and spleen bind the theta specific antisera equally

well and more than leukemic kidney and lymph node.

Fluorescence with the theta specific antisera is brighter

in the leukemic kidney than in the leukemic lymph node.

Standard errors of ALS and RAMB in the leukemic thymus

are-significantly greater than in the preleukemic thymus.

Tables VIII and IX list the mean fluorescent exposure

times in the Mann Whitney U test.
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TABLE VIII

MANN WHITNEY U TEST OF FLUORESCENT ANTIBODY
STAIN EXPOSURE TIMES

Tissue
Sections Rank Number

1 2 3 4 5 6 7 8 R** U*** p<

Lymph node 0.7 5 11 12 16* 19 21 23 10 0 0.005
Spleen 3 5 7 10 12 19 25 29 10 0 0.005
Thymus 4 5 7 7 18 23 43 45 10 0 0.005

1 2 3 4.5 4.5 5 6 7 R U'? p<
Kidney 1 3 3 7 7 14 14 18 10.5 0.5 0.01

Serum Rank Number

1 2 3 4 5 6 7 8

0.7 3 4 5 7 12 16 18

Anti- 5 7 7 11 14 19 29 43
Lymphocyte

Rabbit Anti- 3 5 7 10 14 19 21 45
Mouse Brain - 7

R U?

16 6

12 2

15 5

Anti-
Thymocyte

1 2 3 4 5 6.5 6.5 7

1 3 7 12 18 23 23 25

1 2 3 4 5 6 7 8 R U'? P<
Goat Anti-
Rabbit IgG- 0 0 -0.3 0.3 5 8 12 19 10 0 0.005
FITC

Rabbit
Serum

R U P<

13 3
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Table VIII (continued) --

1 2 3 4 5 6 7 8 R Ut  p<

Rabbit
Anti-Mouse 0.5 3 4 5 13 14 17 23 10 0 0.005
IgG

*Underlined mean exposure times are preleukemic
exposure times, and are calculated for R.

**R- Rank sum of the preleukemic group.

***U'- Sample statistical U value calculated from
NN' - U.
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TABLE IX

MANN WHITNEY U TEST OF FLUORESCENT ANTIBODY
STAIN EXPOSURE TIMES

Theta Specific Antisera with Leukemic Tissues

Tissue Sections Rank Number
1 2 3 4 5 6 R U' p<

Thymus and Spleen* 19 23 25 29 43 45 11 2 0.05

Thymus and Kidney 14 14 18 23 43 45 6 0 0.05

Thymus and Lymph node 5 11 12 23 43 45 6 0 0.05

Spleen and Kidney 14 14 18 19 25 29 6 0 0.05

Spleen and Lymph node 5 11 12 19 25 29 6 0 0.05

Kidney and Lymph node 5 11 12 14 14 18 6 0 0.05

Theta Specific Antisera with Preleukemic Tissues

Tissue Sections Rank Number

1

Thymus and Spleen 3

1

Thymus and Kine 1

Thymus and Lymph node.

1

5

2

5

2

3

2

7

3.5 3.5

7 7

4 5

7 10

3 4.5 4.5 5

5 7 7 7

3 4 5 6

7 19 21 23

R U'

9.5 3.5

R U'

7.5 1.5

R

6

U'

0

P<

0.05
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Table IX (continued) --

1 2.5 2.5 3 3 3.5 6.5 0.5

Spleen and Kidney

Spleen and Lymph node

Kidney and Lymph node

1 2 3 4 5 6

3 7 10 19 21 23

1 3 7 19 21 23

6 0 0.05

6 0 0.05

1 3 3 7 7 10

*Values of underlined exposure times are calculated
for R.



CHAPTER IV

DISCUSSION

Leukemic lymphocytes from the AKR strain have not been

histochemically characterized with respect to the density

of theta antigen on the cell surface. Cytotoxicity studies

by Fillipi et al. (23) demonstrated that leukemic AKR

thymocytes are insensitive to treatment with rabbit anti-

mouse brain serum (RAMB) and complement, which has greater

specificity for theta dense lymphocytes. Asakuma and Reif

(2) prepared antisera against AKR strain thymocytes, splenic

lymphocytes, brain tissue, and leukemic lymphocytes. These

antisera were then tested against AKR strain thymocytes,

splenic lymphocytes, and leukemic cells. Thymocytes showed

the greatest per cent lysis with all the antisera and

complement than splenic lymphocytes and leukemic cells.

The leukemic cells demonstrated similar specificity to the

spleen lymphocytes when tested with anti-thymocyte serum

and anti-splenic lymphocyte serum. However, the leukemic

cells were more sensitive to anti-brain serum and anti-

leukemic cell serum than the spleen lymphocytes. The

data presented by these workers thus suggest that theta

antigen density on the leukemic cell is more like that on

lymphocytes from the spleen than on thymocytes, i.e., there

93
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is a lower density of theta antigen on the latter cells.

Shevach et al. (73) demonstrated that AKR strain leukemic

cells were more sensitive to anti-lymphocyte serum than

to anti-thymocyte serum, results compatible with the study

by Asakuma.

Zatz et al. (89) observed two types of leukemias in the

AKR strain. The two leukemias, type A and type B, developed

in the AKR strain of mice in a 3:1 ratio, respectively.

The most prevalent leukemia, type A, was characterized by

enlarged spleen, thymus, and lymph nodes. Type A leukemic

cells were found to be sensitive to anti-thymocyte serum

and complement. Type B leukemia was characterized by an

atrophic thymus and enlarged spleen and lymph nodes. Leu-

kemic cells from type B malignancy were insensitive to

treatment with anti-thymocyte serum and complement. Type

A leukemia was shown to be a thymus-dependent leukemia,

since the thymus was observed to be a necessary organ for

development of leukemia. In contrast, type B leukemia

was found to develop in thymectomized AKR strain mice,

and therefore, was referred to as a thymus-independent

leukemia. The study by Zatz implies that the prominent

cell arising from AKR strain leukemia has dense surface

theta antigen, thus suggesting involvement of less mature

lymphocytes that typically have greater amounts of theta

antigen. However, studies by Asakuma and Reif, Fillipi

et. al., and Shevach et al. indicated that the leukemic
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cells from the AKR strain were insensitive to antithymocyte

serum, indicative of lesser amounts of theta antigen, which

is generally found on mature lymphocytes. The possibility

that all of the latter three studies were limited to mice

with type B leukemia are doubtful in view of the less

frequent occurrence of type B leukemia compared to that of

type A leukemia. Discrepancies in results among these

studies could be due to differences in experimental tech-

niques or an indication of the complex variation of this

disease in the AKR strain of mice.

The leukemic mice selected in this study conformed to

the type A leukemia. The leukemic thymuses and spleens

were statistically larger, p<0.01, than the preleukemic

thymuses and spleens. The theta antigen densities were

differentiated by using theta antisera which had been

reported to be specific for cells with either dense or

sparse amounts of theta antigen (1,.2, 23, 36, 42). Rabbit

anti-mouse thymocyte serum (ATS) and RAMB have been shown

to bind theta dense lymphocytes, less mature lymphocytes

(1, 23, 36). Rabbit anti-lymphocyte serum has been shown

to bind to lymphocytes with sparse amounts of theta antigen,

i.e., the more mature cells (42). Analysis of fluorescent

exposure times, used to quantitate brightness of fluorescence,

failed to show clear differences in staining with the theta

specific antisera between prel ukemic and leukemic groups
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of tissues. However, trends in the immunofluorescent

staining could be observed when the fluorescent exposure

times were analyzed by the Mann-Whitney U test. The Mann-

Whitney U test can provide statistical analysis of small

sample size based on rank order of sample measurements (27).

This type of statistical analysis is most suitable for data

which do not conform to the normal population distribution.

Interpretations of results based on such evaluations indi-

cated that binding of theta specific antisera to leukemic

thymuses, spleens, and kidneys was significantly greater,

P<0.05, than to preleukemic thymuses, spleens, and kidneys.

However, significantly more theta specific antisera, p<0.05,

was bound to preleukemic lymph node tissues than to leukemic

lymph node tissues. The greater binding of anti-theta serum

by leukemic cells in the thymus, spleen, and kidneys concurs

with the results from Zatz's study (89). Furthermore, sig-

nificantly brighter fluorescence, p<0.05, with theta specific

antisera was quantitated in leukemic thymuses and spleens

than in leukemic kidneys and lymph nodes. Leukemic kidneys

had significantly brighter fluorescence, p<0.05, than leu-

kemic lymph nodes by U test analysis.

The thymus has been implicated as the target organ in

AKR strain leukemia-lymphoma (73). The disease has been

associated with the transformation of T-lymphocytes, derived

from the thymus (15, 24, 39, 50, 74, 89). Leukemic spleens
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thymuses, and kidneys demonstrated greater fluorescence

with the theta specific antisera than the same tissues from

preleukemic mice. However, the diminished fluorescence

of the leukemic lymph node compared to the preleukemic

lymph node was not expected. Hematoxylin-eosin stain,

a tissue stain for examination of cellular morphology, showed

that thymuses, spleens, lymph nodes, and kidneys from leu-

kemic mice were packed with lymphocytes. Tissues from

preleukemic mice had moderate lymphocyte infiltration and

a few lymphocytic germinal centers. Kidneys from the two

groups were indistinguishable and both had considerable

lymphocyte infiltration. Two leukemic kidneys had several

lymphocytic germinal centers. Two morphological types of

lymphocytes were observed to populate the tissues of the

two groups. One type, found in the most densely packed

cellular areas of malignant tissues, had a very light

staining nucleus with a hollow-appearing center. This cell

type appeared larger in size than the second type. The

second type of lymphocyte found in more sparsely populated

cellular areas of the tissues had a darker staining nucleus.

Preleukemic tissues were predominantly infiltrated with the

second type of lymphocyte. The former type of cell predomi-

nated the cell population in leukemic tissues. This

observation of large lymphocytes in tissues of leukemic AKR

strain mice is consistent with a study by Siegler et al. (74).
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Although the lymphocytes in the leukemic tissues have under-

gone morphologic alterations, it is apparent from the

fluorescent antibody data that these cells do not lose the

theta antigen. The presence of theta antigen on the cell

surface of leukemic AKR strain cells is in agreement with

several other studies (9, 36, 50, 64, 66, 83, 89, 90). The

cytotoxicity studies by Asakuma and Reif (2) with the various

theta antisera showed that theta antigen density on AKR

strain of leukemic cells was comparable to that on AKR

strain of splenic lymphocytes. This suggests that leukemic

cells have lesser amounts of theta antigen on the cell

surface. Based on the results of the latter study, it then

seems reasonable to assume that the increased mean exposure

times or fluorescence obtained in this study with the

leukemic tissues compared to the preleukemic tissues, except

in the lymph nodes are due to the increased numbers of

lymphocytes in the leukemic tissues.

Presence of immunoglobulin G was also examined in the

kidneys of the preleukemic and leukemic AKR strain mice.

Oldstone et al. (59) demonstrated antibody responses in

the AKR strain to the endogenous Gross leukemic virus.

Immune complex disease has been described in the AKR strain

at nine months of age. The use of anti-mouse IgG in the

immunofluorescent technique was expected to reveal bright

fluorescence, primarily in the AKR strain leukemic kidneys.

However, significantly greater fluorescence, p<0.05, with
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IgG antiserum was observed in all tissues from leukemic mice

when compared to preleukemic mice. There are two possible

explanations for presence of greater amounts of IgG in

the tissues of leukemic mice than in preleukemic mice. One,
the IgG could be a result of humoral responses or immune

complexes to the virus. Humoral immune respones could

develop to new or altered cell surface antigens of non-viral

origin on the transformed lymphocytes. However, this has

not been demonstrated. Two, the IgG could be cell surface

immunoglobulin on the leukemic cells. Oldstone et al. (59)

observed two antibody responses in the serum of AKR strain.

One was complement fixing antibodies to the internal virion

component, and the second was antibodies to Gross cell sur-

face antigens. In view of the reported humoral response

elicited by the AKR strain, it seems likely that the IgG

could be autoimmune complexes bound to the leukemic cells.

Increased amounts of IgG as a result of cell surface

immunoglobulin is also a reasonable explanation. However,

in two studies on AKR strain cell surface antigens, the

presence of cell surface IgG was not observed.

Schwartz et al. (71) demonstrated membrane IgM on

the surface of three AKR strain lymphomas, but little IgG.

Another study by Nell et al. found no surface immunoglobulin

or complement (Fc) receptors on the AKR strain leukemic

cells (56). Both studies examined cell surface immuno-

globulin on whole cell preparations as opposed to
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examination of tissue sections used in this study. Further

studies using cell suspensions and tissue sections from the

same mouse would provide the source for differentiation or

cell surface immunoglobulins or immune complexes in the

tissues of leukemic AKR strain mice.

Tissues for the histochemical staining reactions were

fixed by two different methods, the cold ethanol technique

and the formol-glutaraldehyde fixation technique.

Brandtzaeg modified the cold ethanol technique by Saint-

Marie for fixation of soluble antigens in tissues. Immuno-

fluorescent staining was used to localize the soluble

antigens (13). The cold ethanol method provides a mild

method of fixing tissue antigens, followed by paraffin infil-

tration and embedding. The second fixation method,

formol-glutaraldehyde, was reported as a fixation technique

for localization of peroxidase in tissues (61). The cold

ethanol technique was the easier of the two methods to perform,

and the structural integrity of the tissue sections cut on

the microtome was retained following fixation by this tech-

nique. All staining procedures, therefore, were done on

sections fixed by the cold ethanol technique. However, a

problem common with the use of paraffin embedded tissues for

fluorescent antibody studies was encountered, i.e., auto-

fluorescence. Extra care was taken to insure removal of

paraffin from the tissues. Before application of the
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primary antisera, the tissue sections were examined and

exposure times taken on the various tissues.

Autofluorescence in the tissue sections was quantitated

by fluorescent exposure times prior to the application of
antiserum or fluorescent stain. The amount of autofluores-

cence was quite different between the tissues.

Autofluorescence is increased in thick tissue sections or

in sections stored for a long time. Kawamura recommends

that tissue sections for fluorescent antibody staining be

cut no thicker than four microns to reduce the probability

of increased autofluorescence (38). All tissue sections

used in this study were cut at seven microns. A problem of
poor tissue integrity was encountered when tissues were cut
less than seven microns thick. Therefore, the amounts of
autofluorescence observed in the tissues could be due to

several possible factors.

In order to account for autofluorescence in the tis-

sues, the difference was taken between the autocontrol

exposure times and the exposure times from the nonspecific

staining controls and test tissues. All of the positive

exposure times, referred to as normalized exposure times,

indicated the actual amount of fluorescence produced by
the binding of the immunofluorescent dye. The amount of

fluorescence from the theta specific antisera had to be

subtracted from the normalized exposure times for the
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IgG stain, since the fluorescence from the IgG was due

to a double labelled stain with rhodamine and fluorescein.

Quantitation of fluorescence was done by taking 6 to

10 photomicrograph exposure times over various areas of the

tissue sections at 250x microscopic power. The camera

mounted on the microscope was connected to a photomultiplier

tube which controlled the exposure times. The amount of

light detected by the photomultiplier unit was controlled by

an object dark/light ratio adjustment. For example, this

control allowed more light to be detected by the photomul-

tiplier with large objects in the microscopic field. Less

light was detected by the photomultiplier with small objects

in the microscopic field. The rationale for the control was

that the larger objects absorb more transmitted light and

the smaller objects absorb less light, so this accounts for

difference in object size. The traditional method used to

quantitate fluorescence has been the ability of human vision

to detect differences in fluorescent brightness. This type

of qualitative judgment was graded in the form of plus marks,

four plus being the brightest fluorescence observable.

However, in recent years instrumental methods for the eval-

uation of immunofluorescence have been developed. Many

available instruments, such as the one used in this study,

employ a photometer unit to detect fluorescent brightness

(26). When optical filters can be inserted with a fluorometric
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unit, detection of fluorescence at specific wavelengths

provides more accurate fluorescent analysis. For example,

one study utilized a fluorometer with specific excitation

(366 nm) and specific emission (460 nm) filters for the

examination of the reduction of NAD in bacterial cultures

(88). A number of more sophisticated microspectrofluoro-

meters have been assembled, some of which are capable of

automatic scanning and selection of cells showing pre-

determined levels of fluorescence, comparing fluorescence

on different areas of a cell, and spectral fluorescent

analysis on tissues and suspensions. However, a single

instrument has not been developed which can perform all of

the aforementioned functions.

The unlabelled antibody enzyme stain was the second

immunocytochemical stain used to localize anti-theta sera

binding on the mouse tissue sections. The peroxidase

immunoenzymatic stain offers several advantages over the

immunofluorescent stain. These advantages include: peroxi-

dase stained tissues are permanent; peroxidase stain can be

used as a double or triple label by alteration of substrates;

products of peroxidase stain can be used for electron micro-

scopy; light microscopy used for peroxidase stain is less

fatiguing to view than fluorescent microscopy; and substrates

for immunoenzymatic staining withstand the effect of radio-

activity and photographic reagents (62, 85). Although the
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use of the peroxidase-anti-peroxidase (PAP) marker in the

unlabelled antibody enzyme stain is a relatively new techn-

nique developed by Sternberger, many studies have utilized

it successively for the localization of antigens (9, 20, 52,

75, 76). However, a major problem of nonspecific staining

was encountered in the present study, probably due to non-

specific binding of the peroxidase-anti-peroxidase complex.

Tissues were treated with reagents to insure the removal

of endogenous peroxidase before staining, so endogenous

peroxidase was eliminated as a potential factor. The

PAP complex was found to be contaminated with cross-

reacting or heterophile antibodies in the rabbit anti-peroxi-

dase serum. The heterophile antibodies probably bound

peroxidase as anti-peroxidase antibodies in the conjugation

procedure. During the staining reaction, the Fc portion

of the PAP complex probably bound to the mouse tissues to

produce nonspecific staining. The intensity of the nonspe-

cific staining was observed to be affected by the different

concentrations of primary antisera incubated with the

tissue sections. Tissues incubated with high concentrations

of primary antisera had less staining than tissues incubated

with low concentrations of primary antisera. This effect

was most probably due to fewer binding sites for the non-

specific binding of PAP complex in tissues incubated with

high concentrations of primary antisera, and a greater
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number of binding sites for PAP complex in tissues incu-

bated with low concentrations of primary antisera.

Cytotoxicity testing was another procedure used to

test the effective anti-theta serum strength or titer for

binding AKR strain lymphocytes and lysing antibody-bound

lymphocytes in the presence of complement. The simplest type

of cytotoxicity testing is done as a lymphocyte viability

stain. This method of lymphocyte cytotoxicity testing is

the recommended procedure by NIH for histocompatability

testing of white cells. The NIH method of histocompatability

testing offers the primary advantage of utilizing one micro-

liter volumes of cells and antiserum and exceeds 98% repro-

ducibility (68). More quantitative cytotoxicity testing

is done by radioisotope incorporation into the test cells,

and the amount of released isotope provides quantitation

of cell lysis (84). The cytotoxic test system used in this

study estimated cell lysis in the presence of anti-theta

serum or complement. However, several problems were

encountered with this assay. There are three probable causes

for the failure of this test. One, test results were diffi-

cult to quantitate because the results were a qualitative

judgment of the per cent lysed cells. This method of cyto-

toxicity testing may be more precise when the investigator

is accustomed to a qualitative method of scoring. A second

problem in the evaluation of the results was interference
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with platelets. Clumps of platelets obscured the white

cells in many test wells and were difficult to remove

from the white cell suspension. The final potential prob-

lem could have been from the use of rabbit complement.

Rabbit serum has been found to contain naturally occurring

anti-mouse antibodies. Autolysis will occur when using

rabbit complement with murine white cells unless the comple-

ment or serum is absorbed with mouse tissues to remove these

antibodies (10).

In conclusion, the malignant T-lymphocytes from AKR mice

have not been characterized with respect to the density of

theta antigen in the present study. In view of the variable

results from many studies differentiating AKR strain leukemic

cells with various anti-theta sera by cytotoxicity assays,

perhaps the problem is more complex than originally antici-

pated (1, 2, 23, 36, 73, 89). The stages of leukemogenesis

in the mice examined in the present study were observed to

be different between mice of the same age and even between

mice from the same litter.

AKR strain lymphocytes have been found to express

increased amounts of cell surface antigen with age. The

majority of these new antigens are virion antigens (32, 39,
82). Perhaps the densities of these new antigens vary in

concentration between individual mice. If this possibility

exists, then leukemic cells with high density of viral
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antigens could potentially mask or hinder the detection of

cell surface theta antigen by sterically interferring

with the binding of the anti-theta serum. In contrast,

leukemic cells with lower densities of viral surface anti-

gens could have a greater number of theta antigen receptors

available for binding anti-theta serum. The immunofluorescent

results from this study concur with other reports, denoting

a T-lymphocyte lymphoma in AKR strain mice (39, 56, 71, 73,

83, 89, 90). The presence of immunoglobulins on AKR strain

leukemic cells needs to be closely reexamined. A study by

Schwartz et al. (71) demonstrated IgM receptors on the sur-

face of AKR strain leukemic cells. Analysis of immuno-

fluorescent staining in this study indicated greater binding

of IgG antiserum to all leukemic tissues than to preleukemic

tissues. Further immunofluorescent studies performed on

leukemic cell suspensions and tissues could possibly clarify

the role of IgG as either cell surface immunoglobulin recep-

tors or immune complexes bound to the tissues.

One of the most important areas for future studies on

the AKR strain of mice should be the variation in the evo-

lution of neoplastic cells. Based on the results from other

studies different lines of leukemic cells and malignant

metastasis are diverse within this genetically-homologous mouse

strain. Zatz et al.(89) described two types of spontaneous

AKR strain lymphomas. The two lymphomas were observed
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to arise from two different origins. Nell et al. (56) con-

firmed Zatz's report of two different leukemic cell lines

in AKR mice. Schwartz et al. (71) examined cells arising

from three different spontaneous AKR strain lymphomas. The

AKR strain provides an excellent model for the study of the

evolution of different leukemic cell lines and immunological

reponse to the virus. Further studies like the present

study examining cell surface antigens on preleukemic and leu-

kemic AKR strain lymphocytes should be expanded. These

types of studies could provide information pertinent for

the study of malignant disease variation and serve as models

for studies on "cancer families".
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