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ABSTRACT 

Natural killer cells (NK) belong to a heterogenous group of cells primarily 

thought to function against tumors. However, additional studies have indicated 

a broader role for these cells in immune regulation, including the regulation of B 

cells. Peripherial blood lymphocytes from rheumatoid arthritis (RA) patients and 

normal individuals were purified into three groups: T, B, and NK cells. Purity of 

these populations was assessed by Facs analysis (94%, 90% and 86% 

respectively.) These cells were used in a proliferative assay to determine the 

affects of NK cells on polyclonal proliferation of B cells. The normal and 

rheumatoid arthritis patients were previously assessed in terms of a proliferative 

response to recall antigen and designated as either anergic (non-responsive) 

or non-anergic (responsive). Inhibition of B cell proliferative response was 

seen in the normal (-35% ± 4.5) and non-anergic subgroup (-25.6 ± 3.8), but 

not in the anergic subgroup (+11.2 ±7.8). While removal of the CD57+ NK cells 

did not reverse the inhibition seen in the normal or non-anergic individuals, 

elimination of the CD16+ cells did (-1 ± 0.816 and 6.4 ± 6.5 respectively), with 

no significant effect on the anergic subpopulation. To investigate the 

dependence of this NK regulation on T cells, CD8+ T cells were removed. 

While there was no significant difference seen in the inhibition levels in the 

normal and non-anergic groups, inhibition in the anergic population 

Significantly increased. This work suggests that NK cells are involved in limiting 

the proliferative response of activated B cells and this is dependent on the 
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C016+ subset of NK cells. While non-anergic rheumatoid arthritis individuals 

show no difference from the normal group in this function, anergic patients do, 

with the COB+ T cells (suppressor/cytotoxic) subset apparently involved. 

Functional differences seen in the RA group were reflected by abnormal 

expression of cell surface antigens, as assessed in peripherial blood 

lymphocytes by Facs analysis. An increase in the expression of the COB 

marker in both the anergic and non-anergic individuals supports the hypothesis 

of an underlying T suppressor cell defect. Compensation by the two RA 

subgroups appears to be different. The anergic group had higher numbers of 

C016+ cells, while the non-anergic group had NK cells that functioned at a 

higher level, as determined by the decrease expression of the C056 marker in 

the surface of these cells. These data also serve to reinforce the idea that 

individuals with RA belong to a heterogenous group. 
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CHAPTER 1 

INTRODUCTION AND SIGNIFICANCE 

Natural Killer Cells History and Characterization 

The existence of natural killer (NK) cells was first suggested by several 

laboratories studying cell-mediated cytotoxicity in the early 70's (for reviews see 

32, 65). While studying cytotoxic activity against autologous tumor cells, 

investigators discovered a new distinct subpopulation of lymphoid cells that 

were not only capable of killing autologous tumor cells without restriction by 

histological type (31), but also allogeneic and xenogeneic tumor cells (65). This 

was unlike other cytotoxic activity, (now known to be cytotoxic T lymphocytes 

(CTL)), which required prior sensitization and a maturation period of 7-14 days. 

Finding that cells from normal, healthy donors had the same properties 

as individuals infected with cancer, the cells were given the designation, 

"natural killers," since they were thought to be involved in the "natural" host 

defense mechanism against cancer and other infectious diseases (31, 34). 

The primary targets of the NK cells were thought to be only tumor cells, 

but further study found that undifferentiated cells such as fetal fibroblasts and 

immature thymocytes were generally more susceptible NK targets (6, 31, 63, 

65). Other work pointed out that MHC was not involved in cytolysis by NK cells, 

since killing activity was not inhibited by antibody (Ab) directed against the MHC 



antigens on the target cells (16, 33, 37, 76). As Herberman notes (31) "the 

most susceptible targets lack HLA determinants." In 1983 a consensus 

definition was developed at a workshop for the study of NK cells, 

" ... effector cells with spontaneous cytotoxicity against various target cells; 

these effector cells lack the properties of classical macrophages, 

granulocytes, or cytotoxic T lymphocytes (CTL); and the observed 

cytotoxicity does not show restriction related to the major 

histocompatibility complex (MHC)." (43) 

16 

When first discovered, NK cells belonged to a population of cells known 

as "null" cells. This class did not have any of the known surface markers but 

presented certain properties that were grossly typical of the T cell and 

macrophage (M0) populations (9). We now know that the NK cells are part of a 

subpopulation of lymphocytes found in many vertebrates (65) known as the 

large granular lymphocytes (LGL) (82). This heterogeneous group, potentially 

with different functions, still remains a mystery. Until recently, there was no way 

to determine the cell type that was responsible for NK activity. Presently, specific 

monoclonal antibodies are available to start the arduous identification process, 

but additional work must be done to correlate the phenotype(s) with function in 

order to understand the role these cells have in the immune system. 

LGLs are approximately 1 0-15 ~m in diameter, non-phagocytic and non

adherent. They do not have surface immunoglobulin (Ig) or receptors for 

complement component C3, but do express low affinity receptors for sheep red 

blood cells (65), and the Fc portion of IgG molecules (similar to the FcR2 found 

on PMN's ) (83). Numerous monoclonal antibodies have been made to surface 
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antigens on the NK cells (Table 1). 

TABLE 1. Monoclonal Ab to NK Surface Antigens 

Surface Percent 

Monoclonal Clone Antigen PBL 

Leu 11a,b,c NKP-15, G022, CD 16, FcR for 15 

B73.1 IgG 

N901 N901 unknown 15 

Leu 2a SK2 CD 8 28 

Leu 7 HNK-1 CD 57 20 

Leu 15 0-12 CO 11b, CR3 30 

Leu 19 MY31 CD 56 15 

Trinchieri (83) reports that after four days of culture in media containing 

IL2 and irradiated Iymphoblastoid cells, NK cells (based on the CD 57 marker) 

will express HLA-OR and 4F2 antigens as well as receptors for IL2 and 

transferrin. These markers are absent from fresh or nonproliferating cells in the 

induced culture. He also points out that antibodies to IL2 or the receptors for IL2 

or transferrin can inhibit growth. The N901 Ag may be an activation marker 



since it is normally found at a low density on the surface of NK cells but 

becomes dense on proliferating cells. 

18 

The cytoplasm of LGL's is neutrophilic to azurophilic with sparse or 

dense granules which may reflect the stage of maturity (1, 9). The relationship 

between the small kidney shaped nucleus and a broad cytoplasm makes these 

cells low in density which can be used for isolation by percoll gradients. 

The highest concentration of LGL's is found in the blood (5% of 

peripherial blood lymphocytes (PBL)) and spleen (4%). Intermediate levels can 

be found in the lymph nodes, pertoneal cavity and bone marrow (65, 66, 74). 

Other lymphoid organs such as the tonsils or thymus do not have detectable 

levels of LGL's (65). 

Cytotoxicity of killing by NK cells is comprised of three basic steps: 1. 

recognition and conjugation; 2. NK activation and trigger of lytic mechanism; 3. 

release of lethal hit, and target cell lysis (9, 18, 86). The first step is rapid taking 

only minutes while the second step is longer, requiring hours. During this 

phase, it is suggested that activation of intracellular processes occurs, resulting 

in the collection of cytoplasmic granules at the site where the target cell is 

bound (32). Based on studies done with the granules from rat LGL tumors (57) 

a cytolytic protein, (dependent on Ca++. 60 Kd), was discovered and termed 

LGL granule cytolysin. This molecule is thought to cause rapid lysis by creating 

pores in the target cell membrane (64). Also involved in the second and third 

steps is the generation and release of what has been called natural killer 

cytotoxic factor or NKCF. This molecule was first identified by Wright and 

Bonavida (85, 86) in both murine and human studies. Further characterization 
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by Ortaldo (64) identified NKCF as a protein, (20-40Kd), released by human 

LGLs when stimulated by NK-susceptible target cells. The secretion of NKCF is 

increased by interferon (IFN), but the kinetics of lysis is slow, requiring hours 

(64). Additional studies indicate that proteases, phospholipases and oxygen 

radicals may all playa role in the generation of NKCF (9), but Herberman notes 

that the mechanism by which NKCF functions is unknown (35). 

The standard assays that measure NK activity are based on the function 

by which they were discovered, cytotoxicity. The assay that is most frequently 

used is the 4 to 6 hour 51 Cr release assay. Target cells (K562 for humans and 

YAC1 for mice) are allowed to take up radioactive chromium and then exposed 

to NK cells. Four to 6 hours later the supernantant is measured for the release 

of chromium which indicates cytolysis. From this assay it was determined that 

NK cells are important in the defense against viral infection since the virus 

infected cells were much more susceptible than normal uninfected cells (31, 

65). Based on work by Lanier and coworkers "normal" NK activity is found 

within a subpopulation of NK cells that are CD57+16+, but the highest activity 

came from cells that were CD57-16+ (48, 49). Whether or not this reflects a 

stage in the maturity of NK cells is unknown. Cells that were CD57-16-

displayed no cytotoxic activity against NK sensitive targets. 

Other assays designed to look at the aspects of ,the cytotoxic activity 

include: 

1. cold target inhibition: Non-labelled cells are added to a chromium release 

assay. Data indicated that not all susceptible targets could prevent the lysis of 

others, suggesting that there could be separate target structures or 
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heterogeneity among the effector cells (65). 

2. monolayer absorption: NK cells are absorbed with other cell surface antigens 

prior to the chromium assay. Data indicated that multiple subsets of NK cells 

may exist, with some effector cells recognizing a restricted range of target cells 

(65). 

Unlike the previously studied T cytotoxic lymphocytes (CTL), NK cells 

function differently. They do not require prior antigenic sensitization nor are 

they restricted by MHC (41). The time needed to lyse target cells and 

regenerate for another round of lysis is shorter, but there is no evidence for 

immunological memory (65). NK cells appear to act on a diverse range of 

target cells and some researchers consider them less specific than CTLs. 

However, this may be another example where the heterogeneity of this group of 

cells clouds their true role in the immune system. 

Positive modulation (requiring protein synthesis) can be exerted on NK 

cells by cytokines such as interferon and interlukin 2 (IL2) (9). Natural killer 

cells are the only cell type known to be able to produce all three forms of 

interferon, depending on the stimulus encountered. Bacteria and tumors cause 

the secretion of IFN alpha, viruses induce IFN alpha and gamma, while 

mitogens cause NK cells to produce IFN gamma and beta. Boekstegers and 

Grundmann , (9), note, 

" It is still not clear whether the different NK subpopulations will each 

produce only one IFN subgroup, or whether one race of NK cells can 

respond to specific stimuli by production of interferons of any type." 

They further hypothesize that IFN, "supports the reactivity of pre-NK and their 
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differentiation to active NK cells; they further boost the cytotoxic effect of 

activated NK cells", but they warn that IFN has been shown to act negatively 

through T suppressor cells. Other compounds that may activate NK cells 

probably achieve this by inducing IFN. Response to interleukin 2 involves the 

maturation of the NK cell (2); theoretically dependent on the interaction of the 

NK with the target cell and IFNs that induce receptors for 1L2 (9). Once in the 

NK cell, it acts as a growth factor and increases cytotoxic activity of the NK cells. 

Compared to IFN, IL2 is able to provoke a much stronger anti-tumor reaction by 

NK cells in vivo or in vitro (39), but the mechanism by which it accomplishes this 

is unknown (9). 

Most agents which inhibit NK cells are probably induced by the target 

cells or T suppressors (9). These compounds can effect the recognition or 

binding of the target cell (EDTA, phorbol esters or proteases) or work at some 

post binding stage (cholera toxin, prostaglandins (PGE2 orPGE1)) (23, 46, 62, 

65). Investigators have found that increases in the levels of cAMP (in the NK 

cells) are directly correlated with a reduction in NK activity; PGE2 can increase 

cAMP to 600% with a 75% reduction of NK activity (23, 46). The hypothesized 

mechanism involves the increased levels of cAMP in the NK cells which either 

interferes with the binding between the NK and it's target cell, or it blocks the 

release of NK cytotoxic factor NKCF (9). Other negative modulators that work 

via increasing cAMP include: isoproternol, methylxanthine and theophyllin (9). 

B Cells and the Role of NK Regulation 

In addition to the ability of natural killer cells to lyse tumor cells (9) and 
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virally infected cells (65) they also can recognize and lyse normal cells (28, 29) 

function in the activation of B cells after bone marrow grafts (12, 13) undergo 

activation in MLR cultures (72,79) act as accessory cells (3, 44) and act as 

suppressor cells (79). Clair Robles and Sylvia Pollack from the University of 

Washington (68) comment, 

" Based on the broad spectrum of functions mediated by natural 

cytotoxic cells, it has been hypothesized that the primary role of NK 

cells is to modulate normal hematopoiesis and cellular responses and 

that the ability of NK cells to recognize certain malignant cells is a 

consequence of their regulatory function." 

One area where evidence is mounting for such diffuse NK functions is in 

B cell regulation. To evaluate the information for this role in regulation, an 

understanding of the events that lead to antibody (Ab) production are needed. 

There are three basic events that occur in the generation of Ab from B cells: 

activation, proliferation, and differentiation. (For a review see 26, 40, 55). 

Mature resting B cells express on their surface IgM and IgO which act as 

antigen receptors. When these receptors are crosslinked by antigen, (or anti 

Mu antibody (Ab)), the B cell is triggered to an "activated" state which causes 

the cell to generate receptors for growth factors. T helper cells secrete a 

lymphokine for B cell growth, (BCGF) and this allows the B cells to enter the S 

phase of cellular growth and proliferate for 5-15 divisions (every 20 hours at 37° 

C) (55). An additional T celllymphokine, B cell differentiation factor (BCOF) is 

taken up by the B cells (after cell division is completed) and causes them to 

mature further into plasma cells which secrete antibodies. Exceptions to this 
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scheme of Ig production can be found using compounds such as 

lipopolysaccahride (LPS) (55) or Staph A (Cowan Strain I (SAC)) protein (40). 

Regulation of the B cell response can take place at numerous points in 

this series of events. Most known forms of regulation, such as T suppressor 

cells, Ab network and Ab feedback mechanisms, all act at ending or contributing 

to the termination of the Ab response. With the discovery of the Fc receptor on 

the surface of NK cells, Lobo (51) suggested that, due to the abundance of 

these receptors on the surface, NK cells could be involved in the regulation of 

the antibody response, via some form of feedback mechanism. 

The first example that NK cells might have a role in the regulation of the B 

cells came from Nabel (60). Using the NK cells from mice (C57BU6, BALB/C), 

they were able to establish a clone (C1.Ly1-2- NK1 +/11) that could lyse YAC-1 

lymphoma cells (NK sensitive). When they added these NK cells to LPS 

activated B cells, there was an inhibition of Ig production due to possible lysis of 

the B cells (not H2 restricted). They suggested that the activated B cells 

themselves were the targets of the NK cells but added that further work was 

needed to explore accessory cells involved. At the University of Texas, 

Yamamoto and coworkers (88) came up with similar results looking at 

antibodies to DNP-SRBC. They found human NK cells could inhibit the 

production of mouse Ig, and also reported that more NK cells were needed 

when added later in the experiment. 

Histological studies from Si and Whiteside (74) added support for the 

data by Nabel and others. Examining the distribution of CD 57 (HNK-1) 

antibodies in human tissue, they pointed out that while the NK cells (CD 57+) 
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are scattered in the red pulp and seldom in the white pulp of the spleen, in the 

lymph node they found: 

"Only a few HNK-1 + cells are seen in the interfollicular spaces, 

paracortex and medulla; they are rather located in secondary follicles, 

especially in the margins of germinal centers at the cortical pole, less 

often at the medullar pole of the follicle." 

Boekstegers and Grundmann, (9), hypothesize that the localization of the 

NK cells to the germinal centers (area of the lymph node where B cells, T cells 

and Ag interact), "illustrates their capacity to recognize and interact with 

activated and proliferating cells." They are quick to point out that NK cells may 

be involved in the regulation of the response by acting as a counter force to the 

positive modulation by T cells or are involved in promoting the affinity of the 

antibodies produced by eliminating the B cell clones that have IgD on their 

surface. 

Another study using murine models (3) indicated that NK cells were 

capable of causing or promoting the early termination of the primary IgM 

response to antigen. They suggested that the targets for the NK cell were 

accessory cells that had interacted with the antigen. This is supported by later 

work done by Shah (73) which indicates that the ability of accessory cells to 

present antigen is suppressed by NK cells. In addition, studies by Robles (67) 

suggest that the NK cells are involved in the induction phase and not the 

termination phase of the B cell response. In their later work (68) in vivo 

manipulation of murine NK cells by NK1.1 Ab or the synthetic double stranded 

polynucleotide poly(inosine):poly(cytidylic) acid (poly I:C) indicated that Ig 
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production to SRBC (determined by PFC) could be inhibited by activating the 

NK cells (with polyl:C) prior to immunization with antigen. This inhibition could 

be negated by depletion of the NK cells with the NK1.1 Ab. This depletion must 

occur before immunization to get the maximum Ab response. 

Studies with human NK cells also provide evidence for NK inhibition of 

the B cell response. Arai and coworkers (5) demonstrated that NK cells could 

decrease the production of Ig (PFC's) by B cells activated with poke weed 

mitogen (PWM), and that this suppression was dependent on T cells. Similar 

findings were made by Brieva and coworkers (14) with tetanus toxoid induced B 

cells. Additionally, they could reverse the inhibition with only 102 K562 cells 

(NK sensitive target). Tilden used the CD 57 antibody to isolate the NK cells and 

found that in order to achieve the same inhibition they needed to stimulate the 

NK cells with poly I:C. Kaumagi (44) on the other hand, approached the 

situation differently and used CD 57 and complement (C') to reverse the 

inhibition of the PWM activated B cells, but noted a greater change when CD 16 

and C' were used to remove the NK cells. Another group of investigators (14) 

saw similar results when attempting to remove NK cells from their B cell 

preparation. This contamination was not removed by anti-CD57 and C', but it 

was eliminated using anti-CD16 and C'. These findings could indicate a 

specific step in the maturation of the NK cells achieved through the loss of the 

CD 57 marker. (As stated above, the CD57-16+ cells have the highest cytolytic 

activity (48, 49).) 

Work done by Kumano (45) further supports the role of the CD 16 NK 

cells. Studying the polyclonal production of Ig induced by the infection of 
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Epstein Barr virus (EBV) they found that CD 16 NK cells could suppress t;'e 

amount of Ab produced. Upon examination of the culture supernatants, they 

found IFN-alpha but not NKCF. Since the IFN-alpha alone did not inhibit Ig 

production, they suggested that it functioned to activate the NK cells. This was 

supported by further experimentation in which NK cells, preincubated with the 

IFN-alpha, became more active against EBV induced Ig production. Kaplan 

and Shope (38) concentrating on CD 57 NK cells, found that these cells 

inhibited in vitro "outgrowth" (the initial establishment of proliferating EBV 

transformed B cells) before a cytotoxic T cell response could take place. 

Evidence that NK and NKCF playa role in the regulation of B cells has 

come from Targan (77) at UCLA. Experiments looking at the effects of NK cells 

on Ig production of tetanus toxoid induced B cells found NKCF in the 

supernatants concurent with a decrease in the Ig production. Using the 

monoclonal 13.1 (inhibits the lytic function against K562 (78)), they were able to 

inhibit the NK suppression of the induced B cells. They suggest that the "NK

K562 lytic process may operate against these B cells." 

Storkus and Dawson (75) looked at the stages of B cell development and 

correlated it with susceptibility to NK lysis. By using a group of B cell lines, they 

determined that the pre/early/intermediate B cells were resistant to NK lysis and 

that it was the late B cell that was the most susceptible. They further correlated 

this sensitivity to the loss of the B2 surface antigen and consider the loss of this 

antigen to be a marker for B cell activation. 

Froelich and Guiffaut (21) claim that lysis of B cells by NK cells takes 

place only when the B cells have been previously exposed to fetal calf serum 
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and is not real since using human serum does not show the same effect. 

However, they do not admit to the possibility that there is an inhibitory molecule 

present in the human serum not found in the fetal calf serum that would prevent 

the function of the NK cells. 

The studies discussed here support the premise that NK cells are 

involved in the regulation of B cells. However, it is uncertain exactly which 

subgroup(s) of NK cells is involved. While much work has been accomplished, 

one of the most significant problems in this area of research has been 

generation of pure cell populations for experimentation. As evident from works 

cited here, some of the information we have concerning NK function is solely 

due to the removal of contaminating populations of NK cells from other cell 

preparations. In order to assess the role of these cells in other aspects of 

immunology, attention must be given to the development of purification 

procedures required to obtain the purest cell populations possible. 

Rheumatoid Arthritis 

Rheumatoid arthritis is a chronic inflammatory synovitis that primarily 

involves the peripheral diarthodial joints (17). It affects 2-3% of Americans and 

occurs predominantly in females with the ratio of women to men being 3:1 (22). 

Onset of the disease peaks in the third and fourth decades of life (22). While the 

etiology remains obscure there is a prevalence of this disease in individuals 

with the HLA-DR4 marker which may suggest that genetic factors could be 

involved in susceptibility (22). Characterized by periods of remission and 
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exacerbation it causes the destruction of cartilage, ligaments, tendons and bone 

in about 50% of patients affected (69). The extra-articular manifestations 

include: vasculitis, atrophy of the skin and muscle, subcutaneous nodules, 

lymphadenopathy, splenomegaly and leukopenia (22). 

Other serological features of this disease are found through 

immunological examination. Serum protein electrophoresis shows elevated 

alpha-2 globulin (22) and increased total serum immunoglobulin (17). Part of 

this increase in total immunoglobulin is due to the generation of rheumatoid 

factor (RF) which is antibody specific for antigenic determinants on the Fc 

portion of human IgG (subclasses 1, 2, and 4 (69)). While high titers of RF are 

associated with more severe and active joint disease, absence of the Ab does 

not exclude rheumatoid arthritis. The role of RF in the disease state is theorized 

to be similar to other immune complex syndromes. Immune complexes (RF and 

IgG) deposit in the joints causing the activation of complement. This leads to 

the release of histamine and chemotactic factors for PMN's and monuclear 

cells. These cells, in an effort to clear the area. cause damage to the 

surrounding cartilage from proteases and collagenases released (22). Firestein 

and Zvaifler (19) describe the microscopic features of such a lesion; 

" .. proliferation of synoviocytes, vilous hypertrophy. massive subintimal 

infiltration with lymphocytes and plasma cells (most marked around 

blood vessles and often associated with large lymphocytic nodules). 

cartilage replacement by ingrowth of chronic inflammatory cell, and 

proliferation of subchrondral connective tissue (pannus)." 

How RF is generated is unknown. One theory is that native Ab bound to 
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antigen causes the exposure of self determinants (either previously hidden or 

altered) which lead to an Ab response. A different theory is that RF reflects 

polyclonal B cell activation by an unknown pathogen or defect in the normal 

function of immune regulation (22). This theory is supported by the findings of 

AI-balaghi and co-workers (4). Upon examining spontaneous Ig production (by 

PFC), they found "the total numbers of PFC were significantly higher in the 

peripheral blood of patients with active seropositive RA than in that of normal 

controls." A more recent study by Boling (10) found similar results and they 

suggested that this "reinforces the concept that there are increased numbers of 

activated B cells" in patients with rheumatoid arthritis. 

Past studies have suggested a role for Epstein Barr virus (EBV) as the 

causitive agent since individuals with RA have a high frequency of antibodies to 

antigens found only in EBV infected cells (RA precipitin, RAP) (8). While EBV 

has not been shown to be the agent that causes RA, it may indicate that certain 

defects in the immune system exist. Outgrowth of EBV transformed B cells is not 

controlled in individuals with RA compared to normals (8). NK cells are felt to 

playa key role in EBV regulation (7). Whether this could be due to a defect in 

NK function is uncertain. 

Comparisons of the lymphocytes in the synovium and peripheral blood 

have been highly variable. The differences seen within the population of 

individuals with RA seemed to only create more questions than answers. In 

1983, Wahl and co-workers (84) looked at peripherial blood mononuclear cell 

proliferation to recall antigens in patients with RA before and after 

leukaphoresis. They found that within the rheumatoid population there were 
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two subgroups. Those that responded to recall antigens (such as 

steptokinase/streptodornase and tetanus toxoid) were referred to as nonanergic 

while those that did not respond were designated anergic. It was noted that 

while the anergic individuals showed clinical improvement and concurrent 

reversal of anergy after the leukophoresis the nonanergic patients failed to 

respond. 

A group from NIH (53) correlated synovial 1 peripheral blood lymphocyte 

studies with anergy. They found that synovial tissues specimens from anergic 

patients had a " higher intensity T cell and plasma cell infiltration, more synovial 

lining layer hyperplasia, more HLA-DR bearing cells, and a higher ratio of 

CD4/CD8 (Leu 3a/Leu 2a) T cells." Nonanergic patients had," fewer infiltrating 

cells, more extensive fibrin deposition and far fewer T and plasma cells." 

Comparing the T cell subset ratios between the PBMC and the synovial 

lymphocytes they found that the ratios were reversed in anergic and nonanergic 

patients. In the anergic patients there were elevated tissue CD4/CD8 ratios and 

depressed PBMC CD4/CD8 ratios, while the opposite was true for the 

nonanergic patients. Decker (17) confirmed these results with OKT (4/8) 

antibodies, adding that the increased number of HLA-DR bearing cells (PBMC) 

in the anergic population indicates some form of cellular activation. 

The designation of anergy may be useful in the treatment of rheumatoid 

arthritis. A study conducted by Yocum and coworkers at NIH (89) found that 

anergic patients who had low CD4/CD8 (Leu3/Leu2) ratios and high NK cell 

numbers (Leu7/11) responded to cyclosporin A (CsA) immunosuppressive 

therapy while the non-anergic individuals did not. Progress of these individuals 
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was monitored by fluorescent monoclonal antibody studies (CD 3, 4, 8, 57, 16, 

HLA-DR and IL2R) of peripheral blood mononuclear cells (PBMC) and by 

response to recall antigens. This allowed for correlation of the disease state, 

efficacy of treatment, immunological status, and assessment of T cell and NK 

cell subsets from PBMC. They reported that" during the course of therapy, the 

anergic status was reversed, indicating an immunomodulatory role for CsA in 

rheumatoid arthritis." Other work from Burns (15) found that CD8+57+ (or 

CD8+56+) cells in the peripheral blood can inhibit the differentiation of PWM 

induced B cells. Examination of the cells from synovial fluid uncovered the fact 

that individuals with rheumatoid arthritis had significantly more Leu 8+57+ cells 

than individuals with non-RA inflammatory arthritis (20.7% vs. 6.4%, p=0.0012). 

They suggest that such high numbers indicate an immunoregulatory role for 

these cells. 

It is evident from the information presented here that NK function is not 

limited to cytotoxicity. As part of the body's regulatory mechanism they reach 

into all aspects of immune function. Monoclonal markers have shown this 

group of cells to be very heterogeneous. The role of NK cells in regulation of 

antibody production could be due to a separate subgroup of these cells in 

comparison to cytotoxic function. So far, the role of NK cells in B cell regulation 

of individuals with rheumatoid arthritis is unexplored. Material presented here 

points out the areas where NK regulatory function could exist. Characterization 

of NK cell regulatory function with other immunological parameters could lead 

to further understanding of the basis of rheumatoid arthritis, its treatment and the 

function of NK cells themselves. 
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AIMS OF THIS RESEARCH 

The purpose of this study was to determine whether NK cells exert a role 

in 8 cell regulation by affecting an early stage in antibody production, such as 

proliferation. In order to accomplish this, mUlti-step purification procedures, 

utilizing several techniques, were developed to produce highly purified 

populations of 8 cells, T cells and NK cells needed for testing. 

These cell populations were used to develop an in vitro assay to monitor 

the effects of NK cells and their subsets on polyclonal proliferation of 8 cells 

activated with anti-mu antibody. In order to understand the mechanism by 

which NK cells affect proliferating 8 cells, antibodies to the Iymphokines 

interleukin-2 , interferon-a and interferon-y were used in the same assay 

system to alter the action of the NK cells. 

Furthermore, to investigate whether NK cells are involved in this type of 

regulatory function in an immunological disease, the 8 cell proliferative assay 

was used to assess a group of rheumatoid arthritis (RA) patients, where 8 cell 

regulation may be dysfunctional. Individuals with RA were classified as either 

anergic or non-anergic based on the ability to repond to recall antigens in a 

proliferative assay. This was done since it has been demonstrated that anergic 

patients produce greater amounts of IgM RF than non-anergics. 

Finally, phenotyping of peripheral blood lymphocytes by antibodies to 

cell surface antigens was done to correlate possible functional differences with 



33 

antigen surface expression. 
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CHAPTER 2 

EXPERIMENTAL METHODS 

Purification Techniques 

Isolation of Lymphocytes 

Whole blood was collected by venous puncture with a 21 g butterfly 

infusion set (Abbott Hospital, N. Chicago, IL) into a 60 ml syringe with sodium 

heparin (Lympho-Med, Rosemont, IL). The blood was layered onto Histopaque 

(#1077 Sigma, St. Louis, MO) (11) at a 1 :2 ratio of Histopaque to whole blood 

and centrifuged at 500 x g (1600rpm) for 30 minutes using a Beckman table top 

model T J-6 (Palo Alto, CA). The peripherial blood mononuclear (PBMC) cells 

were collected at the plasma / Histopaque interface and washed twice with 

Hanks balanced salt solution without Mg++, Ca++ or phenol red (HBSS, Gibco, 

Grand Island, NY). After the last wash the cells were resuspended in 1 ml of 

RPMI 1640 (Gibco) supplemented with 25 mM Hepes buffer (Sigma), 10,000 

units/ml penicillin and 10,000 units/ml streptomycin, 5 x 10-5M 2-

mercaptoethanol (Sigma) with either 5 or 10% heat inactivated fetal calf serum 

(FCS, Gibco) and counted twice with a hemacytometer (at least 100 cells 

counted) (59). 
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Nylon Wool Columns 

The nylon wool (DuPont) was boiled in a 0.2 N HCI acid solution for 30 

minutes after which it was rinsed continuously for 30 minutes in distilled water. 

Washing continued for 2 more days in distilled water and the nylon wool was 

allowed to air dry for 24 hours. Columns (24) were made with "teased" nylon 

wool in 6ml syringes (leur-lock, Monoject, Becton-Dickinson, Rutherford, NJ). 

The columns were first prepared by running RPM I 1640 (Gibco) through 

to wet the surface completely. Then RPMI 1640 supplemented with 25 mM 

Hepes buffer (Sigma), 10,000 units/ml penicillin and 10,000 units/ml 

streptomycin, 5 x 10-5M 2-mercaptoethanol (Sigma) and 10% FCS (RPMI

complete) was added to replace the other media. A 3-way stopcock with an 18g 

needle was attached, the column was covered with foil and incubated for 30 

minutes at 37°. After this incubation PBMC (1 X 108) in RPM I-complete were 

added in a 1 ml volume. The column was incubated for a second time for 30 

minutes at 37°. 

The T cells and NK cells were eluted off the column with 10 mls of RPMI

complete. The column was then washed with 40 mls of HBSS (Gibco). The 

nylon wool was removed from the column and placed in a 60 x 15 petri dish 

(Fisher Pittsburg,PA) containing RPMI 1640-complete and gently "teased" in the 

media to remove the cells. The media was collected in a 15 ml centifuge tube 

(Falcon) and washed with HBSS (Gibco). The two groups of cells were 

resuspended in RPM I-complete and counted. 

Purification of B cells with DuPont Beads 
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Since the B cells population from the nylon wool columns had 

contaminating T cells, a procedure using mouse anti-CD8 (Leu 2) and anti-CD4 

(Leu 3) antibodies (Becton/Dickinson, Mt.View,CA) and magnetic beads coated 

with goat anti-mouse IgG was developed. Cells collected from the nylon wool 

column were incubated with Leu 2 and Leu 3 antibodies (Becton/Dickinson, 

Mt.View,CA) at 1 Jlln.5 x 105 cells for 30 minutes at room temperature. The cells 

were washed twice (5 minutes at 1600 rpm) and resuspended in 1 ml of RPMI

complete. Magnisort-M beads (DuPont, Wilmington, DE) were added at 1 JlI/2.1 

x 105 cells and incubated at room temperature for 10 minutes. The beads were 

removed by a magnetic partical concentrator (MPC, Robbins Scientific, Mt.View, 

CA). The cells were washed twice with HBSS (5 minutes at 1600 rpm), 

resuspended in RPMI 1640 supplemented with 25 mM Hepes buffer (Sigma), 

10,000 units/ml penicillin and 10,000 units/ml streptomycin and counted. 

AET Treated Sheep Red Blood Cells 

Washed sheep red blood cells (SRBC, Microbio, Phonix, AZ) were added to a 

1.8 mM solution (pH 8) of 2-aminoethyllisothiouronium bromide hydrobromide 

(AET, Sigma) at a 1 :4 ratio. The cells were incubated for 15 minutes at 37° and 

washed three time with sterile phosphate buffered saline (PBS). The cells were 

then diluted in RPMI-complete to a 5% solution (vol/vol). 

Rosetting T Cells with AET Treated SRBC 

The nonadherent T and NK cells from the nylon wool were combined 

with AET-SRBC (36,71,80) at 1 ml of SRBC/8 x 106 cells. These were 
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centrifuged for 10 minutes at 1000 rpm and incubated for 1 hour at 4°. After 

gently resuspending the cells, they were layered onto Histopaque (1 :1, Sigma) 

and centrifuged for 30 minutes at 1600 rpm. The NK cells were collected at the 

Histopaque/media interface and washed twice with HBSS (Gibco) resuspended 

in RPMI 1640 supplemented with 25 mM Hepes buffer (Sigma), 10,000 units/ml 

penicillin and 10,000 units/ml streptomycin and counted. The pellet of T cells 

was treated with 0.144 M ammonium chloride buffer to lyse the SRBC, (59), 

washed twice with HBSS (Gibco), reuspended in RPMI 1640 supplemented 

with 25m M Hepes buffer (Sigma), 10,000 units/ml penicillin and 10,000 

units/ml streptomycin and counted. 

Removal of Cells with Antibody and Complement 

In order to remove NK cells from the Band T cell populations and to 

obtain subsets of NK and T cells, specific antibody was allowed to bind to cells 

which were then lysed with complement (30). The Band T cell populations 

were incubated with anti-CD5? (Leu?) and anti-CD16 (Leu 11) antibodies 

(Becton/Dickinson, Mt.View,CA) at 11111?5 x 104 cells for 30 minutes at room 

temperature. The cells were then incubated for an additional 30 minutes with 

guinea pig complement (Gibco), diluted 1 :6, in a 3]0 waterbath with slight 

agitation. After complement lysis the cells were washed twice with HBSS 

(Gibco) and resuspended in RPMI 1640 supplemented with 25 mM Hepes 

buffer (Sigma), 10,000 units/ml penicillin and 10,000 units/ml streptomycin and 

10% FCS. In order to obtain subsets of NK or T cells the above procedure was 

used with either Leu 7 or Leu 11 (Becton/Dickinson, Mt.View, CA) to generate 
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CD57- or CD16- NK subpopulations or Leu 2 (Becton/Dickinson, Mt.View, CA) 

to generate the CD8- T cell population. 

Overnight plating of B cells 

In order to let the cells recover from the purification procedures, the B 

cells were plated in 96 well microtiter plates (Falcon #3072, Becton/Dickinson, 

Rutherford, NJ) at 1 x 105 overnight before the addition of other cell types or 

factors. 

Overnight Treatment of NK and T cells 

Prior to using the T cells in the B cell proliferation assay, the T cells were 

treated overnight with PHA at 1 ~g/1 x 106 cells with the cells plated at 5 x 

106/ml in RPMI 1640 supplemented with 25 mM Hepes buffer (Sigma), 10,000 

units/ml penicillin and 10,000 units/ml streptomycin and 10% FCS. 

The NK cells were plated overnight in RPM I 1640 supplemented with 25 

mM Hepes buffer (Sigma), 10,000 units/ml penicillin and 10,000 units/ml 

streptomycin, 5 x 10-5M 2-mercaptoethanol (Sigma) and 10% FCS at 1.5 x 

106/ml. NK cells treated with antibody and complement were plated as above 

but in media without the 2-mercaptoethanol. 

B cell Proliferation assay 

In order to determine whether NK cells have a regulatory role in the early 

events of antibody generation, an assay was developed to examine the effects 

of NK cells on polyclonal activated B cell proliferation. 
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Cells and Factors 

After purification and overnight incubation, T and NK cells (and subset 

populations) were washed twice with HBSS (Gibco), resuspended in Hanks

complete and counted. The cells were added to the previously purified and 

plated B cells at 1 x 105 cells/well for T cells and 2.5 x 105 cells/ well for the NK 

cells. The activation signal required by B cells was supplied by the use of anti

mu antibody (Jackson Labs, Avondale, PA) at 1 00 ~g/ml. To determine if the 

effects NK cells might have were dependent on T cells, a B cell growth factor 

(BCGF, Chemicon, Temecula, CA) was used to replace T cells needed for the 

proliferation of B cells. Table 2 shows a plate setup with the required negative 

controls needed. 

Incubation and Label Incorporation 

All wells were brought up to 200 ~1. After incubating the plate for 48 

hours (37°, 5% C02). the cells were pulsed with 1 ~Ci of 3H-thymidine for an 

additional 6 hours and harvested onto glass wool discs (Wheaton). These were 

counted using a Beckman liquid scintillation counter (model LS3810) with the 

data reported as counts per minute (cpm). 

Addition of Inhibiting Antibody 

In order to further examine the affects of the NK cells in the B cell 

proliferation assay, antibodies to Iymphokines interleukin-2 (IL2, Genzyme, 

Boston, MA), interferon-a (lEN-a Alpha Theraputics, LA, CA) and interferon-y 
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(IFN-y Alpha Theraputics, LA, CA) were used in the same assay system in an 

attempt to inhibit the action of the NK cells. Antibodies to IL2 and IFN-a were 

used at 10, 100 and 1000 neutralizing units (NU) Iwell. Antibody to IFN-y was 

used at 10 and 100 NU/welJ. In addition, combinations of all three were used in 

pairs at the 100 NU/weli concentration. These antibodies were added at the 

same time point as all other components of the assay and the remaining 

procedure was unchanged. Table 3 illustrates the plate setup for these 

experiments. 

a e c ro I eratlon T bl 2 B P I'f A ssay se up 

B cells Bc +BCGF :j: Bc+ Tc:j: Bc+ Tc+NK:j: 

only 

Bc+ NK+ BCGF :j: . Bc+Tc+NK :j: Bc+ Tc +NK :j: PHATc 

* ** only 

NK+ BCGF Bc+NK PHA Tc+ NK NK 

only 

:j: Anti-mu antibody 

added 

* CD5?- or CD16- ** CD 8- T cells 

NK 

Assay done in triplicate. 

Generation of T cell Supernantants 

Early experiments in the development of the B proliferation assay used T 

cell supernantants as a supply of growth factors needed by B cells. The 

supernatants were generated from PBL, (isolated as described above), cultured 

with 10 Ilg/ml of PHA at 3 x 106 cells/ml in 6 well plates (Falcon). After a 48 hour 
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incubation, the supernatants were collected and filter sterilized with a Millipore 

0.22 Jl filter. Aliquots were stored at -20 0 C (70). 

a e n I Itlng ntl 0 ly etup T bl 3 I h'b" A 'b d S 

B cell only B+T:J: B+T +NK:J: B+T+NK :J: 

A10 

B+ T +NK :J: B+T+NK :J: B+T +NK:J: B+T+NK :J: 

A100 A1000 G10 G100 

B+T+NK :J: B+T+NK B+T+NK B+T+NK :J: 

IL2/10 :J:IL2/100 :J:IL2/1000 AlG 

B+ T +NK:J: B+T+NK :J: T cell NK cells 

Al2 G/IL2 only only 

Tc + A100 Tc + G100 Tc + IL2/100 NK + A100 

NK + G100 NK + IL2/1 00 

:J: Anti-mu antibody added Assay done in triplicate 

Test Populations 

Selection Criteria 

Rheumatoid arthritis patients were off remitive drug therapy and a normal 

control group was age and sex matched to the patient group. In addition, all 

medications were held the morning of venous puncture, 

Lymphoproliferation 

Peripheral blood mononuclear cells were collected as reported above and 

resuspended to 1 X 106 cells/ml. The cells were added (0.2 ml/well) to 96 well 
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flat bottom microtiter plates (Falcon #3072) containing the appropriate antigen 

or mitogen (see Tables 7 and 8). All tests were done in triplicate, and HBSS 

(Gibco) was used as a negative control. The plate was incubated at 37° (5% 

C02) for 72 hours (mitogens) or 5 days (antigens) and then pulsed with 1 J.1Ci 

per well of 3H-thymidine (3H-Td, NEN, DuPont, Boston, MA) for 4 hours. Cells 

were harvested using a PHD cell harvester (Cambridge Technologies) onto 

glass wool discs (Whittaker, Whlkersville, MD) and counted on a Beckman 

liquid scintinillation counter. 

Table 4. Summary of Antigens 

Antigen 

Tricophytin 

Streptokinase 

Candida 

Purified Protein 

Derivative (PPD) 

Tetanus Toxin 

Stock Dilutions Used 

1000 U/ml 

5 U/ml 

5 LF/ml 

1 :50, 1:100, 1 :300 

1:10,1:100,1:1000 

1 :10, 1:100, 1 :500 

1 :50, 1:100, 1 :200 

1 :100, 1 :500, 1 :2000 

Table 5. Summary of Mitogens 

Mitogen 

Phytohemagglutinin 

(PHA) 

Concanavalin A 

(Con A) 

Pokeweed mitogen 

(PWM) 

Cell Surface Antigens 

Stock Dilutions Used 

1 mg/ml 1:10,1:100,1:1000 

1 mg/ml 1:10,1:100,1:1000 

2 mg/ml 1 :100, 1 :500, 1:1000 
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Peripherial blood mononuclear cells were collected as reported in the 

section above on Isolation of Lymphocytes and analyzed by flow cytometry, 

(54). Monoclonal antibodies specific for CD3 (Leu4), CD8 (Leu2), CD4 (Leu3), 

CD19 (Leu12), CD 57 (Leu7), CD16 (Leu11), CD11b (Leu15) and CD56 

(Leu19), (Becton/Dickinson, Mt.View, CA) were used at the concentration 

recommended by the manufacture. Table 6 summarizes these antibodies and 

the cell subsets that are stained. PBMC (1 x 106) were placed into 12 x 75 mm 

plastic tubes (Falcon). Antibody was added (see Table 7 for the double 

staining combinations) and the cells incubated on ice for 30 minutes. The cells 

were washed twice with cold sterile PBS and fixed in 0.5ml of 0.5% 

paraformaldhyde (Sigma). The samples were kept wrapped in foil at 4° for no 

longer than a week before being assayed. 

Flow Cytometry 

For each sample, data was collected for 5000 events with an acquire 

gate on the PBMC population on a Becton/Dickinson FacScan flow cytometer. 

The results were anaylzed using the Consort 30 software package (58). 

Statistics 

Populations were analysed by a Students unpaired T-test using the 

Statview 512+ program on a Macintosh SE computer. Data is reported as the 

mean ± the standard error. 
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Table 6. Summary of Cell Surface Antigens 

Monoclonal Desi nation 

Leu 2 CD 8 T subset, NK subset 

Leu 3 CD 4 T helper/inducer 

Leu 4 CD 3 T cells 

Leu 7 CD 57 T and NK subsets 

Leu 11 CD16 Fc IgG receptor on NK and 

neutrophils 

Leu 12 CD19 B cells 

Leu 15 CD 11b T supp. cells, NK cells, 

monocytes and granulocytes 

(Anti CR3) 

leu 19 CD 56 NK cells, Cytotoxic T cell subsets 
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Table 7. Double Staining Combinations 

Phycoerithin Fitc 

Conjugate Conjugate 

CD 19 CD 3 

CD 4 CD 8 

CD16 CD 57 

CD 56 CD 57 

CD 56 CD16 

CD 11b CD 57 

CD 11b CD16 
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CHAPTER 3 

Development of Purification Procedures 

Results 

In order to examine the role of NK cells in the regulation of B cel/s, 

procedures were established to isolate pure populations of B, T and NK cel/s. 

Figure 1 shows the final scheme of these procedures. During the development 

of these procedures, flow cytometry (Facs) utilizing monoclonal antibodies to 

CD3, CD19 and CD16, was used to monitor the purity of the T, Band NK cel/s, 

respectively, in these populations. Tables 11 and 12 summarize the data. 

Peripherial blood mononuclear cells collected from Histopaque 

separation were tested for viability and shown to be 98% viable by Trypan blue 

exclusion. 

Nylon wool columns, (24), were used to separate B cells and monocytes 

from T and NK cells. Initial attempts gave a B cell population of only 20-30% 

(CD 19+) by Facs analysis, with a 4.2% (± 0.412, n=4) recovery of the total cell 

population and high numbers of contaminating T cells (40% by CD3). It was 

apparent that the B cells were remaining on the column, so the procedure was 
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modified by "teasing" the nylon wool in media to obtain a higher number of B 

cells. Analysis of this cell preparation indicated increased recovery of total cells 

at 7.3% (± 0.743, n=7) along with a higher percentage of B cells at 48% 

(CD19+), but still containing relatively high numbers of T and NK cells at 47% 

(CD3) and 8% (CD16) respectively. (See Table 8.) 

Further purification to remove the contaminating T cells from the B cell 

preparation was achieved through the use of mouse anti-T cell antibodies (CD4 
.. 

and CD8) and magnetic beads coated with a goat anti-mouse IgG antibody. 

Even though the number of cells recovered had been decreased by this 

procedure (5.6 ± 0.436, n=5), the Facs analysis of this population indicated a 

decline in both the T and NK levels (3 and 5.4%) and a consequential increase 

in B cells (83%, CD19+). Removal of the NK population by complement lysis 

(30) using anti-CD57 and anti-CD16 antibodies gave a final B cell recovery of 

3.65% (± 0.539, n=4) consisting of 90% B cells (CD19, 93% viable) with only 

1 % NK cells as determined by antibodies to both CD57 and CD16 NK surface 

antigens. (See Table 9.) 

The T/NK population eluted from the nylon wool columns (recovery 

72.4% ± 2.6, n=8) was separated by rosetting the T cells with AET-treated 

sheep red blood cells (SRBC), (36, 71, 80). Analysis of the T cell population 

generated from this technique (recovery 36.8% ± 2.3, n=4) indicated that it had 

only residual B cells «1 % CD19), some contaminating NK cells (8% CD16), but 

was mostly made up of CD3+ T cells (94%). The NK contamination was again 

removed by complement lysis (30), using anti-CD57 and anti-CD16 antibodies, 
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giving a final T cell preparation with 94°/o 

Figure 1. Final ~urification Scheme 

Whole Blood 

Histopaque 

Isolation of PBL 

Nylon Wool Column 

~ 

B cells & Monocytes T cells & NK cells 

v. · .. ~SRBC 
Rosette formation 

Anti-T cell Antibody 

~ 
Magnetic Beads 

~ 
/ Histopaque~ 

Tcells NK cells 

Anti NK Antibodies 
Anti NK Antibodies 

Complement 
Complement 

96 Well Plate Overnight Treatment with PHA 



CD3+ T cells (recovery 32% ± 3.2, n=5, 95% viable) and only 3% NK cells 

(CD57/CD16). See Table 9. 
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The NK cell preparation was examined and found to have 86% NK cells 

(recovery 5.9% ± 0.59, n=6, 94% viable) by CD57 and CD16 markers with only 

residual B cells «1 % CD19) and T cells contamination at 5% (CD3). 

Table 8. Facs Analysis of Cell Populations 

Antibody B cells T cells 

Nylon Wool Beads AET SRBC 

n=7 n=5 n=4 

Anti-CD 3 47% 3% 94% 

Anti-CD 19 48% 83% <1% 

Anti-CD 16 8% 5.4% 8% 

Table 9. Facs Analysis of Final Cell Populations 

Antibody B cells Tcells NK cells 

n=4 n=5 n=6 

Anti-CD3 3% 94% 5% 

Anti-CD19 90% <1% <1% 
Anti-CD57/16 1% 3% 86% 



Table 10. Percent Recovery of Total Cells 

Technique 

Nylon Wool 

Beads 

SRBC 

NK lysis 

B cells 

7.3 ± 0.743 

n=4 

5.6 ± 0.436 

n=5 

NA 

3.62 ± 0.539 

n=4 

Recovery* 

T cells NK cells 

72.4 ± 2.6 

n=8 

NA NA 

36.8 ± 2.3 7.3 ± 0.813 

n=4 n=6 

32 ± 3.2 5.9 ± 0.59** 

n=5 n=6 
* Percent of Total Cells; .... Recovery from overnight incubation 

of the cells. 

Discussion 
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Most of the information concerning the role of NK cells in regulating the 

production of antibody from B cells has been as a consequence of removing 

contaminating NK cells from Band T cell preparations (14. 44). In order to 

directly study whether NK cells have a role in regulating the early events of 

antibody production, procedures were developed to ensure pure populations of 

the B, T and NK cells. To accomplish this. several limitations had to be 

overcome. Procedures were needed that would lead to the least amount of 
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activation of the Band NK cells, but were efficient enough to obtain the number 

of cells required from a limited amount of whole blood. 

Because of these requirements, early experiments based on procedures 

found in the literature using Percoll to purify the NK cells (5, 25, 80, 81) were not 

feasible due to low recovery, as indicated by cell number (percent recovery) 

and purity by Facs analysis. (See Appendix A) It is not suprising that the work 

done in the past in this area has lead to information about NK cells through the 

eventual elimination of these cells after initial testing in various systems. As 

indicated by our Facs analysis, (Appendix A), contamination by NK cells in other 

populations was present using these procedures. The use of panning (42, 50, 

87) for the purification of cell populations was ruled out after extensive testing 

for several reasons. Attempts to isolate B cells from perpherial blood 

lymphocytes by this method were unsucessful due to the fact that the cells could 

not be recovered from the plates. The highest recovery was only 4.3 % of the 

total cells (Table 21 Appendix A) and Facs analysis indicated that this panned 

population had only 21 % B cells (CD19, Table 22 Appendix. A). The 

probability that the cells were activated, or at least not in a resting state was also 

too great. Results from cells isolated in this manner would be too suspect to be 

of any use in determining the regulatory function of NK cells. 

Panning for either the NK or T cell populations was also not an effective 

method and this was probably due to the low density of surface markers on 

these cells that bind to commerically available monoclonal antibodies. The 

concentrations of these antibodies, in consideration of their cost, did not allow 

for their use at the considerably higher quanities needed. See Appendix A for a 
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discussion of these procedures and the data. 

Unlike previous work in this field, attention was focused on determining 

what cells were present before their use in an assay system. The use of flow 

cytometry to monitor the techniques assembled in the final protocol ensured the 

purest populations would be used directly in the assay to monitor NK function. 

With roles for NK cells besides tumor cytotoxicity becoming more apparent, it is 

critical that these cells are studied in closely monitored environments. The 

heterogenity of the large granular lymphocyte population lends even more 

argument to the need for the assessment of the cells involved in functional 

testing. The work done here has delineated several techniques that start to 

accomplish the level of purification essential in this area of study. 
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CHAPTER 4 

Development of B Proliferation Assay 

Results 

Figure 2 illustrates the final procedure developed for this assay. After 

purification, B, T and NK cells were placed in a 96 well microtiter plate and 

incubated for 48 hours (37°, 5% C02). The cells were pulsed with 3H-Td for 6 

hours, collected and counted for radioactive incorporation. 

Initial experiments titrated the B cell numbers and the concentration of T 

cell supernantants (as a source of B cell growth factor) needed for a detectable 

and significant response. B cells were set at 1 x 105 cells/ well with the T 

supernantants at 30% (based on the total volume per well). For these 

experiments the concentration of anti-mu antibody was set at 50 Jlg/ml as per 

the literature (70). The effects of anti-mu antibody and T cell supernantants is 

summarized in Figure 3. 

T cells replaced the supernantants once the B cell number was 

established. Figure 4 illustrates the titration of T cells that have previously 

"rested" overnight after purification before being added to the assay. It was 

decided that in order to stimulate the B cells to a detectable level, the T cells 



would be incubated overnight with the mitogen phytohemagglutinin (PHA, 

Figure 5). T cells were used at 1 x 105 cells/well unless indicated otherwise. 
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After the T cell level was established, the anti-mu antibody to be used for 

the remainder of the study was retitrated using B cells and T cells at their set 

concentrations (Figure 6). From this data, the antibody level was set at 

1001lg/ml to allow for any degradation of the the protein during the course of the 

study. 

T cells 

B c~ } ;- cells 

! ~cubate 48 hrs 
b 11--___ -.11 d ~ 
96 Well Microtiter Plate 

37° 5% C02 

Harvest and count on a beta counter. 
Data reported as CPM 

Addition of 3H-Thymidine 
Incubate for 6 hrs 

Figure 2. B cell Assay Procedure 
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from 5 x 104 to 5 x 105 cells/well. and 2 concentrations of T cells (5 x 104 and 1 

x 105 cells/well) with the B cells at 1 x 105 cells/well. The results of 4 

independent experiments from different individuals are found in Figures 7 and 

8. These data are expressed as the percent difference from the induced 

response as is represented in the equation: 

(Bc + Tc + NK) - (Bc + Tc) 

(Bc + Tc) 
X 100% 

From this data. further studies using the NK cells at 2.5 x 105 and T cells at 1 x 

105 cells/well were performed. 
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Figure 9. Effects of T cell supernatants on NK cells 
Representative of triplicate experiments. 

Discussion 
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Under normal conditions, resting 8 cells require an activation signal and 

factors that induce proliferation and differentiation in order to become plama 

cells (40, 55). This path may be bypassed by such compounds as 

lipopolysaccharide (LPS) or other mitogens (55). In this assay system, anti-mu 

antibody was used as an activation signal since it can cross-link surface IgM in 

the same manner as specific antigen and thereby mimics normal events (40, 55, 

70). This leads to the polyclonal activation of a "normal" response without 

triggering other mechanisms by which mitogens are thought to work (40, 55). 

In addition to the activation signal, 8 cells also require growth factors 

such as BCGF to proliferate (55). These factors come from helper/inducer T 
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cells, so early experiments done in this project used T cell supernatants from 

cells stimulated with PHA. Figure 3 illustrates the effects of anti-mu antibody 

and T cell supernatants. While there is no proliferation seen in B cells that were 

stimulated by only antibody, there is an increased response seen by the 

addition of 30% T cell supernatants, indicating that activated B cells were 

present that were able to respond to the factors along with residual T cells. It is 

apparent that this response pales in comparison to that of B cells activated by 

the anti-mu and induced into the proliferation cycle by the addition of the T 

supernatants. Once the number of B cells had been determined, T cells were 

used so as to mimic in vivo pathways. These cells were incubated overnight 

with PHA to stimulate the the cells in order to obtain a response from that B cells 

that was detectable and significant from background or unstimulated cells. It is 

evident that the minimal differences were seen using the resting T cells, while 

significant counts were generated by using activated T cells (Figure 5). 

Additionally, while PHA-treated T cells do themselves proliferate, the combined 

response with the addition of B cells is more than additive. 

T cell supernantants were also used as a control to determine if NK cells 

affected proliferating B cells induced with the presence of growth factors 

differently than those induced by T cells and the factors they secrete, but it wa;:, 

found that the supernantants also caused the proliferation on NK cells 

themselves (Figure 9). As a result, a B cell growth factor (20, 52) was 

substituted, since it had little or no effect on the NK cells (Table 11). 
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Table 11. Negative controls for B cell Assay 

Cells Counts per minute* 

B 4849 ± 343 

B + BCGF ** 92681 ± 1 0677 

B+NK 12156 ± 862 

T 43164 ± 1080 

NK 8049 ± 418 

NK+T 40872 ± 945 

NK + BCGF 11253 ± 621 

*n=9; ** Anti-mu antibody 1 OO~g/ml 

The use of negative controls was essential in this assay in order to 

indirectly determine that the B cells were either proliferating or inhibited. The 

plate setup is seen in Table 2 (p.43). Background B cell counts were needed in 

order to determine that the B cells were being stimulated to proliferate. B cells 

cultured with both B cell growth factor (BCGF) and anti-mu was needed to 

compare the effect of NK cells on a system devoid of T cells that may have a 

role in the functioning of NK cells in this regulatory process. Additionally, it was 

integral to know if the NK cells did affect resting B cells, those not activated with 

anti-mu, or stimulated by either activated T cells or BCGF. If the method by 

which NK cells exert this form of regulation is by lysis of B cells, (75), it was 

important to verify that the NK cells acted only on the activated-more 

differentiated cell. With cells (T, Band NK) mixed in the wells, it was also not 

possible to determine directly if the NK cells were preventing the proliferation of 

only the T cells, since it was shown that they contribute to the total number of 

counts seen in these wells. Therefore, it was important to have a control that 
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determined if the PHA-treated T cells were affected by the NK cells in addition to 

background counts of the T cells themselves. As seen in Table 11, the NK cells 

have little or no effect on these cells, and it is assumed that the decrease in the 

counts, seen with the addition of NK cells, is due to their effects on the B cells. 

Data from the NK titration indicated that these cells do inhibit the 

proliferation of B cells. This was verified by the negative controls as discussed 

above which indicated that the NK cells had no effect on resting B cell or PHA

treated T cells alone. While it has been shown that resting B cells are not as 

susceptible to NK lysis, (75), it is intriguing that activated T cells are not affected 

and suggests that this aspect of regulation does not involve NK cells. At the 

same time the data indicates that T cells are required for the inhibition by NK 

cells since the same number of NK cells inhibited more consistantly with higher 

numbers of T cells (Figures 7 & 8) and there was no inhibtion of B cells 

stimulated by BCGF (Figure 21 p. 76). This suggests that the mode of action 

could be through T cells or that a factor that is secreted by T cells is required by 

the NK cells in this function. Experiments to explore this further are discussed in 

the next chapter. 
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CHAPTER 5 

B CEll PROLIFERATION ASSAY 

Assay Conditions 

After purification, B (1 x 105 cells/well), T (1 x 105 cells/well), and NK 

cells (2.5 x 105 cells/well) were mixed in combinations seen in Table 2 (p. 42). 

After 48 hours the cells were pulsed with 1 jlCi of 3H-Td for 6 hours and 

harvested. A BCGF preparation was used (5% VN) in some cases to replace 

the T cells. These conditions were used throughout the study unless indicated 

otherwise in the figure legends. 

Addition of NK cells 

Results 

Comparisons Within Groups 

Normal Individuals 

Nine normal individuals were tested with the results shown in Figure 10. 

Data are presented as the percent difference from the activated response (B + T 

cells). Inhibition was observed in all cases with a range of -18 to -55%. 
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NK Subsets 

NK cell subpopulations were generated through the use of monoclonal 

antibodies to CD57 and CD16 surface antigens, and complement. The removal 

of the CD57+ NK cells had no effect in the inhibition levels (Figure 11 and Table 

12). The elimination of the CD16+ cells significantly reversed the inhibition 

(p=O.0179, Figure 12 and Table 12) suggesting that this subset was involved in 

the regulatory function of NK cells. 

Bc Induced with BCGF 

B cells that were induced to proliferate by the addition of BCGF were not 

significantly inhibited by NK cells (Figure 21 and Table 12) suggesting that T 

cells have a role in regulation by NK cells. 

T cell Subsets 

Using an anti-COB antibody and complement, CDB+ T cells 

(cytotoxic/suppressor) were removed from the T cell population and the 

remaining cells were used in the assay. There was no effect on the inhibition of 

B cells using T cell populations depleted of CDB+ cells. (Figure 22 and Table 

15.) 
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Table 12. Inhibition of Normal Individuals 

Cells % Difference· p value n 

Total NK -35 ± 4.5 NA 9 
CD57- NK -23 ± 6.5 0.3889 5 

CD16- NK -1 ± 0.816 0.0179 4 

CD8- T -43.9 ± 6.3 0.2855 9 

• Values are the Mean ± Standard Error 

Bc Proliferation: Inhibition of B cells by NK cells 
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Figure 10. Inhibition By NK cells In Normals 

NK (CD57/CD16) 
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Anti-cytokine Antibodies 
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A cursory examination of the inhibitory response in the normal group was 

done by the use of antibodies to several cytokines that may be involved in this 

function of NK cells. The addition of interferon-gamma (IFN-y) (Figure 13) did 

not have an effect on the system at the levels used. Interferon-alpha (IFN-a) 

(Figure 14) appears to start affecting the inhibition at 100NU but it is not 

significantly different until 1 000 NU (p=0.0074). Interleukin-2 (IL2) does not 

have a significant effect (Figure 15) on the system although at 1000 NU the data 

is borderline. Examination of the cytokines in pairs indicated that IFN-y did not 

add to the response of either the 1L2 or the IFN-a. However the response from 

the IL2/IFN-a pair (Figure 16) was increased over the single 100 NU levels 

indicating a synergistic relationship. 

Bc Proliferation: Effects of Anti-IFN-y on NK Inhibition 
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Figure 13. The Effects of IFN-y on NK Inhibition 
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Figure 15. Effects of Anti-1I2 on NK Inhibition 
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Figure 16. Effects of Anti-cytokine Antibodies on NK Inhibition 

Rheumatoid Arthritis Individuals 

Induction of B cells by T cells 
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Addition of T cells to B cells cultures induced an increase in proliferation 

(induced counts) significantly above background (Figure 17) in all groups 

(p=0.0001), but the patients' overall response was much lower than was 

observed in the normal (non-rheumatoid) group. 

Inhibition by NK cells 

The addition of NK cells (CDS7/16) invoked the inhibition of the induced 

counts in the non-anergic group (p=0.0012, Figure 18), but not in the anergic 

group (Figure 18). Carryover if the inhibition in the non-anergics was seen in 

the total RA population as inhibition was also significantly different than the 



normal control group (p=O.0133, Figure 18). 
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P values indicate comparisons within groups to the activated counts. 

NK Subsets 

Removal of the CD57+ NK cells did not alter the observed decrease in 

counts (Figure 19) seen with the addition of total NK cells to the assay. 

Significant differences were still seen in the normal, non-anergic and total RA 

groups (p= 0.0001, 0.0162, 0.0084 respectively) indicating that CD57- NK cells 

were still causing inhibition. Elimination of the CD16+ NK cells did reverse this 

inhibition so that there was no significant difference between the induced 8 

cells (8 + T) and 8 cells co-incubated with CD16- NK cells (Figure 20) 

suggesting that these cells were the subset of NKs involved in this form of 

regulation. 
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Figure 19. Inhibition by CD57- NK cells 
P values indicate comparisons within groups to the activated counts. 
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Be Induced by BCGF 

While there was no inhibition of 8 cells induced to proliferate with BCGF 

in the normal group, the non-anergies did show (Figure 21) a significant 

inhibition of counts (p= 0.0036) which was again carried over into the RA total 

population (p= 0.0171). Once again, no inhibition was seen with the anergic 

subgroup. 
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T cell Subsets 

Removal of CD8+ T cells did not have any effect on inhibition (cpm, 

Figure 22) induced by the addition of NK cells in normal individuals. The 

anergic and non-anergic populations did show significantly decreased counts 

(Figure 22) as compared to the total NK inhibition with all subsets of T cells 
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present (p=0.0001 and 0.0024 respectively). When comparing the percent 

difference, only the anergic population (Figure 23) was significantly different in 

terms of inhibiting the B cells (p=O.OOOS). These data suggest that the CDS+ T 

cells playa role in the suppression of normal regulatory control by the NK cells 

in the anergic individuals. 

120000 

100000 

SOOOO 

:::2 60000 c. 
u 

40000 

20000 

Bc Proliferation: Removal of CD8+ T cells 

r2.I 
m 

NORMALS ANERGIC NON-ANERGIC RA 
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Results 

Comparisons Between Groups 

76 

Expressing data as the percent difference in order to make comparisons 

between groups, the anergic subpopulation was significantly different (Figure 

24) from the normals (p= 0.0001), as well as the non-anergic subpopulation (p= 

0.0161) in the inhibition of B cells by NK cells. Carryover was seen in the total 

RA group (p= 0.0036) as the non-anergics were not different from the normals 

(Figure 24). 
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Bc Proliferation: Percent Inhibition by NK cells 
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Figure 24 Comparison of NK Inhibition 
P values indicate comparisons with the normal group. 

NK Subsets 

No significant differences were seen for any group for either the CD16- or 

CD57- NK inhibition compared to the normal group or when compared to each 

other (Figures 25 and 26). 

T cell Subsets 

While the non-anergic and the RA groups were not significantly different 

from the normal population (Figure 27), the anergic group was (p=O.0399). The 

inhibition obtained from the anergic group by the removal of CD8+ T cells was 

the maximum seen for these individuals and significantly different (p=O.0008, 

Figure 23) from inhibition values obtained from NK cells with total T cells 

present. Due to the significant change seen in the anergic group, carryover was 
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seen in the total RA group (Figure 23). 

Discussion 

Normals 
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Previous studies in humans have looked at antibody production based 

on hemolytic plaque assays. These studies have found decreases in production 

of antibody with the addition of NK cells (5, 14, 44) indicating that either fewer 

clones were generated during clonal expansion, or fewer B cells differentiated 

into plasma cells. Murine studies (3, 67) also suggested a role for NK 

regulation during early events rather than at the termination of the antibody 
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response. The data gathered from the normal group of individuals in this study 

indicates that NK cells are involved in the regulation of B cells by inhibiting the 

proliferation of these cells. 

Inhibition seen with this B cell assay ranged from -18 to -55% indicating 

that even within the normal group a certain amount of variation exists (Figure 

10). When B cells were induced to proliferate with a T cell derived B cell growth 

factor, instead of T cells themselves, the inhibition by NK cells was not seen. 

This suggests a dependence on T cells. Studies with CD8- T cell subsets 

indicated that the CD8+ cells were not involved because their removal had no 

effect on the system (Figure 23) and suggests that the CD4+ T cells 

(helper/inducer) may playa role. This dependence on T helper cells (CD4) is 

not suprising since the helper/inducer cells have a controlling role in several 

aspects of immune function. Whether the T cells are involved in the further 

activation of the NK cells or are involved in preventing the proliferation of B cells 

by not releasing needed growth factors is unknown. Since the removal of the 

CD8+ T cells had no affect on the function of NK cells, this could reflect another 

kind of regulatory mechanism that is separate from other T cell controlled 

pathways. Considering that the immune system has redundant branches 

throughout, this possibility is not surprising. 

The fact that inhibition of B cells was reversed in this study by the 

elimination of the of CD16+, but not the CD57+ NK cells (Figures 11 and 12) 

indicates that the subgroups of NK cells (and LGLs) may have different roles 

since other investigators have found CD57+ NK cells important in inhibiting the 

proliferation of B cells induced with PWM (79). Whether the CD16+ cells are 
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also positive for the .CD57 marker, and if there are differences between the two 

groups is unknown. If the lytic mechanism is used by the NK cells to regulate 

the B cells, either of these NK subpopulations (CD57+/CD16+ or CD57-

ICD16+) could function in that capacity, although it is known that the latter group 

elicits higher cytotoxic levels (48, 49). It is also interesting that resting B cells 

and activated T cells were not effected by NK cells (Table 13), suggesting that 

activation of the B cells may have led to the expression of a surface marker 

recognized by the NK cells (75) and that this marker is not found on the surface 

of activated T cells which are under other forms of regulation. 

Cursory experiments to examine cytokines in the system indicated that 

IFN-a and IL2 playa role. The addition of antibodies to these cytokines to the 

assay were able to decrease the inhibition seen with NK cells while the anti

IFN-y had no effect. While our work agrees with studies done by Kumano (45), 

other work in this area (56) has indicated that IFN-y was involved in the 

regulation of B cells. In our experiments we were only able to test the anti-IFN-y 

at the highest concentration of 100 NU which might not have been effective if 

vast amounts of IFN-y are made. How these cytokines are involved in the 

system is unknown. There could be direct effects of these cytokines on the B 

cells, but a more plausible explanation is that they may act as up-regulators of 

NK cells. The T cells may supply the IL2 which does act as a growth factor for 

NK cells. The IFNs could come from the NK cells themselves as a consequence 

of activation. There are probably numerous other factors involved in this system 

which can act synergistically as seen with the IL2/IFN-a combination. 

Considerably more studies would need to be done before we could understand 
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the cytokines involved in this system. 

Rheumatoid Arthritis 

In order to further examine NK cells in their regulatory role, the B cell 

assay was used to assess NK function in individuals in which normal control of 

B cells may be dysfunctional. Individuals with rheumatoid arthritis (RA) who 

were not on remitive therapy were subdivided into two groups based on their 

ability to respond to recall antigens in the proliferative assay (84). Those that 

responded were termed non-anergic while the non-responsive individuals were 

referred to as anergic. All normal individuals were tested and assessed as non

anergic. 

The overall response (counts or CPM) from the cells of either the anergic 

or non-anergic subgroups in the B cell assay was lower than seen in the normal 

group (Figure 17) and could reflect other inherent problems in these individuals. 

This is in contrast to the studies done by AI-balaghi (4) and Boling (10) who 

found increased immunoglobulin levels, suggesting more activated B cells in 

individuals with RA than normals. It is possible that this state does exists in 

these individuals in vivo, and that the confines of our assay system remove 

some other factor or agent that may contribute to this condition. The counts 

obtained were used only in comparisons within the separate groups to show 

that B cells could be induced to proliferate at a level significantly different from 

the background (Figure 17) and that this response mayor not be inhibited by 

the addition of NK cells (Figures 18). The data presented indicated that in the 



non-anergic subgroup, NK cells do inhibit 8 cell proliferation where as the 

anergic subgroup do not, suggesting that individuals with RA represent a 

heterogenous group with possibly different underlying complications. 
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In order to assure that the differences in the level of the proliferative 

responses would not mask possible differences seen between the groups, the 

data was examined in terms of the percent difference from the control for each 

group. Inhibition of 8 cells by NK cells was not significantly different between 

the normal and non-anergic groups (Figure 24) indicating that not only did the 

NK cells in non-anergic individuals function in their inhibitory role, they did so at 

a level that was not significantly different from normal individuals. The lack of a 

response in the anergic group was not only found to be significantly different 

from the normal group (Figure 24) but also from the non-anergic subgroup 

further supporting the idea the population of individuals with RA is 

heterogenous. 

Testing of NK subsets in the 8 cell assay indicated that the non-anergic 

group was not significantly different from the normal group (Figures 25 and 26). 

While no inhibition of 8 cells was expected in the anergic group, and removal of 

the CD16+ subgroup of NK cells did not show any significant difference from the 

normals (Figure 26) the elimination of the CD57+ NK cells also gave results that 

also were not significantly different than the normals (Figure 25). If the NK cells 

from these (anergic) individuals are, in fact, not functioning then the level of 

inhibition in the anergic patients should still be different than in the normals, 

where the NK cells are functioning even without the CD57+ cells. Statistically, 
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the levels of inhibition for the anergies is not different for either the response 

from total NK cells or their subsets. One possible explanation for this is that 

some CD57+ NK cells also have the CD8 marker (T cytotoxic/suppressor) and 

removal of these cells may somehow lead to reestablishing normal function. 
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Figure 28. Inhibition Levels of the Non-Anergic Subpopulation 
P values indicate comparisons with the total NK group. 

The use of a B cell growth factor was also examined in the RA 

population. In normal individuals the use of BCGF eliminated the inhibition 

seen with the addition of NK cells suggesting a role for T cells in this regulation. 

Testing of the RA subgroups indicated that while there was no effect seen in the 

anergic group, there was a significant decrease in the CPM of the non-anergic 

group (Figure 21). Since this form of regulation was not seen in the normal 

individuals, it is possible that it represents additional mechanisms that may be 
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at work in non-anergic individuals. 

In addition to testing the subsets of NK cells, the role of the CD8+ T cell 

subset was examined. In normal individuals the elimination of these cells had 

no effect on the inhibition generated by NK cells and this was also reflected in 

the non-anergic group (Figure 22). While the level of inhibition in the anergic 

group was still significantly different from the normals (Figure 27), it represented 

the largest amount of inhibition acheived by these individuals. The CD8+ T 

cells in anergic individuals could be involved in the dysfunction present in this 

subgroup and these data also suggest that different mechanisms may be 

involved in the generation of the disease states in individuals with RA. 

In summary, NK cells function in the regulation of B cells in normal and 

non-anergic individuals by the inhibition of B cell proliferation. This inhibition 

was dependent on the presence of the CD16+ subgroup of NK cells. Inhibition 

was seen in the anergic group only with the elimination of the CD8+ T cells, 

which suggests different mechanisms could be involved in the heterogenous 

group of individuals with RA. 
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Table 13. Controls for the B cells Assay 

Cells Counts Per Minute * 

Normal Anergic Non-anergic RA 

B 4849 5196 5541 5933 

± 343 ± 261 ± 419 ± 246 

B + BCGF ** 92681 34053 46014 40033 

± 10677 ± 4982 ± 8621 ± 4999 

B +NK 12157 7917 10470 9243 

± 862 ± 718 ± 963 ± 627 

T 43164 11283 18306 14930 

± 1080 ± 1248 ± 3526 ± 1971 

NK 8049 5001 6911 5993 

± 418 ± 235 ± 652 ± 379 

NK+T 40827 13427 19922 16610 

± 945 ± 622 ± 2865 ± 1497 

NK + BCGF 11253 6147 7250 6731 

± 621 ± 336 ± 454 ± 295 

*n=9 Mean ± SE; ** Anti-mu antibody 1 00 ~g/ml 
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CHAPTER 6 

FLOW CYTOMETRY 

Results 

Surface Antigen Phenotyping 

Pan markers for total Band T cells numbers are show in Figure 29. 

While there was no difference in the number of B cells (CD19), non-anergics 

had a significantly higher number of T cells (CD3, p= 0.023). A closer 

examination of the T cell subsets indicated that there were no differences in the 

number of either the CD4 or CD8 cells when compared to normals (Figure 30). 
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Figure 29. Analysis of T and B cell Numbers 
PB = peripherial blood 

P values indicate comparisons with the normal group. 
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In the double staining studies, anergic individuals were significantly 

different from normals with respect to CD57-/CD16+ (p=0.0192 Figure 32) as 

well as the CD16+/CD11 b- and CD16-/CD11 b+ staining cells (p=0.0247 and 

p=0.0055, Figure 34). In the non-anergic subgroup, differences were found with 

CD57+/CDS+ double staining cells (p=0.0395 Figure 31), CD16-/CD56+ 

(p=0.0436, Figure 33) and CD16-/CD11 b+ cells (p=O.OOOS, Figure 34). 
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Mean Fluorescent Intensity 

Shifts in the mean fluorescent intensity of several markers were seen in 

this study. While the numbers of the CD8+ T cells were not different for either 

subgroup, the staining in either the anergics or the nonanergics was increased 

over normal (p= 0.0437 and p=0.0219, Figure 35). This could reflect increased 

activity of these cells. The increase in the expression of the CD8 marker was 

also seen in the CD57+/CD8+ cells for both subgroups (p=0.036 and 0.0216, 

Figure 36). 
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Figure 35. Mean Fluorescent Intensity of CD4 and CD8 
P values indicate comparisons with the normal group. 

A decrease was seen in the mean intensity of the CD16 marker (Figure 



92 

37) for both anergic (p=O.0033) and non-anergic groups (p=O.0001) with the 

CD57-/CD16+ cells. CD56 was decreased in only the non-anergic group 

(p=0.0247) with the CD16+/CD56+ cells (Figure 39). Both groups were found to 

have increased expression of this marker (CD16) as seen in the 

CD16+/CD11 b- cells (p=0.0104 and p=O.0120. Figure 38). 

The intensity of staining for the CD11 b marker was decreased in both 

subgroups in the double staining populations with either the CD57 (p=0.0224 

and p=0.0066) or CD16 (p=0.0065 and p=0.0002) markers (Figures 40 and 41). 
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Figure 36. Mean Fluorescent Intensity of CD8 
P values indicate comparisons with the normal group. 
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Figure 37. Mean Fluorescent Intensity of CD16 I. 
P values indicate comparisons with the normal group. 
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Figure 38. Mean Fluorescent Intensity of CD16 II. 
P values indicate comparisons with the normal group. 
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Figure 39. Mean Fluorescent Intensity of CD56 
P values indicate comparisons with the normal group. 
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Figure 40. Mean Fluorescent Intensity of CD11 b I. 
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Figure 41. Mean Fluorescent Intensity of CD11 b II. 
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The total cell number data reflects the single and double staining 

populations for a specific marker. For the non-anergics the only difference seen 

was an increase in the expression of the CD57 marker (p=O.0329) in the 

CD57/CD16 studies (Figure 44). The anergic individuals had higher numbers 

of the CD16 cells in both CD16/CD56 (p=O.0419) and CD16/Cd11 b (p=O.0142) 

staining studies (Figures 43 and 42). 
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Figure 43. Total Number of CD16 cells II. 
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Discussion 

It could be said that the Facs analysis of the patient groups presents 

more questions than it answers. The total number of B cells was not different for 

either subgroup as compared to normal (Figure 29), which rules out increased 

immunoglobulin seen in these individuals due to increased number of B cells. 

The increase in the number of T cells (Figure 29) for the non-anergic group is 

unusual since there were no changes seen in the numbers of CD4 or CD8 cells 

(Figure 30) or their ratio (which is in contrast to previous work) (27). Intensity of 

the staining for the CD4 marker was unaltered, but the staining for the CD8 

marker was increased for both subgroups (Figure 35), which could reflect 

increased activity of CD8+ cells in these individuals. This is especially 

noteworthy in light of the B cell proliferation data in which the anergic subgroup 

responded only when the CD8+ T cells were removed. 

Higher numbers of CD16+ cells were seen in the anergic group for both 

the 16+/57- and 16+/11 b- populations. The total number of CD16 positve cells 

was increased consistantly in these individuals for the different staining 

combinations (Figure 45). In the anergic subpopulation this could reflect a 

compensation mechanism. If the CD16+ cells are non-functional or function at 

a lower level than normal anergic individuals could be adjusting by having 

increased numbers of these cells in their systems. 

While there were no significant changes in the numbers of CD16+ cells 

in the non-anergic subgroup, there was an increase in the CD57 +/CD8+ cells 

(Figure 31). Decreases were also seen in both the CD56 (Figure 33) and 

CD11 b (Figure 34) single staining populations with the latter shared by the 



99 

anergics. It is possible that the CD57+/CDB+ cells contributed to the increase 

seen in the total T cells analysis would not be out of the question since these 

cells have been found to also have CD3 on their surface (47). A more in depth 

analysis of surface phenotypes in individuals with rheumatoid arthritis could 

shed light on these differences. 

The mean fluorescent intensity reflects the density of a marker on the 

surface of a cell. Changes can indicate a loss or gain of cells that are 

expressing more or less of the surface marker. The differences seen here 

could reflect changes in the normal functions of these cells. 

The increase in the COB marker for both subgroups could indicate that 

there is an underlying T cell regulatory problem in individuals with rheumatoid 

arthritis. Decreases in the CD11 b marker (receptor for C3bi) also may reflect 

conditions that further complicate the disease state in these individuals. In the 

non-anergic subgroup, the decrease in the CD56 marker on the 16/56 double 

staining cells could represent a different compensation mechanism. Since the 

number of CD16 cells remains normal, the activity of these cells could be 

increased as reflected by the decrease of the CD56 marker (61). If the NK cells 

involved in the inhibition of B cell proliferation act through lysis of activated B 

cells, then a decrease in the CD56 marker could represent a more mature NK 

cell present to carry out this function. 

In summary, the differences observed in the proliferation assay for the 

anergic and non-anergic subgroups are also reflected in the Facs analysis. For 

both the anergic and non-anergic groups the differences seen in the mean 

fluorescent intensity of the staining could indicate changes in the normal 
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function of these cells. In the non-anergic group there is a decrease in the 

CD56 marker which is thought to be associated with the activation and/or 

cytolytic function of NK cells. In the anergic population the total number of 

CD16+ cells was significantly increased in either the 16/56 or the 16/11 b 

staining and nearly so in the 16/57 staining. This could represent another 

compensation mechanism for lower functioi ling cells. This work along with the 

proliferation data, further indicates that the population of individuals with 

rheumatoid arthritis is heterogenous. Further studies to assess the function of 

cells in these individuals should be done by subpopulations since it is clear that 

the two groups can overshadow each other. 
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CHAPTER 7 

CONCLUSIONS 

Previous studies with natural killer cells in humans (5, 14, 44) and 

mice (3, 67, 73) suggested that these cells were involved in decreasing 

antibody production from B cells. The data collected in this study indicates that 

natural killer cells are involved in regulating B cells by affecting early events 

leading to antibody production, namely inhibition of the proliferative or clonal 

expansion phase of B cells maturation. 

Through the use of several different techniques, a protocol was 

established to isolate NK, Band T cells from whole blood. Addition of purified 

NK cells to B cells which were induced by anti-mu and T cells, caused an 

inhibition of B cell proliferation. These data agree with in vivo murine studies 

(68) that indicated that NK cells act during early events in the generation of 

antibody rather than in termination of the response. Activated T cells (by PHA) 

and resting B cells were not affected, suggesting that there may be a surface 

antigen on activated B cells that is responsible for the activation of the NK cells. 

Additional work in this study suggests that the CD16+ subset of NK cells are 

involved in this regulation. Based on studies eliminating CD8+ T cells from the 

assay, it is apparent that NK cells do not act indirectly through the CD8+ 

(suppressor/cytotoxic) T cells in this regulation. The CD4+ T cells, however, 
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appear to playa contributing role either in helping to further activate the NK 

cells (by cytokines) or act as an intermediary by withholding the factors needed 

by the B cells. It is also possible that the NK cells are directly lysing the B cells 

since previous studies have suggested that activated B cell blasts are 

suceptible to NK lysis (75). 

Cursory examination of the inhibitory response effected by NK cells 

suggests that the cytokines IFN-a and IL-2 are involved. Whether they are 

produced by NK cells or are from T helper cells is not known. It is possible that 

the NK cells produce IFN-a in response to factor(s) from T cells or as a 

consequence of activation by the B cells themselves. Previous work by others 

(45) has indicated that IFN-a acts on the NK cells as an up-regulator, enabling 

them to lyse cells more efficiently. 

Examination of this NK function in a population of individuals with 

rheumatoid arthritis provides further evidence that this disease encompasses a 

heterogenous group. Individuals were catogorized as either anergic or non

anergic prior to testing in the B cell proliferation assay. Proliferation of B cells 

from the RA population was lower than the normal group, and could reflect an 

inherent problem in these individuals. The data presented indicated that in the 

non-anergic subgroup NK cells do inhibit B cell proliferation, where as in the 

anergic subgroup they do not. As in the normal population, the inhibition seen 

in the non-anergic patients was dependent on CD16+ NK cells. However, 

unlike the normal group, inhibition was also seen in the non-anergic population 

with B cells induced to proliferate by BCGF in the place of T cells. This suggests 

that while certain aspects of NK regulation in non-anergic individuals appear to 
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be functional, a more complicated set of events could be taking place. In the 

anergic group, inhibition by NK cells was not seen until the CDB+ T cells were 

removed from the assay system, suggesting that in these individuals there could 

be an inherent T cell problem leading to the suppression of the NK regulatory 

function. 

Functional differences seen in the RA group were reflected by abnormal 

expression of cell surface antigens, as assessed in peripherial blood 

lymphocytes by Facs analysis. An increase in the expression of the CDB 

marker in both the anergic and non-anergic individuals supports the hypothesis 

of an underlying T suppressor cell defect. Compensation by the two RA 

subgroups appears to be different. The anergic group had higher numbers of 

CD16+ cells, while the non-anergic group had NK cells that functioned at a 

higher level, as determined by the decrease expression of the CD56 marker in 

the surface of these cells. These data also serve to reinforce the idea that 

individuals with RA belong to a heterogenous group. 

Immunoregulation is a complex set of events. The cells that are involved, 

as well as their roles are slowly becoming apparent. Although natural killer 

cells were once thought to be involved only in tumor surveillance, studies 

indicate that they also have a role in hematopoeisis as well. It is important to 

realize that these cells belong to the heterogenous group of large granular 

lymphocytes and that specific subpopulations of NK cells may function in 

different areas of the immune response. 
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Additional procedures and Results 

Isolation of Cells Using Percoll piscontinous Gradients 
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Due to the nature of NK cells (small nucleus and broad cytoplasm), it has 

been possible to isolate these cells by density centrifugation using Perco" 

discontinuous gradients (80, 81). Based on previous studies, (5, 25) this 

technique was attempted as part of the purification scheme required for this 

research. 

Initial experiments used Percoll (Sigma) as per the manufacturer's 

instructions. Nine volumes of Percoll were mixed with 1 volume of 10x PBS to 

equlibrate the Percoll and subsequently diluted using 1 x PBS. Gradients were 

made from 42.5% to 52.5% in 2.5% steps. T cells were expected to be found 

from 52-52.5% fractions (layers 4 and 5) while the NK cells were expected at 

42.5-47% (layers 1 and 2). Total volume was 10 mls using 30 ml Corex tubes. 

Cells (1 x 107) were either placed at the bottom of the tube with the gradient 

added (Bottom) or placed on the top layer of the gradient (Top). The tubes were 

centifuged for 45 minutes at 20 0 in a Beckman table top centrifuge at 550 x g. 

The first two layers were collected and pooled (1 &2) as were the 4th and 5th 

layers (4&5). These were washed with RPM I-complete and resuspended in 1 

ml. The recovery (% of total cells added) is shown in Table 14. 



Table 14. Recovery of Cells from PBS Equlibrated Percoll 

Cell Placement 

Top 

Bottom 

Layers 1 & 2* 

4 5.2 5.8 
12 9 10 

Layers 4 & 5 

84 78 82 

6.6 10 8.4 

* Results in percent recovery from total cells added. Data from 

three separate experiments. 

These data indicated that recovery usind Percoll was too low for this project. 
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Another group (5) equlibrated Perco" with RPM I (3x or 1 x) supplemented 

with 25mM Hepes buffer (Sigma) and 10% FCS (Gibco). This protocol was also 

examined. Using RPMI at either 3x or 1 x, the Perco" was equlibrated (2 

volumes of Perco" to one volume of media) and further dilutions were made 

using this and the appropriate RPM!. A" experimental conditions were the 

same as above with the exception that the cells were only added to the top layer 

of the gradients. The same layers were collected (1 &2/4&5) and washed as 

above. Table 15 shows the recovery from these experiments. 

Table 15. RecovelY from RPM I Equlibrated Perco" 

Layers 1 x RPMI I 3 x RPM I 

1 & 2 17% 40.5% 40.5% 32% 15% 

4 & 5 5.6% 3.2% 17% 26% 36% 

Results are the percent recovery from total cells added. Each column is 

a separate experiment. 

Staining of these fractions by fluorescent monoclonal antibodies (See 
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sections on flow cytrometry and surfaces antigens on pages.) indicated a poor 

return with low numbers of NK cells in the pooled layers 1 & 2 and 

contamination of layers 4 & 5 by NK cells (Table 16). 

Table 16. Analysis of Percoll Layers by Cell Surface Antigens 

Layers CD 3 CD 19 CD 16 

1 &2 7.7/14% 8.9/10.6% 13.2/18.1% 

4&5 70/83% 7.3/8% 7.1/8.3% 

Data is based on duplicate runs. 

Due to the poor recovery it was not possible to use this method to isolate the 

cells. 

Isolation of Cells using "Panning" 

The use of "panning", a technique which separates cells by retention of 

cells to petri dishes via specific antibody, adhered to the dish, has also been 

used to purify cell populations (42, 87). This technique was first used to 

separate out B cells from PBL, (50). 

Goat antibody to human immunoglobulins (Zymed, ) was bound (15Jlg/ml 

and 30Jlg/ml) to bacterial grade (60 x 15) petri dishes (Falcon) using a 50mM 

Tris buffer (pH7.2) overnight at 4°. The next day, the plates were rinsed with 

PBS and used within 2-3 hours. Cells isolated using Histopaque (Sigma, see 

page ) were washed and resuspended in RPM I-complete and put onto the 

plates ata concentration of 3 x 107 cells/plate. The plates were incubated for 70 
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minutes at room temperature, after which the liquid containing the nonadherent 

cells was poured off. The adherent cells were removed by incubation with 2-3 

mls of a 4mg/ml Lidocaine-HCI solution for 10 minutes followed by vigorous 

pipeting of the cells from the plate. All cells were washed twice with HBSS 

(Gibco) and resuspended in 1 ml RPM I-complete. Tables 17 & 18 show the 

results of these studies. 

Table 17. B cell Panning Ab at 15 and 30~g/ml 

Facs Analyis 

Cells CD3 I CD 19 CD 11b 

15 30 15 30 15 30 

B 23% 19% 28% 28% 23% 19% 

T* 79% 81% < 1% < 1% 13% 8% 

* These cells were further purified over Percoll before testing. 

Data is the average of duplicate experiments. 

Table 18. B cell Panning Ab at 15 and 30~g/ml 

Percent Recovery* 

Cells 15 30 

T 74% 68% 

B 1.5% 1.2% 

* Percent of total cells 

Data is the average of duplicate experiments. 

The low recovery of B cells, due to the retention of cells on the plates, led to the 

reduction of the amount of antibody on the plates to 1 and 0.5~g/ml and the 

addition of bovine new born serum (NBS, Gibco) to help eliminate nonspecific 



sticking of the cells. Results are seen in Table 19. 

Table 19. Bc Panning Ab at 1 and 0.5~g/ml 

NBS* T cells** B cells 

0.5*** 1.0 0.5 

5 63.9 76.5 1.4 

7 51.9 56.4 2.1 

10 61.0 56.6 1.6 

12 63.5 43.9 1.6 

15 52.0 64.6 1.7 

* Bovine new born serum (%), 

** Percent of total cells 

*** Goat anti-human Ig ~g/ml 

Data is the average of duplicate experiments. 

1.0 

1.8 

1.6 

1.8 

2.2 

2.9 

While the T cell recovery was acceptable, there were still too many B 

cells retained on the plates. The next attempt to remove the B cells was the 

addition of EDTA (Sigma) to the Tris buffer. EDTA was used to reduce the 

binding efficiency of the B cells to the antibody on the plate. Additionally, the 

antibody was titrated at 0.25 and 0.5~g/ml in media with NBS at 15 and 25% 

using the Tris buffer with the EDTA added. All other conditions remained the 

same as previously described. The results are shown in Table 20. 
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Table 20. Bc Panning Using EDTA 

Antibod and NBS T cells· B cells 

0.25~g/ml 70% 0.4% 

15% 

0.5~g/ml 55% 1.6% 

15% 

0.5~g/ml 73% 2.4% 

25% 

• Percent of total cells 

Data is the average of duplicate experiments. 

With the B cell numbers still low, the next step to increase separation was 

to reduce the incubation time to 40 minutes. Cells were also washed in HBSS 

(No Mg++ or Ca++ Gibco) and plated in HBSS with 5% NBS. Antibody on the 

plate was set at 0.5~g/ml with 25% NBS. Cells were incubated for 40 minutes 

as above. As a control, some cells were incubated in RPMI alone and some 

plates were not rinsed after the removal of the non-adherent population (Tc). 

Results are given in Tables 21 & 22. 

Cells 

B 

T 

Table 21. Bc Panning Hanks + 5% NBS 

RPMI· 
Recovery 

HBSS-Wash 

0.63% 1.5% 

39% 84% 

• Percent of total cells 

HBSS-No Wash 

4.3% 

84% 

Data is the average of duplicate experiments. 
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Table 22. Bc Panning Hanks + 5% NBSFacs Analysis 

Cells I CD3 CD 19 

RPMI HBSS HBSS RPM I HBSS HBSS 

Wash No Wash Wash No Wash 

B 48% 52% 49% 18% 24% 21% 

T 74% 71% 72% 2% 2% 1% 

Data is the average of duplicate experiments. 

Even though recovery of the B cell fraction was 4.3%, the Facs analysis 

indicated that this fraction consisted of only 21 % B cells (CD19) and was not 

pure enough for the requirements of the project. The probability that these cells 

were activated was also too great for these cells to be used. Since the panning 

procedure was relative easy to do, the next idea was to try to use it separate the 

T and or the NK cells. 

NK plates were made using the same protocol as above with the 

exception that the Tris buffer did not contain EDTA since a decrease in the 

binding efficiency of the antibody was not required. The antibodies used for 

these experiments were against CD57 and CD16, so as not to select for one 

subgroup of NK cells (Leu 7 and Leu 11 respectively, Becton/Dickinson). The 

initial concentrations were 0.36Ilg/ml for anti-CD57 and 1.5Ilg/ml for anti-CD 16 

with 15% NBS. B cells were removed using nylon wool columns, (See page .). 

Cells collected from the column were washed with HBSS (Gibco), resuspended 

in either HBSS with 10% FCS or RPMI-1640 with 10% FCS and plated at 2 x 



111 

107 cell/plate. The plates were incubated at 20° for 60 minutes. All other 

conditions were kept as described above; these data are presented in Table 23. 

Table 23. NK Panning 1 

Cells RPMI* HBSS 

T 11.3% 23% 

NK 8.5% 20% 

* Percent of total cells 

Data is the average of duplicate experiments. 

Recovery rates using this procedure were very low, so cells were plated 

using RPMI-complete at either 2 x 107 or 3 x 107 with all other conditions 

remaining the same. See Table 24. 

Table 24. NK Panning 2 

Cells 2 x 107* 3 x 107 

T 18% 3.6% 

NK 83% 84% 

* Percent of total cells. 

Data is the average of duplicate experiments. 

Staining of these fractions with surface antigens indicated that the major 

population for both fractions was T cells (CD3) with 77 and 72% respectively. 

The NK population contained only 30% NK cells ( 29.7 and 30% by CD 16). 

Increasing the amount of antibodies on the plates did appear to give better 

recovery of cell numbers, but Facs analysis indicated that the populations were 

not as pure as needed for this project. The data is presented in Tables 25. 
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Table 25. NK Panning 3 

Antibody* Recovery** 

CD 57 I CD 16 T cells I NK cells 

0.36 1.5 96/92 7.3/11 

0.6 1.5 29/81 12/8.2 

0.36 2.5 58/79 19/21 

1.2 5.0 45/84 18.917.6 

* Concentration in Jlg/ml. 

** Percent of total cells, duplicate experiments. 

Due to the abundance of T cells in the peripherial blood and the 

concentration of anit-CD3 antibody, it was proposed that panning for these cells 

might be accomplished indirectly (42). Goat anti-mouse antibody (Cappel, 

Malvern, PA) was plated onto 60mm plates (Falcon) at 20Jlg/ml with 25% NBS 

using 50mM Tris as reported above. Cell collected from nylon wool columns 

(removing the B cells) were previously incubated with 0.25Jlgl1 06 anti-CD 3 

(Leu 4 Becton/Dickinson) for 30 minutes at room temperature and then plated at 

3 x 1 a6cells/plate for 1 hour at room temperature. Cells were collectbd as 

previously reported above, the results are described in Table 26. 

Table 26. Panning Tc By Indirect Method 

Cells 0.25/lg/ml* 0.5/lg/ml 

T 61.5% 75.0% 

NK 36.6% 29% 

• Percent of total cells. 

Data is the average of duplicate experiments. 
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Increasing the goat anti-mouse antibody to 40 and 1 OOJlg/ml with NBS at 

15% on the plates was done to improve the recovery. The cells from this study 

were also analyzed by Facs. All the data is reported in Table 27. 

Table 27. Tc Panning Increase in Secondary Antibody 

Cells I Recovery· I CD 3 I CD 19 I CD 16 

40** 100 40 100 40 100 40 100 

T 38 43 63 80 2 1 9 13 

NK 45 21 40 72 1 2 34 7 

* Percent of total cells. ** Jlg/ml 

Data is the average of duplicate experiments. 

While the percentages of T cells were acceptable, the level of NK 

contamination was too high. In addition, the purity of the NK cells was totally 

unacceptable for the needs of this study. 

These procedures were not used in the final protocol for this project due 

to the low recovery and purity of the cells obtained. It is important to note that in 

different projects which do not require the purity and recovery levels needed for 

this type research, these results could have been acceptable and therefore the 

procedures are listed for future reference. 
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