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Introduction 

A. Statement of the Problem. 

Immunosuppression following blood transfusion has r·ecently gained much 

attention due to the apparent beneficial effect of,transfusions in 

prolonging renal allograft survival time {Opelz and Terasaki, 1973). 

, Numerous-hypotheses are postulated to explain. this .phenomenon; however, to 

date there are "fery few published studies which attempt to evaluate overall 

imm~ne_function, both cellular and humoral, in response to blood 

transfusions. _Therefore, the. present study was undertaken in an attempt to 

determine which, if any, aspec~s of the immune function of dialysis 

·patients are affected by blood tra~sfusions from a potential renal 

allograf~donor; i.e. donor specific blood transfusions (DSBTs). 

B •. Review of Related Literature~· 

In order to _adequately investigat .. e and discuss this transfusion 

induced immunosuppressiv~ phenomenon, it is necessary to understand the 

various methods of .. assaying iimRwte responsiveness and the basic molecular 

events which occur following exposure ~o alloantigens. For experimental 

purposes the overall immune response to alloantigens can be subgrouped into 

cellular responses and humoral responses. Assays employed for testing 

cellular responsiveness involve enumeration of T lymphocyte subsets, 

measurement of cell mediated effector function, and assessment of 

proliferative capacity, whereas testing for humoral immune responses mainly_ 

involves detection and characterization of complement dependent cytotoxic 

antibodies. Through the use of such experimental procedures many 

investigators have attempted to elucidate the mechanisms for transfusion 

induced immunosuppression; however, to date, the actual mechanism remains 

1 



unknown. The following is an at~empt to summarize the immune process 

following exposure to alloantigens! and to discuss work reported by others 

which pertains to this investigation. 

1. The immune response to alloantigens .• 

2 

The immune response to alloantigens is governed largely by gene 

products of the major histocompatibility complex (MHC), since the MHC is "a 

group of closely linked_ loci coding for molecules that restrict the 

specificity of antigen recognition by T lymphocytes" (Klein, 1982). The 

( individual loci of the MHC are divided into two classes, class I (in the 

human mainly HLA -A, -B, and -C) which control self-nonself recognition and 

cytolytic responses, and class II (in the.human mainly HLA D: DP, DQ, and 

DR) which are involv~d in immune regulatory reactions. Class I molecules 

are composed of a 44,000 dalton glycoprotein associated with a 11,600 

dalton Beta-2-micro-globulin, and class II molecules which consist of a 

28,000 dalton light chain molecule and a 34,000 dalton heavy chain molecule 

(Klein and Nagy, 1981). Class I molecules are found on virtually every 

somatic cell and are present in particularly high density on T lymphocytes, 

B lymphocytes, and macrophages •. On the other hand, class II molecules are 

not as widely distributed as class I molecules and are found·mainly on B 

lymphocytes, macrophages, and activated T lymphocytes. The nature and 

extent of allograft rejection is determined by the degree of disparity 

between host and donor MHC molecules. 

When al~oantigens enter the body, they are. usually taken up and 

processed by an antigen presenting cell (APC), most often a macrophage. 

The antigens are then recognized in association with class II MHC molecules 

on the APC by a T helper cell via specific receptors. In this sense, 

~ntigen recognition by the T helper cell is said to be MHC restricted. 

Soluble mediators, such as Interleukin-1, are secre.ted by the APC 
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conferring a second activation signal to the T helper cell. Furthermore, 

it is the secretion of Interleukin-1 which stimulates production -of 

Interleukin-2 'that in turn regulates T lymphocytes. Once the T helper cell 

is activated, it undergoes.clonal.expansion and rapid proliferation. Most 

of these clones will participate iri,antigen presentation; however, a few 

will differentiate to become cytotoxic T lymphocytes (CTLs) and effect MHC 

restricted destruction of the alloantigens. Following activation and 

proliferation, T helper cells present antigen. specific signals to .activate 

B cells bearing antigen specific immunoglobulin receptors, also an MHC 

restricted event. Such activated B cells undergo blast transformation and 

clonal expansion. The majority of these B cell clones differentiate into 

plasma cei~s: and are capable of secret_ing large amounts. of antibody with 

specificity f_or the alloantigen-. Activation of the T suppressor cell 

occurs through MHC.restricted recognition in a manner similar to that of 

the T helper celt, and_it ~s through class II restricted recognition events 

that T suppressor and T helper cells interact to regulate the immune 

response. Thus, ·the major immunological events elicited upon exposure to 

alloantigens are MHC restri~ted_recognitiun. and activation of immune cells, 

proliferation and clonal expansion of immune regulatory and effector cells, 

and specific humoral antibody formation. 

2. Eval~ation of cellular immunity. 

The ·immune response can be.examined in terms of. the cellular. and 

humoral responses, although the difference between the two is becoming 

increasingly less.distinct since)manifestation of the humoral response is 

determined by stepwise cellular interactions. Often immune regulatory 

cells are enumerated since a change in proportion of these cells is, in 

most instances, associated with an altered level of immune responsiveness. 

For example, an increase in the T helper/T cytotoxic-suppressor lymphocyte 



subset ratio is associated with an increased risk of renal allograft 

rejec'tion. (Cosimi _et al., 1981; Ellis et al., 1981; Guttman and Poulsen, 

4 

1981). Those patients with a well functioning allograft usually exhibit a 

T helper/T cytotoxic-suppressor lymphocyte ratio that is lower than normal 

(Ellis et al., 1981). To date, there-is no published study on the 

alterati6n of.T lymphocyte subsets following DSBTs. In-vitro assays 

measuring immune cell proliferation and immune cell mediated .effector 

function are usually employed for assessing cellular responses. Cell 

mediated effector function is assayed through the use of antibody dependent 

cell mediated cytotoxicity (ADCC) ·and mononuclear cell cytotoxicity (MNCC), 

whereas mixed lymphocyte reactivity (MLR) and.spontaneous_ blastogenesis 

(SB) are tised- . to as·sess proliferative responses. 

a. Antibody dependent ce,ll mediated ·cytotoxicity. 

The existence of a cell popul~tion capable of effecting lysis of 

antibody coated target cells (i.,e. ADCC) was first described by Moller 
( 

(1965). Cell populations,which are now known to be capable of functioning 

·as· ADCC effector c~lls include lymvhocytes (Perlman and Holm, 1969; 

MacLennan, 1972), monocytes (Dennert and Lennox, 1973; MacDonald et al., 
. -----

1975), and neutrophils (Nelson et al., 1976; MacDonald et al., 1975). 
' ' -- --

Because each of the above cell types can act.in concert with antibodies of 
. . ' 

many different specificities, ADCC is considered a non-specific cell 

mediated effector function. Through the use of ADCC, it is possible to 

detect the -p~esence of low levels of antibody to donor blood cells (i'.e. 

donor specific antibody) that otherwise might go undetected in conventional 

complement dependent cytotoxicity assays. Furthermore, a positive 

assoc-iation between the presence of ADCC activity and the development of 

early allograft rejection has been noted by some investigators (Kirchoff et 

.al., 1981); although, others have been unable to confirm this (Stiller~ 



al·., 1978). To date, there are no studies examining ADCC function 

following. blood. transfusion. 

b. Mononuclear cell cytotoxicity. 

5 

Aside from ADCC,· cell mediated effector function can also be assessed 

by use of MNCC. Within the mononuclear cell (MNC) p.opulation, there are 

three types of cytotoxic cells, namely cytotoxic T lymphoc·ytes ( CTLs )', 

natural killer (NK) cells, and monocytes/macrophages. The existence of 

CTLs was first noted by Govaerts· (1960) in a study which demonstrated that 

lymphocytes taken from a dog with a.previously rejected kidney could effect 

destruction of rejected kidney cells. The cytotoxic activity of CTLs is 

class I MHC restricted·. (Zinkernagel et al., 1974), and prior sensitization 

. ·,of ·the recipient .by" donor alloaritigens is required to induce CTL activity. 

Large granular ly~phocytes., known as··NK cells, are also capable of 

mediating cytolysi~ of a variety of target 'cells. These cells are thought 

to play a vital role in detection and destruction of tumor cells 

(Herberman, 1979), an~ in addition, no prior sensitization of the recipient 

is required for effecting cytotoxic activity. Similarly, 

monocyte/macrophages ar.e capable- of mediating cytolysis without prior· 

sensitization, and besides their rol~ in the processing of alloantigens, 

monocyte/macrophages also participate.in tumor cell surveillance by 

effecting tumor cell lysis (Granger and Weiser, 1964). Of these three 

types of cellular cytotoxicity, only CTL activity appears to 'i.nftuence 

allograft survival. ,Results indicate that the presence of CTL activity 

prior to transpla~tation is associated with significantly lower allograft 

survival (Carpenter and Morris, 1979). The CTL seems to be the cell type 

primarily responsible for allograft rejection even though all of the above 

cell types are capable of cytotoxic activity. 
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c. Mixed lymphocyte.reactivity. 

MLR was first noted by ,Bain et al., (1964) in a study ·which 

demonstrated that coculturing leukocytes from unrelated individuals results 

in blast transformation and proliferation. Thus, MLR measures the degree 

of activation and immune cell clon~l expansion following the recognition· of 

alloantigens which- in this case are MHC molecules. Furthermore, the 

disparity between individuals at class II MHC'loci -results in a stronger 

.MLR than if there is a disparity at class I loci (Yunfs and Amos, 1971). 

MLR can, therefore, be used to assess the· degree of MHC disparity between 

two individuals; however., because both the recipient and donor are HLA DR 

identical· .in this study_~· .MLR :.is e~ployed to measure changes in the 

proliferativeability of the recipient immune cells following blood 

transfusions. 

d. Spontaneous blastogenesis. 

Lymphocytes are transf.ormed into lymphoblasts in response to host 

·exposure to alloaritigens. It is reasoned, therefore, that a host's immune 

reactivity can be assessed from the level of circulating lymphocyte 

blastogenesis.· Spontaneous b~astogenesis measures the lymphocyte 

proliferative level and is often used .to evaluate the general immune . 

reactivity of the host. Increasing levels of SB has been suggested by 

several investigators to correlate with allograft rejection (Tennenbaum et 

al., 1968;·vessella et al., 1977; Clancy et al., 1979). By measuring SB, 

the degree of sensitization induced in vivo as a result of allogeneic blood 
' ---

transfusion can be monitored. 

3. Humoral immune responses to blood transfusions. 

Assessment of the immune response to alloantigens requires not only 

investigation -of cellular responses, but. humoral responses as well. In 

most instances eitcounter with alloantigens results in the production of 
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cytototoxic antibodies which mediate destruction of alloantigen bearing 

cells in the presence of complement. The patient is usually considered 

untransplantable in the event of cytotoxic antibody formation against the 

donor's cells. Some investigations indicate that the presence of 

pretransplant donor specific anti-T lymphocyte antibodies; but not anti-B 

lymphocyte antibodies, is associated with graft rejection (Morris et al., 

1977; Ettenger et al 411 , 1978). Therefore, the presence of only B cell 

reactivity in.serum may allow for transplantation of patients previously 

th,ought·· to be untransplantable. Interestingly, not all antibodies 
I 

generated in response to blood transfusions are cytotoxic in nature. New 
. 1 

evidence indicat~s that antibodies .. are_. formed aga~nst T cell receptors 

(i~e. anti-i~iotypic antibodies), and ·.t_hes~· antibodies may function as 

"blocking" antibodies thereby preventing allograft destruction (Singal and 

Joseph, 1982). 

4; Cellular. immune function following blood transfusions. 

Blood transfusion of potential renal allograft recipients is known to 

modify immune res~onsiveness (Opelz and Terasaki, 1973; Opelz and Terasaki, 

1976):J Results from some investigators indicate that blood transfusion 

induces suppression of cellular immune~ responsiveness to mitogens (e.g. 

Phytohemagglutinin, Concanavalin A, Pokeweek mitogen), antigens (e._g. PPD, 

tetanus toxoid, streptolysin, mumps, and vaccinia antigen), an~- decreased 

responsiveness in MLR (Fischer et al., 1980). In contrast, others are· 

unable to find any suppression of mitogenic responses following transfusion 
• f 

(Feh:nn.an .!tt al., 1983), although simiiar reductions in MLR are evident in 

JllSny recipients (Leivestad and 1Thorsby, 1984; Klatzmann et al., 1983). 

5. Possible mechanisms of blood transfusion induced immunosuppression. 

Since many studies indicate that blood transfusion-prior to 

transplantation results in increased graft survival (Opelz and Terasaki, 

. ' 
























































































































































































































