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The high susceptibility to infection in persons with 

Down Syndrome (DS) has led some investigators to explore the 

possibility of a defect in the immune system. Studies to 

date indicate no defect in humoral immunitjr suggesting that 

the defect might be in the cellular immune functions, but no 

specific defect has been found. Our investigation of the 

cellular immune system of adult DS patients was conducted 

by examining (1) the number and function of T-lymphocytes, 

(2) the phagocytic function of granulocytes, (3) the level 

of superoxide dismutase-1 (SOD-1) in leukocytes, and 

(4) the effects of SOD-1 on lymphocyte and granulocyte 

functions. 

Our studies showed a significant decrease in T-lymphocytes, 

but an increase in a subpopulation of T-lymphocytes. We also 

confirmed a true gene-dosage effect for SOD-1 in lymphocytes 

and granulocytes. A reduction in the bactericidal function, 

as well as a decrease in the percentage, of phagocytic 

granulocytes was also found. 



We conclude that the immunodeficiency of adult DS patients 

results from multiple defects in the cellular immune functions. 

We believe that the variations in the number of lymphocytes 

and the role of superoxide metabolism in the bactericidal 

function of granulocytes contribute to the defect in the 

cellular immune function of DS patients. 



TABLE OF CONTENTS 

Page 

LIST OF TABLES vi 

LIST OF ILLUSTRATIONS viii 

Chapter 

I. INTRODUCTION AND REVIEW OF LITERATURE 1 

II. MATERIALS AND METHODS 29 

A. Subjects 

B. Studies on Cellular Immunity 
1. Enumeration of T-lymphocyte 

population 
2. Lymphocyte transformation studies 
3. Phagocytic function of granulocytes 

C. Studies on Superoxide Dismutase-1 
1. Determination of SOD-1 activity in 

leukocytes 
2. Effects of SOD-1 inhibition on 

lymphocyte transformation 

D. Statistical analysis 

III. RESULTS 46 

Studies on Cellular Immunity 

Enumeration of T-lymphocyte population 
Lymphocyte transformation studies 
Phagocytic function of granulocytes 

Studies on Superoxide Dismutase-1 

SOD-1 activity in lymphocytes 
SOD-1 activity in granulocytes 
Effect of SOD-1 inhibition on lymphocyte 
transformation 

IV 



Page 

IV. DISCUSSION 70 

APPENDIX 94 

BIBLIOGRAPHY 100 



LIST OF TABLES 

Table Page 

I. Biological activities and normal serum 
concentration of the five classes of human 
immunoglobulins 4 

II. E-rosette population in normal controls, 
mentally retarded controls and Down Syndrome 
patients using sheep red blood cells 47 

III. E^-rosette population in normal controls, 
mentally retarded controls and Down Syndrome 
patients using neuraminidase treated sheep 
red blood cells 48 

IV. 1%-rosette population in normal controls, 
mentally retarded controls and Down Syndrome 
patients 52 

V. Determination of optimum concentration of 
phytohemagglutinin needed for maximum blast 
transformation 53 

VI. Lymphocyte transformation studies of normal 
controls, mentally retarded controls and 
Down Syndrome patients 55 

VII. Nitroblue tetrazolium reduction by 
granulocytes in normal controls, mentally 
retarded controls and Down Syndrome 
patients 56 

VIII. Comparison of phagocytic cells in MR controls 
and Down Syndrome patients 58 

IX. Differential white cell count in normal 
controls, mentally retarded controls and 
Down Syndrome patients 59 

X. Superoxide dismutase-1 activity in 
T-lymphocytes of normal controls, mentally 
retarded controls and Down Syndrome 
patients 62 

vi 



Table Page 

XI. Superoxide dismutase-1 activity in 
granulocytes of normal controls, mentally 
retarded controls and Down Syndrome 
patients 64 

XII. Effect of SOD-1 inhibition by 
deithyldithiocarbamate (DDC) on PHA-stimulated 
lymphocyte transformation expressed as counts 
per minutes (CPM) in 68 hour cultures of 
mentally retarded controls and Dovm Syndrome 
patients 68 

XIII. Effect of Superoxide dismutase-1 inhibition 
by diethyldithiocarbamate on PHA-stimulated 
lymphocyte transformation expressed as 
blastogenic index in mentally retarded 
controls and Down Syndrome patients 69 

XIV. Summary of studies of T-lymphocyte population 
in Down Syndrome patients 73 

XV. Summaries of studies of lymphocyte 
transformation in Down Syndrome patients 77 

v n 



LIST OF ILLUSTRATIONS 

Figure P a g e 

1. Schematic representation of the "burst of 
metabolic activity" associated with 
phagocytosis by neutrophils 25 

2. Comparison of the percentage of T-lymphocyte 
populations in normal controls, mentally 
retarded controls and Down Syndrome patients 
using sheep red blood cells (E-rosette) and 
neuraminidase treated sheep red blood cells 
(Eftj-rosette) 50 

3. Inhibition of Nitroblue tetrazolium reduction 
by Superoxide dismutase-1 in aerobic xanthine 
oxidase system to determine the standard 
curve 60 

4. Determination of optimum concentration of 
diethyldithiocarbamate in 5x10^ lymphocyte/ml 
cultures of normal controls for 68 hours in 
presence of 180 ;ag/ml of PHA 65 

Vlll 



CHAPTER I 

INTRODUCTION AND REVIEW OF LITERATURE 

Down Syndrome (DS), also called Trisomy 21 , is a chromosomal 

abnormality which occurs with a frequency of one per 500-600 

live births (Oster, 1975). It has been recognized as a clinical 

entity since its description by Langdon Down in 1866. People 

with DS have well-defined physical features and several 

clinical problems, one of which is an increased susceptibility 

to infectious diseases, especially of the upper respiratory 

tract (Brousseau, 1928; Benda, 1947, -60, -65; Siegal, 1948; 

Engler, 1949; Donner, 1954; Kirman, 1964). This higher 

incidence of infection has led many investigators to suspect 

a defect in the immune system of DS persons (Burgio, 1975; 

Lopez, 1975; Levin, 1975; Segar, 1977; Ugazio et al., 1978). 

Immune responses are the principle means of defense against 

infection which results from exposure to a variety of antigens. 

The immune system is a complex system consisting of both humoral 

and cellular immunity. Involved in the immune response are 

B-lymphocytes, T-lymphocytes, macrophages, granulocytes, 

complements, and lymphocyte products such as immunoglobulins, 

interferon, transfer factor, etc. 

Humoral immunity involves the production of antibodies 

which combine specifically with antigens. Hence it plays an 

important role in common infections. Mature B-cells, which 
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are derived from the stem cells, are the progenitors of the 

antibody forming cells. B-cells respond to antigens by 

differentiating into plasma cells. Antibodies, which have 

the ability to opsonize and agglutinate the antigens, are 

then synthesized upon stimulation by antigens. The result 

of the antigen stimulation is also the acquisition of the 

ability to give a specific secondary response when challenged 

with the same antigen again at a later date, also known as 

immunological memory. 

Humoral immunity has been studied by the enumeration of 

antibody producing B-cells and the examination of their 

function. While no quantitative variations of B-cells in 

DS patients have been found compared to the normal controls 

(Rundle, 1971; Levin, 1975; Gershwin, 1977), elevated levels 

of gamma globulins have been detected in their serum (Benda, 

1947; Stern and Lewis 1957; Sobel, 1958; Skanse, 1962; 

Pritham, 1963; Appleton, 1963; Griffiths, 1965, 69). Since 

the antibodies (immunoglobulins) are associated with the gamma 

globulin fraction of the serum, this elevated gamma globulin 

in DS could imply an increased level of antibodies and therefore 

greater immunity to infections. However, this does not seem 

to be the case. Therefore, it has been suggested that 

elevated levels of immunoglobulins are the result of the 

increased frequency of infection in DS patients. 



In different studies, institutionalized DS patients, 

compared to non-institutionalized DS patients or normal 

controls, have been shown to have a higher level of 

immunoglobulins (Pritham, 1963; Sutnick, 1969; Kalder, 1971). 

Such an elevation of immunoglobulin level is believed to be 

caused by frequent exposure to antigens and the antigenic 

'stress' of institutionalized living (Appleton and 

Pritham, 1963). It is well known that both environment and 

host factors influence the immunologic responses. 

Pritham et al., (1963) observed changes in the 

electrophoretic mobility of gamma globulins of DS patients 

compared with those of the controls. They suggested that 

the decreased resistance to infection was due to these 

"faulty immunoglobulins" and postulated that an increase in 

gamma globulins in DS patients represents an attempt to 

compensate for poor quality antibodies. Adinolfi (1967) and 

Hawkes et al., (1978) refuted this postulate by showing that 

the titers of antibodies to common microbial antigens were 

within normal levels among the DS patients they studied. 

They explained that the abnormal levels of immunoglobulins 

found in DS patients are not characteristic only of DS patients, 

but also found in disorders of the reticuloendothelial system 

or the lymphocytes (McKelvey, 1965). 

Human immunoglobulin has been assigned to five different 

classes based on their properties. In 1965, Mancini developed 



techniques capable of quantifying each class of immunoglobulin 

The biological activities and the serum concentrations of 

these classes are summarized in Table I. 

Serum IgG has been found to be consistently elevated in 

DS patients (Adinolfi, 1967; Dyggve, 1970; Kalder, 1971; 

Rundle, 1971; Reiser, 1976; Ugazio, 1978). According to some, 

the elevation of serum IgG levels in DS patients is the 

result of recurrent infections (Adinolfi, 1967; Yokoyama, 

1967; Dyggve, 1970). Miller (1969, -70) reported that in 

contrast to older DS patients, the newborn infant with DS 

(Trisomy 21) showed significantly lower levels of serum IgG 

when compared with the values of normal newborn infants. 

This observation led him to conclude that the increase in 

serum IgG and total gamma globulin might reflect a response 

to repeated infections. Others suggest that a high frequency 

of chronic infectious diseases found in institutionalized 

DS patients, compared to non-institutionalized DS patients, 

is responsible for higher serum IgG levels (Stiehm, 1966; 

Adinolfi, 1967; Dyggve, 1970; Rosner, 1973; Kalder, 1977). 

Studies on IgM have indicated both decreased and normal 

levels in DS patients. Hann et al., (1979) reported lower 

numbers of IgM-bearing lymphocytes in DS children as well as 

a decrease in the number of B lymphocytes and speculated that 

the decreased serum level of IgM might be due to a reduced 

number of IgM producing cells. The decreased concentration 



TABLE I 

BIOLOGICAL ACTIVITIES AND NORMAL SERUM CONCENTRATION 
OF THE FIVE CLASSES OF HUMAN 

IMMUNOGLOBULINS 

Class 
Serum concentration 

mg/100ml* 

IgG 1275 + 280 

Functions** 

Toxin neutralizing 
Agglutinating 
Opsonizing 
Bacteriolysis with 
aid of complement 
system 

IgM 1 2 5 + 4 5 Toxin neutralizing 
Agglutinating 
Bacteriolysis with 
aid of complement 
system 

IgA 225 + 55 Toxin neutralizing 
Agglutinating 
Opsoniz ing 
Virus neutralizing 

IgD Antigen receptor on 
B-cells 

IgE 0.01 Mediate changes in 
vascular permeability 

*Barrett, 1974 p.87 
**Benacerraf, 1979 p.50 
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of serum IgM could delay clearance of circulating infectious 

agents and promote persistence of infections. Unlike the 

above findings, studies by Yokoyama (1967) reported cases of 

DS showing increased levels of IgM. Other investigators 

observed no significant difference in IgM levels of serum 

(Greene, 1968; Griffith, 1969; Rosner, 1973; Reiser, 1976). 

This variability in the IgM level may have arisen from 

differences in the rates and types of infection between 

institutionalized DS and mentally retarded (MR) subjects and 

noninstitutionalized DS controls (Griffith, 1969). 

Serum IgA has been found to be consistently elevated in DS 

patients (Stiehn, 1966; Adinolfi, 1967; Griffith, 1969; 

Rosner, 1973; Whittingham, 1977; Jacob, 1978; Nishida, 1978). 

The high incidence of viral and bacterial infection in DS 

subjects was considered to be the cause of this elevation 

of serum IgA. Because of a possible decrease in the number of 

IgM producing lymphocytes, it is also thought that compensatory 

activation of IgG and IgA lymphocytes would take place in 

response to the repeated antigenic stimulation. These sensitized 

lymphocytes eventually transform into plasma cells and lead 

to the increased serum levels of IgG and IgA, as observed in 

older DS patients (Hann, 1979). On the other hand, Miller 

(1969), Sutnick (1969), Dyggve (1970) and Reiser (1976) reported 

no significant difference in the serum IgA levels in DS subjects 

compared to the controls. 



Although IgD was recognized in 1965 (Rowe) as a distinct 

class of immunoglobulin, its level in the serum of DS patients 

was not reported until 1971 by Rundle. Little is known about 

the biological function of serum IgD. It is believed that 

IgD functions as an antigen receptor on the B lymphocyte 

membrane. Increased serum levels of IgD in DS during chronic 

infection were reported by Rundle (1977). This increase, 

however, is not specific to any type of infection. 

IgE is present in very low concentrations in normal serum 

and requires very sensitive techniques for measurement of its 

level in serum, such as the radioimmunoassay. Lopez (1974) 

studied serum IgE levels in DS patients and found decreased 

levels compared to non-DS patients. This decrease, however, 

is not associated with any specific infection. 

Cellular immunity is known to be responsible for the 

protection against many viral diseases and against infections 

with other intracellular pathogens. Various types of cells 

participate in cellular immunity including macrophages, 

granulocytes and T-lymphocytes. An increased phagocytic 

capacity by macrophages and granulocytes is one expression 

of cellular immunity, while T-lymphocytes carry out the 

regulatory function of immune response. 

T-lymphocytes produce activated phagocytes that are 

involved in the destruction of the pathogens. T-cells also 



function as regulatory cells modulating the activities of 

B-cells and other T-cells. The regulatory function of T-cells 

can be expressed in two ways: as helper T-cells and as 

suppressor T-cells. Helper cells are those that interact 

with the antigen and facilitate the proliferation and 

differentiation of B lymphocytes which, in turn, are responsible 

for antibody production. Suppressor T-cells, on the other 

hand, are those that suppress immunoglobulin synthesis or 

suppress antibody responses to antigen. 

T-lymphocytes can also act as cytotoxic T-cells having the 

capability to destroy the invading microbes; hence, these 

cells are known as "killer cells." 

Studies on T-lymphocytes of DS subjects by some investigators 

show no quantitative abnormality of T-cells (Reiser, 1976; 

Hann, 1979; Wisniewski et al., 1979, Spina, 1981). Whittingham 

(1977) is among the few who reported an increase in T-cell 

count in DS patients. However, this increase was not significant 

Ugazio and Burgio (1977) attributed this increase in T-cell 

rosettes by Whittingham to the difference in the technique 

which increases the sensitivity of the immature T-cells to 

the formation of rosettes with sheep red blood cells (SRBC). 

A reduction of T-lymphocyte population in DS patients was 

indicated by several observers (Burgio, 1974, 78; Levin, 1975; 

Robert-Thompson, 1974; Gershwin, 1977; Handzel, 1979). Since 



the T-cell population is functionally heterogeneous, it was 

suggested (Levin, 1975) that increased bacterial and viral 

infection in DS is due to a diminished number of T-cells, 

especially a functional deficiency of cytotoxic T-cells. 

It has been shown by Yu (1975) that a subpopulation of 

circulating T-cells form rosettes with human red blood cells 

(HRBC). The H-rosette forming cells were thought to be immature 

T-cells. Burgio (1978) reported a high percentage of rosettes 

with HRBC in DS children, 4 months to 4 years, and he also 

speculated that H-rosette forming T-cells could be immature 

T-cells. 

Measurement of lymphocyte transformation following 

stimulation by antigens or mitogens such as Phytohemagglutinin 

(PHA) and Concanavalin A (Con A) is a widely used jji vitro 

assay of the cellular immune function. While slight 

hyperblastic response to dilute PHA by peripheral lymphocytes 

of DS patients was reported by Lejune (1966) and Hayakawa 

(1968), no such difference in the blast transformation was 

found between DS patients and the controls when the optimum 

PHA concentration was used. Dose response studies conducted 

by Rigas (1970) revealed that by using a dose of 0.001 mg of 

PHA per ml or higher in the lymphocytes culture, the 

incorporation of [3H] thymidine in the lymphocytes of DS 

patients was consistently lower than normal controls. In 
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contrast, at a dose level of 0.0005 mg per ml of culture or 

less, the incorporation of thymidine was higher in DS patients 

than in normal controls. The results of Rigas (1970) indicated 

that at low PHA concentration, though the response was slightly 

higher in DS patients, it was still significantly less than the 

optimum transformation response to higher levels of PHA. It 

was suggested that higher than normal response in DS patients 

was probably due to the presence of a small subpopulation of 

T-cells which was sensitive to lower PHA concentration. 

A significant reduction in PHA response in DS patients 

was seen by several other investigators (Agarwal, 1970; 

Mellman, 1970; Burgio, 1974, 75; Whittingham, 1977; Sinet, 

1979; Wisniewski, 1979; Nishida, 1981; Spina, 1981). Since 

lymphocyte proliferation in response to mitogen stimulation 

is a marker for the functional response of T-cells, it was 

concluded that immunodeficiency in DS patients was caused by 

impaired lymphocyte function. 

It is well known that DS patients have a high incidence 

of leukemia (Miller, 1970; Rosner, 1972). The presence of a 

lymphocytosis-stimulating factor in the plasma of patients 

with chronic lymphatic leukemia (Metcalf, 1956) led Gruter 

(1965) to investigate the presence of this factor in the 

plasma of DS patients. Gruter (1965) showed that the number 

of mice lymphocytes increased considerably when injected 
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with DS plasma in contrast to injection with plasma from 

normal persons. This observation suggested that DS plasma 

might contain a lymphocytosis-stimulating factor. 

Transformation of lymphocytes by mixed lymphocyte culture 

(MLC) was also investigated in DS patients. When a mixture of 

allogenic lymphocytes from two subjects are cultured together 

in vitro, the cells undergo blast transformation. The two cell 

populations, being virtually different immunologically, 

stimulate each other to undergo blast transformation. Sasaki 

et al., (1969) demonstrated a hyperblastic response in MLC of 

DS and control lymphocytes, and hypoblastic response in unmixed 

cultures and MLC of non-DS lymphocytes. This led him to believe 

that lymphocytes of DS patients also have a 

lymphocytosis-stimulating factor present. They implied that 

this hyperblastic response to MLC of DS subjects may be caused 

by a genetic factor. 

The impairment of lymphocyte function in respose to PHA 

stimulation may point to the central role of the thymus in the 

immunodeficiency in DS patients. The thymus plays a crucial 

role in the antigen-independent differentiation of T-lymphocytes. 

The epithelial cells of the thymus secrete hormonal factors 

necessary for the final maturation of thymus-processed 

precursors into fully competent T-lymphocytes (Khan, 1978; 

Handzel, 1979). 
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Morphological abnormalities in the thymus of DS patients 

were first outlined by Benda and Strassmann (1965). It was 

reported that DS patients have a smaller and abnormal thymus 

with lymphocyte depletion, diminution of the cortex, and loss 

of corticomedullary differentiation (Levin and Handzel, 1979). 

It was suggested that the histopathological changes might cause 

the decrease in the T-lymphocyte population and their function. 

It has been demonstrated that the thymic humoral factor 

(THF), a peptide thymic hormone, has the capacity of inducing 

differentiation and maturation of T-lymphocytes (Handzel, 1979), 

It has also been demonstrated that isolated thymic hormone 

stimulates cellular function jji vitro and _in vivo, through a 

specific activation of early T-lymphocytes (Trainin, 1974). 

Lymphocytes of DS patients, when treated with a thymic humoral 

factor, show an increase in E-rosette formation (Handzel, 1979). 

Moreover, it has been demonstrated that this thymic hormone 

partially reconstitutes the immunologic damage caused by the 

removal of the thymus (Trainin, 1974). This reconstitution 

effect of the THF is most prominent in situations where 

T-lymphocyte functions are depressed (such as in DS patients) 

and it has no immunological enhancing effect in patients 

with normal cellular immune functions (Handzel et al., 1979). 

Granulocytes and macrophages also play an important role 

in the immune system by eliminating the invading microorganisms 
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through a series of physical and chemical steps. Some 

invading particles are coated with the immunoglobulins and 

thus made more palatable for ingestion by the cell, a 

process known as opsonization. The plasma membrane of 

granulocytes has receptors for immunoglobulins, which 

interacts with opsonized particles and initiates a series of 

biochemical events (Goldstein, 1975). During phagocytosis, 

normal granulocytes exhibit increased oxygen uptake 

(Karnovsky, 1962) which is governed by membrane-bound NADH 

oxidase activity (Baehner, 1968). This results in the 

generation of superoxide radicals (O2) during phagocytosis 

(Babior, 1973; Brawn and Fridovich, 1975; Johnson, 1975). 

There is also a large increase in the activity of the 

hexose monophosphate shunt pathway during phagocytosis 

(Sbarra and Karnovsky, 1959). The burst of metabolic 

activities associated with phagocytosis by granulocytes is 

presented schematically in Figure 1 (page 25). 

The exact mechanism of the bactericidal action has not 

been completely elucidated. Phagocytic leukocytes produce 

superoxide radicals, hydrogen peroxide, hydroxyl radicals 

and singlet oxygen upon stimulation, all of which are 

believed to be bactericidal. Several studies have reported 

that the highly toxic superoxide radical is responsible for 

the actual killing of the microbes (Curnutte, 1974; Johnson, 

1975; Salin and McCord, 1975; Fridovich, 1975, 1980; 
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Beckman, 1981). Webb (1974) and Klebanoff (1968, -70) 

implicated hydrogen peroxide as the bactericidal agent. 

Hydroxyl radicals are also believed to be bactericidal 

(Fong, 1973; Gregory and Fridovich, 1973). Some believe 

that singlet oxygen also plays an important role in the 

killing of microbes (Klebanoff, 1974, -76; Allen, 1972; 

Krinsky, 1974). Phagocytic leukocytes have a considerable 

arsenal, in the form of various oxygen radicals, at their 

disposal for the destruction of other cells (Klebanoff, 1975). 

The existence of a multiplicity of bactericidal reactions, 

according to Badway and Karnovsky (1980), would be beneficial 

in eliminating a wide variety of microbes. This balance of 

oxygen radicals would also provide the cell with "back up" 

killing mechanisms in case a particular system is lost by a 

genetic or an acquired defect (Badway et al., 1980). 

Baehner and Nathan (1968) present an _in vitro quantitative 

test using Nitroblue tetrazolium (NBT), a yellow water-soluble 

dye, which is reduced by superoxide radical in the granulocytes 

The reduction of dye to dark-blue water insoluble formazan is 

enhanced by phagocytosis. The number of cells reducing NBT 

(NBT positive) is significantly decreased in DS children 

(Rosner, 1965; Tan, 1973; Kretschner, 1974; Khan, 1975; Segar, 

1977) implying reduced availability of superoxide radicals in 
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DS granulocytes. vitro killing of bacteria is also 

reported to be significantly lower by granulocytes of DS 

patients (Costello, 1976). 

The granulocytes, attracted to the sites of inflammation 

by chemotactic factors, participate in the phagocytic activity. 

This chemotaxic migration of granulocytes to the site of 

infection is significantly decreased in DS patients (Khan, 

1975; Barkin, 1980). According to Khan (1975), the decrease 

of chemotaxic migration in DS children was thought to be 

secondary to a defect in the leukocytes. The nature of this 

defect is not clear and may be related to the shorter half-life 

of granulocytes as reported by Raab (1966). Since chemotaxis 

is an energy-dependent function, the decreased indices may be 

related to known enzymatic defects of the leukocytes in DS 

patients though a direct relationship between chemotaxis and 

enzymatic abnormalities has not been documented (Hsia, 1971). 

The elevation of these enzymes is not a gene-dosage effect. 

The granulocyte turnover rate is also increased in DS patients 

(Mellman, 1967; Pearson, 1967) which is indicated by the 

shortened life of mature cells and the production of immature 

granulocytes. In DS children this increased granulocyte 

turnover rate and abnormal levels of intracellular enzymes 

might be a reflection of the immaturity of granulocytes. 

Increased levels of leukocytic enzyme is shown to be 
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characteristic of immature cells due to some general, 

relatively non-specific effect on leukocyte activity 

(Hook, 1964). 

Morphological variations of granulocytes in DS patients 

have also been reported. The number of nuclear lobes per 

cell is fewer in DS patients than in the controls (Benda, 

1947; Mittwoch, 1964). Mellman et al., (1967) have reported 

that the rate of granulocyte turnover is increased in DS 

patients. An increase in turnover rate stimulates the 

proliferation of granulocyte progenitor cells in the marrow. 

The number of granulocytic progenitor cells in the blood of 

DS patients is reported to be significantly reduced 

(Standen, 1979). This reduction is due to impaired release 

of progenitor cells into the circulation and is believed to 

be responsible for immunological disorders. The mechanism 

by which progenitor cells are released from the marrow is 

uncertain (Standen, 1979). 

The lysosomes of normal mature neutrophils contain a 

number of enzymes which make intracellular digestion 

extremely efficient. Studies present evidence that mature 

neutrophilic granulocytes show biochemical and morphological 

abnormality in DS patients (Mittwoch, 1964; Pearson, 1967; 

Khan et al., 1975; Barkin, 1980). In DS subjects, many 

leukocyte enzymes are found to be increased, including acid 

phosphatase, alkaline phosphatase, and glucose-6-phosphate 

dehydrogenase (Mellman, 1964; Rosner, 1964). 
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Complement, a complex system of 17 plasma proteins, is 

activated in a specific sequence by antigen-antibody complex 

or by bacterial products. Complement is responsible for many 

biological defense mechanisms such as lysis, opsonization, 

leukocyte chemotaxis and inflammation, etc. Normal levels 

of complement component C3, were observed in DS patients 

(Kretschmer, 1974). Segar's (1977) observation of normal 

C3, C4 and C5 complement levels in children with Trisomy 21 

shows that the impairment in the complement system is an 

unlikely factor in the immune defect in DS patients. 

One other interesting observation which has been reported 

recently is the immunoregulatory function of interferon, which 

is itself a product of the immune response. Human and animal 

interferon have been shown to have various immunosuppressive 

effects, among them the _in vitro inhibition of the DNA 

synthesis in activated lymphocytes (Blomgren, 1974). It also 

inhibits cell proliferation (Grosser, 1977). 

The gene responsible for the species specific response 

to interferon has been mapped to human chromosome 21 

(Tan, 1973). This gene has been designated as an interferon 

receptor (IfRec), also called antiviral protein (AVP), or 

antiviral response (AVR) and is thought to code for a surface 

receptor for interferon (Revel, 1976). 

Trisomic cells in DS patients are three to seven times more 

sensitive than are normal cells to several of the effects of 
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interferon, including antiviral activity in fibroblasts, 

antiproliferative action in mitogen stimulated lymphocytes 

and inhibition of the maturation of monocytes to macrophages 

(Epstein, 1976). DNA synthesis was inhibited comparatively 

more in DS patients by lymphocyte interferon than in the 

normal controls (Cupples, 1977; Gurari-Rotman, 1978; Levin, 

1979). The enhanced sensitivity of the DS to antiviral 

effects of interferon was noted by Epstein (1976) and 

Tan (1976). Epstein (1980) hypothesized that interferon 

might be involved in the immune defects associated with DS 

patients and their increased susceptibility to infections. 

One other area of research regarding the phagocytic 

function of granulocytes is the study of the mechanism for 

the intracellular killing of microbes. The role of oxygen 

radicals and the mechanism of maintaining the functional 

balance of these highly toxic radicals is a complex process. 

Since superoxide dismutase-1 (SOD-1) scavenges the superoxide 

radicals (0£) and since the SOD-1 gene is located on 

chromosome 21 (Tan et al., 1973), its role in the phagocytic 

process may be important. 

Human and other eukaryotic cells contain two different 

classes of SOD: SOD-1, a copper-zinc containing enzyme found 

in the cytoplasm and SOD-2, a manganese containing enzyme found 

in mitochondria. 
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SOD-1 (E.C.I.15.1.1) is an ubiquitious enzyme present in 

the cytoplasm of all respiring organisms. It catalyzes the 

dismutation of highly toxic superoxide radicals and is 

considered an essential enzyme in the defense against the 

toxic effects of oxygen which are potentially harmful to 

living cells. 

02 + 02 + 2H+ > H2O2 + O2 

The gene for SOD-1 has been mapped to human chromosome 21 

by linkage analysis with somatic cell hybrids (Tan et al., 

1973). This has also been confirmed by the gene-dosage 

effect manifested in the red cells of clinical cases with 

varying numbers of the specific chromosomal segment of 

chromosome number 21 (Sichitiu et al., 1974; Sinet et al., 

1975; Eriksson et al., 1975; Crosti et al., 1976; 

Tamarkina et al., 1977; Philip et al., 1978; Yamamoto et al., 

1979; Berg et al., 1980; Leschot et al., 1981; Baret et al., 

1981; Jeziorowska et al., 1982). While there have been 

numerous studies of the SOD-1 concentration in red blood 

cells, very little information is available about the SOD-1 

levels in other tissues. The increase of SOD-1 in DS 

fibroblast was reported by Feaster et al., (1977); Sinet et 

al., (1979); and Baret et al., (1981). The only studies 

on SOD-1 levels in the lymphocytes and granulocytes in DS 

patients were done by Feaster et al., (1977) and Baret et al., 

(1981); their results confirm the gene-dosage effect noted 
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in studies on red blood cells. Feaster (1977) reported that 

the assays of the SOD-1 activity in lymphocytes and 

polymorphonuclear cells demonstrated 38% and 40% increase 

respectively, in DS subjects. An increase of 67% SOD-1 

activity in lymphocytes and 74% in granulocytes of DS subjects 

was reported recently by Baret (1981). 

Although the biochemical basis for microbicidal activity 

of granulocytes is not completely understood, studies 

indicate that the killing of most organisms depends upon 

phagocytosis-associated oxidative metabolism. During 

phagocytosis, granulocytes remove oxygen from the surrounding 

medium and convert it first to superoxide anions (Babior, 1973; 

Johnson, 1975) and then to hydrogen peroxide (H2O2) (Klebanoff, 

1975). Hydrogen peroxide and superoxide radicals interact 

to form the potent oxidant, the hydroxyl radical (Johnson, 

1975). Oxidation of glucose through the hexose monophosphate 

shunt is stimulated as a result of increased H2O2 generation 

(Baehner, 1975). The spontaneous dismutation of superoxide 

radical is believed to result in singlet oxygen formation. 

Investigation of phagocytosis-associated oxidative metabolism 

and its essential role in the defense against infection seems 

to be an important subject for an understanding of the 

mechanism of immunodeficiency in DS patients. 

It has been reported that the levels of SOD-1 in 

lymphocytes are three times higher than the SOD levels in 



22 

ingested bacteria. An excess of SOD-1, as seen in DS subjects, 

is said to protect the neutrophils against this "suicidal 

mission." They also reported that the bacteria with elevated 

levels of cytoplasmic SOD-1 are more resistant to this 

phagocytic kill. 

The following biochemical reactions (Klebanoff, 1980) 

are involved in the production of bactericidal radicals: 

C>2 + O2 + 2H+ > H2O2 + O2 (1 ) 
(SOD) 

2H202 > 2H20 + 0 2 (2) 
(catalase) 

H202 + O2 > 0 2 + OH" + 0H° (3) 
(Fe++) 

2H202 > 2H20 +
 10 2 (4) 

(MPO) 

Besides the direct involvement of superoxide radicals in 

the bactericidal activity, convincing data is available 

implicating the involvement of hydrogen peroxide radicals 

in this process (Reaction 1). Klebanoff (1974) explored the 

role of hydrogen peroxide in the bactericidal activity by 

similar methods employed for the studies on superoxide dismutase, 

It was observed that the introduction of catalase bound to 

latex particles inhibited the phagocytic killing. Thus, 

the apparent requirement for both superoxide ions and 

hydrogen peroxide for bactericidal activity made attractive 
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the possibility that these two were interacting to generate 

an even more potent oxidant, the hydroxyl ion (Johnson, 

1975). Gregory and Fridovich (1973) have also shown that 

besides superoxide anions, hydroxyl radicals are involved in 

the bactericidal activity. Klebanoff (1974) reported increase 

in bactericidal activities jjni vitro by the addition of 

myeloperoxidase implying that singlet oxygen might also be 

involved in bacterial killing (Reaction 4). 

SOD-1 induces a marked activation of hexose monophosphate 

(HMP) shunt presumably through the glutathione peroxidase 

pathway as seen in Figure 1. Dismutation of superoxide 

radicals results in the formation of hydrogen peroxide, 

which activates the HMP shunt. Ln vitro, this activation 

of HMP shunt can be eliminated by the addition of catalase 

which will pull the reaction towards the production of 

hydroxyl ions. Thus, the interaction of the glutathione 

peroxidase pathway with hydrogen peroxide offers an 

explanation for shunt activation during phagocytosis and 

as a means of protecting the cell against an excess of 

hydrogen peroxide (Sinet, 1979). 

The role of phagocytosis-associated chemiluminescence 

in bactericidal activity has also been speculated. The 

possibility that oxygen consumed and further changed to 

superoxide radicals during phagocytosis might assume 
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additional molecular forms has been raised by the observation 

that ingestion is associated with a burst of luminescence 

(Allen et al., 1972). The involvement of superoxide radical 

in this luminescence, at least as an initial carrier of energy, 

is suggested by the pronounced inhibition of luminescence by 

SOD-1 (Webb et al., 1974). Similar inhibitions of the rate 

and extent of phagocytosis associated chemiluminescence by 

SOD-1 has also been shown with human monocytes (Johnson 

et al., 1 976). Much less, but consistent, inhibition is 

achieved by catalase, suggesting that hydrogen peroxide and 

hydroxy1 ions or both might be involved in this phenomenon 

(Webb et al., 1974). 

The role of superoxide radical, hydrogen peroxide, hydroxyl 

ion and singlet oxygen in bactericidal functions of phagocytic 

leukocytes is still under investigation. In DS patients, 

because of the triplicaton of the SOD-1 gene, the metabolism 

of these radicals could be altered due to the elevated levels 

of SOD-1 in granulocytes. This could lead to an impairment 

in the balance between these factors resulting in altered 

bactericidal activity of phagocytic leukocytes. 

DS is still the most common cause of mental retardation. 

Establishment of the chromosomal etiology, knowledge about 

the association of maternal age and the availability of 

amniocentesis for the prenatal diagnosis are some of the 
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factors which have helped to a small degree in influencing 

the incidence of this condition in older women. However, 

none of these has had much effect in the general incidence 

of DS which continues to be 1 in 500-600 births. DS persons 

constitute 20 to 25% of the population of institutions for 

the mentally retarded throughout the country, and a similar 

number live in the community (Oster, 1975). 

In the past before the antibiotic era, life expectancy 

in DS was limited. About 25% of DS children died by the 

age of five years. The main causes of death were congenital 

anomalies of the gastrointestinal system and heart and 

infections of the upper respiratory tract. About 75% of the 

children died before puberty because of recurrent infections; 

only 10% reached the age of 25. Even today, respiratory 

infections are fifty times more frequent as the cause of death 

in DS patients than in the normal population (Oster, 1975). 

Many of the above studies have been done to identify the 

defect in the immune function of children with DS. There is 

very little systematic information in the literature about 

such studies in adults with DS. Our attempt is to do a 

comprehensive study of the immune system in an adult 

population of DS patients. 

The general aim of this study is to evaluate aspects of 

the immune system in 15 DS adult residents of the Denton 



28 

State School and compare the results with an equal number of 

age and sex-matched mentally retarded non-DS residents from 

the same institution. A review of the literature on 

immunological studies of the DS patient suggests that the 

most promising area of study would be that of cellular 

immunity, with particular attention to the role of SOD-1 in 

cellular immunity. 

The specific aims of the studies are as follows: 

1. Quantitative evaluation of T-lymphocytes; 

2. Evaluation of T-lymphocyte function; 

3. Evaluation of granulocyte function; 

4. Evaluation of SOD-1 activity in leukocytes and its 

role in cellular immunity. 



CHAPTER II 

MATERIALS AND METHODS 

A. Subjects 

Fifteen adults, from a population of 147, with Down 

Syndrome confirmed cytogenetically as regular trisomies for 

chromosome number 21 (47,XX or XY,+21), ranging in ages from 

18 to 37 years were randomly selected by a method described 

by Edwards (1967). All were residents of Denton State 

School, a residential facility for the mentally retarded. 

Each subject was matched for age and sex with mentally 

retarded non-DS residents of the same institution, who served 

as controls, referred to as mentally-retarded controls 

(MR Controls). All were in good general health. Details of 

health problems, if any, and medications they were on are 

listed in Appendices 1 and 2. Written informed consent for 

participation was obtained from the parents or the guardians 

of all subjects from Denton State School. A sample of the 

consent form used is also included as Appendix 3. 

Twenty healthy adult volunteers from North Texas State 

University (NTSU) and the Genetics Screening and Counseling 

Service (GSCS) of the Texas Department of Mental Health and 

Mental Retardation (TDMHMR) in Denton, Texas served as 

29 
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normal controls. This study was approved by the Human 

Subjects Protection Committees of both NTSU and TDMHMR. 

B. Studies on Cellular Immunity 

1. Enumeration of T-lymphocyte population 

a. Isolation of peripheral blood lymphocytes. Peripheral 

blood lymphocytes were isolated from heparinized venous blood 

by separation on a Ficoll-Hypaque gradient described by 

Boyum (1968). Ficoll-Hypaque solution was prepared by 

combining 24 parts of 9% Ficoll (Pharmacia) and 10 parts of 

34% Hypaque (Winthrop). The solution was filter sterilized 

using 0.22 um millipore filters (Gelman) and stored in the 

dark to protect it from light. 

The blood was diluted with equal volumes of sterile 

phosphate buffered saline (PBS). 10 mis of diluted blood 

was gently layered over 5 mis of Ficoll-Hypaque solution in 

sterile 15 ml plastic capped tubes (Falcon). The tubes 

were centrifuged in a swinging bucket rotor at 400g for 

30 minutes at room temperature in a Beckman Model TJ-6 

centrifuge. The white fluffy interface layer between the 

serum saline phase and Ficoll-Hypaque phase was carefully 

removed using a sterile Pasteur pipette. This lymphocyte 

rich layer was washed three times with sterile PBS (pH 7.3) 

at 200g for 10 minutes. After the third wash, the 
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lymphocytes were resuspended in PBS and cell count was 

adjusted to approximately 10x106 cells/ml. The sample for 

SOD-1 assay was kept frozen. 

b. E-rosette Studies 

One of the commonly accepted markers for T-cells in 

humans is the presence of receptors for SRBC (Wybran, 1972; 

Baxley, 1973). The adherence of sheep red blood cells 

(SRBC) to human lymphocytes ^n vitro results in the formation 

of a rosette like structure called E-rosette. Pre-treatment 

of SRBC with Neuraminidase greatly enhances the rosette 

formation (Weiner, 1973). The T-cell population will be 

estimated by the E-rosette technique using both Neuraminidase 

treated SRBC and untreated SRBC (Wybran, 1972; Weiner, 1973). 

The E-rosette technique is widely used in the enumeration of 

T-lymphocytes. 

i. SRBC stock. SRBC was obtained monthly from Colorado 

Serum Co. Laboratories. Small aliquots, approximately 3 mis 

of SRBC, were washed three times at 200g for 10 minutes in 

RPMI-1640 (GIBCO) using 15 ml conical plastic Falcon tubes. 

After the final wash 0.2 ml of packed SRBC were diluted to 

4 ml volume in RPMI-1640. 

ii' Neuraminidase treated SRBC stock. Small aliquots, 

approximately 3 mis of SRBC, were washed three times at 200g 
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for 10 minutes in RPMI-1640 using 15 ml conical plastic 

Falcon tubes. After the final wash, 0.2 ml of packed red 

cells was obtained. Neuraminidase (Sigma) was diluted to 

5 units/ml in RPMI-1640. 0.2 ml of packed red cells and 

0.1 ml of diluted Neuraminidase were diluted to 4 ml volume 

in RPMI-1640 to give a 5% suspension of red cells. The red 

cell-Neuraminidase suspension was incubated for 1 hour in a 

37 C water bath. At the end of the incubation, the red 

cells were washed 3 times in RPMI-1640 at 200g for 

10 minutes, and then reconstituted to 4 ml volume with 

RPMI-1640. 

iii' Preparation of dilute SRBC suspension. From the 

stock suspension, 0.2 ml was further diluted with 0.8 ml of 

RPMI-1640 to give an approximate concentration of 108 cell/ml, 

iv. Preparation of SRBC absorbed fetal calf serum. 

Approximately 1 ml of washed and packed SRBC and 5 mis of 

heat inactivated fetal calf serum (FCS) (GIBCO) were 

incubated for 1 hour at 37 C. After incubation the mixture 

was centrifuged at 200g for 10 minutes. The clear 

supernatant was separated from the SRBC and was kept frozen. 

v. Procedure for E-rosette. A 0.05 ml aliquot of the 

lymphocyte suspension (5x105 cells) was placed in a 4 ml 

plastic tube, to which 0.05 ml of heat inactivated FCS, 
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previously absorbed with SRBC and 0.1 ml of diluted SRBC 

suspension was added. The mixture was incubated for 

15 minutes at 37°C. After the incubation period, the 

mixture was centrifuged at 200g for 5 minutes at room 

temperature. Following the centrifugation, the tubes were 

allowed to stand for 1 hour at 4°C. The cell pellet was 

resuspended in the supernatant by gently mixing and a drop 

of methylene blue was added to the suspension. A wet mount 

of the cell suspension was prepared on a Hemocytometer and 

the rosettes were counted using a Leitz microscope. A 

lymphocyte with three or more red cells bound to it was 

considered an E-rosette. A total of 100 lymphocytes were 

counted for each assay and the number of E-rosette forming 

cells were expressed as a percentage of the total. 

c. Hrc-rosettes studies. The ability of human 

lymphocytes to form rosettes with human red blood cells (HRBC) 

was initially reported by Bach (1973) and Baxley (1973). It 

was observed that only a subpopulation of T-lymphocytes form 

rosettes with Neuraminidase treated HRBC. These rosettes are 

referred to as %-rosettes. It is speculated that only 

immature T-cells form %-rosettes (Tu, 1974). The %-rosette 

technique has been used to assess the T-cell subpopulation 

(Yu, 1975). 
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i. Preparation of HRBC stock. Samples of peripheral 

venous blood were drawn in heparinized tubes from normal 

volunteers (Wadley Blood Bank, Dallas) and immediately mixed 

with an equal volume of Alsever's solution (GIBCO). This 

mixture was kept in a sterile tube at 4°C, and used within 

a period of 1 week. All of the samples came from blood 

group 0, Rh-negative persons. HRBC were washed 3 times in 

RPMI-1640 (200g for 10 minutes). After the final wash, 

0.2 mis of packed cells and 0.1 ml Neuraminidase (5 units/ml) 

were diluted to 4 ml volume with RPMI-1640. The red 

cell-Neuraminidase suspension was incubated for 1 hour in 

a 37°C water bath. At the end of the incubation, HRBC were 

washed 3 times in RPMI-1640 (200g for 10 minutes) and 

reconstituted to 4 ml volume in RPMI-1640. 

ii. Preparation of dilute HRBC suspension. 0.12 ml of 

the stock suspension was further diluted with 0.88 ml of 

RPMI-1640 to give an approximate red cell count of 6x107/ml. 

iii • Preparation of HRBC absorbed fetal calf serum. 

Approximately 1 ml of washed and packed HRBC and 5 mis of 

heat inactivated FCS were incubated for 1 hour at 37°C. 

After incubation, the mixture was centrifuged at 200g for 

10 minutes. The clear supernatant was separated from the 

HRBC and was kept frozen. 
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iv. Procedure. 0.2 ml aliquot of lymphocyte suspension 

(2x10^ cells) was placed in a 4 ml plastic Falcon thbe 

followed by 0.05 ml of heat inactivated fetal calf serum 

(previously absorbed with HRBC), 0.15 ml of RPMI-1640 and 

0.4 ml of Neuraminidase treated HRBC suspension. This 

mixture was incubated for 15 minutes at 37°C. After the 

incubation period, the mixture was centrifuged at 200g for 

5 minutes at room temperature. After the tubes were 

centrifuged, they were allowed to stand for 18 hours at 4°C. 

The cell pellet was gently resuspended in its supernatant 

and a drop of methylene blue was added to the suspension. 

A wet mount was prepared on a Hemocytometer. A lymphocyte 

which had two or more red blood cells bound to it was 

considered an %-rosette. A total of 100 cells were 

counted using a Leitz microscope for each assay and the 

number of %-rosette-forming cells was expressed as a 

percentage of the total. 

2. Lymphocyte transformation studies 

A widely used vitro assay of cellular immune functions 

involves the measurement of lymphocyte transformation 

following stimulation by antigens or mitogens. The stimulated 

lymphocytes (blast cells) undergo mitotic division. Blast 

transformation can be estimated by measuring the incorporation 

of a radio-labeled precursor into newly synthesized DNA. 



36 

Blast transformation studies using phytohemagglutinin (PHA) 

as the mitogen and tritiated [3H] thymidine as the 

radio-labeled precursor were done according to the technique 

described by Segar (1977). 

a. Determination of Optimum PHA Concentration. The 

optimum concentration of PHA (Wellcome) needed for the 

maximum stimulation of blast transformation was determined 

using varying amounts of PHA. Sterile plastic Falcon 

(2054) tubes were used for cell cultures. Cultures were done 

in triplicate, with each tube containing approximately 

0.5x106 cells/ml of RPMI-1640 with 10% heat inactivated 

FCS, 3% L-glutamine (GIBCO), 1% antibiotic/antimycotic (GIBCO) 

solution and 0.1 ml of PHA. Control cultures were set up 

simultaneously in triplicate, in which, 0.1 ml of RPMI-1640 

was added in place of PHA. The range of dilutions of PHA 

used for stimulation varied from 6 ug/ml to 360 ug/ml. The 

loosely capped tubes were incubated at 37°C in a humidified 

atmosphere of 5% carbon dioxide and 95% air for 68 hours. 

At 50 hours of incubation, each culture tube was pulsed 

with 1 uCi of tritiated thymidine (ICN Pharmaceuticals). At 

the end of the 68 hour incubation, the cultures were harvested 

on glass microfiber filter paper (Reeve Angel) using a 

multiple sample harvester (Millipore). The filter paper 

discs were washed with 95% Ethanol. The dry filter paper 
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was placed in a plastic vial (Beckman) to which 5 mis of 

Ready Solv E-P (Beckman liquid scintillation cocktail) was 

added. The background count was determined using a vial 

with scintillation cocktail alone. Tritiated thymidine 

incorporation was determined by counting the radioactivity 

as counts per minute (CPM) in a Beckman counter LS-7000. 

i. Procedure for lymphocyte transformation studies. 

Cell cultures were done in triplicate according to the method 

described above. The optimum PHA concentration giving 

maximum stimulation was found to be 180 g/ml. Cultures 

were stimulated at zero hour with 0.1 ml PHA giving final 

concentration of ISO^ug/ml. Blast transformation was 

reported as both CPM and blastogenic index (B. I.). 

(CPM in PHA culture - Background CPM) 
Blastogenic Index = 

(CPM in control culture - Background CPM) 

b. Viability test. Lymphocyte viability after a 68 hour 

culture was examined by the Trypan Blue exclusion method. 

Viable cells exclude Trypan Blue. Cells were mixed with 

a 1% solution of Trypan Blue, incubated for 15 minutes and 

examined microscopically. The number of lymphocytes 

excluding the dye was represented as a percentage. 
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3. Phagocytic function of granulocytes 

a. Nitroblue tetrazolium test. Nitroblue tetrazolium 

(NBT) is a useful reagent for studying the phagocytic 

function of granulocytes. It is a yellow dye which is 

reduced by superoxide radicals to dark blue formazan. There 

is normally a low level of spontaneous reduction of the dye 

by granulocytes. The reduction of the dye is significantly 

increased when the cells are challenged by a phagocytic 

stimulus such as bacteria or latex particles. The 

cytochemical method for NBT reduction by granulocytes 

developed by Hicks and Bennet (1971) is simple and rapid in 

contrast to other tests. 

i« Procedure. A 0.5 ml aliquots of heparinized blood 

were dispensed in two separate small Falcon tubes (2054) 

followed by the addition of 0.1 ml of NBT (Sigma) solution 

(2 mg/ml). 0.1 ml of latex suspension (1:8 dilution in PBS) 

was added to one of the tubes while 0.1 ml of PBS was 

added to the other tube which served as the control. The 

latex suspension was previously dialyzed against PBS for 

12 hours at 4°C. The tubes were tightly capped, shaken 

gently and incubated for 15 minutes at 37°C. The caps were 

loosened and the incubation was continued for another 

15 minute interval at room temperature. Smears were 

prepared on glass slides using this mixture, air dried and 
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fixed in methanol for 5 minutes. The slides were stained 

with Wright stain in phosphate buffer (pH 6.4) for 8 minutes. 

The slides were evaluated under an 100X objective of a 

Leitz microscope. One hundred neutrophils were examined on 

each slide and were scored into one of three categories: 

1. Cells with less than 3 latex particles suggesting no 

phagocytosis. 

2. Cells with more than 3 latex particles but no NBT reduction 

suggesting only phagocytosis. 

3. Cells with more than 3 formazan granules suggesting 

phagocytosis with NBT reduction. 

b. Differential white cell count. Blood smears were 

prepared from heparinized blood on clean slides. The slides 

were air dried and fixed in methanol for five minutes. These 

slides were stained with Wright stain and phosphate buffer 

(pH 6.4) for 8 minutes. The differential count of leukocytes 

was expressed as a percentage of the total number of cells 

counted. 

C. Studies on Superoxide Dismutase-1 

Superoxide dismustase (SOD) catalyzes the removal of 

superoxide radicals (02) which are generated in a variety of 

biological metabolic oxidations (Fridovich, 1975). The 

reaction may be represented as follows: 

0 2 + 0 2 + 2H+ > H202 + 0 2 
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Because of the instability of its substrate, most of the 

available assays of SOD-1 are indirect and depend upon its 

ability to dismutate superoxide radicals from reaction 

mixtures and thus inhibit reactions caused by C>2. in o u r 

studies we have used the assay described by Beauchamp and 

Fridovich (1971). 

In this assay, xanthine oxidase acting on xanthine in 

the presence of oxygen generates of. This 0\ formed by 

xanthine oxidase reaction reduces NBT to blue formazan. 

Formation of formazan can be measured spectrophotometrically. 

NBT has proved to be a useful detector of the 0^ generated 

by the xanthine oxidase system and can be used to assay SOD, 

even in crude extracts. 

1. Determination of SOD-1 activity in leukocytes 

a. Isolation of granulocytes. 

After lymphocytes were isolated from the peripheral blood 

using Boyom's technique (1968) as described earlier, granulocytes 

were isolated using the technique of Salin and McCord (1974). 

Throughout the procedure only plastic tubes and pipettes 

were used since granulocytes adhere to glass. After separating 

the lymphocytes, the red blood cell phase containing most of 

the granuloctyes was reconstituted to its original volume 

of 20 mis in PBS. 6.6 mis of PBS containing 6% of dextran 

T-250 (Sigma) were added to the reconstituted blood. The 
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mixture was left undisturbed at room temperature to permit 

the red cells to settle down. After a sedimentation period 

of 60 minutes, the straw-colored upper layer was carefully 

withdrawn with a plastic pipette and centrifuged at 150g for 

10 minutes at 4°C to separate the granulocytes from the bulk 

of the mononuclear cells and platelets. The pellet containing 

granulocytes was freed of contaminating erythrocytes by 

suspension in 10 mis of 0.2% saline, followed 30 seconds 

later by the addition of 10 mis of 1.6% saline and 10 minutes 

centrifugation at 150g. This hypotonic lysis of erythrocytes 

was repeated until the pellet was visibly free of 

contamination from red blood cells. The clear granulocyte 

pellet was suspended in 1 ml of PBS. Microscopic examination 

showed 98% granulocytes in the cell suspension. The 

suspension had a cell concentration of 20-30x1O^/ml cells. 

b. Leukocyte homogenate preparation. The homogenates 

of lymphocytes and granulocytes were prepared according to 

the method described by Johnson (1975). Approximately 5x1 0^ 

lymphocytes in 0.5 ml PBS and 10-20x10^ granulocytes in 

0.5 ml PBS were frozen and thawed separately in polystyrene 

Eppindorf tubes. After thawing, the cells were disrupted by 

sonication using a Sonifier Sonicator (Heat System Ultrasonic, 

Inc.) with the microtip at 55-60 Watts. The suspension was 

kept cold on ice and sonicated twice for 30 seconds each, 
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with a 30 second interval in between. The sonicates were 

cleared by centrifugation at 18,000g for 1 hour at 4°C. The 

clear supernatant was carefully pipetted in to Eppindorf tubes 

and was kept frozen for periods of 24-48 hours before assay. 

c* Superoxide dismutase-1 as say. The photochemical 

assay was carried out in 1 ml volume of freshly prepared 

cocktail mixture containing 4x10"^ M xanthine, (Sigma), 

2.5x10-5 M NBT, and 0.05 M sodium carbonate buffer (pH10). 

The reaction was started by adding sufficient xanthine 

oxidase in a 0.02 ml volume to cause an absorbance change of 

0.02 to 0.04 per minute at 560 nm. This amount of xanthine 

oxidase in the batch we used was found to be a 1:250 

dilution in sodium carbonate buffer. The volume of 

homogenate used varied from .01 ml to .05 ml. The rate of 

NBT reduction was measured on a Gilford spectophometer 

(2400-2) with printer. Assays were also run with PBS in 

place of the leukocyte homogenate. Change in absorbance in 

the presence and absence of SOD-1 extract was mapped on the 

chart. Rate of reduction per minute was calculated from the 

difference in absorption from the graph. Units of SOD-1 

per ml of cell extract were calculated using the following 

formula (Baum and Scandalios, 1981): 



43 

1 ml 
SOD-1 unit/ml = V - 1 x -

v volume used 

where V = rate of NBT reduction in the absence of SOD-1 

v = rate of NBT reduction in the presence of SOD-1 

1 unit = SOD-1 concentration which gives 50% inhibition 

The concentration of SOD-1 was expressed as an amount 

in micrograms per mg of protein. The protein determination 

was performed by the procedure of Lowry (1951). 

d* U n l t of SOD-1 activity. The amount of SOD-1 required 

to inhibit the rate of NBT reduction by 50% is defined as 

one unit of activity (McCord and Fridovich, 1969). A standard 

curve was prepared using commercial bovine erythrocyte SOD-1 

(Sigma) to determine the unit of SOD-1. One unit of SOD-1 

in our assay system corresponds to 68 ng Bovine CuZn SOD-1. 

This unit can be converted to micrograms of SOD/mg protein. 

2* Effects of SOD-1 inhibition on lymphocyte transformation 

The effects of SOD-1 inhibition on lymphocyte transformation 

were studied by inhibiting the enzyme in lymphocyte cultures. 

The copper chelating agent diethyldithiocarbamate (DDC), that 

has been shown to cause inactivation of SOD-1 both in vitro 

and in vivo in mice (Heikkila et al., 1976), was used as the 

inhibitor in previous studies on SOD-1. 
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a. Optimum DDC concentration. The optimum concentration 

of DDC in lymphocyte cultures was determined by the procedure 

described previously. DDC in concentrations of 10~3 m, 

5x10~4" M and 10"^ M were added at 0, 24 and 44 hours 

respectively to the cultures of lymphocytes of normal controls 

to determine the DDC concentration which will not have any 

toxic effect on lymphocytes. 

b. Effect of SOD-1 inhibition on lymphocyte transformation, 

Lymphocyte transformation studies were done using 

lymphocytes of MR control and DS patients. Cultures were 

set up in triplicate with 10"^ M DDC added at 0 hour, 24 hour 

and 44 hours. Cultures were pulsed with [3H] thymidine and 

harvested as described earlier. SOD-1 activity in the 

cultured lymphocytes was measured at 68 hours. 

D. Statistical Analysis 

The student t-test was employed to compare means within 

two groups. For more than two samples parametric analysis 

of variance and student-Newman-Keuls (SNK) multiple range 

test was used. The test was used to compare the leukocyte 

differential count and the results of NBT test in MR controls 

and DS patients. Since parametric tests require that the 

data be normally distributed and the percentage data are 
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usually not so distributed, all percentages were converted 

by arcsine transformation for statistical analysis (Zar, 1974) 

Test values in the critical region less than P=.05 were 

evidence for rejection of the null hypothesis. 



CHAPTER III 

RESULTS 

Studies on Cellular Immunity 

Enumeration of T-Lymphocyte Population 

E-rosette studies. The T-cell population assesed by 

using SRBC without Neuraminidase treatment is given in 

Table II. The mean percentage of rosette forming cells in 

DS subjects was 49 + 12.55% compared to 62 + 6.11% and 

61.14 + 7.05% in normal and MR controls respectively. This 

difference in the percentage of E-rosette population between 

DS adult patients and the two control groups was significant 

(P<.046). 

E*N~rosette studies. In studies with 21 normal controls, 

15 MR controls and 15 adult DS patients, 66.90 + 6.86%, 

71 .20 + 7.70%, and 70.20 + 7.3% Ejj-rosettes were formed in 

normals, MR controls and DS respectively using the 

Neuraminidase treated sheep red blood cells (Table III). 

These results are within the range of the normal limits of 

65-77%, reported in the literature (Spina, 1981). There was 

no statistically significant difference in the EN-rosette 

percentages between these three populations. 

The comparison of the T-cell populations using SRBC 

treated with Neuraminidase, untreated SRBC, and their 

46 
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TABLE II 

E-ROSETTE POPULATION IN NORMAL CONTROLS, MENTALLY RETARDED 
CONTROLS AND DOWN SYNDROME PATIENTS USING SHEEP RED BLOOD 
CELLS. 

E-rosette % 

Normal Controls 
n=7 

MR Controls 
n=7 

DS Patients 
n=7 

65 62 45 

60 62 49 

62 65 63 

69 69 44 

54 52 55 

69 58 61 

55 53 26 

Mean 
SD + 
SEM + 

62.0 
6.11 
2.31 

61 .14 
7.05 
2.66 

49.00** 
12.55 
4.74 

**P<.046 (T-test) 
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TABLE III 

EN-ROSETTE POPULATION IN NORMAL CONTROLS, MENTALLY RETARDED 
CONTROLS AND DOWN SYNDROME PATIENTS USING NEURAMINIDASE 
TREATED SHEEP RED BLOOD CELLS. 

57 
60 
63 
58 
69 
62 

EN-rosette % 

Normal Controls MR Controls DS Patients 
n=21 n=1 5 n=1 5 

75 66 53 
65 81 74 
69 65 73 
76 79 73 
75 69 73 
70 81 80 
68 74 70 
68 74 72 
79 70 79 
72 75 65 
57 79 66 
66 67 73 
71 52 57 
55 70 72 
70 66 73 

Mean 66.9 71 .2 70.2 
SD + 6.86 7.7 7.3 
SEM + 1 .49 1 .98 1 .88 
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statistical significance is summarized in Figure 2. The 

results show a significantly high T-cell population of 

all three groups using SRBC treated with Neuraminidase. 

There was a 20% increase of rosettes in DS adult patients 

(from 70.2% to 49%) as a result of using SRBC which were 

treated with Neuraminidase. This difference was found to be 

statistically significant (P<.001). In normal controls and 

MR controls this increase in rosettes was only 5 to 10% 

when SRBC used in the assay were treated with Neuraminidase. 

Hftf-rosette studies. Studies on the subpopulation of 

T-cells which specifically binds to Neuraminidase treated 

human red blood cells (HRBC) gave the following results; DS 

subjects formed 31.6% of %-rosettes compared to the 21.3% 

and 20.5% for the normal controls and MR controls respectively 

(Table IV). This 50% increase in the mean percentage of 

%-rosettes in DS subjects compared to both controls was 

statistically significant (P<.02). 

Lymphocyte Transformation Studies 

Determination of Optimum PHA Concentration. The results 

of the study of the optimum concentration of PHA in lymphocyte 

transformation are shown in Table V. The concentration of 

PHA giving maximum blast transformation response in 

lymphocytes of normal controls was 180jug/ml. 



Fig. 2--Comparison of the percentage of T-lymphocyte 
population in normal controls, mentally retarded controls 
and Down Syndrome patients using sheep red blood cells 
(E-rosette) and Neuraminidase treated sheep red blood cells 
(Efg-rosette) . The vertical line indicates + one standard 
deviation from the mean. ~ 
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TABLE IV 

H^-ROSETTE POPULATION IN NORMAL CONTROLS, MENTALLY RETARDED 
CONTROLS AND DOWN SYNDROME PATIENTS. 

%-rosette %* 

Normal Controls MR Controls DS Patients** 
n=1 5 n=1 5 n=1 5 

29 24 35 
45 18 25 
39 6 8 
25 20 33 
29 25 33 
27 14 21 
11 12 37 
12 50 55 
14 7 13 
12 46 44 
13 33 41 
20 8 41 
16 16 22 
13 16 34 
15 13 32 

Mean 21 .33 20.53 31 .60 
SD + 10.62 13.29 12.18 
SEM + 2.74 3.43 3.14 

*%-rosette-Human erythrocyte rosette 

**ANOVA P<.02 
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TABLE V 

DETERMINATION OF OPTIMUM CONCENTRATION OF PHYTOHEMAGGLUTININ 
NEEDED FOR MAXIMUM BLAST TRANSFORMATION. 

PHA Concentration 
jug/ml 

Blastogenic Index 

520 6.0 

360 8.0 

180 15.1 

90 12.0 

45 12.2 

22.5 11 .2 

11 .25 4.9 

5.6 2.2 
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Lymphocyte transformation studies. The results of 

tritiated thymidine incorporation in DNA and the blastogenic 

indices are shown in Table VI. The mean blastogenic index 

was 13.69, 14.20 and 15.50 in normal controls, MR controls 

and adult DS patients respectively. The mean blastogenic 

index of DS patients was slightly higher than the controls, 

but this difference was not statistically significant. 

Cell viability was found to be 90% or higher. 

Phagocytic function of Granulocytes 

Nitroblue tetrazolium Test. The phagocytic function 

of granulocyte cells was determined using the Nitroblue 

tetrazolium (NBT) reduction test and the results are 

summarized in Table VII. There were 6.33 + 2.94%, 6.60 + 

2.35% and 6.40 + 2.5% NBT positive cells in normal controls, 

MR controls and adult DS patients respectively in the 

resting stage. These results show no significant difference 

between the three groups. 

The mean NBT positive cells after stimulation in normal 

controls, MR controls and adult DS patients were 18.41 + 

7.10%, 18.26 + 4.09% and 11.60% + 4.42% respectively. These 

results show a significant decrease (PC.001) in the percentage 

of NBT positive cells of adult DS patients compared to the 

normal and MR controls. 
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Comparison of the percentage of phagocytic cells in MR 

controls and adult DS patients is summarized in Table VIII. 

The percentage of phagocytic cells in MR controls was 88 

compared to 74 in adult DS patients. This difference in the 

percentage of phagocytic cells between the two groups was 

statistically significant (P<.03). 

Differential white cell count. The mean differential 

white cell count is summarized in Table IX. The mean 

percentage of lymphocytes was 40.5 + 9.34%, 33.3 + 8.9% 

and 37.5 + 8.1% in normal controls, MR controls and 

DS patients respectively. The mean percentage of 

neutrophils was 55.18 + 10.4, 55.6 + 10.1% and 52.8 + 7.3% 

in normal controls, MR controls and DS patients respectively. 

There was no significant difference in the differential 

count of DS patients compared to the normal and MR controls. 

Studies on Superoxide dismutase-1 

SOD-1 Unit. The standard curve prepared to determine the 

unit of SOD activity in our assay system is given in Figure 3. 

The 50% inhibition of NBT reduction in our assay was obtained 

by addition of 68 ng SOD and was defined as one unit of SOD-1. 

S0D-1_ activity in lymphocytes. SOD-1 levels in lymphocytes 

of normals, MR controls and adult DS patients are shown in 

Table X. The mean SOD-1 concentration in adult DS lymphocytes 
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TABLE VIII 

COMPARISON OF PHAGOCYTIC CELLS IN MR CONTROLS AND 
DOWN SYNDROME PATIENTS. 

MR Controls % DS Patients % 

Non-Phagocytic 
granulocytes 12 26 

Phagocytic 
granulocytes 
without NBT 
reduction 

72 64 

Phagocytic 
granulocytes 
with NBT 
reduction 

16 10 

Total 
phagocytic 
cells 

88 74 

P<.03 (x^ test) 
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TABLE IX 

DIFFERENTIAL WHITE CELL COUNT IN NORMAL CONTROLS, MENTALLY 
RETARDED CONTROLS AND DOWN SYNDROME PATIENTS. 

Normal Controls 
n=11 
% 

MR Controls 
n=1 5 
% 

DS Patients 
n=1 5 
% 

Lymphocytes 40.54 + 9.34* 33.3 + 8.9 37.5 + 8.1 

Neutrophils 55.18 + 10.4 55.6 + 10.1 52.8 + 7.3 

Monocytes 3.63 + 0.8 2.6 + 1.7 3.1 + 1.5 

Eosinophils 1.9+1.8 8.5 + 6.4 6.6 + 6.8 

*Mean percentage + standard deviation 



Fig. 3--Inhibition of Nitroblue tetrazolium reduction by 
superoxide dismutase-1 in aerobic xanthine oxidase system 
to determine the standard curve. 
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TABLE X 

SUPEROXIDE DISMUTASE-1 ACTIVITY IN T-LYMPHOCYTES OF NORMAL 
CONTROLS, MR CONTROLS AND DOWN SYNDROME PATIENTS. 

SOD-1 Concentration (jug/ml Protein) 

Normal Controls MR Controls DS Patients 
n=1 5 n=1 5 n=1 5 

3.32 2.66 4.38 
3.07 3.06 4.24 
3.19 3.16 4.63 
2.71 1 .84 6.52 
2.07 2.71 4.23 
1 .65 1 .57 3.38 
1 .71 3.63 5.74 
2.88 3.23 3.91 
2.62 1 .94 4.90 
3.40 2.44 4.16 
3.47 5.56 6.04 
2.97 3.24 3.82 
2.99 2.63 3.89 
2.31 4.23 5.29 
2.97 4.66 8.16 

Mean 2.75 3.10 4.88* SD + 0.57 1 .08 1 .27 
SEM + 0.14 0.27 0.32 

*ANOVA PC.0001 
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was 4.89 ,ug/nig protein compared to 2.8% ;ug/mg and 3.1 jug/mg 

protein in normal and MR controls respectively. The SOD-1 

activity of lymphocytes in adult DS patients was significantly 

higher than the normal and MR controls (P<.0001). Lymphocytes 

of DS subjects show a 65% increase in the SOD-1 activity. 

SOD-1 activity in granulocytes. The mean SOD-1 activity 

in granulocytes of DS was 0.97 jug/mg protein compared to 

0.61 g/mg and 0.57 pg/mg protein in granulocytes of normal 

and MR controls respectively as seen in Table XI. The 

SOD-1 activity in the granulocytes of DS show a significant 

increase compared to the controls in the lymphocytes 

(PC.0001) . 

The mean SOD-1 levels in lymphocytes were five times 

higher than the SOD-1 of granulocytes. 

Optimum diethyldithiocarbamate concentration. The blast 

transformation of normal lymphocytes in response to PHA 

stimulations with various concentrations of 

diethyldithiocarbamate (DDC), SOD-1-inhibitor was done on 

lymphocytes of normal controls. The maximum blast 

transformation was obtained at 10"^ M DDC in a 68 hour 

culture (Figure 4). No significant lymphocyte transformation 

was seen at 10"3 m and 5x10~4 M DDC. Therefore, a 

concentration of 10~4 M DDC was used in the SOD-1 inhibition 
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TABLE XI 

SUPEROXIDE DISMUTASE-1 ACTIVITY IN GRANULOCYTES OF NORMAL 
CONTROLS, MENTALLY RETARDED CONTROLS AND DOWN SYNDROME 
PATIENTS. 

SOD-1 ug/mg Protein 

Normal Controls MR Controls DS Patients 
n=1 5 n=1 5 n=1 5 

0.05 0.87 1 .52 
0.54 0.81 1 .17 
0.58 0.44 1 .28 
0.54 0.50 0.99 
0.56 0.57 0.73 
0.06 0.48 0.74 
0.74 0.82 1 .39 
0.64 0.46 0.65 
0.60 0.33 0.84 
0.66 0.46 0.52 
0.68 0.67 1 .08 
0.68 0.41 0.94 
0.63 0.44 0.84 
0.59 0.58 0.94 
0.40 0.65 0.88 

Mean 0.59 0.56 0.96* 
SD + 0.07 0.16 0.27 
SEM + 0.02 0.04 0.07 

*ANOVA PC.0001 



Fig. 4--Determination of optimum concentration of 
diethyldithiocarbamate (DDC) in 5x1 0^ lymphocyte/ml cultures 
of normal controls for 68 hours in presence of 180 jug/ml 
PHA. 10~3 M, 5x10"^ M and 1x10"^ M of DDC was added to each 
of the cultures at 0, 24, and 44 hours. 
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studies. The cell viability with all three concentrations 

of DDC was over 90%. 10"4 M DDC inhibited 50% of SOD-1 

activity when added to lymphocyte cultures for 68 hours. 

Effect of SOD-1 inhibit ion on lymphocyte transformation. 

The results of the inhibition studies of MR controls and 

DS adult patients are shown in Table XII and Table XIII. 

No significant lymphocyte transformation was seen in any of 

the cultures in response to PHA when 10~4 M DDC was added at 

the start of the culture along with the PHA (Table XII). 

The mean blastogenic index when 10~4 M DDC was added at 

24 hours was 11.1 + 7.4 and 12.3 + 8.7 in MR controls and 

DS patients (Table XIII). The mean blastogenic index was 

13.5 + 3.2 and 10.3 + 8.5 in MR controls and adult DS patients 

respectively when the inhibitor was added at 44 hours 

(lable XIII). There was a decrease in mean blastogenic 

index in the presence of DDC at 24 and 44 hours in adult 

DS patients and MR controls, but this was not statistically 

significant. 10~4 M DDC inhibited 50% SOD-1 activity when 

added to lymphocyte cultures for 68 hours. SOD-1 activity 

in 68 hour lymphocyte cultures was inhibited 50% when 

10-4 M DDC was added. 
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TABLE XII 

EFFECT OF SOD-1 INHIBITION BY DEITHYLDITHIOCARBAMATE (DDC) 
ON PHA-STIMULATED LYMPHOCYTE TRANSFORMATION EXPRESSED AS 
COUNTS PER MINUTES (CPM) IN 68 HOUR CULTURES OF MENTALLY 
RETARDED CONTROLS AND DOWN SYNDROME PATIENTS. 

Sample MR Controls CPM DS Patients - CPM 

No DDC 
n=7 

DDC at 
n=6 

0 hr No DDC 
n=8 

DDC at 0 hr 
n=7 

1 
2 
3 
4 
5 
6 
7 
8 

2703 
2734 
2167 
3166 
2059 
2542 
2452 

4345 
3686 
3015 
4692 

6242 
875 

3073 
2452 
1153 
3207 
2169 
3755 
3202 
3285 

6416 
2846 
1914 
4799 
3719 

4080 
2477 

Mean 2547 3809 2787 3607 

SD + 373 1802 826 563 

SEM + 141 735 312 213 

B. I.* 1 1 . 49 1 1 .29 

*Blastogenic Index 
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CHAPTER IV 

DISCUSSION 

Down Syndrome (DS) patients have an increased 

susceptibility to infectious disease. The high 

susceptibility to infection has suggested that the immune 

system in DS patients is impaired (Oster et al., 1975). 

The purpose of several studies in the past has been the 

investigation of the nature of the immune defect in DS 

patients. These immunological studies in the past were 

mostly done either in children with DS or in mixed 

population of DS patients of all ages. 

In recent years the longevity of DS subjects has 

increased considerably due to the tremendous advances made 

in the biomedical field more so in the use of antibiotics in 

control of infectious diseases. This has resulted in 

increased population of adults with DS in institutions and 

in the community. Recurrent infection continues to be a 

challenging problem in these people. A defect in the 

immune system, as suggested in children with DS, remains an 

important area of investigation in the adult DS population 

also. 

There have been no comprehensive studies done on the 

immune system of adults with DS. The purpose of this study 

was to evaluate the immune system of adult DS population. 

70 
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The subjects of this study, both DS patients and mentally 

retarded controls, were randomly selected from the same 

institution and were age and sex matched. In order to 

minimize the variability due to environment, we decided to 

use only institutionalized patients for our study. 

Earlier studies on humoral immunity showed the presence 

of increased levels of gamma globulins in DS patients. Later 

on higher levels of immunoglobulins in DS patients were 

reported. The variation in the serum immunoglobulin 

concentration has been speculated by some as the possible 

cause of the immune defect in DS patients. But conclusive 

evidence is now available to disregard these speculations 

and to show that the higher frequency of infection, 

particularly in the institutionalized DS subjects, results 

in the elevation of serum immunoglobulin level. Therefore 

one can safely assume that humoral immunity is not impaired 

in DS patients. 

Cellular immunity has several components; the specific 

function of some of these components has not yet been 

determined. The study of cellular immunity is very complex. 

In DS patients studies so far suggest a possible deficiency 

in the number of lymphocytes as well as in their function. 

Similarly, the decreased bactericidal activity of granulocytes 

of DS patients also suggests a possible defect in the cellular 
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immune function. The decrease in the NBT positive cells, a 

measure of bactericidal activity in DS patients, indicates 

a decrease of superoxide radicals in the granulocytes. Since 

SOD-1 dismutase superoxide radicals and the gene for SOD-1 

is triplicated in DS subjects, it must play an important 

role in the immune system. These observations led us to 

investigate the impairment of cellular immunity by evaluating 

specifically the functions of T-lymphocytes and granulocytes 

and the role of SOD-1 in cellular immunity. 

Human T-lymphocytes bind to sheep red blood cells (SRBC) 

and form rosettes by a non-immunological mechanism (Wybran, 

1972). The enumeration of T-lymphocyte by E-rosette 

technique is a commonly used clinical procedure. The 

15 adult DS patients included in our study show a mean 

T-cell population of 49% E-rosettes, a significant decrease 

from 62% and 61% of normal and MR controls respectively 

(P<.046). The low percentage of E-rosettes found in this 

study confirms data from previous studies with DS children 

(Burgio et al., 1978, -75; Ugazio et al., 1977; Levin et al., 

1975). These results of our study reinforce the view that 

there is a quantitative deficiency of T-lymphocyte 

population in DS as measured by the E-rosette technique. 

However, our results of EN-rosette using Neuraminidase 

treated SRBC, show no quantitative variation in T-cell 
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population in DS patients compared to normal and MR controls 

These results are in agreement with the findings of 

Epstein (1980) and Spina (1981) who also utilized similar 

technique. 

Some of the studies of T-cell population in DS are 

summarized in Table XIV. Majority of the results using 

E-rosette technique show a significant reduction of T-cells 

while some show no statistically significant quantitative 

variation between DS patients and their controls. The 

treatment of SRBC with Neuraminidase has been shown to 

enhance non-specific binding of the SRBC to the lymphocytes 

by exposing additional binding sites on sheep erythrocytes 

(Weiner, 1973; Baxley, 1973; Bentwich, 1973). Therefore 

it has been argued that the Ejj-rosette may not represent 

the true T-lymphocyte population. The possibility of a 

subpopulation of B-lymphocytes forming rosettes with 

Neuraminidase treated SRBC has also been suggested 

(Bentwich, 1973). 

Normal T-cell population in DS was reported by 

Whittingham et al., (1977) using 2-aroino ethylisothiouronium 

bromide (2-AET) treated SRBC. Treatment of SRBC with 2-AET 

has been shown to increase the avidity of non-specific 

binding of lymphocytes similar to Neuraminidase treatment 

(Pellegrino et al., 1975). Based on these observations we 
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TABLE XIV 

SUMMARY OF T-LYMPHOCYTE POPULATION STUDIES IN DOWN SYNDROME 
PATIENTS COMPARED TO THE NORMAL CONTROLS BY ROSETTE TECHNIQUE, 

Name Year Age Group -j ̂ or ̂  * 

Burgio 1974 18-30 years 
3c 

Yu 1975 a 
Levin 1975 Children a 
Reiser 1976 Children NS 

Ugazio 1977 4 mo-3 years NS 

Whittingham 1977 15-51 years NS 

Burgio 1978 6 mo-4 years I 
Wisniewski 1979 All ages 

4-
Handzel & Levi 1979 Newborn & children Jr 

Hann 1979 2-6 I 
Spina 1981 13-60 years NS 

Rodriguez 1982 12-46 mos 1 

*/|s , Increased; J /, Decreased; NS, not significant 
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feel that E-Rosette technique for enumeration of 

T-lymphocyte is more specific. Our results of E-rosette 

studies show a significant decrease in the T-cell 

population. 

T-lymphocytes also form rosettes with human red blood 

cells (HRBC). Baxley (1973) reported that these T-lymphocytes 

that bind to HRBC to form H-rosette, only do so when the 

human erythrocytes have been treated with Neuraminidase 

(%-rosette). We confirmed this finding by showing that 

rosettes are not formed if HRBC is not treated with 

Neuraminidase. Mixed rosettes of SRBC and Neuraminidase 

treated HRBC show that HRBC receptors were detectable only 

on lymphocytes that possessed SRBC receptors suggesting that 

H^-rosette population is a subset of E-rosette population 

(Baxley, 1973; Yu, 1975). 

The mean percentage of 31.6% H^-rosettes in this study 

of DS patients is significantly increased compared to 

21 .3/a and 20.5% in normal and MR controls respectively 

(P002). The increased percentage of Hj>j-rosettes in this 

study with DS adults are comparable to the increased 

H^j-rosette formation shown in DS children ranging in ages 

from 6 months to 4 years old (Burgio, 1978). The mean 

percentage of %-rosette forming cells in normal and 
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MR controls (21 ,3/o and 20.5% respectively) are similar to 

the results of Gallinger et al., (1980) in normal adults 

(24%). 

The immunological significance of Hjg-rosette forming 

T-cell population is not yet well understood. It had been 

claimed though not experimentally substantiated that 

%-rosetting is a property of relatively immature T-cells 

(Yu, 1975). Gallinger et al., (1980) finds it difficult to 

rationalize that approximately 24% T-lymphocytes in normal 

populations (%-rosette) correspond to immature cells. The 

iB v i t r o response of lymphocytes to mitogens provide 

important information about the functional capabilities of 

these cells _in vivo. Phytohemagglutinin-stimulated 

lymphocyte transformation and proliferation ui vitro is a 

common method of study of T-lymphocyte function. The 

criteria for blastogenic response is the measurement of the 

increase in the incoorporation of [3H] thymidine into DNA. 

Our studies show normal lymphocyte transformation in 

response to phytohemagglutinin (PHA) stimulation in DS 

patients compared to normal and MR controls (Table XV) . The 

results of our studies are in agreement with some of the 

earlier reports which showed normal lymphocyte transformation 

in response to PHA stimulation in children with DS 

(Gurari-Rotman, 1978; Nishida, 1981; Epstein, 1980; 

Rodriquez, 1982). 
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TABLE XV 

SUMMARY OF PHYTOHEMAGGLUTININ-STIMULATED LYMPHOCYTE 
TRANSFORMATION IN DOWN SYNDROME PATIENTS COMPARED TO THE 
CONTROLS. 

Name Year Age Group ^ ' or X * 

Hayakawa 1968 2-4 

-¥• 

t 
Sasaki 1969 T 
Rigas 1970 Children 4 
Agarwal 1 970 14-22 X 
Mellman 1970 Adults 

Fowler 1973 NS 

Burgio 1974 10-15 
1 

Burgio 1 975 

Gurari-Rotman 1976 <1-8 NS 

Segar 1977 1-20 NS 

Whittingham 1977 X 
*Serra 1978 1 -20 I 
Wisniewski 1979 All ages X 
Epstein 1980 5-35 NS 

Nishida 1981 8-29 NS 

Spina 1981 13-60 1 
Rodriguez 1982 1-4 NS 

Fekete 1982 6-13 4 

*/[s , Increased;^, Decreased; NS, not significant 
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Results of some of the important studies on 

PHA-stimulated lymphocyte transformation are summarized in 

Table XV. The results reporting no significant difference 

in T-cell function indicate that trisomy of chromosome 21 

causes no significant alteration in the response of 

lymphocytes to mitogen (Rodriquez, 1982; Nishida, 1981; 

Epstein, 1980; Segar, 1977; Fowler, 1973). Decreased 

response to PHA stimulation in DS patients have led some 

(Serra, 1978; Wisniewski, 1979; Spina, 1981; Fekete, 1982) 

to speculate that the reduced mitogen responsiveness of 

T-lymphocytes in DS patients to PHA, is an indication of 

impaired cellular immune function. It must be indicated 

that the difference in techniques, age, and environment of 

the DS patients were some of the variables in the different 

studies reviewed in Table XIV, which could have influenced 

the results. However, studies which show normal or increased 

response to PHA do not support this idea (Fowler, 1973; 

Segar, 1977; Nishida, 1981; Rodriquez, 1982). 

An age dependence of the proliferative response to PHA, 

was demonstrated by Robert-Thompson (1974) Burgio (1975) and 

Segar (1977) in DS lymphocytes. They reported normal blast 

transformation responses to PHA-stimulation in cells from 

trisomic children up to 10 years of age and decreased 

responses to PHA stimulation in subjects over 10 years. 
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Epstein et al., (1980) could not demonstrate this effect of 

age of the patients using mitogens such as PHA and Con A. 

The reasons for the discrepancy between these results of the 

different investigators are not clear. 

It must be indicated that the modification of the 

technique was one of the variables. The concentration 

of mitogen varied from less than 1 jug/ml to 1,600 jug. 

Addition of serum as the growth factor was either FCS, 

autologus serum or AB serum in concentrations ranging from 

5% to 30%. Length of cell cultures, as well as the [3H] 

thymidine incubation period also varied in different studies. 

With the optimum standards set in our studies, we find a 

normal blastogenic response of lymphocytes in adult DS 

patients to PHA stimulation. 

It has been shown that immature T-cells do not undergo 

blast tranformation in response to PHA (Benacerraf, 1979). 

Thus, a reduction of blast transformation could be expected 

when the population of immature T-cells is increased. 

Yu (1 975) suggested that Hjj-rosette forming cells could 

represent immature T-cells. Our studies show an increase 

in H]sj-rosette formation but a normal blast transformation 

response to PHA, suggesting that either Hft[-rosette may not 

represent an immature T-cell population or blast transformation 

response to PHA may not depend upon the maturity of the 

T-lymphocyte. 
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The T-cells have been classified according to receptors 

present on their cell surfaces are T/i, T-$, and T<x 

(Ferrarini et al., 1975; Gupta et al., 1979; Moretta et al., 

1975; Picher et al., 1978). Of these subpopulations, the 

T c e l l s have been termed supressor cells on the basis of 

their inhibitory action on the development of B-cells into 

antibody-secreting plasma cells (Moretta et al., 1 977). Tja 

cells, on the other hand, have been shown to facilitate 

antibody synthesis and so have been termed helper cells 

(Moretta et al., 1977). Function of has not yet been 

discovered (Gupta et al., 1979). It is possible that 

increased percentage of the H^-rosette forming cell 

population, observed in DS patients, might represent one or 

more subpopulations of T-cells, mentioned above. 

Granulocytes play an important role in cellular 

immunity. They form an important part of the defense 

mechanism by ingesting, killing and digesting invading 

microorganisms. The granulocytes have receptors for IgG 

and complement component 3? which enables them to engulf 

opsonized organisms, while some organisms which have 

hydrophobic surfaces are engulfed without opsonization. The 

mechanism of bacterial killing is not completely elucidated. 

The bactericidal agent responsible for the killing is 

believed to be either superoxide radicals (Curnutte, 1974; 

Johnson, 1975; Fridovich, 1975, 80), hydrogen peroxide 
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(h2°2) (Webb, 1974; Klebanoff, 1970) hydroxyl radicals 

(Fong, 1973; Gregory et al., 1973) or singlet oxygen 

(Allen et al., 1972; Krinsky, 1974) alone or in combination. 

Therefore the triplication of chromosome 21 and the 

increased activity of SOD-1 in the tissues of DS patients 

may influence the bactericidal function of the 

polymorphonuclear cells. 

The phagocytic function of granulocytes in DS is assessed 

indirectly by Nitroblue tetrazolium test (NBT) which measures 

the amount of superoxide radicals in the cells at resting 

stage and stimulation. Superoxide radicals reduce NBT to 

dark blue formazan. 

The results of our study show that the mean percentage of 

NBT positive cells (6.40%) at resting stage in DS is not 

significantly different compared to normals (6.3%) and MR 

controls (6.2%). But the mean percentage of NBT positive 

cell after stimulation with latex (11.6%) is significantly 

decreased (P<.001) in DS patients compared to normal controls 

(18.41%) and MR controls (18.26%). Our results are in 

agreement with Rosner (1973), Khan (1975) and Costello (1976) 

who also reported a similar decrease in NBT positive cells 

after stimulation with latex in DS subjects. The range of 

NBT positive cells in children with DS after stimulation 

was reported to be 5-13% with a median of 10% (Khan, 1975). 
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The stimulated NBT test is a valuable index of the 

phagocytic function of neutrophils. The observation that 

NBT reduction is enhanced by phagocytosis of latex particles 

by neutrophils of normal and MR controls in vitro, suggests 

that _in vivo phagocytosis of bacteria by neutrophils would 

stimulate the production of intracellular superoxide 

radicals. Our results show that in DS patients the percent 

of cells which reduce NBT is decreased. This decrease, 

could be due to a defect in the mechanism of entry of dye 

into neutrophils, a defect in the rate of superoxide 

production, or an increased rate of dismutation of 

superoxide radicals. 

Besides the reduction in the percentage of stimulated 

NBT positive cells in DS patients, our results indicate that 

the mean percentage of cells involved in phagocytosis are 

also significantly reduced from 88% in MR controls to 74% 

in DS (PC.001). It can be speculated that the decrease in 

the percentage of phagocytic cells in DS patients could be 

due to the increased number of immature neutrophils. 

Immature neutrophils are less actively phagocytic and less 

able to reduce NBT than mature neutrophils (Segal, 1974). 

An increase in the number of immature PMN could reduce the 

phagocytosis by any of the above-mentioned mechanism. There 

is no reason to believe that there are variations in the 
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total white cell count of DS patients. Past studies have 

shown no difference in the total white cell count of 

DS patients compared to controls (Benda, 1965). We found 

no variations in the differential white cell count of 

DS patients. 

In biological systems, superoxide radicals are generated 

by several metabolic processes. They may be generated 

during the normal catalytic function of a number of enzymes 

(Fridovich, 1961), oxidation of hemoglobin and also during 

the passage of ionizing radiation through water (Hart, 1965), 

In chronic granulomatous disease (CGD), granulocytes are 

found to be deficient in the superoxide generating enzyme, 

NADH-Oxidase. Defective superoxide production by PMN in 

CGD is seen both at resting as well as stimulated stage 

(Curnutte et al., 1974). Our results show no significant 

difference in the percentage of NBT positive cells in 

resting state between DS patients and the controls. This 

suggests that there is possibly no defect in the superoxide 

generating system. 

Phagocytosis has been shown to be an active 

energy-dependent process characterized by a respiratory 

burst which results in increased oxygen uptake, hydrogen 

peroxide production and activity of hexose monophosphate 

shunt pathway (Babior, 1975). Hydrogen peroxide is formed 



84 

by the dismutation of superoxide radicals. This dismutation 

of superoxide radicals in granulocytes is catalyzed by 

SOD-1. The levels of SOD-1 are increased in DS subjects. 

This suggests the possibility of a more rapid rate of 

dismutation rate of superoxide radicals in cells of DS 

patients. In vitro NBT competes for the available superoxide 

radicals. We can speculate that in DS patients the faster 

dismuation of superoxide radicals by the increased levels of 

SOD-1 results in the reduction of availability of superoxide 

radicals and results in a decrease in the number of NBT 

positive cells. Thus if superoxide radicals are involved 

in the killing of engulfed microbes and are scavenged by 

SOD-1 at a faster rate, then it can be presumed that the 

increased frequency of bacterial infections in DS may be 

due to a decreased bactericidal capability of the PMN. 

+ SOD-1 
O2 + O2 + 2H — H2O2 + O2 

Superoxide radical is a weak base (pKi=4.8) thus the 

spontaneous dismutation reaction in an acid environment such 

as exists in the phagosomes of phagocytic leukocytes should 

occur at a significantly faster rate (Babway and Karnovsky, 

1980). The rate constant for the interaction of SOD-1 enzyme 

with superoxide radicals is approximately 2X 10^ m-^ Sec-^ 

over the pH range of 5-9 (Fridovich, 1975). 



85 

Babior (1973, -75) has indicated that superoxide radical 

is bactericidal and when generated in excess is able to 

escape from the cells into the surrounding medium and kill 

bacteria before ingestion by granulocytes. If this hypothesis 

is correct then this bactericidal activity in the 

extracellular medium of DS subjects will be inhibited due to 

decreased levels of superoxide radicals, resulting from a 

rapid rate of dismutation of these radicals by an excess of 

SOD-1. 

Phagocytic cells are characterized by their ability to 

adhere to flat, relatively hydrophobic surfaces 

(van Oss et al., 1972). Cellular adhesiveness is due to a 

lower cellular surface free energy, combined with a 

propensity to form protrusions with small radii of 

curvature (van Oss et al., 1972). Methods are available 

to measure the surface free energy in cells (van Oss et al., 

1972). It has been speculated that the decrease in the 

percentage of phagocytic cells in DS is due to the impaired 

cellular adhesiveness in DS granulocytes. 

It is well known that capsulated bacteria are not 

phagocytized because of their hydrophobic surface. These 

microorganisms are coated with immunoglobulins (opsonized) 

and thus made more palatable for ingestion by the granulocyte. 

The plasma membrane of granulocytes have receptors for 
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immunoglobulins which interacts with the opsonized bacteria 

and initiates a series of biochemical events resulting in 

phagocytosis (Goldstein, 1975). 

In a recent study (McMillan et al., 1981) the lower 

binding affinity of serum IgG molecules and high levels 

of serum IgG in DS subjects were reported. It is possible 

that the low binding affinity of IgG molecules in DS is 

partly responsible for the reduction in the phagocytic 

capacity. These studies suggest that granulocytes function 

in DS patients may be defective on two counts: the 

phagocytosis is decreased due to defective surface affinity 

for serum IgG molecules and bactericidal activity is 

decreased due to a defect in superoxide metabolism. 

Superoxide dismutase-1 has been mapped to human 

chromosome 21 (Tan et al., 1973). Since there is a 

triplication of chromosome 21 in DS and hence a triplication 

of SOD-1 gene, a higher level of SOD-1 in various tissues 

can be expected. 

We determined SOD-1 levels in lymphocytes and granulocytes 

using an enzymatic technique. Gene dosage effect being the 

primary determinant of the amount of a gene product within 

a cell, it would be expected that the amounts of the gene 

product will increase if the cell is trisomic for that gene. 

Several studies show increase in SOD-1 levels in erythrocytes 
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of DS patients who are trisomic for SOD-1 gene using 

enzymatic techniques (Sinet, 1974; Yamamoto, 1979; 

Leshchot, 1971). This elevated SOD-1 level in erythocytes 

of DS patients is also demonstrated by radioimmunoassay 

(Baret, 1981). 

The results obtained in our study which used an 

enzymatic method for the estimation of SOD-1 in 15 adult 

DS patients show a 57% increase in the levels of SOD-1 in 

lymphocytes and a 65% increase in the granulocytes compared 

to controls. Increased levels of SOD-1 in lymphocytes of 

DS patients and granulocytes are reported by Feaster et al., 

(1977) and Baret et al., (1981). Besides these two, no 

other studies were done as far as we know to determine the 

SOD-1 levels in leukocytes. 

The studies of Nadler et al., (1967) demonstrated that 

non-specific increases in the activities of several enzymes 

are found in DS leukocytes including acid phosphatase, 

alkaline phosphatase and glucose-6 phophatase dehydrogenase. 

Cultured fibroblasts of Trisomy 21 subjects do not show 

elevated activity of these enzymes suggesting that these 

increases are not due to true gene dosage effect. However, 

the gene for SOD-1 has been unequivocally located on the 

long arm of chromosome 21 (21q22.1) explaining the gene 

dosage effect (Sinet et al., 1976; Yamamota et al., 1979). 
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Our results confirm the gene-dosage effect for SOD-1 in 

lymphocytes and granulocytes of DS subjects. 

SOD-1 activity in lymphocytes was found to be 5 times 

more than the SOD-1 activity in granulocytes. Kobayashi (1979) 

showed a similar ratio of the SOD-1 levels in lymphocytes and 

granulocytes in non DS subjects also. The functional 

significance of this increase in DS is not known. In fact, 

hardly anything is known about the role of SOD-1 in 

lymphocyte functions. 

An attempt was made to look into the relationship between 

lymphocyte function and SOD-1 activity using blast 

transformation studies as a means of monitoring lymphocytic 

function. We inhibited the SOD-1 activity in the lymphocyte 

cultures by the addition of diethyldithiocarbamate (DDC), 

a non-competitive inhibitor of SOD-1. The concentration of 

DDC was adjusted to give at least 50% inhibition of SOD-1 

activity in the lymphocyte cultures. Our results indicated 

complete inhibition of blast transformation when 10"^ M DDC 

was added in the culture along with the PHA at the start of 

the culture (0 hour). On the other hand, a significant 

transformation was seen as a result of PHA stimulation in 

the presence of DDC added at 24 and 44 hours of the culture. 

Addition of 10-4 M DDC exerts no effect on the viability 

cells as seen by more than 90% viable cells. Nontoxic 
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concentrations of DDC treatment as was used in our studies 

show no detectable inhibitions of DNA, RNA, or protein 

systhesis (Pottathil, 1981), therefore, the inhibition of 

blast transformation at 0 hour is not likely to be due to 

the toxic effects of DDC on the cell. 

Even though the exact mechanism by which early inhibition 

of SOD-1 activity effects lymphocyte transformation in 

cultures cannot be explained by our studies, we presume 

that the SOD-1 inhibition influences the initiation of blast 

transformation. If inhibition of excess SOD-1 in DS 

patients increased blast transformation, one could have 

implied that an excessive level of SOD-1 could possibly be 

inhibitory to blast transformation. Since blast 

transformation in MR controls and DS patients is inhibited 

when DDC is added at the start of the culture and not when 

added at 24 and 44 hours, we can conclude that inhibition 

of SOD-1 effects blast transformation in lymphocytes. 

Once the lymphocytes are stimulated with PHA and the blast 

transformation is initiated, the inhibition of SOD-1, by 

addition of DDC, had no effect on the completion of 

lymphocyte transformation. Blastogenic index with DDC added 

at 24 and 44 hours did not show any significant difference 

between the DS and the MR controls. 

Our studies of the immune function on adults with DS 

indicate that several components of the cellular immune 
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system show definite impairment. T-cell population is 

decreased as measured by E-rosette technique, but normal 

using Eft-rosette technique, suggesting a relatively high 

T-cell population with higher affinity for Neuraminidase 

treated SRBC surface markers. A subpopulation of 

T-lymphocytes with affinity for Neuraminidase treated HRBC 

is also found to be significantly increased. This 

subpopulation of T-lymphocytes could not be considered to be 

immature T-cells as is believed at present, since blast 

transformation which is a function of mature T-cells, shows 

no impairment. These subpopulations might represent one or 

more classes of T-lymphocytes which have different 

cell-surface receptors. 

The function of granulocytes were also found to be 

impaired in DS patients. The availability of superoxide 

radicals is significantly decreased during phagocytosis 

possibly due to the faster rate of dismutation of the 

superoxides due to the presence of increased SOD-1 levels in 

granulocytes. There is no reason to believe that there is a 

decrease in the rate of superoxide production in the 

granulocytes of DS patients. There is also a decrease in 

the total number of phagocytic cells in DS patients compared 

to the normal MR controls, presumably due to a decrease in 
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the affinity of the cell surfaces for IgG molecules. This 

decrease of surface affinity would effect the phagocytosis 

of opsonzied bacteria. 

The role of SOD-1 in immune function remains at best 

speculative. We have been able to demonstrate increased 

levels of SOD-1 in the lymphocytes and granulocytes of DS 

patients suggesting a true gene dosage effect in these 

cells also. We also showed that SOD-1 is necessary for the 

initiation of blast transformation. However, an excess of 

SOD-1 does not seem to have any effect on T-cell proliferation 

function. 

The level of SOD-1 in granulocytes seem to have an effect 

on its bactericidal function. We believe that an optimum 

balance in the concentrations of the various radicals such 

as superoxide, peroxide, hydroxyl ion and singlet oxygen is 

necessary for efficient bactericidal activity. The excess 

of SOD-1 in the cells of DS patients tend to upset this 

balance. This results in impaired bactericidal activity by 

the granulocytes in DS patients. We feel that the specific 

role of SOD-1 in cellular immunity in general and Down 

Syndrome in particular needs further elucidation. 

In conclusion we suggest that immunodeficiency of adults 

with DS results from defects in the cellular immune function. 
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The variations in the quantitative and qualitative functions 

of trisomic lymphocytes and granulocytes shown in vitro may 

be responsible for the greater susceptibility to bacterial 

infection. 
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APPENDIX 3 

CONSENT FOR PARTICIPATION 

Protocol for the clinical evaluation and investigations for 
the study of the natural history of Down Syndrome in adult 
Down Syndrome residents of Denton State School, Denton, Texas 

DESCRIPTION: Down Syndrome is a common genetic disorder 
caused by a chromosome abnormality. Most of them are due to 
the normal presence of three chromosome 21s in all their 
cells (normal people have only two chromosome 21s), called 
Trisomy 21; some are due to extra 21 chromosome material 
attached to another chromosome known as translocation; some 
have a mixture of cells containing two or three chromosome 
21s, called mosaicism. Even though clinically all three 
types look alike, genetically they are different. The types 
are differentiated by doing chromosome studies. There are 
about 180 residents in this institution with Down Syndrome. 

People with Down Syndrome have well-defined physical features 
and several clinical problems peculiar to them; such as, 
recurrent respiratory tract infections, congenital heart 
disease, thyroid disease, blood disease, eye problems, and 
behavioral problems. These problems have been extensively 
studied in infants and children with this syndrome. However, 
we know very little about the biomedical problems of adults 
with this syndrome. 

Some recent observations regarding people with this syndrome 
are worth examining. It has been suggested that people with 
Down Syndrome age prematurely and that the lack of resistance 
to infection could be related to this. Another recent 
observation suggests that these people do not develop athero-
sclerosis (hardening of the arteries) which is the leading 
cause of death in developed countries. Changes in the 
metabolism of blood fats have been shown to be factors in the 
development of atherosclerosis. Therefore, important 
information can be obtained by studying the metabolism of 
blood fats in these individuals. 

The overall purpose of this study is to do a comprehensive 
evaluation of adult residents with Down Syndrome in this 
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facility to improve the understanding about their specific 
problems, an area in which we have very little data at 
present. 

PROCEDURE: The study will be conducted by a team consisting 
of doctors, nurses, and social workers of the Denton Genetics 
Screening and Counseling Service in collaboration with 
faculty members of North Texas State University and the 
staff physicians of the Denton State School. 

All residents with a diagnosis of Down Syndrome over the 
age of sixteen years will be studied. It is important that 
to obtain meaningful results from several aspects of this 
study, observations made on Down Syndrome individuals need 
to be compared with age and sex-matched non-Down Syndrome 
residents living in the same environment. This control 
population will consist of about 100 residents. Any infor-
mation relating to any of the participating residents will 
be treated with utmost confidentiality. 

The medical history of the resident will be reviewed from 
the chart and, if necessary, by contacting appropriate 
relatives. A complete and thorough physical examination 
will be done by a medical geneticist. Results of routine 
laboratory investigations, such as blood, urine, x-ray 
chest, etc., will be evaluted and, in relevant cases, 
repeated or elaborated. 

SPECIAL LABORATORY INVESTIGATIONS: 

A. CHROMOSOME STUDIES: In cases where this has not already 
been done, chromosome studies will be carried out to 
confirm the diagnosis and identify the type. Chromosomes 
will also be studied for increased number of breakages. 

B. THYROID FUNCTION STUDIES: To check if the thyroid is 
working properly. 

C. STUDY ON THE IMMUNE SYSTEM (the system which helps fight 
off infections): The response of a type of white blood 
cells will be studied to see if its response to infection 
is normal. 

D. BLOOD FAT STUDIES: The types and concentrations of 
various blood fats, their carrier-protein, and their 
metabolism will be studied. 
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All the above studies are done on a blood sample obtained 
from a vein. All the planned investigations can be done 
from a single blood sample, thus minimizing the discomfort 
to the residents. 

SIDE EFFECTS: None apart from the discomfort of a blood 
test. 

BENEFITS: 

A. To the Resident: 

1. Confirmation of the diagnosis in cases where this 
was not already done. 

2. Identification of treatable conditions (e . g . , 
hypothyroidism) which might lead to appropriate 
treatment. 

B. To the Family of the Resident: 

Recognition of the type of Down Syndrome could be 
important to other members of the resident's family. 
The translocation type of Down Syndrome (which consists 
of about 5 percent of the cases) could sometimes be 
familial, and, therefore, such families need further 
study and appropriate counseling. 

C. General: 

1. This study is expected to provide useful information 
about an area which is very little studied so far. 

2. Studies on blood fats and the immune system would 
provide preliminary information on some of the 
basic mechanisms of common disease. 

D. To the Texas Department of Mental Health and Mental 
Retardation: 

It is known that up to 20 percent of the resident 
population of the institutions for the retarded consist 
of people with the Down Syndrome. With the advances 
in care, they are living longer, and, hence, we have an 
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increasing population of adults and old people with this 
syndrome. Very little is known about their special 
problems. This study is an effort in that direction. 

• • • • • • • • • • • • # « 

I have read and understand the above protocol. I agree to 
the participation of my son/daughter/ward in the above study 
as a subject/control. I understand that I may withdraw my 
consent at any time. 

Signature 

Date 

Witness 

TR/181 
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