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Abstract

A study was undertaken to establish the effect of diets (NIH, casein, soy) producing
different diabetes incidence in diabetes-prone (BBdp) rats, on immune cells.
Lymphocyte phenotypes were determined at 14 and 30 days of age. Feeding a
protective casein based diet increased the proportion of T cells (OX19+, CD8* and
CD4" ) at day 30 to more closely resemble that of non-diabetes prone rats, by T
cells. The CD4/CD8 ratio in the BBdp rats fed the casein and soy diets did not differ
from norma! rats at day 30 . Differences in T and B cell proportions were also seen
at day 14 in pups whose dams were fed different diets. Growth rate was different
between the three groups with animals fed the NIH diet weighing more. A
combination of early growth and an increased proportion of T celis may reduce the

incidence of diabetes in casein fed rats.
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Chapter One - Literature Review
I. Introduction
i. Human Insulin dependent diabetes mellitus

Insulin dependent diabetes mellitus (IDDM) is an autoimmune disease that
affects millions of people world-wide. IDDM involves the permanent destruction of
the insulin secreting B-cells of the pancreas. Treatment for IDDM involves the
provision of exogenous insulin for life and even with this treatment complications
often occur, including blindness, kidney damage and atherosclerosis. There is a
genetic predisposition to the disease, however not all susceptible individuals develop
IDDM (Wilkin T and Armitage M, 1986). In monozygotic twins the concordance rate
is less than 50% (Peakman et al., 1993; Barnett et al., 1981). These observations
imply that there are environmental factors involved in the etiology of IDDM.

ii. The Bio-Breeding Rat as a model of IDDM

The bio-breeding (BB) rat is an animal that spontaneously develops a
syndrome similar to human IDDM (Parfrey et al., 1989; Yale and Marliss, 1984). As
in human IDDM, the BB rat syndrome appears to be autoimmune in nature and
results in the permanent destruction of the insulin secreting B-cells of the pancreas
(Dean et al., 1987). As in IDDM there is a large genetic component in the disease
etiology (Fuks et al., 1988), but, like the human case, not all BB diabetes prone
(BBdp) rats develop e disease (Colle et al., 1992). This indicates that some
enviommental factor acts on a background of genetic susceptibility to produce the
IDDM-like syndrome in the BB rat. The BBdp rat strain developed spontaneously
from the BB rat strain now known as the BBn (non-diabetic) strain. BBn animals are
used for control animals in studies with BBdp rats.

II. Genetics
i. Human IDDM
There is without question a genetic component involved in the etiology of
IDDM. As stated above, there is a concordance rate of 40%-50% in monozygotic,
identical twins as compared to a 6% concordance rate between non-monozygotic
siblings (Thomson et al., 1988).



The HLA (Human Leukocyte Antigen) region of the genome found on the
short arm of chromosome six seems to be the region most closely connected to an
individual's susceptibility to develop IDDM. More specifically the HLA region that
encodes for class | and class II moiccules, tumor necrosis factor (TNF) and
complement has been shown to correlate with the presence or absence of IDDM
(Dorman et al., 1991). The class ! ~nd class Il molecules are those responsible for
the presentation cf antigens to T-cells. Caucasian individuals who possess the
genes for the DR3 and/or DR4 form of the class II molecules are at a much higher
risk for IDDM. Ninety percent of Caucasians with IDDM carry the DR3/DR4 as
compared to only 45% of non-diabetic individuals (Thorsby et al., 1991). In addition
those who possess genes for the DR2 form of the molecule are rarely found to have
the disease (Svejgaard et al., 1983). This association may be linked to a companion
molecule which is associated with the DR class I molecules and is encoded in the
same region of chromosome six. This molecule is the DQ molecule. It has been
shown that the DQw8 form which associates with DR4 is correlated to increased
susceptibility (Owerbach et al., 1983) while the DQweE form, associated with the DR2
molecule, is correlated to protection from IDDM (Tiwari and Terasaki, 1985). This
correlation may be due to a change in one residue of the molecule located at
position 57. The gene for DQw6 codes for aspartic acid at this position whereas the
gene for Dqw8 codes for a non-aspartic acid molecule (Todd et al., 1987). Residue
57 is located in the antigen binding cleft of the class II molecule and the importance
of this will be discussed in the section III.

The genes and their products mentioned above are those with the greatest
correlation to IDDM susceptibility in Caucasians. The fact that the HLA complex is
the area where they are located gives support for IDDM as an auto-immune disease.
Other genes, also located in the HLA complex are correlated with a higher risk for
individuals of other races.

ii. The BB Rat

In the BB rat the majority of the genes connected with susceptibility to or
protection from the diabetic syndrome are found in the major histocompatibility
complex (MHC) region of the genome (Colle et al., 1981). This region is analagous
to the HLA region in humans and is responsible for the production of class I and



class II molecules which are necessary for the recognition of an antigen by a T-cell
(Abbas et al., 1991).

The particular allele in BBdp rats that is most closely asscciated with
susceptibility or protection is the RT1 allele. Susceptibility to the disease requires
animals to be homozygous for the RT1" haplotype or heterozygous with RT1" in
combination with RT1%, RT1' or RT1® (Fuks et al., 1991: Colle et al., 1981).

The RT6 gene is also associated with the diabetic syndrome in these rats
(Rossini et al., 1986; Burstein et al., 1989). This gene codes for a maturation
marker found on the majority of T cells in the rat. There are two alleles of this gene
RT6.1 and RT6.2. It was believed that BBdp rats lacked this marker on their T-cells
(Greiner et al., 1986). Although the gene has been found to be normal (Thiele et al.,
1989), and is transcribed and translated in these rats, its level of expression on T-
cells is < 10% of BBn T-cells (Crisa et al., 1993). This defect in expression appears
to be thymus independent (Thiele et al., 1989) and is proposed to be the result of a
decreased lifespan of T-cells in the BBdp animal, since RT6 is a maturational marker
(Sarkar et al., 1992). Diabetes development is at least partially dependent on this
lack of expression and will be discussed further in section 11l ii.

III. Immunology
i. Human IDDM

Although it is widely accepted that IDDM is an autoimmune disease (Nerup
and Lernmark A,1981; Castano and Eisenbarth, 1990) the exact cause and nature of
the immuno-pathogenesis has yet to be determined. There is evidence that both the
humoral, and cell-mediated arms of the immune system are required for, and
involved in, the autoimmune process.

Many different antibodies have been associated with IDDM. In newly
diagnosed diabetic individuals, levels of islet cell antibodies (ICA) as well as insulin
antibodies (lA) are found to be elevated when compared to non-diabetic individuals
(Casali et al., 1990; Dahlquist et al., 1992). More importantly, the frequency of B
cells able to produce IA when stimulated is significantly higher in diabetic individuals.
The IA antibodies produced are a high affinity monoreactive IgG isotype compared
to low affinity polyreactive antibodies of IgA, IgM and IgG isotypes found in non-
diabetic individuals (Casali et al., 1990). The response in diabetic subjects



(monoreactive, high affinity IgG) is more indicative of a specific immune response
with memory characteristics (Abbas, 1991) than that of non-diabetic subjects
(polyreactive, low affinity IgM, IgA, IgG) which is believed to represent a natural
population of somewhat protective autoantibodies (Casali and Notkins, 1989; Ternick
and Avrameas, 1986).

Both ICA and IAA could be involved in the autoimmune destruction of the
pancreas by binding to proteins of the islet cells, IAA to insulin, and ICA to a 64 kD
protein found on the B-cell of the pancreas (Baekkeskov et al., 1990). Once bound,
the antibodies could initiate an antibody response resulting in the destruction of the
antibody-bound cells via complement or by recruitment of cytotoxic cells and
macrophages.

The 64kD islet cell protein is believed to be glutamate decarboxylase (GAD)
(Atkinson & Macleran, 1993) and it has yet to be determined conclusively whether or
not ICA are directly involved in disease process. However the level of these
antibodies is currently used in prevention studies to predict diabetes risk in first
degree relatives of diabetic individuals (Eisenbarth et al., 1993).

The major regulator of self-tolerance and therefore autoimmunity appears to
be the cellular arm of the immune system (Abbas et al., 1991). Although humoral
immunity may be important once the disease process is initiated (as discussed
above), it is likely that the triggering event in the autoimmune process of IDDM is
mediated through a defect or defects in an individual's cellular mechanism of self-
tolerance. Self-tolerance is maintained by deletion of, or induction of anergy in
autoreactive T-cells during their development (Abbas et al., 1991).

There are many components of the cell-mediated immune response that may
be involved in the immuno-pathogenesis of IDDM. The T-cells of these individuals
may be more easily and non-specifically activated than those of non-diabetic
individuals (Tun et al., 1994; Alviggi et al., 1984; Miyazaki et al., 1995). This alone
could lead to an inappropriate immune response since these cells could activate
autoreactive T or B cells that would not normally receive these signals (Abbas et al.,
1991). This phenomenon could result from abnormal activation by some factor,
such as a viral infection (Gamble, 1980), or by a lack of suppressor activity by the
immune system (Abbas et al., 1991). Although individuals with IDDi may also have
an increased risk of developing other autoimmune diseases (Weriman et al., 1992;



Gadd et al.,, 1992), which supports the theory of generally increased activation or
decreased suppression, IDDM with its very specific autoimmunity usually occurs
alone. Therefore, other mechanisms must play a role in the disease process.

Recently, various cytokines produced by monoytes and T-cells have been
implicated in IDDM (Lorini et al., 1995; Cavallo et al., 1992; Ohno et al., 1993).
Tumor necrosis factor alpha (TNF-a), a cytokine produced by macrophages, natural
killer (NK) cells and some activated T cells (Abbas et al., 1991 ), has been implicated
in IDDM (Lorini et al., 1995; Ohno et al., 1993). Initially it was believed to be a
causative factor in IDDM as TNF-a alone, or in combination with other cytokines can
directly impair B-cell function (Lorini et al., 1995). However these findings have not
been consistent. One study (Lorini et al., 1995) reported lower plasma levels in
diabetic patients than in healthy individuals, while another (Cavallo et al., 1991)
found higher cytokine concentrations in newly diagnosed patients compared to non-
diabetic subjects. However, there was no corresponding increase in bio-activity of
the cytokine when tested for using a cytotoxicity assay.

Eizirik et al., (1994) studied the ability of various cytokines to induce nitric
oxide (NO) mediated islet damage. Individual cytokines were unable to induce NO
production however IL1-B in combination with IFN-y and TNF-a did increase the
production of NO. Interestingly, this increase in NO did not impair the function of the
islets to release insulin in vitro. Exposure to the cytokine combination over six days
led to a decrease in glucose-induced insulin release but no apparent destruction of
the B-cells. Therefore these cytokines appear to suppress the function of the islets
rather than destroy them. This suppres:an was shown to be independent of NO
production. It is possible that this impaired islet function may lead to eventual islet
cell damage as human islet cells can be damaged by increased glucose
concentrations (Elzirik et al., 1992).

Clearly cytokines play a major role in any physiological process that is
mediated by the immune system. To date, the data about these biochemical
mediators is inconclusive. This is in large part due to the fact that there is
considerable in vitro data on individual cytokines but very little in vivo data. The
ever-increasing knowledge regarding cytokines will hopefully lead to a complete
understanding of their relationship to diabetes.



ii. The BB Rat

The BB rat shows many immune irregularities that may or may not be related
to and/or necessary for disease development and progression. As in the human
disease there is a significant increase in the number of auto-antibodies in the BBdp
rats as opposed to the control rats (Dyrberg et al., 1984). However it has been
established that it is abnormalities in the cellular arm of the immune system which
lead to the development of IDDM in these rats, since animals thymectomized prior to
30 days do not develop diabetes (Like et al., 1982; Like et al., 1986).

The most dramatic of these abnormalities is an extreme lymphopenia which
is characterized by a decrease in total lymphocytes with the largest deficiency in the
number of T-cells (Yale and Marliss, 1984; Jackson et al., 1983). This deficiency
occurs in all measurable subsets of T-cells. However the CD8+ cytotoxic/suppressor
cells are most affected, as virtually no cells of this subset are found in peripheral
circulation. Lymphopenia is present from birth and becomes more pronounced with
age due to a reduced expansion of T-ly- iphocytes compared to BBn rats (Yale et al.,
1985). In addition to their overall lymphopenia, BBdp rats have virtually no
circulating T-cells that are RT6"; RT6.1 being a marker found on almost all T-cells in
the BBn rat (RT6.2 is found in other rat strains).

Many studies have examined which cell types, alone or in combination, may
be necessary for diabetes to develop n BBdp rats. There are two main methods
used to examine this. One is to deplete young BBdp rats of specific subsets of cells
by injecting monoclonal antibodies thz: are cytotoxic to the desired cell subset, and
then monitor for diabetes occurrence. The other is to inject young BBdp rats with
specific subsets of mitogen stimulated cells, isolated from older, acutely diabetic
BBdp rats and monitor for diabetes to occur at an earlier age than normal; this type
of experiment is termed “adoptive transfer”.

Using these methods CD8" T-cells have been shown to be required for
diabetes development (Edourd et al., 1993; Like et al., 1986; Ellerman et al., 1993).
In addition, Barlow and Like (1992) showed CD2" cells, particularly the CD4* T-cell
subset of this group to be necessary for diabetes. This is confirmed by the
observation that extremely low numbers of activated CD4" cells can induce adoptive
transfer of diabetes from diabetic donors to young BBdp rats (Metroz-Dayer et al.,
1990)



Natural killler cells were initially thought to play an important role in the
pathogenesis due to the fact that their relative percentage compared to BBn rats is
higher and activity is increased (Woda & Biron, 1986). As well, they have been
shown to be cytotoxic to islet cells in vitro (Nakamura et al., 1990; MacKay et al.,
1986). However deletion of NK cells from BBdp rats does not change rhe incidence
of diabetes in these animals (Ellerman et al., 1993; Edourd et al., 1993). Therefore
NK cells may participate in the disease process but do not appear to be necessary
for it to occur.

Macrophages have been theorized to be potentially damaging to B-cells, as
NO produced by these cells has been shown to potentiate cytokine-induced B-cell
destruction in vitro (Suarez-Pinchon et al., 1994). As well, the administration of silica
to 60 day old BBdp rats decreases the incidence of diabetes in these animals
(Oschilewski et al., 1985). Silica has a specific action against macrophages by
destroying them or rendering them non-functional (Lowrie, 1982). Therefore the
results of the silica study appeared to show that macrophages play a significant role
in the disease pathogenesis. However it is important to note that other changes took
place in the silica treated rats. They were found to have enlarged parapancreatic
lymph nodes and granuloma tissue in the connective tissue of the gut and pancreas,
and larger spleens but fewer cells per gram of spleen (Oschilewski et al., 1985).
Also, although body weights of the two groups were the same prior to silica
treatment, growth following the treatment was diminished in the silica group leading
to significantly lower body weights in these animals at both 120 and 160 days of age
(Oschilewski et al., 1985).

In contrast to the data supporting the role of macrophages in diabetes it as
also suggested they may be involved in suppressing the autoimmune process
occurring in BBdp rats, as their removal from adoptive transfer injections leads to a
higher diabetes incidence (Metroz-Dayer et al., 1990).

Without question T-cells that express RT6.1 play an important role in
protecting animals from diabetes development. The BBn (resistant) strain which has
normal numbers of RT6" T-cells (compared to other rat strains) can be induced to
develop insulitis and/or diabetes by depleting this cell population (starting at 30 days
of age) using anti-RT6 antibody injections (Greiner et al., 1987; Jaing et al., 1990).
Another study concluded that RT6 depleted BBn rats were susceptible to diabetes



development but required an additional immunological stimulus to initiate the disease
(Like, 1990). This latter study was conducted in a SPF barrier colony, so it is
possible that the normal housing conditions in the former study provided the
additional stimulus through common antigens. Two of the studies, (Greiner et al.,
1987; Like, 1990), found that adoptive transfer of diabetes using injections of
activated spleen cells from RT6 depleted BBn rats into 30 d BBdp rats, was
successful.

Research using this animal model has shown that there is a critical period in
early life in which an animals susceptibility to diabetes can be altered. An example
of this is starting BBn RT6 depletion at different ages. Depletion started at 30 days
induces diabetes but there was no effect when depletion was started at 60 days,
even though depletion rates were the same (Greiner et al., 1987). These differences
also held for the adoptive transfer experiments; stimulated RT6 depleted cells from
60 d animals did not accelerate the disease process when injected into 30 d BBdp
animals (Greiner et al., 1987).

As in the human disease various cytokines may be involved in the disease
proces: . TNF-o production by activated macrophages is upregulated prior to insulitis
occuring in these rats (Rothe et al., 1990). However it is difficult to determine the
effect of this excess TNF-a as rats injected with TNF-o from week 4 to week 27 were
protected from the disease (Satoh et al., 1990). Therefore TNF-a appears to have
the potential for both a protective and/or causative role in BBdp rats. IFN-o, a
cytokine that is produced by islet cells, is also found to be upregulated prior to
diabetes onset in BBdp but diminishes after the onset of the disease, likely due to
the destruction of the cells which produce it (Haung et al., 1994). This experiment
also demonstrated that inducing increased levels of IFN-o by injections of poly I/C
(polyinosinic-polycytidilic acid) accelerated the development of diabetes in BBdp rats
and led to the disease occuring in BBn rats. This induction of IFN-o. must occur prior
to 55 days uf age to change the course of disease in these animals. BBdp rats
treated with anti-IFN sera show a slight delay in the onset of the disease, however
this treatment does not prevent the disease from occurring (Ewel et al., 1992). IL1-B
accelerated the onset of the disease when given via intra-peritoneal injections. This
could be a direct effect as this cytokine has been shown to produce specific p-cell
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lysis when used to perfuse an intact pancreas (Wogensen et al., 1990). There is
also potential for cytokines to be involved in protecting the B-cells from damage as
IL1-B and TNF-a induce the release of free radical scavengers in islets (Sandler et
al., 1991; Borg et al., 1992; Dayer-Metroz et al., 1992).

The study of cytokines and their effects is difficult and often produces
contradictory results, as seen above. Results often differ between in vivo and in vitro
studies as cytokines rarely act alone but rather in concert with each other. As stated
in relation to the human disease it is highly probable that they do play a role in IDDM
and further study would eventually elucidate this role.

IV. Environmental Factors in the Etiology of IDDM
i. Human IDDM

The same evidence that shows genetics play a role in the development of
IDDM (as discussed in section ii.), also indicates that environmental factors must be
involved. If this were not the case, the concordance rate in monozygotic twins would
be much higher than 50% (Peakman et al., 1993).

Statistics from population studies give strong support for the environmental
role in the disease process. The risk of developing IDDM is extremely variable
between geographical area locations. For example Finland has an incidence rate of
28.6 cases per 100,000, whereas Japan'’s rate is 0.8 per 100,000 (LaPorte, 1985).
Canada’s rate falls between these two, at 9/100,000 (LaPorte, 1985). As well there
is a difference in the incidence of IDDM between peoples residing in their traditional
geographical area and those of the same genetic pool residing in a non-traditional
area. An example of this is the different prevalence rates of Japanese children living
in Japan or Hawaii. In the former, the rate is 11.8/100,000 and in the latter it is
43/100,000 (Mimura, 1982). There have also been drastic increases in IDDM
incidence in genetically stable populations over periods of time, too short to allow
major genetic changes. In Finland the incidence rate rose from 13/100,000 to
33/100,000 between the early 1950’s and 1980’s (Reunanen and Akerblom, 1985).

The phenomena described above have been attributed to various
environmental factors. One of these is viral infection. The viruses Cocksackie B4
and rubella have both been linked to diabetes by the fact that many new cases of
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IDDM are reported following an infection of one of these viruses (Yoon, 1979: Muser,
1978; Gamble DR, 1980).

The strongest link between environment and IDDM has been shown in
studies relating early diet and feeding practices to the development of the disease
later in life.

i.a. Early Infant Diet as an Environmental Factor in the Etiology of IDDM

Many retrospective studies, with a variety of social and ethnic groups have
shown a negative correlation between the duration of breast feeding as an infant,
and IDDM occurrence in adolescence (Mayer et al., 1988; Kostraba et al., 1992;
Borch-Johnsen et al., 1984; Blom et al, 1989). In a 1994 meta-analysis of many of
these studies, Gerstein concluded that children who were breast fed for less than
three months had an odds ratic (OR) for IDDM of 1.43 (1.15-1.77) compared to
those breast fed for greater than three months. Therefore, it is reasonable tc predict
that although the disease usually manifests itself in early adolescence, events in
infancy could affect the disease process which is thought to be initiated many years
prior to the onset of overt IDDM (Gorsuch et al., 1981).

The duration of breast feeding could affect the pathogenesis of IDDM in an
individual for a variety of reasons. Breast milk contains many factors which
contribute to the development of the immune system in an infant. These include
immunoglobulins, cytokines, complement factors, lymphocytes and macrophages
(Ogra and Ogra, 1978). These immune components may be important in the normal
development of an infant's immune system since they confer passive immunity to
the infant while their own system is maturing. This will be discussed further in
section B, however it may be that this passive immunity via breast milk offers some
protection against the development of an inappropriate autoimmune response in
genetically susceptible individuals.

Breast feeding, if it is the exclusive source of nutrition for an infant, may also
conter protection by decreasing the potential of exposure to foreign antigens via solid
food or formula. Many of the retrospective studies that have examined the
relationship between breast feeding and diabetes incidence have also looked at the
correlation between the incidence of IDDM and the exposure to solid food and/or
formula, specifically cow’s milk. One study has shown that individuals with IDDM



were exposed to solid foods earlier than non-diabetic individuals (Kostraba et al.,
1993). This same study and another (Kostraba et al., 1992) have shown this
relationship also holds for specific ethnic groups. Even more research points to a
correlation between an earlier age of introduction to formula (mainly cow's milk
based) and increased incidence of diabetes (Kostraba et al., 1992: Kostra“:a et al.,
1993; Virtanen et al.,, 1994). As well there have been correlations made between
consumption of cow’s milk and incidence rates in specific geographical areas (Fava
et al., 1994; Dahl-Jorgensen et al., 1991). Using meta-analysis, Gerstein (1994),
reported an odds ratio of 1.63 (1.22-2.17) for IDDM in children who were fed cow's
milk before 3-4 months compared to those not exposed to cow's milk in this period.
This correlation was shown to be stronger in children who are considered “high risk”
due to their genetic profile (Kostraba et al., 1993).

Several theories have been developed to explain this correlation. One is that
there is a particular fraction of cow’s milk that may be responsible. Bovine serum
albumin (BSA), and some of its specific peptide sequences, are the components
most commonly thought to be diabetogenic (Karjalainen J et al., 1992 Virtanen SM
et al, 1994; Cheung R et al., 1994; Robinson BH et al., 1993). One peptide
sequence in BSA, the ABBOS peptide is thought to be simiiar to a peptide expressed
on the B-cell, p69. This theory holds that antibodies made to the ABBOS peptide are
able to cross-react with p69 and lead to the destruction of the B-cell (Karjalainen et
al., 1992). There is some evidence for this theory, as in some studies newly
diagnosed IDDM patients have an elevated level of anti-ABBOS antibodies
(Karjalainen et al., 1992). As well, ABBOS peptides found in an individual with
IDDM have not always been able to stimulate an immune response by that
indivic'ual’s lymphocytes (Atkinson et al., 1993).

There have also been studies which show a significant correlation between
antibodies to lactoglobulin and diabetes (Virtanen et al., 1994; Dahlquist et al.,
1992). These correlations may be meaningful, or they may simply be the result of a
stimulated immune system in diabetic patients. Other possibilities include a
relationship with early introduction of cow's milk via formula, or current consumption
of cow’s milk (at time of anti-body testing), as both of these variables have been
correlated to significantly higher levels of antibodies to cow’s milk proteins in diabetic
and non-diabetic individuals (Kletter et al., 1971; Taino et al., 1988; Virtanen et al.,
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1994). From these findings it is apparent that more extensive research is needed to

determine if dietary antigens are involved in the pathogenic process.

i.b. The Effect of Early Diet on Growti

A significant difference between infaints who are breast fed and those who are
bottle fed is their rate of growth in the first year of life. Formula fed infants grow
more rapidly than those who are breast fed and this difference remains after the
introduction of solid foods (Heinig et al., 1993; Dewey et al., 1992; Roche et al.,
1993; Pathak et al., 1993). This difference in growth rate is likely due to formula fed
infants consuming more energy than those that are breast fed) and more protien
(Heinig et al., 1993), in the first year of life. This may be because in breast fed
infants solid food replaces the milk source and it is usually additional in formula fed
infants (Heinig et al.,, 1993). There is evidence to suggest that the differences in
body weight between these two groups is due to increased fat gain in formula red
infants over breast fed (Dewey et al., 1993).

ii. The BB Rat

As in the ~ase of human IDDM, genetic susceptibility is necessary for the
disease to develop, yet not all BBdp rats become diabetic (Colle et al., 1992). Due
to the fact that rat colonies have much more controlied environments than free living
humans, variations in envircnmental influences can be studied more easily.

IDDM in the BB rat has also been linked to viral infections. In contrast to
humans, there is evidence fcr both a protective and causative role for viruses (Scott
and Marliss, 1991). However one of the main environmental factors that has been
linked to the disease etiology is diet and early feeding practices.

it.a. Diet as an enviornmental factor in the etiology of IDDM in the BB rat
The BB rat has proven to be an exceptional model to study the effects of diet
on diabetes incidence. Dietary manipulation can greatly affect the incidence of the
disease in these animals (Elliot and Martin, 1984; Scott et al., 1985; Daneman et al.,
1987; Issa-Cergui et al., 1989; Hoorfer et al., 1992).
The first studies to show a diet effect compared incidence rates of rats
weaned on to a comrnercial, cereal based, non-purified diet (chow) to those fed a
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semi-purified (SP) diet (Scott et a!., 1985; Issa-Cergui et al., 1989). The results
showed a significant drop of at least 50% in the rats fed the semi-purified diet (Scott
et al., 1985; Issa-Cergui et al., 1989; Scott and Marliss, 1991: Hoorfer et al.,, 1992).
Both the timing and duration of exposure to the SP diet were found to be critical for
the effect to occur. The diet must be introduced before 30 days of age and continue
for at least 100 days in order to decrease the diabetes incidence (Issa-Cergui et al.,
1989; Scott and Marliss, 1991). These results support the likelihood of a critical
period in early life being important in the development of the disease. This
corresponds to the human studies discussed above, which also indicate that early
diet practices have an effect on the occurrence of IDDM later in life.

In response to the results of these studies, many investigators have
attempted to determine which component of the chow diet might be diabetogenic.
Studies examining the protein source of the rat diet have shown variable results.
Several have looked at the role that cow’s milk proteins (CMP) may play in the
disease pathogenesis. One study (Elliot and Martin, 1984) showed that weaning
pups onto a diet utilizing synthetic amino acids as the protein source, gave an
incidence rate of 15%. Pups w:=ned to an identical diet with 1% skim milk powder
added, had an incidence rate ot "%, which was the leve! normally seen in the chow
fed BBdp rats in this colony. ,.:other study (Daneman et al., 1987) following a
similar protocol, weaned animals to one of three different diets: chow without CMP,
chow with 1% CMP or regular chow which contains 0.3-0.4 % CMP. They found that
the animals weaned to chow without CMP had a significantly lower incidence of
diabetes than those animals weaned to regular chow or chow with 1% CMP added.

Milk protein contains as many as 25 different proteins, with the main sources
being casein, lactoglobulin and lactalbumin (Scott et al., 1994).  Different
investigators have attempted to elucidate which of these fractions, when present in
the diet may lead to an increased risk of IDDM. Caseir has been shown to give a
low incidence of diabetes when it is the sole protein source in a weaning diet
(Hoorfar et al., 1991; Hoorfar et al., 1992; Scott et al., 1985; Issa-Chergui et al.,
1988). The incidence rates are lower when the casein is given in hydrolyzed form
(Hoorfar et al., 1991), although purified non-hydrolyzed casein has also been shown
to give a low incidence compared to chow diets (Brogren et al., 1988). Plant proteins
have also been examined in relation to the incidence of diabetes in the BB rat. The



most extensively studied have been wheat and soy proteins. Gliadin, the major
component of wheat protein (gluten), is the dietary component implicated in celiac
disease: an intestinal enteropathic disease which may be autoimmune in nature.
This may be significant in the study of IDDM as the incidence of celiac disease is
higher in children with IDDM (Gadd et al., 1992). The effect of wheat protein on
IDDM incidence in humans has been difficult to study since most infants are
exposed to wheat after exposure to many other protein sources and/or at the same
time as other fuod types. In the BB rat, wheat gluten has not been shown to be
diabetogenic when included as the protein source in a SP diet, compared to a casein
based SP diet (Hoorfar et al., 1991; Elliot & Martin, 1984; Scott & Marliss, 1991). In
studies examining the effect of dietary fat on IDDM incidence in the BB rat, very little
effect has been shown (Issa-Chergui et al., 1988; Hoorfar et al., 1992).

Soy protein which is the protein source in many infant formulas has been
shown to give an intermediate incidence of diabetes in the BBdp rat when compared
to casein based diets (Hoorfar et al., 1991; Scott et al., 1994). However it has also
been determined that the source of the soy protein is important in determining the
disease incidence. Defatted soy flour was found to give an incidence rate of 60%
while soy hydrolysate gave a lower incidence rate of 35% (Brogren et al., 1989).
This study (Brogren et al., 1989) also supports the theory of a critical period in early
life that can influence diabetes development. Comparison between rat pups
weaned early (day 23-24) and those weaned later (day 25-27), showed those in the
late weaning group had a lower incidence of diabetes.

At the present time the causes for the extreme differences in diabetes
incidence attributable to diet have yet to be determined. As in the human disease
there are several possibilities. One is that diets which give a low incidence contain a
protective component. Two, an autoimmunogenic trigger is contained within the
diets giving a high incidence. Currently the latter theory is more widely accepted.
The third possibility is that early diet alters the development of the immune system in
genetically susceptible individuals or BBdp rats, to either prevent or allow the auto-

immune process to take place.
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ii.b. The Effect of Diet on Growth

Another possibililty exists that is not related to specific components per se.
Chow diets typically give significantly higher rates of growth than SP diets (Elliot &
Martin, 1984; Hoorfar et al., 1992). It has been shown that, in a given colony, rats
with the highest body weight in the early juvenile period (10-40 days) show a
significantly greater risk of developing diabetes later in life (Pederson et al., 1994).
The animals that did not develop diaabetes showed lower plasma and pancreatic
insulin levels as early as 20 days of age (Pederson et al., 1994). These results may
indicate that high growth rates per se, or their effects on pancreatic function, may
contribute to their subsequent development of diabetes.



Chapter Two - Research Plan
Rationale

Nutritionally complete weaning diets have bean snown to significantly alter
diabetes incidence in the Bio-breeding diabetes prone (BBdp) rat (Elliot & Martin,
1984; Scott et al., 1985). Pups weaned to non-purified (NP) laboratory chow develop
diabetes with an incidence rate of 60%-80% (Scott et al., 1994). Pups weaned to a
soy or casein based semi-purified (SP) diet have a lower incidence of diabetes, 40%-
60% and 20%-30% respectively (Scott et al., 1994). There are several possibilities
to explain these differences. The first is that NP chow diets contain some antigenic
trigger which initiates the auto-immune response. It is also possible that weaning to
nutritionally different diets alters the development of the immune system in general
which may lead to alterations in potential autoimmune responses. Chow diets also
lead to an increased rate of growth compared to SP diets (Elliot & Martin, 1984;
Hoorfar et al., 1992) and it is possible that this increased growth rate and its
relationship to endocrine function contributes to the disease pathogenesis. Two
other theories to explain this difference in incidence rates focus on the SP diets.
One is that these diets contain some protective factor which prevents the auto-
immune process from occurring. The other is that iceding these diets protects
against diabetes by preventing exposure to the auto-immune trigger in NP chow
dies.

BBdp rats are known to have irregularities in their immune systems including
a pronounced T-cell lymphopenia, particularly in the CD8+ cytotoxic/suppresser
subset. Studies to date have focused mainly on incidence rates following weaning to
different diets, with very little examination of phenotypic differences in rats fed
different diets. As well, most studies using the BB rat begin feeding experimental
diets at 21 days of age, the standard age for weaning of rat pups even though pups
were exposed to the dams diet which was usually chow. Since changes in immune
responses can occur with very little antigen exposure, this brief but early exposure to
the dams diet may significantly alter the ontogeny of the pups immune system.

The aim of this study was to examine differences in the immune system of
BBdp rats 14 and 30 days of age fed one of three nutritionally complete diets known
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to result in different diabetes incidence; NIH chow (high incidence), casein based SP
diet (low incidence) or soy based SP diet (intermediate incidence).

Concurrently with the study of the BBdp rats, Bio-Breeding non-diabetic prone
(BBn) rats were fed the same diets and served as the control rats in this study.

Hypoiheses

1. BBdp rats fed different diets from birth to 30 days of age would show differences
in lymphocyte phenotype profiles. Animals fed the chow diet would show the typical
BBdp lymphopenic profile. Animals fed the casein based SP diet would show
increased numbers of T-cells and those fed the soy based SP diet would be
intermediate between the two.

2. Feeding the three diets (NIH chow, casein based SP diet, soy based SP diet) to
BBn rats would not significantly alter the phenotypes of lymphocytes.

Research Objectives
The hypotheses will be tested in the following ways.
Hypothesis One

BBdp dams will be fed one of three experimental diets prior to giving birth:
commercial NIH-07 chow (meal form), casein-based semi-purified diet or soy-based
semi-purified diet. At weaning (21 days of age), pups will be fed the same diet as
their respective dams. At 14 and 30 days of age, pups will be killed. At 14 days of
age lymphocytes will be isolated from the spleen and immune cell phenotypes will be
identified using one way immunofluorescence. At 30 days of age, lymphocytes from
spleen, blood and mesenteric lymph nodes will be isolated and immune cell
identified by one way immunofluorescence.
Hypothesis Two

The same protocol will be used to examine the effect of the three diets on
immune phenotypes in the lymphoid organs of the BBn rats.



Chapter Three - Materials and Methods
i. Chemicals
Bovine serum albumin (fraction V) and trypan blue were purchased from
Sigma Chemical Co., St. Louis, MO. Paraformaldehyde was purchased from
Anachemia Science, Montreal, PQ, Canada.

ii. Animals and Diets

This study was carried out in accordance with the guidelines of the Canadian
Council on Animal Care and was reviewed and approved by the Animal Policy and
Welfare Committee, in the Faculty of Agriculture and Forestry.

Male and female BBn and BBdp animals were obtained and from the
Department of Agricultural, Food and Nutritional Sciences colony. The original
breeding stock for this colony was obtained from the Animal Resources Division,
Health Protection Branch, Health Canada, Ottawa ON, Canada.

Three diets were used in this experiment. A non-purified chow diet (NIH-O7
Rodent Diet, Ziegler Bros. Inc. Gardners, PA, USA), and two purified diets with the
protein provided as either soy or casein. The two purified diets were made in our
laboratory and were based on the AIN-76 diet (ICN, Montreal, PQ, Canada). The
lipid content of the purified diets was 42% (w/w) with a P/S ratio of 0.4. These values
were based on an average of several infant formulas. The nutrient content of the
diets are shown in table 1.



Table 1. Diet Compositions

Casein/Soy’ o NIH-07°°
INGREDIENT | %(w/w) INGREDIENT | %w/w
Carbohydrate 27.0 I Carbohydrate 49.9
(Cornstarch) ‘

Fat 20.00 Fat 5.7
safflower oil 6.2

linseed oil 0.72
beef tallow 13.6
Casein 27.05 Protein 225
Soy protein 27.05
Non-nutritive 8.0 Fibre 3.9
Cellulose

' Supplemented (per kg of diet) with;10 g AIN-vitamin mix; 35 g AIN-mineral mix; 3 g
DL-methionine and 2 g choline bitartrate. Vitamin mix contains (g/kg mix); thiamin
hydrochloride, 0.6; riboflavin, 0.6; pyridoxine hydrochloride,0.7; nicotinic acid, 3; D-
calcium pantothenate, 1.6; folic aciy, 0.2; D-biotin, 0.02; Vitamin By, 0.02; D,L-
alpha-tocopherol acetate, 20; cholecalciferol, 0.25;sucrase, 973; and 1.2 x 10° RE
(retinylacetate). ~ Mineral mix contains (mg/kg ix); CaHPO,, 500; NaCl, 74;
K3CeHsO7-H20, 220; K2SO4 , 52; MgO, 24; MnCOs, 3.5; CgHsO-Fe-3H,0, 6; zinc
carbonate, 1.6; cupric carbonate, 0.3; Kl, 0.01; Na;SeOs, 0.01; CrK(SO4)>-12H,0,
0.55; sucrose, 118.

2 Supplemented (g/100g) with; NaCl, 0.5; dicalcium phosphate, 1.25; ground
limestone, 0.5; premixes, 0.25.

® Macronutrients supplied as (g/100g); dried skim milk, 5; fish meal, 10; soybean
meal, 12; altalfa meal, 4; corn gluten meal, 3; ground yellow shelled corn, 24.5;
ground hard winter wheat, 23; wheat middlings, 10; Brewer's dried yeast, 2; dried
molasses, 1.5; soybean oil, 2.5.
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Beginning one week prior to giving birth, dams were randomly assigned to
one of the three experimental diets. At birth litters were culled to 8-12 pups. Pups
were housed with the dams until 21 d of age when they were weaned onto the same
diet as their dam. Pups were fed for 14, or 30 days of age. At these time points
they were anaesthetized and killed by cervical dislocation, for study. All animals
were fed diet and water ad libitum throughout the study. Food was removed from
the cages at 4 pm on the afternoon prior to killing at 30 days of age.

All animals were housed in plastic shoebox cages in a temperature and
humidity controlled facility, maintained on a 12 h light/dark cycle. Upon weaning
cage inserts were placed in the bottom of the cages to limit coprophagia. Weanling
rats were housed in groups of 2-4 animals per cage.

iii. Lymphocyte Isolation
a) Blood

Animals were anesthetized by halothane. A cardiac puncture was
performed using a heparinized syringe and needle, to acquire a sample of whole
blood, which was aliquoted into chilled 5 ml Vacutainer tubes containing 0.05 ml
EDTA (Becton Dickinson, Rutherford NJ). One m! of whole blood was then diluted
with 1ml of Hank’s Balanced Salt Solution (HBSS) (Ca* Mg* free) supplemented with
0.5% (w/v) BSA. The diluted samples were then placed on 3 ml of 1.119 o/mi
Histopaque (Sigma Diagnostics, St.Louis, MO) and centrifuged at 600xg (Jouan
centrifuge, Jouan Inc, Winchester, VA) for 25 minutes at 25° C. Lymphocytes were
removed from the interface, washed twice in HBSS and assessed for viability using
trypan blue. Viability was assessed at greater than 95% for all samples.

b) Spleen, Thymus, Mesenteric Lymph Nodes

Anaesthetized rats (as described above) were killed by cervical
dislocation and spleen, thymus and mesenteric lymph nodes (MLN) were removed
under sterile conditions. Tissues were placed in chilled sterile petri dishes containing
HBSS (as above). All three organs were pressed through nylon mesh (100 um) to
isolate immune cells. Samples were then centrifuged for 10 minutes at 228xg
(Beckman J2-HC Centrifuge, Beckman Instruments, Palo Alto, CA), to pellet cells.
The splenocytes were then treated with a solution consisting of 155 mmol/L. NH,CI,
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0.1 mmol/L disodium EDTA and 10 mmol/L KHCO; to lyse red blood cells and
washed twice with HBSS. Lymphocytes were assessed for viability using trypan
blue. Viability was assessed at greater than 95% for all samples.

iv. Mononuclear cell phenotyping

Lymphocyte subsets from spleen and thymus (day 14) and from spleen,
blood and mesenteric lymph nodes (day 30) were characterized by
immunofluorescence assay, using supernatants from hybridoma-secrsting mouse
monoclonal antiodies specific for different rat monoclonal cell subsets. (Unless
otherwise indicated, antibodies were kindly provided by Dr. A. Rabinovitch,
Edmonton AB, Canada). All antibodies were mouse anti-rat IgG. Table 2 provides
specificity of the monoclonal antibodies.

Table 2. Monoclonal Antibody Specificity

Antibody Determinant Cell Recognition
OoX19 - CD5 - thymocytes
- T-lymphocytes
W3/25 -CD4 - T helper cells
OX8 - CD8 - T suppressor/cytoxic cells

- Natural Killer cells

O0X12 - kappa chain of - B lymphocytes
surface immunoglobulin

3-2-3 - triggering structure - Natural Killer cells
similar to CD16

0X42 - C3bi complement - macrophages, monocytes
receptor granulocytes

0X33 - CD45RA - B cells

w3/13 - thymocyte glycoprotein - thymocytes, T cells,

stem cells, plasma cells,
polymorphs
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Aliquots of 2-5 x 10° cells from all four cell groups were incubated for 30 miin at 4° C
with each antibody (with the except for cells from thymus and mesenteric lymph
nodes which were not incubated with OX42 or 323). Cells were then washed three
times with 200 pl of PBS supplemented with fetal calf serum (40 g/100L) and
incubated for another 30 min with fluorescain iscthiocyanate-conjugated goat anti-
mouse IgG (FITC). To determine background fluorescence due to non-spscific
binding of the FITC antibody, an aliquot of each cell group was incubated for 30
minutes with the FITC antibody alone. The cells were then washed three times (as
above) and fixed in PBS containing 1% w/v paraformaldehyde. Relative
fluorescence intensity for each antibody was determined by analysis using a
FACScan (Becton Dickinson, Sunnyvale, CA). The resulting percentages were
corrected for background fluorescence using the analysis of the cells incubated vvith
FITC alone.

vii. Statistical Analysis

Mean + SEM were analyzed by one-way ANOVA. The significance ievel was
set at p<0.05 and differences between groups were identified by the Duncan
multiple-range test . Effect of diet on age differences was determined using the
general linear model procedure and estimate command. Al statistical analysis was
conducted using the SAS statistical package (Version 6, SAS Institute, Cary, NC).



Chapter Four - BBdp Results
BBdp Animal Characteristics

Day 14 (Table 4.1)

At 14 days of age there were differences in body weights, with the NIH group
being the heaviest (29.7 + 0.6) and significantly heavier than the SOY group (24.2 +
2.1). However values for spleen weight (9)/body weight (g) and thymus weight
(g)/body weight (g) did not differ. Spleen weight, total splenocytes, splenocytes/g
body weight and thymus weight were also not significantly different.

Splenocytes/g spleen differed significantly between groups with the NIH group
having significantly (p<0.01) more than the CAS or SOY groups. As well the total
number of thymocytes and thymocytes/g thymus differed significantly (p<0.01)
between groups with the NIH group having the highest value in both cases and the
SOY group the lowest. With respect to the total number of thymocytes the CAS
group did not differ from the other two. In the case of thymocytes/g thymus the CAS
group did not differ from the NIH group but had a value significantly higher than the
SOY group.

Day 30 (Table 4.2)

At 30 days of age the body weights of the three groups were significantly
different (p<0.05) with the NIH fed group 10% heavier than the two SP diet groups
which did not differ from each other. As well spleen weights differed between groups
with the CAS group weighing the most and the SOY group the least (p<0.05), the
NIH group did not differ from either. Corresponding to this there was a significant
difference in the ratios of spleen weight to body weight with the CAS fed animals
having significantly (p<0.05) heavier spleens for their body weight than the other two
groups.
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BBdp Phenotypes
Day 14 Splenocyte phenotypes

Feeding the dams different diets led to differences in splenocyte phenotypes
at 14 days of age. The pups from the NIH fed group had a significantly lower
percentage of OX19" lymphocytes than the CAS group (p<0.05) while the SOY
group was not different from the other two groups (Fig. 4.1.1). With the W3/13
antibody, the SOY group had a significantly lower proportion of W3/13* lymphocytes
than the other two groups (p<0.05) (Fig. 4.1.2). When presented as a ratio of OX19*
cells to W3/13" cells (Fig. 4.1.3) the NIH group’s ratio was significantly lower by
almost 50% (p<0.05) compared to the other two. There were no significant
differences between groups in either the CD4* or CD8" subsets or the CD4/CD8
ratios (Fig. 4.1.4, Fig. 4.1.5, Fig. 4.1.6).

Both B cell markers OX12 (Fig. 4.1.7) and OX33 (Fig. 4.1.8) showed the
same trend, with the NIH fed group having a significantly lower percentage of
positive lymphocytes than the other two groups (OX12 p<0.04, OX33 p<0.05). No
differences were seen between any groups when analyzed with the 3-2.3 (NK cells)
(Fig 4.1.9) or OX42 (macrophages) (Fig. 4.1.10) markers.

Day 30 Splenocyte Phenotypes

At 30 days of age the NIH fed group had a significantly lower OX19*
percentage (Fig. 4.2.1) than either the CAS or SOY SP diet groups (p<0.01). There
were no differences in the relative percentages of W3/13" cells (Fig.4.2.2), however
the lower percentage of OX19* cells led to a significantly lower ratio of OX19* to
W3/13" (Fig. 4.2.3) cells in the NIH group (p<0.05).

In both the CD4* (W3/25) and CD8" (OX8) subgroups of T celis (Figs. 4.2.4 &
4.2.5), the same trend was seen with the NIH group having a lower percentage of
positive splenocytes in both of these subsets (p<’* 05). There was no significant
difference in the CD4/CD8 ratio between two groups {Fig. 4.2.6).

With the B cell markers OX12 (Fig. 4.2.7) and OX33 (Fig. 4.2.8) the CAS
group had a significantly lower percentage of positive cells than the SOY group with
both anti-bodies (OX12 p<0.03, OX33 p<0.002) and was also lower than the NiH
group for the percentage of cells positive for OX33 (p<0.02). There were no
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differences between the NIH and CAS groups with the OX12 anti-body and no
differences between NIH and SOY groups with the OX33 anti-body.

The CAS diet group had a signiiicantly higher proportion of 323* (NK) (Fig.
4.2.9) cells than either of the other two groups (p<003) and the NIH fed group had a

significantly lower proportion of OX42* (macrophage) (Fig. 4.2.10) cells than either
the CAS or SOY groups (p<0.0001).

Day 30 Mesenteric Lymph Node Phenotypes

In lymphocytes isolated from the MLN, differences were seen in ail T cell
groups. The NIH fed group had significantly lower percentage of OX19* celis (Fig.
4.3.1) than either of the SP diet groups (p<0.03) which did not differ significantly with
respect to this anti-body. Analysis with the W3/13 anti-bodies (Fig. 4.3.2) showed
the CAS fed group having a significantly higher percentage of positive lymphocytes
than either the NIH or SOY diet groups. The SOY group had a significantly higher
ratio of OX19*/W313" (Fig. 4.3.3) cells compared to the other two groups (p<0.001).

With both the CD4 and CD8 T cell subset markers (Figs. 4.3.4 & 4.3.5), the
NIH fed group had the lowest percentages of positive cells, with this difference being
significant when compared to the CAS diet group the CD4 (W3/25) anti-body
(p<0.02) and the SOY diet group for the CD8 (OX8) anti-body (p<0.01). The NIH
group had a significantly higher CD4/CD8 ratio (Fig. 4.3.6) compared to the two SP
diet groups (p<0.01). There were no differences between diet groups with either the
OX33 (Fig. 4.3.7) and OX12 (Fig. 4.3.8).

Blood Day 30

Significant differences were seen in blood lymphocyte phenotypes between
diet groups with all anti-bodies. The NIH fed group had a significantly lower (p<0.02)
percentage of OX19* cells than either of the SP group (Fig. 4.4.1) and both the NIH
and SOY fed groups had significantly lower (p<0.0001) W3/13* lymphocyte
proportions than the CAS group (Fig.4.4.2). All three groups were significantly
different from each other (p<0.05) with respect to the OX19/W313 ratio, with the
SOY fed group having the highest ratio and the CAS the lowest (Fig. 4.4.3).
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The same trend was seen will. both the CD4* (W3/25%) and CD8* (OX8")
cells (Figs. 4.4.4 & 4.4.5). With both markers the NIH fed group had a lower
percentage of positive cells (CD4* p<0.02, CD8* p<0.03). The very low percentage
of CD8* cells in the NIH fed group led to a significantly higher CD4/CD8 ratio
(p<0.0001) in this group, compared to the other two (Fig. 4.4.6).

The SOY fed group had significantly higher B lymphocyte percentages than
either the NIH or CAS groups which didn't differ from each other (Figs. 4.4.7 &4.4.8).
This was the case for both the OX12 (p<0.02) and OX33 (p<0.0001) anti-bodies.
The CAS fed group had a significantly higher percentage of both 323* (NK) cells
(p<0.006) and OX42* (macrophages) cells (p<0.0009) than either the NIH or SOY
groups which did not differ from each other (Figs. 4.4.9 & 4.4.10).
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H BBdp/NIH
(n=6)

B BBdp/CAS
(n=8)

O BBdp/SOY
(n=8)

Differences were determined by one-way ANOVA, diet groups that do not

share a common letter are significantly different. NS =p > 0.05



Day 14 Splenocyte Phenotypes - (cont)
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Day 14 Splenocyte Phenotypes - (cont)
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Day 14 Splenocyte Phenotypes - (cont)
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Differences were determined by one-way ANOVA, diet groups that do not

share a common letter are significantly different. NS =p > 0.05
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? Differences were determined by one-way ANOVA, diet groups that do not

share a common letter are significanly different. NS = p>0.05



BBdp Day 30 Splenocyte Phenotypes - (cont.)
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(n=7)
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(n=8)
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? Differences were determined by one-way ANOVA, diet groups that do not

share a common letter are significantly different. NS = p>0.05



BBdp Day 30 Splenocyte Phenotypes - (cont)
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@ BBdp/NIH
(n=7)

W BBdp/CAS
(n=8)

OBBdp/SOY
(n=11)

2 Differences were determined by one-way ANOVA, diet groups that do not

share a common letter are significantly different. NS = p>0.05
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BBdp Day 30 Splenocyte Phenotypes - (cont.)
Figure 4.2.10 OX42'?
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' Graph represents mean + SEM for each diet group

? Differences were determined by one-way ANOVA, diet groups that do not
share a common letter are significantly different. NS = p>0.05



BBdp Day 30 Mesenteric Lymphocyte Phenotyues
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BBdp Day 30 Mesenteric Lymphocyte Phenotypes - (cont)
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2 Differences were determined by one-way ANOVA, diet groups that do not
share a common letter are significantly different. NS = p>0.05
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BBdp Day 30 Mesenteric Lymphocyte Phenotypes - (cont)

Figure 4.3.7 OXx12'?

60

0T WBBdp/NIH

40 T (n=4)
30 1 @ BBdp/CAS
(n=9)

% of total cells

OBBdp/SOY
{(n=11)

Figure 4.3.8 0X33'?

30

25

20 1

15

% of total cells

10

5..

o .
' Graph represents mean + SEM for each diet group

? Differences were determined by one-way ANOVA, diet groups that do not
share a common letter are significantly different. NS = p>0.05




BBdp Day 30 Blood Lymphocyte Phenotypes
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BBdp Day 30 Blood Lymphocyte Phenotypes - (cont)
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BBdp Day 30 Blood Lymphocyte Phenotypes - (cont.)
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Differences were determined by one-way ANOVA, diet groups that do not
share a common letter are significantly different. NS = p>0.05
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BBdp Day 30 Blood Lymphocyte Phenotypes - (cont.)
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Differences were determined by one-way ANOVA, diet groups that do not
share a common letter are significantly different. NS = p>0.05



Effect of Age and Diet on Splenocyte Phenotypes (BBdp)

The effect of age on splenocyte phenotypes was determined for each
antibody. The effect of diet on the age differences was only analyzed when at least
two diet groups showed changes between ages.

W3/25 (CD4) (Tab. 4.3.1) - All diet groups showed a significant increase in W3/25*
cells between 14 and 30 days of ag2 (NIH p<0.01, CAS p<0.04, SOY p<0.0001).
The increase in the CAS group was of a significantly greater magnitude than that of
the other two groups (p<0.05).

OX8 (CD8) (Tab. 4.3.2) - All diet groups showed a significant increase in OX8" celis
at day 30 compared to day 14 (NIH and CAS p<0.05, SOY p<0.0003). There was no
difference between groups in the magnitude of these changes.

CD4/CD8 ratio (Tab. 4.3.3) - None of the groups showed any significant changes in
this ratio between day 14 and 30 days of age.

OX19 (Tab. 4.3.4) - No significant changes in the percentage of OX19"* cells were
seen between 14 and 30 days of age.

Wa3/13 (Tab. 4.3.5) - All three diet groups showed a significant decrease in the
proportion of W3/13" cells at day 30 compared to day 14 (NIH p<0.0001, CAS
p<0.02, SOY p<0.05). The NIH group showed a significantly greater change
between these two groups than the SOY group (p<0.05) while the CAS group did not
differ from the other two groups.

OX19/W313 ratio (Tab. 4.3.6) - All three diet groups showed a significant increase in
this ratio between 14 and 30 days of age (NIH p<0.0002, CAS p<0.008, SOY
p<0.03). There were no differences in the magnitude of these increases.
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OX12 (Table 4.3.7) - There were significant increases in the percentage of OX12*
cells in all diet groups between 14 and 30 days of age (NIH and SOY p<0.C001, CAS

p<0.05). The SOY and NIH groups showed a significantly larger increase than the
CAS group (p,0.05).

OX33 (Table 4.3.8) - Both the NIH and SOY fed group showed a significant increase
in the percentage of OX33* cells between day 14 and day 30 (p<0.0001), however
the CAS group showed no significant increase. There was no difference in the
magnitude of the changes between the SOY and NIH groups.

323 (Table 4.3.9) - Th ~ . e no differences in the proportion of 3-2.3* cells
between 14 and 30 days of aye for any of the diet groups.

0OX42 (Table 4.3.10) - Both the CAS and SOY groups showed significart increases
in their relative numbers of OX42" cells between day 14 and day 30 (p<0.01),
however the magnitude of these differences was not different nor were they different
from the nori-significant changes in the NIH fed group.



Effect of Age and Diet on Splenocyte Phenotypes (BBdp)

Table 4.3.1 W3/25°
Diet Day 14 Day 30 Effect of Effect of Diet
Age? on Age
% of total cells | % of total cells Differences®
NIH 7+0.7 9+0.6 p<0.01 a
CAS R+ 1 16+3 p<0.04 b
SQY 7+1 14 + 0.5 p<0.0001 a
Table 4.3.2 OX8'
Diet Day 14 Day 30 Effect of Effect of Diet
Age® on Age
% of total cells | % of total cells Differences’®
NIH 3+0.6 61 p<0.05 a
CAS | 511 11+3 p<0.05 a
'SOY 5+1 10 + 1 p<0.0003 a
Table 4.3.3 CD4/CDS8 ratio'
Diet Day 14 Day 30 Effect of Effect of Diet
Age? on Age
% of total cells | % of total cells Differences’®
NI 1.7+0.2 1.7x0.2 NS N/A
GAS 1.8+0.2 1.5+0.01 NS N/A
SOV 17402 15+ 0.01 NS N/A

' Values represent mean + SEM

2 significance between days within diets was determined by one-way ANOVA,

NS = p>0.05

® Significance of diets on age differences was determined when at least two diet
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groups showed changes over time. This was determined by the SAS GLM procedure
and the estimate statement. Diet groups that do not share a common letter are
significantly different, NS = p<0.05.
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Etffect of Age and Diet on Splenocyte Phenotypes (BBdp) - (cont.)

Table 4.3.4 OX19'

Diet Day 14 Day 30 Effect of Effect of Diet
Age? on Age
% of total cells | % of total cells Differences’
NiH 13+3 16+ 1 NS N/A
CAS 19+2 23+2 NS N/A
SOY 18+ 2 23+2 NS N/A

Table 4.35 W3/13'

Diet | Day14 Day 30 Effect of Effect of Diet
-’ Age? on Age
% of total cells | % of total cells Differences’®
NIH 26 +2 11+1 p<0.0001 a
CAS 2242 122 p<0.02 ab
soyY 17 + 1 13+ 1 p<0.05 b

Table 4.3.6 OX19/W313 ratio’

Diet Day 14 Day 30 Effect of Effect of Diet
Age? on Age
% of total cells | % of total cells Differences®
NiH 0.5 +£0.2 1.4+0.1 p<0.0002 a
CAS 0.9+0.2 22104 p<0.008 a
-80Y | 11+o02 1.8+0.2 p<0.03 a

' Values represent mean + SEM

? Significance between days within diets was determined by one-way ANOVA,
NS = p>0.05

% Significance of diets on age differences was determined when at least two diet
groups showed changes over time. This was determined by the SAS GLM procedure
and the estimate statement. Diet groups that do not share a common letter are
significantly different, NS = p<0.05.



Effect of Age and Diet on Splenocyte "henotypes (BBdp) - (cont.
Table 4.3.7 0OX12
Diet Day 14 Day 20 Effect of Effect of Diet
Age® on Age
% of total cells | % of total cells Differences®
NiH 17+ 2 35+2 p<0.0001 a
‘CAS 26 +3 35+3 p<0.05 b
SOy 2512 42 + 2 p<0.0001 a
Table 4.3.8 0OX33'
Diet Day 14 Day 30 Effect of Effect of Diet
Age® on Age
% of total cells | % of total cells Differences®
N_IH 13+1 342 p<0.0001 a
CAS 21+3 25+3 NS b
sOoY 20+ 2 35+2 p<0.0001 a
Table 4.3.9 3.2.3'
Diet Day 14 Day 30 Effect of Effect of Diet
Age® on Age
% of total cells | % of total cells Differences®
s NIH:- 5+0.5 5+0.3 NS N/A
CAS 741 10+2 NS N/A
_soy 6 +1 6+0.6 NS N/A

' Values represent mean + SEM
2 Significance between days within diets was determined by one-way ANOVA,

NS = p>0.05

% Significance of diets on age differences was determined when at least two diet

groups showed changes over time. This was determined by the SAS GLM procedure
and the estimate statement. Diet groups that do not share a common letter are

significantly different, NS = p<0.05.



Effect of Age and Diet on Splenocyte Phenotypes (BBdp) - (cont.)

Table 4.3.10 OX42'

Diet Day 14 Day 30 Etfect of Effect of Diet
Age® on Age
% of total cells | % of total celis Differences®
NIH 3+1 4 +1 NS a
CAS 6+1 1141 p<0.01 a
SOY 7+1 11+ 1 p<0.01 a

' Values represent mean + SEM
? Significance between days within diets was determined by one-way ANOVA,
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NS = p>0.05

3 significance of diets on age differences was determined wien at least two diet
groups showed changes over time. This was determined by the SAS GLM procedure
and the estimate statement. Diet groups that do not share a common letter are

significantly different, NS = p<0.05.
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Chapter Five - BBn Results

BBn Animal Characteristics

Day 14 (Table 5.1)

At 14 days ot age there was a significant difference in body weights between the
groups with the SOY animals weighing more (p<0.02) than animals from the other two
groups. Spleen weights between groups did not differ. Ho wer total number of
splenocytes differed significantly with SOY animals having more thar the CAS animals
{p<0.01) and the NIH animals not differing from either group. As well the rz%. .+
number of splenocytes/g spleen and number of splenocytes/g body weight we:::
significantly different. In both cases the CAS fed group had a significantly lower ratic
than the other two groups (p<0.004 and p<0.05 respectively).

Thymus weight was significantly different between the diet groups however there
were no differences when expressed as a ratio with respect to body weight (thymus
weight (g)/body weight (g)). As well there were no differences between groups in the
ratio of thymocytes/g thymus.

Day 30 (Table 5.2)

At 30 days of age body weights between groups were significantly different
(p<0.0001) with the NIH fed group weighing more than the two SP diet groups. Spleen
weight and the ratios of spleen weight (g)/body weight (g) also differed significantly.
The differences in spleen weight followed the same trend as body weight with the NIH
group having the heavies spleens and differing significantly from the SOY group
(p<0.01), the CAS group was not significantly different from the other two. The ratios of
spleen weight (g)/body weight (g) also differed significantly with the CAS group having a
significantly higher ratio than the other two groups (p<0.05).

Total number of splenocytes and spienocytes/g spleen also differed significantly.
The CAS group had less splenocytes (p<0.007) than the NIH group however the SOY
group did not differ from either group. When expressed as a ratio of splenocytes/g
spleen the CAS group also had the lowest value and this was significantly lower than the
other two groups (p<0.007). There was no difference in the number of splenoctyes/g
body weight.
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BBn Phenotypes

Spleen Phenoiypes Day 14

Feeding the dams different diets produced one significant differences in T
cell phenotypes. CAS fed animals had a higher percentage CD8+ cells than
the N" + and SOY animals which were also differenct from each other. There
was a significant difference in the percentage of B cells that were positive for
both the OX12 and the OX33 marker with the CAS fed animals having a higher
percentage of positive cells for both antibodies. The SOY group was significantly
lower than the other two groups for the percentage of cells positive for the 323

(NK cell). There w~- no difference between groups in their relative percentages
of macrophages

Spleen Phenotypes Day 30

At day 30 several differences could be seen in the spleen phenotypes.
There were no differences in the OX19* cell proportions, however the W3/13
marker showed significant differences between all groups with the CAS group
being 50% higher than the NIH group. These differences in W3/13* values led to
significant differences between all groups in the ratio of OX19/W313 cells with
the NIH group having a two fold higher ratio compared to the CAS fed group.

The only significant difference seen in the CD4 and CD8 T cell sub-groups
was in the SOY fed animals when analyzed for CD4" cells. This group had a
significantly higher proportion of positive than the NIH or CAS groups.
Significant differences in the CD4/CD8 ratio were seen between the CAS and
SOY groups with the SOY grouy having a higher ratio.

There were no differences seen with the UX{2 or OX33 B cell markers..
No differences were seen between groups in the relative proportions of 323"
(NK) cells or OX42* (macrophage) cells.
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Mesenteric Lymph Node Phenotypes Day 30

The only diet difference seen in analysis was with OX33 marker which
demonstrated a 3 fold higher proportion of positive cells in the NIH fed group
compared to the CAS fed group. The NIH fed animals had a higher percentage
of OX33* cells than the SOY fed group, as well.

Blood Phenotypes Day 30

When analyzed for OX19* Tcells the three diet groups did not differ.
However, the NIH group had a smaller proportion of W3/13+ T cells than the
other two groups. There was also a difference in the ratio of OX19* cells to
W3/13" cells with the NIH group having a significantly higher ratio compared to
the other two groups. There were no significant differences between either the
CD4 or CD8 T cell subsets or in the CD4/CD8 ratio.

Analysis of B cell subsets showed no significant differences between
groups for their percentages of OX12* and OX33* cells. With this anti-body the
NIH group had a significantly higher proportion of positive cells than the CAS
group. There were no differences with either the 323 (NK cells) or OX42
(macrophages) markers.
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BBn Day 14 Splenocyte Phenotypes - (cont)
Figure 5.1.10 OX42
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BBn Day 30 Splenocyte Pheontypes
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BBn Day 30 Mesenteric Lymphocyte Phenotypes - (cont)
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BBn Day 30 Blood Lymphocyte Phenotypes
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BBn Day 30 Blood Lymphocyte Phenotypes - (cont.)
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Effect of Age and Diet on Splenocyte Phenotypes (BBn)

The effect of age on splenocyte phenotypes was determined for each
antibody. The effect of diet on the age differences was only analyzed when at least
two diet groups showed changes between ages.

W3/25 (CD4) (Tab. 5.3.1) - All diet groups showed a significant increase (at least
p<0.00086) in W3/25" cells between 14 and 30 days of age. The increase in the SOY
group was significantly (p<0.05) greater than that of the CAS group.

OX8 (CD8) (Tab. 5.3.2) - All diet groups showed a significant increase of OX8"* cells
of at least p<0.006. There were no differences between diet groups in the
magnitude of the changes between days.

CD4/CD8 ratio (Tab. 5.3.3) - Only the NIH group showed a difference in this value
between days (p<0.01) and there were no significant differences in the magnitude of
the changes between diet groups.

OX19 (Tab. 5.3.4) - All three diet groups showed an increase in OX19* cells between
14 and 30 days of age (at least p <0.0005). There were no differences in the

magnitude of the increases.

W3/13 (Tab. 5.3.5) - There were significant increases ni ‘N3/13* cells in all Jiet
groups (CAS p<0.0001, SOY and NIH p<0.05). The CAS group showed a
significantly larger increase (p<0.05) in the percentage of W3/13* cells compared to

the other two groups.

OX19/W313 ratio (Tab. 5.3.6) - Both the NIH and SOY groups showed a significant
increase in this ratio between 14 and 30 days of age (NIH p<0.002, SOY p<0.05),
while the CAS group showed no sigrificant differerice between days. The NIH fed
groups change o.er time differed significantly (p<0.05) from that of the CAS group,
whiie the SOY group did not differ from the other two.
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OX12 (Tab. 5.3.7) - The SQY group was the only group that showed a significant
difference between 14 and 30 days of age (p<0.05).

OX33 (Tab. 5.3.8) - The CAS diet group was the only group tc show a significant
difference in the percentage cf OX33" cells between days (p<0.0001).

323 (Tab. 5.3.9) - Only the NIH fed group showed a difference in percentage of
3-2.3" cells between 14 and 30 days of age (p<0.0001).

OX42 (Tab. 5.3.10) - There were no differences in any of the diet groups in the
percentage of OX42" cells between 14 and 30 days of age.



Effect of Age and Diet on Splenocyte Phenotypes (BBn)

Table 5.3.1  W3/25'
Diet Day 14 Day 30 Effect of Effect of Diet
Age® on Age
% of total cells | % of total cells Differences™
NIH 8+ 1 17 £1 p<0.0006 ab
CAS 10+ 0.7 17 £ 0.7 p<0.0001 b
SOY 7+0.6 23+1 p<0.0001 a
Table 5.3.2 OX8'
Diet Day 14 Day 30 Effect of Effect of Diet
Age® on Age
% of total cells | % of total cells Differences’
NIH 7+1 12+1 p<0.006 a
CAS 9+0.2 14 +1 p<0.003 a
SOY 5+0.5 14+0.5 p<0.0001 a
Table 5.3.3 CD4/CDS8 ratio’
Diet Day 14 Day 30 Effect of Ef{ect of Diet
Age? on Age
% of total cells | % of total cells Differences®
NIH 1.1+ 0.06 14+ 0.1 p<0.01 N/A
. CAS 1.1+ 0.05 1.3+0.2 NS N/A
SOY 1.6+ 0.1 1.7+0.1 NS N/A

' Values represent mean + SEM

? Significance between days within diets was determined by one-way ANOVA,

NS = p>0.05

Significance of diets on age differences was determined when at least two diet

3

groups showed changes over time. This was determined by the SAS GLM procedure

and the estimate statement. Diet groups that do not share a common letter are
significantly different, NS = p<0.05.
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Effect of Age and Diet on Splenocyte Phenotypes (BBn)- (cont)

Table 5.3.4 0OX19'

Diet Day 14 Day 30 Effect of Effect of Diet
Age? on Age
% of total cells | % of total cells Differences®
NIH 14+2 40+3 p<0.0001 a
CAS 17+04 34+2 p<0.0002 a
{0) 4 16+ 2 37+ 2 p<0.0005 a

Table 5.3.5 W3/13'

Diet Day 14 Day 30 Effect of Effect of Diet
Age? on Age
% of total cells | % of total cells Differences®
NIH 15 + 2 23+ 2 p<0.05 b
CAS 17+2 38+ 1 p<0.0001 a
SQY 18+ 2 29 +1 p<0.05 b

Table 5.3.6 OX19/W313 ratio’

Diet Day 14 Day3¢ = 7 lof Effect of Diet
o Fope? on Age
% of total cells | % of total celis * Differences®
NIH 0.9 £0.1 1.8+0.1 p<0.002 a
CAS 1.1£0.2 0.8+ NS b
SQY 0.9+0.1 1.3+0.1 p<0.05 ab

' Values represent mean + SEM

? Significance between days withir: diets was determined by one-way ANOVA,
NS = p>0.05

3 significance of diets on age differences was determined when at ieast two diet
groups showed changes over time. This was determined hy the SAS GLM procedure
and the estimate statement. Diet groups that do not share a cornmon letter are
significantly different, NS = n<0.05.



Effect of Age and Diet on Splenocyte Phenotypes (8Bn)- (cont)

Table 5.3.7 0OX12'
Diet Day 14 Day 30 Effect of Effect of Diet
Age® on Age
% of total cells | % of total cells Differences®
NIH 25 +2 31+ 3 NS N/A
CAS 34 +1 28+3 NS N/A
SOY 24 + i 33+ 1 p<0.05 N/A
Table 5.3.8 0X33'
Diet Day 14 Day 30 Effect of Effect of Diet
Age® on Age
% of total cells | % of total cells Differences’®
NIH 22 +1 22+ 2 NS N/A
CAS 32+2 22+1 p<0.0031 N/A
SOY 25+ 0.5 28+3 NS N/A
Table 3.3.9 5.2.3'
Diet Day 14 Day 30 Effect of Effect of Diet
Age? on Age
% of total cells | 9 of total cells Differences’®
NIH 6+1 2105 p<0.0001 N/A
CAS 61 5+1 NS N/A
SOoY 3+05 4+03 NS N/A
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' Values represent mean + SEM

2 Significance between days within diets was determined by one-way ANOVA,
NS = p>0.05

3 Significance of diets on age differences was determined wiien at least two diet
groups showed chzainges over time. This was determined by the SAS GLM procedure
and the estimate statement.
significantly different, NS = p<0.05.

Diet groups that do not share a common letter are



Effect of Age and Diet on Splenocyte Phenotypes (BBn)- (cont)

Table 5.3.10 OX42'

Diet Day 14 Day 30 Effect of Effect of Diet
Age® on Age
% of total cells | % of total cells Differences’
NIH 9+3 4+1 NS N/A
CAS 5+04 71 NS N/A
5{0)4 3+0.5 6+ 0.5 NS N/A

' Values represent mean + SEM
? Significance between days within diets was determined by one-way ANOVA,

NS = p>0.05
¢ +nificance of diets cn age differences was determined when at least two diet

~
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© ..ups showed changes over time. This was determined by the SAS GLM procedure
and the estimate statement. Diet groups that do not share a common letter are

significantly different, NS = p<0.05.
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Chapter Six - Discussion

Introduction

Previous studies using the BBdp rat have shown that the incidence of the
diabetes in these animals can be altered by weaning pups to different, nutritionally
complete diets (Elliot & Martin, 1984; Scott et al., 1985; Hoorfar et al., 1992). Pups
weaned to non-purified laboratory chow develop diabetes with an incidence rate of
60%-80% (Scott et al., 1994). Pups weaned to a soy or casein based semi-purified
(SP) diet have a lower incidence of diabetes, 40%-60% and 20%-30% respectively
(Scott et al., 1994). The miajority of these studies have focused on incidence rates in
animals weaned to different diets and have not examined how feeding different diets
may alter the pathogenesis of the disease.

An important factor in determining whether or not diet will affect diabetes
incidence in BBdp rats is the timing of introduction of the diet. Protective, semi-
purified diets must be introduced prior to 30 days of age and continue for at least
100 days to decrease diabetes incidence (Issa-Cergui et al., 1989; Scott and
Marliss, 1991). This evidence points to a “critical period” in the development of the
disease. This “critical period” effect has been shown in other types of studies that
have examined protection from diabetes through direct immune mechanisms
(Greiner et al., 1987; Jaing et al., 1990).

This study, discussed below, is one of the first to compare a wide variety of
lymphocyte phenotypes from lymphoid organs and peripheral blood, in rats weaned
to different diets. As well, it is one of the only studies to ensure that rat pups were
exposed to only one weaning diet, as pups were weaned to diets anaiogous to their
dams. In response to the data suggesting a critical period in the first 30 days of life
lymphocytes were examined at two time points within this period. The first was prior
to the ingestion of solid food (14 days of age) and the second was at 30 days of age.

As the main objective of this study was to examine the effect of different
weaning diets in the BBdp rat, the majority of the discussion focuses on effects seen
in this group. Unless otherwise stated, the term rats refers to BBdp rats, in this
section. It was hypothesized diet would not effect lymphocyte phenotypes in BBn

rats, which served as our conirols, however some aifferences were found. This data
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is unique as very little data exists about the effect of early diet in normal animals.
BBn animals are discussed specifically at the end of this section.

Animal Characteristics

At 14 days of age some differences were saen between the three diet groups.
There were differences in body weight with the NIH group being heavier than the
SOY group. Litters were culled to between 8 and 12 pups per litter and this
difference may be a residual effect of different litter sizes at birth. Ditferences were
also seen in the BBn animals at this time point, however in these animals the SOY
fed rats had a higher average weight than the other two groups. Again, this is likely
due to differences in litter size at birth.

The NIH fed group had more splenocytes per gram of spleen as well as more
thymocytes per gram of thymus. This may be indicative of a more activated
immune system and greater lymphocyte proliferation in these animals, as more cells
may be due to lymphocyte proliferation in these animals. In the BBn animals, the
number of splenocytes per gram of spleen was also greatest in the animals in the
NIH group. Since dam's milk can contain different antigens depending on maternal
diet (Hattevig et al., 1990), it is possible that the NIH and SOY diets which contain
more foreign (plant) proteins than the CAS diet are providing antigenic stimulus for
the immune system in these young animals.

At 30 days of age the same trend was seen in comparisons of body weight.
The NIH fed animals weighed significantly more that the other two groups. This is a
curious finding since the NIH diet is much less energy dense than the two SP diets.
The NIiH diet provides the majority of its energy from carbohydrate whereas the CAS
and SOY diets are higher in fat. Another difference between SP and chow diets is
the amount of complex carbohydrate and fiber. It is speculated that increasing the
fiber content of the diet can stimulate the growth of the intestine . Therefore the NIH
fed animals may have increased absorptive capacity compared to the other two
groups. Since food intake and body composition were not examined it is difficult to
determine conclusively the reasons behind the differences in body weights. The
potential implications of these differences, in the development of diabetes, will be
discussed later.
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Spleen

It was expected that no differences would be seen in the spleen phenotypes
at 14 days of age since at this time point all nutrients are delivered via the dams
milk. However diet did affect total B and T cell populations but not the proportion of
CD4" and CD8" T cells or the percentages of NK cells or macrophages in spleen.

The BBdp pups from the dams fed the NIH diet had a lower percentage of
OX19" T cells compared to the CAS group but not the SOY group. Analysis with the
W3/13 pan T cell marker showed the SOY group had a percentage of positive cells
that was lower than the other two groups. This may indicate that diet-induced effects
on diabetes incidence and progression, may begin through differences in the
cmposition of dam’s milk. Therefore it appears that in these rats that are genetically
T cell deficient from birth (Yale et al., 1985) a'terations to the lymphocyte profile may
also occur tfrom birth onward.

Total B cells, determined by positive ri.a:king with the anti-bodies OX12 and
0X33, showed that the NIH diet group had & izwer proportion than the other two
groups. ltis likely that the three diet groups received different antigens via the dams
milk since the dams were ingesting different proteins. It is known that altering
maternal diet during lactation will alter the types of dietary antigens found in milk
(Hattevig et al., 1990), and that dietary macro-molecules can pass through the gut
and be absorbed as intact antigens (Warshow et al., 1971). Different antigens may
elucidate different responses in the pups. Soy and cow's milk proteins are
considered to be highly antigenic for the production anti-bodies (Bock and Martin,
1983). It may be that these antigens are passing through the gut and stimulating
the production of anti-bodies by B cells. This would also lexd to the proliferation of B
cells. In the BBn animals the CAS diet group also had a higher percentage of both
OX12 and OX33 cells. The fact that relative proportions of macrophages and NK
cells were not different between diet groups in the BBdp animals supports this theory
since these two cell populations are part of the non-specific immune system and
they proliferate in response to cellular changes rather than soluble antigen .

Breast milk contains many immune factors (Ogra & Ogra, 1978) and it is
possible that feeding the dams different diets changes the quality and/or quantity of
the immune components in the milk. Specifically, it has been demonstrated that food
specific anti-bodies can be found in human milk (Juto anc¢ Holm, 1992) which may
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be the result of anti-body secreting cells that have migrated from the mother's gut
(Czerkinsky et al, 1987). |If this is the case in rats this may influence the
development of the immune system in the pups, including their relative lymphocvte
populations and their reaction to these antigens later in life.

At 30 days of age, several differences were seen in splenocyte pheno: ‘pes.
With the two pan-T cell markers, OX19 and W3/13, the NIH fed rats had a
significantly lower proportion of OX19* but not W3/13* cells compared to the other
diets. All three diet groups showed a higher percentage of OX19* T cells thar
W3/13" cells. The OX19 antibody binds to the CDS antigen on all T cells (Vermeer
et al., 1994), while W3/13 binds a thyraocyte glycoprotein (Woolet et al., 1985). The
difference in the number of OX19* T cells is likely the most relevant to the future
development of diabetes in these arimals since BBdp rats, with the lowest OX19*
lymphocyte proportion have been shown to be the most likely to develop diabetes
(Marliss et al., 1985).

There is evidence that low T celi counts, characteristic of the BBdp rat are
maintained with age due to a reduced expansion of T cells compared to the BBn rat
(Yale et al., 1985). The fact that there was no difference between day 14 and day 30
in the proportion of splenocytes that were OX19* in any of the diet groups supports
this evidence. As well the percentage of T cells that were positive for the W3/:3
marker dropped significantly between 14 and 30 days of age in all diet groups while
this percentage increased in BBn rats. The importance of the lack of expansion in
the proportion of T cells is highlighted by the fact that the BBn animals in all diet
groups showed an increase in positive cells with both markers, including a 100%
increase in OX19" cells, between 14 and 30 days of age. It should be noted that
although none of the BBdp groups showed an increase in OX19 cells with age, at
both time points the percentage of T cells positive for this marker was lower in the
BBdp animals.

Both the CD4 (helper) and CD8 (suppress~:) sub-groups of T cells were
significantly lower in the NiH fed group. However, because both groups cf cells were
reduced there was no cifference in the CN4/CD8 ratio between diet groups. The
CAS group were not signiticantly different fro.i the BBn CAS group in the relative
proportion of CD4* cells suggesting a partial correction in the lymphopenia in these
animals. As well the CAS fed animals showed a significantly larger increase in the
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percentage of W3/25" T cells between 14 and 30 days of age compared to the other
two groups. It does not appear that a complete reversal of the T cell lymphopenia is
necessary for prevention of the disease in these animals. Prevention of diabetes by
diet (Scott et al., 1985) or silica (Oschilewski et al., 1985) did not the alter the
lymphopenia in these animals. It is therefore difficult to know what influence these
changes may have on the disease process. It has been demonstrated that both
CD4* and CD8* T cells are involved in the disease (Edourd et al., 1993, Metroz-
Dayer et al., 1990) so it is reasonable to assume that changing the proportions of
these cells to those more closely resembling that of the BBn rat may confer
protection from the disease.

The relative proportions of B cells that were positive for the B cells markers
used, OX12 and OX33, were lowest in the CAS group. The CAS fed rats had a
lower proportion of OX12* cells than the SOY group and a lower proportion of OX33*
cells than the NIH celis. B cells are responsible for the production of antibodies and
they proliferate in response to antigen exposure, producing more B cells of the same
specificity and anti-body secreting plasma cells (Kuby, 1993). It is possible that the
increased proportion of B cells in the NIH and SOY groups represent a population of
B cells that is responding to an auto-antigen expressed on the pancreas, since the
numbers of these antibodies is increased in animals who become diabetic (Dryberg
et al., 1984) and these are the two diet groups most likely to develop the disease. It
is also possible that the lower percentage of positive B cells in the CAS group is
relative to the higher percentage of T cells in this group. The CAS group showed no
difference in the relative proportion of OX33* B cells between day 14 and day 30 and
a smaller increase in the percentage of OX12" B cells than the other two groups.

The number of natural killer (NK) cells was higher in the CAS group however
it does not appear that NK cells are required for the disease process to be initiated.
NK. celis have beer shown to be cytotoxic to B-cells in vitro (Nakamura et al., 1990) ,
however removal of NK cells from adoptive transfer experiments does not affect the
incidence rate of the disease (Ellerman et al., 1993). It may be that NK celis are
involved in the later stages of the disease however, due to this evidence (Ellerman et
al., 1993) it seems unlikely that they are a factor at this age. It has also been shown
tnat NK cells from rats fed a CAS diet are less active than those from animals fed
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chow (Field, 1995). Therefore if NK cells are involved in the destruction of B-cells
during the latter steges of the disease process, the CAS diet may decrease this
activity.

The higher percentage of macrophages in the two SP diet groups may impart
some protection to the CAS animals since it has been shown that removal of
macrophages from adoptive transfer injections leads to an increase in diabetes
incidence in recipients (Metroz-Dayer et al., 1990). This effect has been suggested
to be due to nitric oxide produced by macrophages which suppresses the
proliferative response of splenocytes in the BBdp rat (Lee, 1994). This suppressive
effect of macrophages has also been documented in stressed rats, of other strains
(Fleshner M, 1995). Another possibility exists for macrophages to be involved in
protection from diabetes development. TNF-a, produced by macrophages may play
a protective role against the development of diabetes in these animals at an early
age (Satoh et al., 1987). Since the numbe. of macrophages was higher in the two
SP fed groups it is possible that TNF-o | ‘oduction is also increased in these
animals.

Mesenteric Lymph Nodes

With respect to the T cell markers, differences were seen with both pan-T cell
markers (OX19 and W3/13) as well as in the twe T cell subgroups, CD4 and CD8.
The NIH fed group was lower than the other two groups in the percentage of cells
positive for OX19 and was also lower than the CAS group for the percentage of cells
positive for the W3/13 marker. All three groups had significantly lower positive
percentages for both anti-bodies than their respective diet group in the BBn animals.
However this data shows a general trend of the CAS animals having an increased
overall T cell percentage over the other BBdp two groups.

The NIH group had a significantly lower relative percentage of CD4"* T cells
than the CAS group and a significantly lower relative percentage of CD8" T cells than
the SOY group. The CAS group showed no differences in the percentages of CcD4*
and CD8* cells compared to any of the BBn diet groups, indicating CD4 and CD8 T
cell profile that is correlated with protection from diabetes.
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Taken together, these differences in lymphocyte populations led to a
CD4/CD8 ratio that was higher in the NIH fed animals compared to the other two
groups. Since this ratio represents the balance of T cells which initiate and “help” an
immune response (CD4 cells) to those which suppress it (CD8 cells), the difference
in this ratio may represent a shift towards more suppressive capability in the two SP
diet groups. Since it has been postulated than auto-immune disorders including
diabetes may bhe the result of impaired suppression, this ratio difference may impact
the development or prevention of diabetes in these animals.

The mesenteric lymph nodes are considered to be part of the gut-associated
lymphoid tissue (GALT), and therefore may be directly affected by food antigens. If
a cross reaction between a dietary antigen and a pancreatic antigen is in part
responsible for the auto-immune process (Karjalairen et al.,, 1992; Virtanen et al.,
1994) this eftect may be mediated through GALT since these lymphocytes would be
one of the first to be exposed to the antigens. If there is a reduced number of CD8*
cells in the MLN, as described above, this reduced suppression may allow the cross
reaction to occur in genetically susceptible rats.

In another study (Fowell & Mason, 1993), it was shown that thoracic duct
lymphocytes of rats rendered susceptible to diabetes through lymphocyte depletion
were activated and proliferating. Comparison of T lymphocytes from different lymph
rodes in these animais showed tnese 1 cells likely came from the MLN. It has been
suggested that the anitgenic stimulus for these cells came from the gut (Fowell &
Mason, 1993).

There were no differences in the proportions of cells which were positive for
either of the B cell markers, OX12 or OX33, between any of the diet groups.

Blood

In the BBdp rats in general there was lower binding of all of the T cell anti-
body markers examined, compared to the BBn animals. Therefore it appears that
there is a population of T cells in the peripheral circulation of these animals that
cannot be identified by the standard iymphocyte monoclonal antibodies used in this
study. This data also demonstrates the importance of studying different populations
of lymphocytes in immune related disorders, as it is often presumed that splenocyte
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populations are representative of peripheral populations, which is not the case in this
instance.

The NIH fed rats had a significantly lower percentage of OX19" cells than
either the CAS or the SOY group and this held true for both the CD4* and CD8"* calis
as well, giving the NIH fed animals a very high CD4/CDS8 ratio compared to the other
two groups as well as compared to the BBn animals. Both the NIH and SOY groups
had a lower percentage of W3/13" cells than the CAS group.

This data shows that the SP diet groups are still very T cell lymphopenic.
However, the ratio of CD4 (helper) to CD8 (suppresser) cells was closer to the BBn
animals in these diet groups. Therefore, even though they still have a very low
proportion of T cells, their CD4/CD8 ratio may represent a balance that allows a
more protective response to occur. The NIH fed group has virtually no circulating
OX8" T cells which supports data from other studies (Yale & Marliss, 1984; Jackson
et al., 1983), and it may facilitate the disease process.

One study has shown that virtually all CD8* cells found in peripheral blood in
the BBdp rat are immature and have attenuated ‘fe spans (Groen et al., 1996). As
well, they may play a role in diabetes development due to a decreased expression of

the CD8 receptor compared to normal rats, this low expression may increase their

autoreactivity (Groen - R96). It may be that the improvement seen in the CD8
T cell profile of t Y aniinals is due to an increase in normal CD8 cells.

With rs, OX12 and OX33, the SOY fed animals had
significar an either of the other two diet groups. There may
be a cc that eliciis an antibody response and this may be
why thes n these animals. If it is related to the diabetic
process i +re why the NIH animals did not have elevated B cell
levels as w..

As in the spleen, the CAS animals had significantly more NK cells than either
the NIH or SOY groups. Therefore, as was the case in the blood it is possible that
the activity of NK cells may be down regulated when animals are fed the CAS diet
(Field, 1995), possibly by macrophages, which were increased in the CAS group
above the other two.
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Summary

Hypothesis one stated that BBdp rats fed diets known to give different
diabetes incidence, NIH ciiow (high incidence), casein based SP diet (low incidence)
or soy based SP diet (intermediate incidence), would have different lymphocyte
phenotype profiles. Animals fed the chow diet would show the typical BBdp
lymphopenic profile. Animals fed the casein based SP diet would show increased
numbers of T-cells and those fed the soy based SP dict would be intermediate
between the two.

It is clear from the results and discussion above that diet did have an effect
on and immune development of the rat pups, as well as on their early growth pattern.
The diabetogenic diet (NiH) led to a lymphocyte profile characteristic of BBdp rats
that develop diabetes whereas the protective CAS diet led to a lymphocyte profile
more closely resembling that of the BBn rat, including an increased number of total T
cells and CD4" and CD8" T cell sub-groups. The SOY fed animals had u
lymphocyte profile intermediate between the other two which corresponds to the
intermediate incidence of diabetes in these animals.

Several lines of evidence seem to indicate that a lack of an effective
suppresser mechanism against the auto-immune process is responsible for the
development of diabetes in these animals. BBn and other rat strains can be
rendered susceptible to diabetes by depletion of lymphocyte subsets (Fowell &
Mason, 1993; Greiner et al., 1987; Jaing et al., 1990). This observation combined
the lymphopenia found in genetically susceptible rats, indicates that potentially auto-
reactive cells occur in all rats, but a subgroup of protective cells are usually absent
in the BBdp rat. The lymphocyte phenotypes that are most affected by the
lymphopenia in the BBdp rat are the CD8" cells (Yale & Marliss, 1984: Jackson et
al., 1983) and T celis expressing the RT6.1 marker (Burstein et al., 1989). It is
reasonable to assume that it is one or both of these subgroups that is involved in
protection from diabetes.

One study has shown that RT6 expression decreases when T cells are
activated and is re-expressed when cells return to a non-activated state. As well

RT6.1 is a maturational marker (Burstein et al., 1989) and its absence may indicate
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a lack of mature T cells in BBdp rats. CD8+ cells are believed to be suppresser cells
(Kuby,1993), and involved in suppression of the immune response.

In our study the total number of T cells as well as the T cell subgroups of
CD4" and CD8' T cells were increased in virtually ~ srgans at 30 days of age in the
BBdp animals fed the CAS based SP diet (protective) compared to the BBdp
animals fed the NIH chow diet (diabetogenic). The animais fed the SOY diet did not
show consistent results with the phenotype markers. Differences were seen
between this group and the other two depending on the phenotype , organ and age
examined. This may explain the intermediate incidence of diabetes found in these
animals, as only some of the factors involved in disease process may be shifted to
the protective type.

In peripheral blood, where the CD8" lymphopenia in the BBdp rat is most
pronounced, the CAS and SOY semi-purified diets significantly increased the
percentage of positive cells. It is possible that this increase is the most important
change for altering diabetes incidence in these rats.

It is difficult to determine which component(s) of the SP diets may be
responsible for altering the lymgihopenia in these animals. It is possible that it is not
a specific component that is responsible but rather a systemic effect of the diets. In
our study and in others (Elliot & Martin, 1984; Hoorfar et al., 1992), it was shown that
animals fed chow grow more rapidly early in life than those fed the SP diets. This
difference disappears by six weeks of age (42 days). It has also been demonstrated
that in a given colony of BBdp rats fed chow, those with the ilighest body weights
between 10 and 40 days are at an increased risk for development of diabetes
(Pederson et al., 1994). Therefore it seems reas ynable to assume that part of the
diabetogenic effect of chow may be due to its ertect of increasing growth during this
critical period in the development of diabetes.

It is interesting that the NIH diet leads to higher rates of growth in these
animals. The NIH diet is less energy dense than the CAS or SOY diets therefore
the rats fed the NIH diets must have eaten more food or absorbed nutrients with
greater efficiency. Studies have shown that increased insulin secretion by
cyclophosphamide treatment accelerates p-cell destruction (Mordes et al., 1987). As
well, administration of exogenous insulin (which decreases pancreatic secretion of
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insulin) can delay the onset of the disease (Gottiieb et al., 1991), and reduction of
pancreatic insulin secretion by diazoxide prevents diabetes in the BBdp rat (Viahos &
Yale, 1987). It is possible these results are  -ibutalbe to increased }3-cell antigen
expression associated with icreased insulin secretion (Appel et al., 1989). Since the
autoimmune process in diabetes is directed against the B-cells, this increased
antigen expression may increased the likelihood of an auto-immune atlack. It is also
possible that the different diets may affect insulin secretion due to differences in their
amino acid compositions or in their efiect on the hormonal response in the animal.

Since the BBn animals also showed differences in body weights at 30 days
of age it appears that this effect on early growth is not restrictec' to BBdp animals. It
is 0'so evidence that it is not increased early weight gain alone which leads to the
development of diabetes in these animals.

It may be that in BBdp rats fed chow, increased B-cell antigen expression due
to increased exposure to nutrients combined with the altered immune system of the
BBdp rat to produce auto-immune B-cell destruction in these animals. Protection in
animals fed a SP diet may be conferred by two factors, decreased growth and insulin
secretion as well as a more protective immuna response (See figure 6.1).

Figure 6.1

Exposure to Insuiin B -Cell Antigen .
Nutrients —>{ | Secretion > Expression »] Diabetes

(amino acid

composition)

Altered Immune Response:

e Lack of RT6.1 cells

» Lack of CD8" suppresser and OX19* cells

* Increased predisposition to
auto-immunity
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Hypothesis two stated that no differences would be seen in BBn animals fed
the different diets. This hypothesis was not supported by our data as differences
were seen in lymphocytes from animals fed the different diets. This data is unique
as studies that have examined phenotypes in BBn animals have studied them at
oluer ages (Field, 1995) and have not found differences. This study has determined
that diet can affect lymphocyte phenotypes in BBn animals at a young age.

The most intere:sting finding at day 14 was that the relative percentage of
both OX12" and OX33" cells were increased in the CAS fed animals over the other
two diet groups. It is difficult to determine why this would occur. It is known that
dietary antigens can be expressed in milk (Hattevig =t al., 1990). As stated above,
cow' s milk is considered to be highly antigenic for the production of antibodies (Bock
and Martin, 1983). The higher proportion of B cells in these animals may therefore
be representative of a population of stimulated B cells producing anti-bodies against
cow's milk proteins.

At 30 days of age there were no differences iin B cell numbers but all three
groups differed from each other in their proportions of W3/13 cells, with the CAS fed
animals having the highest percentage of positive cells and the NIH fed animals the
lowest..

In mesenteric lymph nodes there was only one difference between diet
groups. The two SP groups had lower relative percentages of OX33 B cells
compared to the NIH group. CD45RA, which is the antigen that OX33 binds to, is
not expressed on memory B cells (Hamann, 1992). Since there was no difference
between groups in their OX12 populations the differences may represent a
population of memory B cells. This could in part be due to the higher number of B
cells seen in the spleen of the SP fed rats at 14 days of age, which may have
represented a stimulated B cell population.

Only one difference was seen in the blood lymphocyte phenotypes of BBn
rats at 30 days of age. The NIH group had a lower percentage of W3/13+ cells than
the other two groups. This corresponds to the spleen populations of these animals
where the NIH group had a lower W3/13* count as well.

it is difficult to determine why differences were seen in the BBn animals. Very
little research has been done examining immune parameters of animals (or humans)
fed different diets as infants. Since casein and soy are very common as protein
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sources for infant formulas it is important to realize that feeding different protein

sources to infants may affect their immune system early in life, and this could have
implications as they age.

Future Research

It is known that weaning diet can influence the development of diabetes in
BBdp . ats and that weaning to a chow diet can increase diabetes incidence in BBdp
rats. The discussion and summary described possible processes by which diet may
exert its effect, based on results from our study as well as others.

Future studies examining the relationship between weaning diet and diabetes
incidence in the BBdp rat could incurporate some of the ideas discussed above.
One possibility would be to look at B-cell expression in rats fed different diets, to
determine if this is increased in rats weaned to chow diets compared to those on SP
diets.

Studies of different immune parameters could also be examined in these rats.
Phenotyping with monoclenal antibodies marking for activation would give useful
information about the functional state of lymphocytes from rats fed different diets.
Functional studies, such as proliferative responses to mitogen stimulation could also
be examined. Cytokine levels in these rats may also elucidate possible mechanisms
by which diet mediated differences occur. TNF-a and IL-1, which have been thought
to be involved in the disease process could be examined in these animals.

Some of these e.speriments have been done previously however there is little
data on BBdp rats pricr to 30 days of age, and less data on this group of animals
related to diet changes.

Ultimately, research in this area should guide us to understanding more
about insulin cependent diabetes mellitus in humans. The research presented in
this thesis has ; .:teri*al to be applied to the human disease. As stated in the
introduction, therc -;:v2ars to be an increased risk of disease in formula fed
infants compared {c ' ~se who are breast fed (Mayer et al., 1988; Kostraba et
al.,, 1992). This may he due to similar effects of diet seen in the BBdp rat in this
study.
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Summary

Hypothesis one stated that BBdp rats fed diets known to give different
diabetes incidence, NIH chow (high incidence), casein based SP diet (low incidence)
or soy based SP diet (intermediate incidence), would have different lymphocyte
phenotype profiles. Animals fed the chow diet would show the typical BBdp
lymphopenic profile. Animals fed the casein based SP diet would show increased
numbers of T-cells and those fed the soy based SP diet would be intermediate
between the two.

It is clear from the results and discussion above that diet did have an effect
on and immune development of the rat pups, as well as on their early growth pattern.
The diabetogenic diet (NIH) led to a lymphocyte profile characteristic of BBdp rats
that develop diabetes whereas the protective CAS diet led to a lymphocyte profile
more closely resembling that of the BBn rat, including an increased number of to*al T
cells and CD4" and CD8" T cell sub-groups. The SOY fed animals had a
lymphocyte profile intermediate between the other two which corresponds to the
intermediate incidence of diabetes in these animals.

Several lines of evidence seem to indicate that a lack of an effective
suppresser mechanism against the auto-immune process is responsible for the
development of diabetes in these animals. BBn and other rat strains can be
rendered susceptible to diabetes by depletion of lymphocyte subsets (Fowell &
Mason, 1993; Greiner et al., 1987; Jaing et al., 1990). This observation combined
the lymphopenia found in genetically susceptible rats, indicates that potentially auto-
reactive cells occur in all rats, but a subgroup of protective cells are usually absent
in the BBdp rat. The lymphocyte phenotypes that are most affected by the
lymphopenia in the BBdp rat are the CD8* cells (Yale & Marliss, 1984; Jackson et
al., 1983) and T cells expressing the RT6.1 marker (Burstein et al., 1989). It is
reasonable to assume that it is one or both of these subgroups that is involved in
protection from diabetes.

One study has shown that RT6 expression decreases when T cells are
activated and is re-expressed when cells return to a non-activated state. As well
RT6.1 is a maturational marker (Burstein et al., 1989) and its absence may indicate
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a lack of mature T cells in BBdp rats. CD8+ cells are believed to be suppresser cells
(Kuby,1993), and involved in suppression of the immune response.

In our study the total number of T cells as well as the T cell subgroups of
CD4" and CD8" T cells were increased in virt.  , all organs at 30 days of age in the
BBdp animals fed the CAS based SP diet (protective) compared to the BBdp
animals fed the NIH chow diet (diabetogenic). The animals fed the SOY diet did not
show consistent results with the phenotype markers. Differences were seen
between this group and the other two depending on the phenotype , organ and age
examined. This may explain the intermediate incidence of diabetes found in these
animals, as only some of the factors involved in disease process may be shifted to
the protective type.

In peripheral blood, where the CD8" lymphopenia in the BBdp rat is rnost
pronounced, the CAS and SOY semi-purified diets significantly increased the
percentage of positive celis. It is possible that this increase is the most important
change for altering diabetes incidence in these rats.

It is difficult to determine which component(s) of the SP diets may be
responsible for altering the lymphopenia in these animals. It is possible that it is not
a specific component that is responsible but rather a systemic effect of the diets. in
our study and in others (Elliot & Martin, 1984; Hoorfar et al., 1992), it was shown that
animals fed chow grow more rapidly early in life than those fed the SP diets. This
difference disappears by six weeks of age (42 days). It has also been demonstrated
that i a given colony of BBdp rats fed chow, thcse with the highest body weights
between 10 and 40 days are at an increased risk for development of diabetes
(Pederson et al., 1994). Therefore it seems rea. onable to assume that part of the
diabetogenic effect of chow may be due to its eitect of increasing growth during this
critical period in the development of diabetes.

It is interesting that the NIH diet leads to higher rates of growth in these
animals. The NIH diet is less energy dense than the CAS or SOY diets therefore
the rats fed the NIH diets must have eaten more food or absorbed nutrients with
greater efficiency. Studies have shown that increased insulin secretion by
cyclophosphamide treatment accelerates B-cell destruction (Mordes €t al., 1987). As
well, administration of exogenous insulin (which decreases pancreatic secretion of
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insulin) can delay the onset of the disease (Gottlieb et al., 1991), and reduction of
pancreatic insulin secretion by diazoxide prevents diabetes in the BBdp rat (Viahos &
Yale, 1987). It is possible these results attributalbe to increased B-cel! antigen
expression associated with icreased insulin secretion (Appel et al., 1989). Since the
autoimmune process in diabetes is directed against the B-cells, this increased
antigen expression may increased the likelihood of an auto-immune attack. It is also
possible that the different diets may affect insulin secretion due to differences in their
amino acid compositicns or in their effect on the hormonal response in the animal.

Since the BBn animals also showed differences in body weights at 30 days
of age it appears that this effect on early growth is not restricted to BBdp animals. It
is also evidence that it is not increased early weight gain alone which leads to the
development of diabetes in these animals.

It may be that in BBdp rats fed chow, increased B-cell antigen expression due
to increased exposure to nutrients combined with the aitered immune system of the
BBdp rat to producz auto-immune B-cell destruction in these animals. Protection in
animals fed a SP diet may be conferred by two factors, decreased growth and insulin
secretion as well as a more protective immune response (See figure 6.1).

Figure 6.1
Exposure to Insulin B -Cell Antigen ,
Nutrients o § Secretion > Expression » Diabetes
(amino acid
composition)

Altered Immune Response:

e Lack of RT6.1 cells

e Lack of CD8" suppresser and OX19* cells

¢ Increased predisposition to
auto-immunity
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Hypothesis two stated that no differences would be seen in BBn animals fed
the different diets. This hypothesis was not supported by our data as differences
were seen in lymphocytes from animals fed the different diets. This data is unique
as studies that have examined phenotypes in BBn animals have studied them at
older ages (Field, 1995) and have not found differences. This study has determined
that diet can affect lymphocyte phenotypes in BBn animals at a young age.

The most interesting finding at day 14 was that the relative percentage of
both OX12" and {:X33" cells were increased in the CAS fed animals over the other
two diet groups. It is difficult to determine why this would occur. It is known that
dietary antigens can be expressed in milk (Hat.:vig et al., 1990). As stated above,
cow' s milk is considered to be highly antigenic for the production of antibodies (Bock
and Martin, 1983). The higher proportion of B cells in these animals may therefore
be representative of a population of stimulated B cells producing anti-bodies against
cow's milk proteins.

At 30 days of age there were no differences in B cell numbers but all three
groups differed from each other in their proportinns of W3/13 cells, with the CAS fed
animals having the highest percentage of positive cells and the NIH fed animals the
lowest..

In mesenteric lymph nodes there was only one difference between diet
groups. The two SP groups had lower relative percentages of OX33 B cells
compared to the NIH group. CD45RA, which is the antigen that OX33 binds to, is
not expressed on memory B cells (Hamann, 1992). Since there was no difference
between groups in their OX12 populations the differences may represent a
population of memory B cells. This could in part be due to the higher number of B
cells seen in the spleen of the SP fed rats at 14 days of age, which may have
represented a stimulated B cell population.

Only one difference was seen in the blood lymphocyte phenotypes of BBn
rats at 30 days of age. The NIH group had a lower percentage of W3/13+ cells than
the other two groups. This corresponds to the spleen populations of these animals
where the NIH group had a lower W3/13* count as well.

It is difficult to determine why differences were seen in the BBn animals. Very
little research has been done examining immune parameters of animals (or humans)
fed different diets as infants. Since casein and soy are very common as protein
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sources for infant formulas it is important to realize that feeding different protein
sources to infants may affect their immune system early in life, and this could have
implications as they age.

Future Research

It is known that weaning diet can influence the development of diabetes in
BBdp rats and that weaning to a chow diet can increase diabetes incidence in BBdp
rats. The discussion and summary described possible processes by which diet may
exert its effect, based on results from our study as well as others.

Future studies examining the relationship between weaning diet and (habetes
incidence in the BBdp rat could incorporate some of the ideas discussed above.
One possibility would be to look at -cell expression in rats fed different diets, to
determine if this is increased in rats weaned to chow diets compared to those on SP
diets.

Studies of different immune param =ters could also be examined in these rats.
Phenotyping with mor.oclonal antibodies marking for activation would give useful
infermation about the functional state of lymphocytes from rats fed different diets.
Functional studies, such as proliferative responses to mitogen stimulation could also
be examined. Cytokine levels in these rats may also elucidate possible mechanisms
by which diet mediated differences occur. TNF-o and [L-1, which have been thought
to be invoived in the disease process could be examined in these animals.

Some of these experiments have been done previously however there is little
data on BBdp rats prior to 30 days of age, and less data on this group of animals
related to diat changes.

Uttimately, rese&rch in this area should guide us to understanding more
about insulirs denendent diabetes mellitus in humans. The research presented in
this thesis t.::= :uential to be applied to the human disease. As stated in the
introduction, .~y appears to be an increased risk of disease in formula fed
infants compare-. i« those who are breast fed (Mayer et al., 1988; Kostraba c*
al., 1892). This mav be due to similar effects of diet seen in the BBdp rat in this
study.
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