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ABSTRACT 

OBJECTIVES: To (a) determine the immunological e£fects of a PRIMATIZED® anti-

CD4 antibody alone or in combination with methotrexate in RA patients, (b) determine 

the immunological effects of a chimeric anti-CD2S antibody in RA patients who are 

partially refractive to methotrexate and (c) compare interleukin-15 levels in the serum of 

RA patients and healthy controls and determine if there is a correlation between this 

cytokine and serum TNE-^, CD 122 expression, and disease activity. 

PATIENTS AND METHODS: (a) Eight RA patients were selected, four received anti-

CD4+placebo and the other four received anti-CD4+methotrexate for 4 weeks. The 

immunological effects were assessed on peripheral blood by flow cytometry and 

thymidine incorporation assays, (b) Six RA patients were given anti-CD25 antibody 

(0.02-60mg) along with methotrexate for 26 days. The immunological effects were 

assessed on peripheral blood by flow cytometry, thymidine assays, and ELIS A. (c) 

Blood and disease activity from twenty-one RA patients were obtained and serum IL-15 

and TNF-a levels were measured by ELISA. IL-15R p chain (CD122) expression was 

measured by flow cytometry. 

RESULTS: (a) The anti-CD4 antibody caused a selective and significant decrease in the 

number of CD4+ T cells. No inhibition of PHA or mitogenic antibody stimulated 

proliferation was observed, (b) The anti-CD2S antibody caused a significant decrease in 

the percent CD2S+ cells. Anti-CD2S antibody caused a significant decrease in PHA or 

mitogenic antibody stimulated proliferation. Clinically, the anti-CD2S antibody caused a 
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significant decrease in the number of tender and swollen joints (c) Elevated serum IL-15 

was measured in 10 out of 21 RA patients but not in controls. No correlation was 

observed between IL-15 and INF-^, CD 122 expression or disease activity. 

CONCLUSIONS: (a) Methotrexate did not alter the effects of the PRIMATIZED® anti-

CD4 antibody. Changes in antibody development processes have yielded two antibodies 

with different functions, (b) Anti-CD25 induced decrease in CD25+ T ceils was 

associated with clinical benefit. It appears that the antibody bound CD2S and prevented 

interaction of IL-2 and IL-2R. The exact mechanisms ofaction are not clear, (c) Serum 

IL-15 levels in RA may be a more sensitive indicator of inflammation than TNF-Q^ and 

may be a valuable tool in diagnosis. 
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INTRODUCTION 

Rheumatoid arthritis (RA) is a systemic, chronic inflammatory disease characterized 

by persistent intense immunologic activity, with the accumulation of activated local 

leukocytes within the inflamed synovial joint (1). The uncontrolled, inflammatory 

cascade initiated by these cells induces the destruction of bone and cartilage. Although 

the synovial joints are the primary targets of the immune response in RA, inflammatory 

lesions can manifest systemically in other organs (2). 

The etiology of RA is unknown. Moreover, there is no cure or way of preventing the 

disease (3). Although the pathogenesis of RA is not completely understood, substantial 

progress has been made in defining some of the mechanisms involved in the initiation 

and propagation of the disease. It is thought that an arthrotropic agent elicits the unmune 

response (4). Evidence suggests that one of the earliest events in RA is the intense 

infiltration of activated, memory CD4+ T cells into the synovium (5). The recruitment of 

the CD4+ T cells into the synovial tissue suggests an antigen specific response. These 

activated T cells express CD69, CD2S, HLA-DR, as well as adhesion molecules such as 

LFA-1 and VLA-4 (6). The CD4+ T cells that extravasate into the synovial tissue in this 

manner are CD4SR0+, suggesting prior activation. This migration is enhanced by 

cytokines such as IL-15 (7) and IL-16 (8), which act as chemoattractants for memory 

CD4+ T cells. Evidence has suggested that these activated CD4+ T cells orchestrate the 

local synovial inflammation and cellular infiltration that are followed by a number of 
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subsequent uncontrolled inflammatory events. The synovial CD4+ T cells produce IFN-y 

and augment activation of B cells, macrophages, and other antigen presenting cells (9). 

Furthermore, these T cells stimulate monocytes/macrophages in an uncontrolled maimer 

to produce cytokines such as IL-1 and TNF-(x (10). These cytokines in turn enhance the 

production of matrix metalloproteinases (MMPs), serine proteases and cathepsins that 

initiate joint destruction (11). 

Based on the delineated events in the pathogenesis of RA, therapeutic agents that target 

the molecules of the inflammatory cascade have been developed. Biological agents such 

as monoclonal antibodies have been genetically engineered and studied for their ability to 

treat RA. The principle of monoclonal antibody therapy is to specifically target and 

inactivate the key players in the inflammatory cascade, thereby inducing 

immimosuppression. Thus far, monoclonal antibodies have been developed to (a) 

interfere with the activation of CD4+ T cells, (b) block the entry and accimiuJation of 

mononuclear cells in the inflamed synovial tissues by disrupting binding of adhesion 

molecules to endothelial cells and (c) to neutralize the pro-inflammatory cytokines such 

as TNF-(x and IL-6 in the synovium. 

In two chapters of the dissertation, we have studied the immunological effects of two 

monoclonal antibodies used clinically, in the treatment of RA. The first is a 

PRIMATIZED® anti-CD4 antibody that selectively binds CD4 molecule on T helper 

cells. The second is a chimeric anti-CD2S antibody that specifically binds CD2S and 
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targets activated cells. The cells that express both CD4 and CD2S are thought to play an 

important role in the pathogenesis of RA. In the third chapter, we have evaluated the 

prevalence of a pro-inflammatory cytokine, IL-15, in the serum of RA patients. The 

potential role of IL-IS in the pathogenesis of RA has suggested its use in monoclonal 

antibody therapy. 

I. PRIMATIZED® Anti-CD4 Antibody Therapy of Rheumatoid Arthritis 

Evidence for the role of CD4+ T cells came from the observations of Jaffe (12) who 

noted that RA patients who developed AIDS and profound CD4+ cell depletion saw an 

improvement of their rheumatic symptoms, suggesting that CD4+ T cells might play an 

important role in the initiation and progression of RA. Second, synovial CD4+ T cells, in 

some patients, accimiulated in lymphoid-tissue like structures that were similar in 

appearance to germinal centers found in lymph nodes (13). These structures supported 

the notion that the inflammation in rheumatoid arthritis is a result of an antigen-driven T 

cell response. This, along with the observation that certain MHC class II molecules, 

whose primary function is antigen presentation to CD4+ T cells, are associated with RA 

strengthened the role of CD4+ T cells in the development of the disease. Weyand and 

Goronzy (14) reasoned that if RA is T helper mediated, MHC class II molecules could 

present an unknown antigen to CD4+ T cells and trigger their activation and clonal 

proliferation. They found clones of CD4+CD28- T cells in the blood of RA patients but 

not healthy controls. The CD4+CD28- T cell clones are enriched in the joints and are 
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autoreactive (15,16). They express perforin, granzyme B and are capable of lysing P81S 

target cells (17). They are also capable of producing high levels of IFN-y, without the 

need for co-stimulatory signals fix)m CD28 (18). These clones have a skewed TCR 

repertoire with dominance of certain Vp genes, suggesting clonal expansion (IS). The 

extent of CD4+CD28- T expansion has been correlated with clinical manifestation of RA 

(19). 

The association of MHC class II with RA has been known for nearly 20 years (20). 

Weyand et. al. (21) have found that some RA patients who are homozygous for HLA-

DRBl alleles have a greater risk for severe disease. This suggested that MHC class II 

might have a more complex role in the development of RA (21). The MHC class II 

molecules may play a greater role in thymic selection by determining the peripheral T 

cell repertoire. It has been hypothesized that defective positive and negative selection 

processes in RA patients might lead to the generation of auto-reactive T cells (22). The 

self-reactive clones then enter the periphery where they might encounter a self-antigen 

and mount an immune response. In addition, there may be defects in maintaining 

peripheral tolerance in RA patients, which could lead to contribute to autoimmunity. 

The proposed role of CD4+ T cells has been studied in animal models of RA. In vivo 

treatment with anti-CD4 antibody prevented type II collagen induced arthritis when the 

murine antibody was administered before the onset of the disease (23). The clinical signs 



15 

were reversed when the antibody was administered shortly after the first symptoms of 

arthritis appeared (24). 

The success of anti-CD4 antibodies in animal models suggested its use in humans. 

Several investigators used murine anti-CD4 antibodies to treat patients with RA (25-27). 

These antibodies induced an immediate decrease in the number of circulating CD4+ T 

cells. In the majority of patients, murine anti-CD4 antibodies caused profound CD4+T 

cell depletion. It was thought that killing CD4+ T cells would prevent activation of other 

cells and production of pro-infiammatory cytokines, thus ameliorating RA. However, 

several problems were associated with these antibodies. The responders as well as the 

non-responders experienced prolonged lymphopenia, which posed risks of opportunistic 

infections. In addition to the short serum half-life, these antibodies were highly 

immunogenic. They induced an inunune response that resulted in the production of 

human anti-mouse antibodies, which reduced the effectiveness of the treatment (28). 

Chimeric antibodies (murine variable and human constant region) have been designed to 

overcome these problems (29,30). These antibodies had longer serum half-lives and 

were less immunogenic than their murine counterparts. However, Fc-receptor mediated 

functions such as ADCC and complement mediated lysis (CML) caused prolonged 

lymphopenia (31). 

Non-depleting anti-CD4 antibodies were developed and used in clinical trials because 

studies showed that depletion of CD4+ cells was not necessary to observe beneficial 
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clinical e£fects. More importantly, non-depleting anti-CD4 antibodies were shown to be 

more effective in animal studies than the depleting ones (32,33). Two kinds of non-

depleting antibodies have been tested in clinical trials in the treatment of RA. The 

PRIMATIZED® anti-CD4 antibody is an IgGl antibody with primate complementarity 

determining regions (CDRs) and human constant region (34). Animal studies have 

shown that this antibody has low immunogenicity, as determined by human anti

immunoglobulins, and did not cause the depletion of CD4+ T cells (35). The humanized 

anti-CD4 antibodies have murine CDRs and human constant regions. Currently, two 

humanized anti-CD4 antibodies are being tested in clinical trials for the treatment of RA 

(36,37). 

Clinical trials with the PRIMATIZED® anti-CD4 antibody to treat RA have been 

conducted. The Phase I single-dose, dose-escalating trial demonstrated that the anti-CD4 

antibody had a benign safety profile. The results indicated that the antibody was non-

depleting and had very low immunogenicity. The antibody's mechanism of action 

included two elements. First, the antibody bound CD4 such that it blocked the interaction 

of CD4 with MHC, which resulted in decreased response to recall antigens (38). Second, 

the CD4 molecule was internalized and re-expressed (i.e. CD4 expression was 

modulated) within 72 hours of treatment. The Phase Il/in multi-dose, dose-escalating 

trial confirmed these results (39). 

The production protocols were then modified to optimize yield, giving a newly 

synthesized (modified) PRIMATIZED* anti-CD4 antibody. In this paper, we have 
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shown the results of a phase n/m randomized, double-blinded, placebo-controlled trial in 

which methotrexate (MTX) was used concomitantly with this modified PRIMATIZED® 

anti-CD4 antibody. 

n. Chimeric Anti-CD25 Antibody Therapy of Rheumatoid Arthritis 

Evidence suggests that CD25+ (IL-2R(x chain positive) T cells play an important role 

in the initiation and propagation of the disease. As mentioned earlier, one of the earliest 

events in RA is an uncontrolled inflammatory response in the synovium, possibly 

induced by an arthrotropic agent (4). These infiltrating cells are CD4+, a firaction of 

which express CD2S, suggesting that they may have been recently activated (40). Other 

evidence supports a central role for systemic T cell activation and CD2S+ T cells in the 

progression of RA. Many RA patients have elevated numbers of CD2S+ T cells in the 

peripheral blood compared to healthy controls (41). Moreover, in early RA, many 

patients have high levels of serum IL-2 and IFN-y, which correlate with progression of 

early disease (42). RA patients have high levels of soluble CD25 (sCD2S) in the 

peripheral blood, which also suggests the importance of CD25+ cells (43). sCD2S is 

produced by enzymatic cleavage of the transmembrane form of CD2S and is released into 

circulation by activated T cells (44). sCD25 may be produced by activated T cells in an 

attempt to regulate the activational state of the cell in that sCD25 prevents the formation 

of the high affinity IL-2R and further activation by IL-2 (45). sCD2S levels correlate 

positively with disease activity in RA suggesting a role for CD25+ T cells in RA (46). 
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Several immunosuppressive therapies have been designed to prevent T cell activation 

or deplete cells that express CD25. Cyclosporin, FK506 and Rapamycin are potent 

immunosuppressive agents that specifically inhibit T cell activation. Cyclosporin and 

FK506 interfere with the signal transduction processes mvolved in the activation of T 

helper cells as well as the production of cytokines such as IL-2 and IFN-y. IL-2 mduced 

cytokines such as IL-6, TNF-(x, and IFN-y, which have been implicated in the 

pathogenesis of RA are consequently inhibited. These pharmacologic agents bind to their 

intracellular receptors, immunophilins, and inhibit the activation of caicineurin. The 

inhibition of caicineurin prevents activation of a host of transcription factors such as NE

AT, NF-^B, AP-1, and CREB, which in turn inhibits IL-2 gene transcription (47). 

Cyclosporin and FK-506 also inhibit IL-3, IL-4, GM-CSF, TNF-Q and IFN-y expression 

(47). The blocking of these cytokines results in the inhibition of T-ceil activation and 

ultimately the suppression of T-cell-dependent immune responses. Rapamycin functions 

by inhibiting cytokine and growth-factor dependent stimulation of T helper cells. It 

suppresses IFN-y production and IL-4 dependent autocrine stimulation of T helper clones 

(48). DAB^ggIL-2 fusion protein has been used successfully in clmical trials to treat 

patients with severe, refiactory RA (49). DAB^ggIL-2 binds to and depletes CD25+ cells 

and the beneficial effects were seen as early as 7 days and persisted 4-30 weeks beyond 

the treatment period. These studies suggest that immunosuppressive therapies that target 

CD25+ cells can be beneficial in treating RA. 
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In this study, we hypothesize that CD25+ T cells play an important role in the 

progression of RA and that treatment with an anti-CD25 antibody will reduce disease 

activity. The concept of using anti-CD2S antibodies as means of achieving selective 

immunosuppression or tolerance is well established in transplantation (SO, SI). However, 

anti-CD25 therapy has not been used in the treatment of RA. This is a logical step in 

monoclonal antibody therapy of RA because anti-CD25 antibodies selectively target the 

high afGnity IL-2R on recently activated T cells that have been implicated in the 

pathogenesis of the disease. 

Simulect® (basiliximab) is a chimeric, IgG monoclonal antibody that recognizes the 

CD2S antigen that is expressed on activated but not resting or memory T cells, jn yjtro 

experiments have demonstrated that Simulect® inhibited mixed lymphocyte reaction 

(MLR) and induced antibody dependent cell cytotoxicity (ADCC) on a CD2S+ cell line 

through its human FcR (S2). Simulect® has been used successfully as a prophylactic 

immunosuppressive agent in combination with cyclosporine and corticosteroids in kidney 

transplantation (53). Simulect's® serum half-life was approximately 7 days (53). It is the 

first chimeric anti-CD25 antibody used in the treatment of RA. In a 33-day, open-label 

clinical trial, 6 patients with active RA, who were partially responsive to methotrexate, 

(MTX) were treated with Simulect®. In this paper, we report the immunological effects 

of this chimeric anti-CD25 antibody and discuss its mechanisms of action. 
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m. Interleukin-lS 

Interleukin-lS (H-IS) is a pleiotropic cytokine that belongs to the four-helix bundle 

family, of which IL-2 is a member (54). IL-15 and IL-2 do not share sequence homology 

but have structural and functional similarities (54). Like lL-2, lL-5 induces T, B and NK 

cell activation (55,56), proliferation (57), and co-stimulation of immunoglobulin 

synthesis (58). However, imlike lL-2, lL-15 is produced by monocytes and macrophages, 

not by activated T cells (54). lL-15 is a chemoattractant for human peripheral blood (PB) 

T cells (59). IL-15 binds to a heterotrimeric receptor composed of a unique IL-15R(x 

chain, and the p and y chains of the 1L-2R (60). The similarities in function between IL-2 

and IL-15 have been attributed to the usage of the same receptors. 

Abnormalities in IL-15 production have been associated with the development and 

maintenance of chronic inflammatory diseases such as rheumatoid arthritis (RA) (61). 

High concentrations of IL-15 have been found in RA synovial fluid (SF) and IL-15 is 

expressed by monocytes and macrophages in the synovial lining (62). Evidence suggests 

that IL-15 may play an important role in recruiting PB T cells into the synovium. v/7ro 

experiments by Mclnnes et. al. demonstrated that IL-15 induced specific polarization and 

migration of CD45RO+ PB T cells into RA SF, which were inhibited by anti-IL-15 

antibodies (62). In addition, IL-15 stimulates activation and proliferation of RA PBMCs. 

IL-15 activates PB lymphocytes of RA patients by rapidly upregulating CD69 expression. 

RA PBMCs and SF T cells exhibited a significantly higher stimulation index in response 

to IL-15 than healthy PBMCs (62). These data suggest that IL-15 may continually recruit 
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T cells firom RA PB into the synovium, and induce their activation and proliferation, 

contributing to the pathogenesis of RA. While these studies have shown the importance 

of IL-15 in the synovium of RA patients, very little is known about IL-15 levels in RA 

serum. In this paper, it is proposed that because RA is a systemic disease, serum IL-IS 

levels may be elevated in RA patients compared to healthy controls, contributing to the 

pathogenesis of the disease. 

Evidence suggests that IL-15 may be an important regulator of TNF-a production in 

the rheumatoid synovium. Mclnnes et. al. have shown that IL-15 activated CD45RO+ 

PB T cells from RA patients induced TNF-a synthesis by blood or synovial derived 

macrophages in a contact-dependent mechanism (63). These results demonstrate the 

importance of IL-15 in regulating TNF-a production in the RA synovium as well as PB. 

TNF-(X occupies a pivotal role in the regulation of synovial inflammation in RA because 

it regulates synthesis of other pro-inflammatory cytokines such as IL-lp_ These 

cytokines in turn enhance production of matrix metalloproteinases (MMPs) that initiate 

joint destruction (64). Many RA patients have elevated TNF-a levels in the serum, 

which correlates with disease activity (65). Because IL-15 regulates TNF-a production, 

the authors wanted to determine if there is a correlation between the two cytokines in RA 

serum. 

IL-15 binds the high afiBnity IL-15R complex that is composed of the alpha, beta and 

gamma chains. IL-I5R p chain (CD122) has been of particular interest because it is 
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necessary for IL-15 internalization, signal transduction (65), IL-15 mediated activation 

and proliferation of healthy PBMCs (66). Studies on CD 122 expression in RA PB are 

limited and contradictory (67,68). In this study, the numbers of CD 122+ cells and 

CD122 MFI have been measured in RA patients and healthy controls by flow cytometry. 

It is hypothesized that CD 122 expression may be elevated in RA patients compared to 

healthy controls and that there may be a correlation between CD 122 expression and 

serum IL-15 levels. The goals of this study were to (a) measure IL-15 levels in the serum 

of RA patients and healthy controls, (b) determine if there is a correlation between serum 

TNF-d and IL-15 levels in RA patients (c) measure CD122 expression in PB of RA 

patients and healthy controls and (d) determine if there is a correlation between CD 122 

expression and serum IL-15 levels. 

These projects were conducted in the lab of Dr. David Yocum and represent on-going 

research in the area of rheumatoid arthritis therapy. The projects are continuing applied 

lab clinical adjimcts to evaluate the immunological effects of the therapies and to 

determine their mechanisms of action. The author of the dissertation has performed the 

majority of the experiments included in the three papers in Appendices A, B and C and is 

the first author of these papers. 
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PRESENT STUDY 

The methods, results, and conclusions of this study are presented in the papers 

appended to this dissertation. The following is a summary of the most important 

findings. 

I. PRIMATIZED®Anti-CD4 Antibody 

The modified PRIMATIZED® anti-CD4 antibody used in this clinical trial has very 

different effects from that used in the Phase I single dose, dose-escalating trial. The flow 

cytometric results indicate that the modified antibody decreases the number of CD4+ T 

cells in both the anti-CD4+placebo treated group as well as the anti-CD4+MTX group. A 

simultaneous decrease was observed in CD2+, CD3+ and CD28+ T cells. However, the 

number of CD8+ T cells and the CDS mean fluorescence intensity (MFI) remained stable 

throughout the trial. The CD4/CD8 MFI ratio dropped significantly at weeks 3 and 5, but 

returned to baseline levels by week 8 in both groups of patients. The effects of the 

modified PRIMATIZED® anti-CD4 antibody on autogenic antibodies (anti-CD2, CD3, 

CD28, CD69) + PMA or mitogen (PHA, ConA or PWM) induced proliferation of 

PBMCs were measured. The results indicate that, unlike the original antibody, the 

modified anti-CD4 did not consistently inhibit proliferation through week 8 for either 

group. This indicated that a decrease in the number of circulating CD4+ T cells was not 

accompanied by a corresponding decrease in the PBMC proliferative response. Neither 
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the decrease in CD4+ ceil number nor the ability of PBMCs to proliferate in response to 

stimuli was altered by the concomitant administration of MTX. 

II. Chimeric Anti-CD25 Antibody 

The percent CD2S+ cells in the peripheral blood at baseline was significantly higher in 

RA compared to healthy controls (p=0.01, Mann-Whitney). The chimeric anti-CD25 

antibody induced a significant decrease in the percent CD2S+ cells on day 0 +2h 

compared to baseline (17.6±1.0 to 3.5±0.7%, p<0.001, paired t-test). The percent CD25+ 

cells on day 33 was 1.0 ±0.3 %. The percentages of CDS, CD4, CD3, CD20 (B cells) and 

CD 16 (NK cells) remained stable throughout the trial. The administration of the anti-

CD2S antibody had variable effects on PHA as well as autogenic anti-CD3 antibody 

induced proliferation through day 8 + 2h. Between day 12 +2h and day 33 there was a 

significant decrease in PHA stimulated proliferation (p<0.05). Proliferation by 

stimulation with anti-CD3 antibody decreased significantly at day 26 + 2h and day 33. 

Supernatant IL-2 levels in PBMCs stimulated with mitogenic anti-CD3+ anti-CD28 

antibodies or PHA were low or undetectable through day 4 + 2h. The supernatant IL-2 

levels increased significantly at day 12 +2h compared to baseline. Elevated supernatant 

IL-2 levels were observed through day 33. One patient, who had a low CD3 MFI at 

baseline, did not respond to the antibodies or PHA stimulation. The supernatant IL-2 

levels in this patient were undetectable (< 7.0 pg/ml) between days 4 and 33. There were 

no treatment related changes in the plasma levels of IFN-y, TNF-q, IL-2 and IL-6, 
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indicating that the antibody did not cause cytokine release syndrome. Clinically, there 

was a significant decrease in the numbers of tender and swollen joints compared to 

baseline (p<0.05). 

III. Interleukin-15 

Interleukin-15 levels were elevated in the serum of 10 out of 21 RA patients compared 

to healthy controls. IL-15 was not detectable in the 8 healthy controls. Elevated serum 

TNF-(x levels were observed in 6 out of 21 RA patients. The majority (4 out of 6) of 

these patients also had detectable IL-15 levels. There was no direct correlation between 

the two cytokines. Numbers of CD122+ cells and CD122 MFI in PB did not differ 

significantly in RA patients compared to healthy controls. The results indicate that not 

all CD8+ T cells express CD 122. A significant inverse correlation exists between the 

numbers of CD 122+ cells and CD 122 MFI. No correlation was observed between serum 

IL-15 levels and CD 122 expression or disease activity. These results indicate that serum 

IL-15 may be a more sensitive indicator of the inflammation in RA than TNF-a. 

However, since disease activity did not correlate with serum IL-15 levels, this cytokine 

may not accurately measure disease progression. 
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FUTURE STUDIES 

Although there is no cure or method of preventing RA, new therapies, particularly 

genetically engineered monoclonal antibodies, have been shown to suppress 

inflanunation and ameliorate symptoms. Monoclonal antibodies provide ways of 

achieving specific immunosuppression without adverse side effects. There are many 

therapeutic targets in the synovium as well as peripheral blood of RA patients. T cells, 

pro-inflammatory cytokines such as IL-1, IL-6 and TNF-q, and adhesion molecules have 

all been targets of therapy. An ideal antibody therapy will specifically target a molecule 

or cytokine that is involved in the earliest processes of inflammation that initiate RA and 

the suppression of which leads to sustained clinical improvement. In addition, an ideal 

antibody will have low immunogenicity to prevent the development of anti

immunoglobulins that reduce its effectiveness and have a long serum half-life to ensure 

minimal number of treatments. 

Future studies involving the original and modified PRIMATIZED® anti-CD4 

antibodies are needed to fully elucidate their mechanisms of action. In particular, studies 

are needed to understand the differences in the abilities of these antibodies to induce 

apoptosis. The mechanisms of action of the chimeric anti-CD2S antibody also need to be 

examined. Studies are needed to elucidate the processes involved in local accumulation 

of interleukin-2 and determine the clinical relevance of this effect. In addition, multiple 
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dose trials are necessary and evaluating the immunological effects in these studies may 

be very important in determining optimal dosing of this antibody. 
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APPENDIX A 

Immunological Effects of a PRIMATIZED® anti-CD4 Antibody Used Concomitantly 

with Methotrexate in Active Rheumatoid Arthritis 

Deepa Hanunaker, David Yocum, Patrick McGowan. 

ABSTRACT 

OBJECTIVE: To (a) determine the immunological effects of a PRIMATIZED® anti-

CD4 antibody alone and in combination with methotrexate in a randomized, double-

blind, placebo controlled trial and (b) elucidate its mechanisms of action. 

MATERIALS AND METHODS: Eight patients with active RA were chosen: four 

(Group A) received the PRIMATIZED® antibody with placebo and four (Group B) were 

treated with the PRIMATIZED® antibody and MTX (10 mg, once weekly). The antibody 

was administered bi-weekly (at either 40 or 80 mg per injection) for 4 weeks and 

peripheral blood was obtained prior to, during and after treatment for analysis. 

RESULTS: Flow cytometric analysis of groups A and B demonstrated significant 

decreases in CD4+ T cells by week 5 compared to baseline (33% and 39% for group A 

and group B, respectively) (p<O.OS) that persisted until week 8. A simultaneous decrease 

was observed in CD2+ CD3+ and CD28+ T cells. The CD4/CD8 MFI ratio dropped 

significantly at week 3 compared to baseline and persisted through week 5 (p<O.OS), 

returning to baseline levels at week 8. The prevalence and MFI of CD8+ T cells 
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remained stable throughout the study. PBMC's were tested for their ability to proliferate 

in response to mitogenic antibodies + PMA or mitogens. The results show no change in 

the PBMC proliferative response to mitogenic antibodies through week 8. 

CONCLUSION: These results demonstrated significant CD4+ T cell depletion with this 

PRIMATIZED® anti-CD4 antibody. This effect was not altered by MTX. While CD4+ T 

cell depletion was significant, the PBMC's proliferative responses to mitogens and 

mitogenic antibodies were not affected. 

fCEYWORDS; Rheumatoid arthritis, anti-CD4, monoclonal antibody, immunological 

effects 
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Rheumatoid arthritis (RA) is a chronic, systemic, inflammatory disease that targets the 

synovium of the joints (1). While the etiology of RA is unknown, CD4+ T cells are 

thought to play an important role in the initiation, propagation and severity of the disease 

(2). One of the earliest events in RA is the intense infiltration of activated CD4+ 

CD45RC)+ (memory) T cells into the synovium, suggesting an antigen specific T cell 

response (3). Evidence for the role of CD4+ T cells also came from the observations of 

Ja£fe (4) who noted that RA patients who developed AIDS and profound CD4+ cell 

depletion saw an improvement of their rheumatic symptoms, suggesting that CD4+ T 

cells might play an important role in the initiation and progression of RA. Furthermore, 

the association of RA with certain MHC class II molecules, whose primary fimction is 

antigen presentation to CD4+ T cells, has strengthened the role of these cells in the 

development of the disease (5). Weyand et. al. found that auto-reactive CD4+CD28- T 

cell clones were enriched in the peripheral blood and synovium of RA patients, 

suggesting clonal expansion of T helper cells (6). Because class II MHC molecules 

determine T cell repertoire during thymic selection, auto-reactive T cells may be 

generated by defective selection in RA patients (7). These auto-reactive clones then enter 

the periphery where they may contribute to autoimmunity. The effectiveness of T cell 

directed therapies such as cyclosporin and FKS06 further supports the role of CD4+ T 

cells in RA (8). Finally, the proposed role of CD4+ T ceils in RA has also been studied 

in animal models of rheumatoid arthritis. Treatment with anti-CD4 antibody prevented 

type n collagen-induced arthritis (9). These suggest that CD4+ T cells might play an 
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important role in the pathogenesis of RA and that anti-CD4 antibodies may be valuable in 

treatment of the disease. 

The success of anti-CD4 antibodies in animal models suggested their use in humans with 

RA. Several investigators used murine and chimeric (mouse/human) anti-CD4 antibodies 

to treat patients with RA (10-12). These antibodies induced an immediate decrease in the 

number of circulating CD4+ T cells (13). However, depletion was not associated with 

clinical efficacy (13). In addition, these antibodies had a short serum half-life and were 

highly immunogenic. They induced the production of human anti-mouse antibodies, 

causing rapid clearance of the anti-CD4 antibodies, thereby reducing its effectiveness 

(13). 

The PRIMATIZED® anti-CD4 antibody was one of the first non-depleting, 

hyperchimeric (CDR-grafted) antibodies to be used in clinical trials for the treatment of 

RA. In animals, the PRIMATIZED® anti-CD4 antibody was shown to be specific for 

CD4+ T cells, and have longer serum half-life (5 days) than previous antibody treatments 

(14). The PRIMATIZED® antibody had very low immunogenicity because of its primate 

complementarity determining regions (CDRs) and human IgGl constant region (14). 

Moreover, these animal studies demonstrated that the PRIMATIZED® anti-CD4 antibody 

was non-depleting such that antibody binding to CD4 did not induce concurrent cell 

death (15). jn yftro experiments with human PBLs demonstrated that this anti-CD4 
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antibody inhibited mixed lymphocyte reaction and IL-2 production but did not induce 

complement mediated lysis (CML) (IS). 

The phase I single-dose, open label, dose-escalating clinical trial using this 

PRIMATIZED® anti-CD4 antibody demonstrated CD4 modulation (i.e. internalization 

and re-expression) without cell depletion (16). CD4 expression decreased rapidly within 

72 hours after infusion of the antibody in a dose-dependent manner. A decrease in 

mitogen and antigen induced proliferation 4-8 weeks post-treatment suggested that the 

anti-CD4 had inmiunosuppressive effects. The multi-dose, dose-escalating trial 

confirmed the immunological effects of the phase I trial (17). The present study 

combines the PRIMATIZED® anti-CD4 antibody with a placebo or MTX and determines 

the immunological effects of this combination therapy and proposes mechanisms to 

explain the anti-CD4 antibody's effects. 

Materiab and Methods 

Patients 

Eight patients taking methotrexate were recruited from the rheumatology clinics at the 

University of Arizona, Tucson, Arizona. All patients fulfilled the 1987 American 

College of Rheumatology (ACR) criteria for diagnosis of RA, with disease duration 6 

months or longer (18). They had failed at least one, but no more than four DMARD due 

to lack of efficacy and had active disease as defined by the presence of 3 or more swollen 

or tender joints and the presence of the following criteria: erythrocyte sedimentation rate 
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(ESR) ^ 28inin/h; morning stiffoess > 45 min; and rheumatoid factor (RF) positivity. 

DMARDs were stopped 4 weeks prior to treatment in all patients. During this period, the 

dose of nonsteroidal antiinflammatory drugs (NSAIDS) was not changed. Concurrent 

oral steroid usage was allowed if the dose was stable and less than or equal to 10 mg of 

prednisone per day. Written consent was obtained from all patients after they had been 

informed, both orally and in writing, of the possible risks of treatment. 

Antibody dosing regimen 

A detailed description of the PRIMATIZED® anti-CD4 monoclonal antibody is given 

elsewhere (14). Briefly, it is an IgGl antibody (x light chain) with macaque primate 

variable region and human constant regions. It was produced by a CHO transfectoma 

cultured m hollow fiber bioreactors. Eight patients with active RA were selected for the 

study. Four patients (Group A) received the PRIMATIZED® antibody (2 injections/week 

at either 40 mg or 80 mg per injection) with placebo. Four patients (Group B) were 

treated with the PRIMATIZED® antibody (2 injections/week at either 40 mg or 80 mg 

per injection) and methotrexate (10 mg, once weekly). Antibody treatments were 

administered for weekly for 4 weeks and peripheral blood was obtained prior to, during 

and after therapy for analysis. 

Reagents and Antibodies 

The following mitogenic antibodies were used in the proliferation experiments: mab 9.3, 

specific for CD28 (ascitic fluid, a gift from Dr. Jeffrey Ledbetter, Bristol-Meyers Squibb, 
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Seattle, WA) was used at a final concentration of 1:100. Mabs A32 and G38, specific for 

CD3 and CD69, respectively, gifts firom Dr. Shu Man Fu (University of Virginia, 

Charlottesville, VA) were used at a final concentration of 1:1000 and 1:400. Mabs T1 Ij 

and T113, specific for CD2, gifts firom Dr. Ellis Reinherz (Dana-Farber Cancer Institute, 

Boston, MA) were each used at a final concentration of 1:100. Phorbol myristate acetate 

(PMA, Sigma) was used at a final concentration of 1 ng/ml. The mitogens, 

phytohemagglutinin (PHA, Sigma), concanavalin A (Con A, Sigma) were each used at 

0.5 mg/ml, 0.1 mg/ml and 0.01 mg/ml; pokeweed mitogen (PWM, Sigma) was used at I 

mg/ml, O.S mg/ml and 0.01 mg/ml. 

Immunofluorescence staining and flow cytometric analysis 

The following Mabs were used for indirect immunofluorescence staining: anti-CD2, 

anti-CD28 and anti-fas (Immunotech, Marseille, France); anti-CD3 and anti-CD8 

(Coulter, Miami, FL); anti-CD4 (Leu 3a) and anti-CD69 (Leu 23) (Becton Dickinson, 

Mountain View, CA) and anti-CD4 (0KT4) (Ortho Diagnostics, Raritan, NJ). Whole 

blood (100^1) was incubated with combinations of the above antibodies for 30 minutes at 

4oC. The RBCs were lysed and the WBCs were fixed by Coulter Multi-Q-Prep. The 

cells were analyzed by Coulter Epics XL-MCL (Coulter Corporation, Miami, Florida). 

Culture conditions and proliferation assay 

Peripheral blood mononuclear cells (PBMCs) were isolated firom peripheral blood by 

Ficoll-Hypaque (Sigma) centrifuge method (19). PBMCs were then washed, counted and 
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plated in 96 well plates at 2x10$ cells/well in complete media (RPMI-1640 supplemented 

with 10 mM HEPES, 10% heat inactivated FCS, Penicillin-Streptomycin (10000 U). The 

indicated antibodies and PMA or mitogens were added and the cells were incubated for 

72 hours at 37oC in a humidified 5% CO^ incubator after which ^H-thymidine was added 

(1 ^Ci, New England Nucleotides, Boston, MA). The cells were harvested after 24 hours 

and analyzed on a Beckman scintillation counter. The results are expressed as mean cpm 

of the groups ± SE. 

Statistical Analysis 

Paired t-tests were performed in each group (A or B) to compare data obtained at weeks 

3, 5 and 8 with baseline. 

RESULTS 

Effects of the PRIMATIZED® anti-CD4 antibody on T cell population 

The effects of the PRIMATIZED® anti-CD4 antibody on the number of CD4+ T cells 

were determined by flow cytometry using antibodies to two different epitopes on the 

CD4 molecule. Leu 3a and 0KT4. Leu 3a, which binds to the first domain (Dl) of the 

CD4 molecule, competes with the PRIMATIZED® anti-CD4 antibody. The 0KT4 

antibody binds to the fourth domain (D4), which is proximal to the plasma membrane. A 

decrease in the number of CD4+ T cells was observed in group A (placebo+anti-CD4) 

firom week 3 through week 8 compared with baseline (FIGURE 1.1). Decreases in 

nimibers 0KT4+ and Leu 3a+ cells were statistically significant at week 5 (p<0.04) and 
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week 8, (p<0.04). Similarly, there was a significant decrease in the number of CD4+ T 

cells in group B (MTX+anti-CD4) at weeks 3 and 5 (p<0.02; p<0.005) but not at week 8. 

There was no significant difference between groups A and B. 

To determine if the decrease in number of CD4+ T cells in the peripheral blood was due 

to depletion or specific endocytosis of the CD4 molecule, other T cell markers CD2, 

CD3, CDS and CD28 by flow cytometry. Significant decreases were observed in the 

number of CD2+, CD3+ and CD28+ T cells in group A at weeks 3, 5 and 8 (p<0.01, 

p<0.005 and p<0.002, respectively) (FIGURE 1.2). The number of CD8+ T cells was 

stable throughout the trial. Similar results were seen with group B (FIGURE 1.2). 

Significant decreases were observed in the numbers of CD2+, CD3+ and CD28+ T cells 

at weeks 3, 5 and 8 (p<0.02, p<0.003, p<0.005). As with group A, the number of CD8+ 

T cells remained stable throughout the trial. 

Effect of the PRIMATIZED® anti-CD4 antibody on CD4 mean fluorescence 

intensity (MFI) 

To determine the effects of the anti-CD4 antibody on CD4 expression, the MFI of CD4 

(0KT4) and CDS were measured firom week 0 through week 8 in both treatment groups. 

CDS MFI remained stable throughout the trial in groups A and B. A significant decrease 

in the CD4/CDS MFI ratio at week 3 was observed, which persisted until week 5 

(p<0.02, p<0.003 respectively, t test) in group A (FIGURE 1.3). At week 8, the 
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CD4/CD8 MFI ratio returned to baseline levels. Similar results were seen in group B 

(p<0.05 (week 3), p<0.005 (weekS), FIGURE 1.3). 

Effects of PRIMATIZED® anti-CD4 antibody on proliferative response 

To determine if the decrease in the number of CD4+ T cells was accompanied by a 

decrease in function, we measured the ability of the PBMCs to respond to various stimuli 

by thymidine incorporation assay. These stimuli included mitogenic antibodies (anti-

CD2, CD3, CD28 and CD69) + PMA as well as mitogens (PHA, Con A, PWM). The 

mitogenic antibodies + PMA have been shown previously to activate PBMCs and cause 

proliferation (20-23). No consistent or significant changes in proliferation were noted in 

group A or B in response to mitogenic antibodies + PMA from week 0 through week 8 

(FIGURE 1.4). A significant decrease in proliferation was observed in response to the 

mitogens at week 5 (p<0.05) compared to baseline. However, at week 8, no significant 

difference was observed compared to baseline. Furthermore, there was no significant 

difference in proliferative ability between the placebo and MTX treated groups. 

Discussion 

The proposed role of CD4+ T cells in the pathogenesis of RA made these cells targets for 

immunotherapy. Monoclonal antibodies directed at the CD4 molecule were developed to 

induce selective immunosuppression via CD4+ T cells. Initially, murine and chimeric 

anti-CD4 antibodies were used in clinical trials to treat RA. However, these antibodies 

were highly inmiunogenic, which limited their usage. They also caused specific 
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depletion of CD4+ T cells (lymphopenia) in the majority of patients, which posed risks of 

opportunistic infections. The PRIMATIZED® anti-CD4 antibody was developed to 

circumvent these problems. This antibody was hyperchimeric (with primate CDRs and 

human constant regions) and had low inununogenicity. jn yjyo experiments in primates 

demonstrated that this antibody was non-depleting (15). jn yjfro experiments 

demonstrated that the PRIMATIZED® anti-CD4 antibody inhibited mixed lymphocyte 

reaction with human PBLs and inhibited IL-2 production, indicating its 

inununosuppressive properties (14). The phase I, single dose, open-label, dose-escalating 

trial demonstrated that the PRIMATIZED® anti-CD4 antibody induced CD4 modulation 

and a decrease in mitogen and antigen induced proliferation (16). These results were 

confirmed by the multi-dose trial (17). The goals of this study were to determine the 

immunological effects of this PRIMATIZED® anti-CD4 antibody in combination with 

MTX or placebo and to elucidate its mechanisms of action. The results suggest that the 

PRIMATIZED® anti-CD4 antibody used in this study has very different effects on the T 

helper cells than that used in the phase I trial. While the reasons for the altered flmction 

are not clear, it has been hypothesized that changes in antibody production and storage 

protocols may have modified its functions (24). 

The results suggest that the PRIMATIZED® anti-CD4 antibody used in this study has 

very different effects on the T helper cells firom the previous study. Yocum et. al. 

demonstrated that the original antibody caused specific modulation of the CD4 molecule 

without cell depletion (16). CD4 expression decreased rapidly at 72 hours post treatment 
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and returned to baseline levels at 2 weeks post treatment The modified antibody 

however, functions by killing CD4+ T cells. The significant decrease in the number of 

CD4+ T cells at week S in both MTX and placebo treated patients suggests that it is a 

depleting antibody. 

The authors propose that the modified antibody induces complement mediated lysis or 

antibody dependent cell cytotoxicity. Alternatively, the modified antibody may be cross-

linked through its Fc receptor triggering apoptosis of the T helper cell. Oyaizu et. al. 

have shown that CD4 cross-linking by anti-CD4 antibodies induce apoptosis of normal 

CD4+ T ceils by up-regulating fas and down-regulating bcI-2 expression (25,26). Choy 

et. al. have shown that cM-T412, a depleting chimeric anti-CD4 antibody cross-links Fc-

receptors and induces apoptosis of antibody coated cells (27). 

Yocum et. al. demonstrated that the original antibody decreased the proliferative response 

of PBMCs to mitogens and recall antigens such as Candida, Trichophyton' tetanus 

toxoid at 4-8 weeks post treatment (17). jn y/zro experiments such as mixed lymphocyte 

reaction and tetanus toxoid proliferation assay confirmed that the original anti-CD4 

antibody inhibited T cell activation and proliferation (14). The results of this study 

indicate that the modified antibody did not induce any consistent changes in the 

proliferative response of PBMCs to mitogenic antibodies or mitogens. This contradicted 

the hypothesis that depletion of CD4+ T cells firom peripheral blood would be 

accompanied by a sustained decrease in proliferation. The reasons for this remain 

unclear. One explanation is that at baseline the majority of the proliferating cells were 
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CE)4+ while at week 8, they may have been primarily CD8+ T cells. The mitogenic 

antibodies (anti-CD3, anti-CD2 etc.) do not distinguish proliferation between these cell 

populations. Using a CD4+ T cell specific mitogen such as jacalin may elucidate how the 

modified antibody affects T helper function. 

While the original antibody's mechanism of action is unknown, evidence suggests that 

non-depleting anti-CD4 antibodies primarily function by modulating CD4 molecules on 

the cell surface. Bartholomew et. al. have demonstrated that the humanized anti-CD4 

antibody, 4162W94, modulated CD4 molecules yiyo in a similar manner (28). Other 

mechanisms have been proposed to explain the effects of non-depleting anti-CD4 

antibodies. They can block T cell/MHC interactions by inhibiting CD4-MHC binding. 

This abrogates the co-stimulatory signal needed for T cell activation and the T cell 

becomes unresponsive to further stimuli (29). Non-depleting antibodies have been shown 

to alter cytokine production by T helper cells. Treatment with the humanized anti-CD4 

antibody, 0KTcdr4a, showed a significant decrease in IL-2 and IFN-y mRNA levels in 

mitogen stimulated PBMCs from antibody treated patients compared to placebo controls 

(30). Another humanized anti-CD4 antibody, YHB.46, inhibits production of IL-2, IL-4 

and IL-10 by PBMCs from healthy controls in in-vitro experiments (31). Finally, non-

depleting anti-CD4 antibodies can also inhibit intracellular interaction between and 

CD3 by a mechanism that is not completely understood. Data suggests that certain non-

depleting anti-CD4 antibodies bind CD4 causing transmission of an inhibitory signal to 

theTceU(32,33). 
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Further studies are needed to fully explain the mechanisms of action of both 

PRIMATIZED® antibodies. The objectives of these studies will be to (a) evaluate the 

effects of the original anti-CD4 antibody on cytokine production by CD4+ T cells 

stimulated with mitogenic antibodies and (b) determine if the original anti-CD4 antibody 

prevents signal transduction by inhibiting pSd'c'' activation. Specifically, the authors 

propose to measure differences in pSd'c'' activation in T helper cells treated with and 

without the PRIMATIZED® antibody. The results of this trial indicate that the modified 

antibody depletes T helper cells but the mechanism by which this occurs is not clear. 

One potential mechanism is that the modified antibody cross-links CD4 molecules and 

induces apoptosis of the CD4+ cell. Coating plates with either PRIMATIZED® anti-CD4 

antibody and incubating with CD4+ T cells will mimic cross-linking through Fc receptor. 

Flow cytometric analysis of propidium iodide negative/ annexin V positive cells will 

determine if cross-linking induces apoptosis. It is expected that the modified, but not the 

original antibody, to induce apoptosis. 

In stunmary, these results demonstrated significant CD4+ T ceil depletion with the 

modified antibody. This effect was not altered by the combination with MTX. While 

CD4+ T cell depletion was significant, the PBMC's proliferative responses to mitogens 

and mitogenic antibodies were not affected. 



52 

REFERENCES: 

1. Feldmann M., F.M. Brennan and R.N. Maini. 1996. Rheumatoid arthritis. Cell 

85:307. 

2. Goronzy J.J., and Weyand C.M. 1995. T cells in rheumatoid arthritis. Paradigms 

and Facts. Rheum Dis Clin North Am. 21:655. 

3. Kurosaka M., and M. Ziff. 1983. Immunoelectron microscopic study of the 

distribution of T cell subsets in the rheumatoid synovium, jExp Med. 158:1191. 

4. Jafifel.A. 1994. Rheumatoid arthritis and AIDS. Mod Pathol. 

5. Weyand C.M., and J.J. Goronzy. 1994. Functional domains on HLA-DR 

molecules: implications for linkage of HLA-DR genes to different autoimmune 

diseases. Clin Immunol Immmopath. 70:91. 

6. Schmidt D, J.J. Goronzy, and C.M. Weyand. 1996. CD4+CD7-CD28- T cells are 

expanded in rheumatoid arthritis and are characterized by autoreactivity. jclin 

Invest. 9:2027. 

7. Weyand C.M., and Goronzy J.J. 1999. T-cell responses in rheumatoid arthritis: 

systemic abnormalities-local disease. Curr Opin Rheumatol. H -210. 

8. Sigal N.H. and F.J. Dumont. 1992. Cyclosporin A, FK-506, and rapamycin: 

pharmacologic probes of lymphocyte signal transduction. Immunol. 

10:519. 

9. Ranges G.E., S. Sriram, and S.M. Cooper. 1985. Prevention of type II collagen-

induced arthritis by in vivo treatment with monoclonal antibody to L3T4. j Exp 

Med 162:1105. 



53 

10. Herzog C., C. Walker, W. Muller, P. Rieber, C. Reiter, G. Riethmuller, P. 

Wassmer, H. Stockinger, O. Madic, and W.J. Pichler. 1989. Anti-CD4 antibody 

treatment of patients with rheumatoid arthritis: I. Effect on clinical course and 

circulating T cells. J Autoimmun. 2:627. 

11. Homeff G., G.R. Burmester, F, Enmirich, and J.R. Kalden. 1991. Treatment of 

rheumatoid arthritis with an anti-CD4 monoclonal antibody. Arthritis Rheum. 

34:129. 

12. Goldberg D., P. Morel, L. Chatenoud, C. Boitard, C.J. Menkes, P.H. Bertoye, J.P. 

Revillard, J.P. Bach. 1991. Immunological effects of high dose administration of 

anti-CD4 antibody in rheumatoid arthritis patients, j Autoimmun. 4:617. 

13. Cush J.J., and A.F. Kavanaugh. 1995. Biologic interventions in rheumatoid 

arthritis. Rheum Dis Clin North Am. 21:797. 

14. Newman R., Alberts J., Anderson D., Camer K., Heard C., Norton F., Raab R., 

Reff M., Shuey S., and HannaN. 1992. "Primatization" of recombinant 

antibodies for immunotherapy of human diseases: a macaque/human chimeric 

antibody against human CD4. Biotechnology 10:1455. 

15. Anderson D, K. Chambers, N. Hanna, J. Leonard, M. Reff, R. Newman, J. 

Baldoni, D. Dunleavy, M. Reddy, R. Sweet, and A. Truneh. 1997. A Primatized 

MAb to human CD4 causes receptor modulation, without marked reduction in 

CD4+ T cells in Chimpanzees: in vitro and in vivo characterization of MAb 

(IDEC-CE9.1) to human CD4. cUn Immunol Immunopath. 84:73. 



54 

16. Yocum D.E., A.M. Solinger, J. Tesser, O. Gluck, M. Comett, F. O'Sullivan, K. 

Nordensson, B. Dailaire, C.D. Shen and J. Lipani. 1998. Clinical and 

immunological effects of a PRIMATIZED® anti CD4 monoclonal antibody in 

active rheumatoid arthritis: results of a phase I, single dose, dose escalating trial. 

J Rheumatol. 25:1257. 

17. Kaine J., A. Solinger A., and D.E. Yocum. 1995. Results of a multi-dose 

protocol 7002 using immunomodulating non-depleting primatized anti-CD4 

monoclonal antibody: results of a multidose study. Arthritis Rheum. S280. 

18. Amett F.C., S.M. Edworthy, D.A. Bloch, D.J. McShane, J.F. Fries, N.S. Cooper, 

L.A. Cooper, L.A. Healey, S.R. Kaplan, M.H. Liang, H.S. Luthra, T.A. Medsger, 

D.M. Mitchell, D.H. Neustadt, R.S. Finals, J.G. Schaller, J.T. Sharp, R.L. Wilder, 

and G.G. Hunder. 1988. The American Rheumatism Association 1987 revised 

criteria for the classification of rheumatoid arthritis. Arthritis Rheum. 31:315. 

19. Sanderson R.J., R.T. Shepperdon, A.E. Vatter and D.W. Talmage. 1977. 

Isolation and enumeration of peripheral blood monocytes. J Immunol. 118:1409. 

20. Turka L.A., J.A. Ledbetter, K. Lee, C.H. June, and C.B. Thompson. 1990. CD28 

is an inducible T cell surface antigen that transduces a proliferative signal in 

CD3+mature thymocytes, j Immunol. 144:1646. 

21. Bjomdahl J.M., S.S. Sung, J.A. Hansen, and S.M. Fu. 1989. Human T cell 

activation: differential response to anti-CD28 as compared to anti-CD3 

monoclonal antibodies. J Immunol-19:881. 



55 

22. Nakamura S., S.S. SuDg, J.M. Bjomdahl, and S.M. Fu. Human T cell activation. 

IV. T cell activation and proliferation via the early activation antigen EA 1. y Exp. 

Med. 169:677. 

23. Alcover A., D. Ramarli, N.E. Richardson, H.C. Chang, and E.L. Reinherz. 1987. 

Functional and molecular aspects of human T lymphocyte activation via T3-Ti 

and T11 pathways. Immunol. Rev. 95:5. 

24. Wright A., and S.L. Morrison. 1997. Effect of glycosylation on antibody 

function: implications for genetic engineering. Trends Biotechnol. 15:26. 

25. Oyaizu N., T.W. McCloskey, M. Coronesi, N. Chirmule, V.S. Kalyanaraman, and 

S. Pahwa. 1993. Accelerated apoptosis in peripheral blood mononuclear cells 

(PBMCs) from human immunodeficiency virus type-1 infected patients and in 

CD4 cross-linked PBMCs from normal individuals. Blood. 82:3392. 

26. Oyaizu N., T.W. McCloskey, S. Than, R. Hu, V.S. Kalyanaraman, and S. Pahwa. 

1994. Cross-linking of CD4 molecules upregulates Fas antigen expression in 

lymphocytes by inducing interferon-gamma and tumor necrosis factor-alpha 

secretion. Blood. 84:2622. 

27. Choy E.H.S., I.C. Chikanza, G.H. Kingsley, V. Corrigall, G.S. Panayi. 1992. 

Treatment of rheumatoid arthritis with single dose or weekly pulses of chimaeric 

anti-CD4 monoclonal antibody. Scand J Immunol. 36:291. 

28. Brett S.J., W. Rowan, M. Smith, M. Bartholomew, and J.P. Tite. 1997. 

Differential functional effects of a himianized anti-CD4 antibody on resting and 

activated human T cells, 1:346. 



56 

29. Bonnard M., L. Haughn, and M. Julius. 1999. CD4-mediated inhibition of IL-2 

production in activated T cells, jImmunol. 162:1252. 

30. Moreland L.W., T.P. Haverty, M.C. Wacholtz, R.W. Knowles, R.P. Bucy, L.W. 

Heck, and W.J. Koopman. 1998. Nondepleting humanized anti-CD4 monoclonal 

antibody in patients with refractory rheumatoid arthritis, j Rheumatol. 25:221. 

31. Woods M., R. Guy, H. Waldmann, M. Glennie, and D.R. Alexander. 1998. A 

humanised therapeutic CD4 mAb inhibits TCR-induced IL-2, IL-4, and IL-IO 

secretion and expression of CD25, CD40L, and CD69. Cell Immunol 185:101. 

32. Chirmule N., A. Avots, S.M. LakshmiTamma, S. Pahwa, and E. Serfling. 1999. 

CD4-mediated signals induce T cell dysfunction in vivo, j Immunol.. 163:644. 

33. Haughn L., S. Gratton, L. Caron, R.P. Sekaly, A. Veillette, M. Julius. 1992. 

Association of tyrosine p561ck with CD4 Inhibits the induction of growth through 

alpha beta T-cell receptor. Mature 358:328. 



57 

APPENDIX B 

Immunological Effects of a Chimeric Anti-IL-2 Receptor Alpha Chain (CD25) Antibody 

in the Treatment of Active Rheumatoid Arthritis 

Deepa Hanmiaker, David Yocum, Patrick McGowan, David DeJonghe, Kimberly 

Schneider, and Xiaolei Tang. 

ABSTRACT 

Objective: phase I study were to (a) determine the immunological 

effects of Simulect®, a chimeric anti-IL-2 receptor ^ chain (CD25) antibody in active 

rheumatoid arthritis (RA) and (b) elucidate its mechanisms of action. 

Methods: patients with active RA, who had a partial response to methotrexate, were 

chosen. Intravenous bolus injections were administered on day 0(0.02mg), day 4(0.2mg), 

day 8(2mg), day 12(20mg), day 19(40mg) and day 26(80mg). Blood was obtained for 

analysis at baseline, 2(+2h), 8(+8h) and 24 hours(+24h) post injection and on day 33 

(follow up). Flow cytometric analysis, ^H-thymidine incorporation assay, and cytokine 

ELISAs were performed. 

Results: percent CD25+ cells at baseline was significantly higher in RA patients 

than healthy controls (p=0.01, Mann-Whitney). Simulect® caused a significant decrease 

in %CD25+ cells on day 0+2h compared to baseline (17.6^-1.0 to 3.5±0.7%, p<0.001, 

paired t-test). The %CD25+ cells remained significantly decreased through day 33 

(1.0±0.3%, p<0.001). The percentages of CDS, CD4, CD3, CD20 and CD 16+ cells 
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remained stable throughout the trial. Simulect® induced an initial increase in PHA 

stimulated PBMC proliferation between day 4+2h and day 8+2h and a significant 

decrease at day 12+2h, which persisted through day 33 (p<0.05). The anti-CD3 antibody 

induced proliferation decreased significantly at day 26+2h and day 33. Supernatant IL-2 

levels in anti-CD3+anti-CD28 antibody or PHA stimulated cells were low or 

undetectable through day 4+2h. The IL-2 levels increased significantly at day 12+2h 

(p<0.05) compared to baseline. Elevated supernatant IL-2 levels were observed through 

day 33. There were no treatment related changes in the plasma levels of IFN-y, TNT-^, 

IL-2 and IL-6. Clinically, there was a significant decrease in the numbers of tender and 

swollen joints compared to baseline (p<0.05). 

Conclusions: clinical and immunological effects of Simulect® supported our 

hypothesis that CD25+ T cells play an important role in the progression of RA. 

Simulect® effectively targeted the CD25 molecule in vivo, resulting in decreased 

proliferation without cell depletion. Decrease in number of CD25+ cells was associated 

with a positive clinical effect. We have proposed mechanisms to explain Simulect's® 

action. 

K^^ords: rheumatoid arthritis, chimeric, anti-CD25 antibody, immunological effects 
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Rheumatoid arthritis (RA) is a systemic inflammatory disease that primarily affects the 

synovial joints (1). There is no known cure or way of preventing the disease. While the 

etiology of RA is unknown, evidence suggests that CD25+ (IL-2R<x chain positive) T 

cells play an important role in the initiation and propagation of the disease. One of the 

earliest events in RA is an uncontrolled inflammatory response in the synovium, possibly 

induced by an arthrotropic agent (2). The infiltrating cells are CD4+, a fraction of which 

express CD25, suggesting that they may have been recently activated (3). Other evidence 

supports a central role for systemic T cell activation and CD25+ T cells in the 

progression of RA. Many RA patients have elevated numbers of CD25+ T cells in the 

peripheral blood compared to healthy controls (4). Moreover, in early RA, many 

patients have high levels of serum IL-2 and IFN-y, which correlate with progression of 

early disease (5). In addition, RA patients have high levels of soluble CD25 (sCD25) in 

the peripheral blood (6). This sCD25 is produced by enzymatic cleavage of the 

transmembrane form of CD25 and is released into circulation by activated T cells (7, 8). 

It may be produced by activated T ceils m an attempt to regulate the activational state of 

the cell in that sCD25 prevents the formation of the high affinity IL-2R and further 

activation by IL-2. The sCD25 levels correlate positively with disease activity in RA 

suggesting a role for CD25+ T ceils in RA (9). T ceil directed therapies that prevent the 

CD25 expression or deplete CD25+ cells have been effective in treating RA. 

Cyclosporine A and FK-506 inhibit T cell activation, production of IL-2 and IFN-y, and 

T cell proliferation (10). DAB^g^IL-2 toxin fusion protein has been used successfully in 
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clinical trials to treat RA patients by depleting CD2S+ cells (11). While IL-2 binds to its 

receptor on activated T cells, the DAB^g^ toxin kills the ceil. 

It is hypothesized that CD2S+ T cells play an important role in the progression of RA. 

The authors propose that treatment with an anti-CD2S antibody will reduce disease 

activity. The concept of using anti-CD2S antibodies as means of achieving selective 

immunosuppression or tolerance is well established in transplantation (12,13). However, 

anti-CD2S therapy has not been used in the treatment of RA. This is a logical step in 

monoclonal antibody therapy of RA because anti-CD25 antibodies selectively target the 

high affinity IL-2R on recently activated T cells that have been implicated in the 

pathogenesis of the disease. 

Simulect® (basiliximab) is a chimeric, IgG monoclonal antibody that recognizes the 

CD25 antigen that is expressed on activated but not resting or memory T cells, jn 

experiments have demonstrated that Simulect® inhibited mixed lymphocyte reaction 

(MLR) and induced antibody dependent cell cytotoxicity (ADCC) on a CD25+ cell line 

through its human FcR (14). Simulect® has been used successfully as a prophylactic 

immunosuppressive agent in combination with cyclosporine and corticosteroids in kidney 

transplantation (15). Simulect's® serum half-life was approximately 7 days (IS). It is the 

first chimeric anti-CD2S antibody used in the treatment of RA. In a 33 day, open-label 

clinical trial, 6 patients with active RA, who were partially responsive to methotrexate 
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(MTX) were treated with Simulect®. In this paper we report the immunological effects of 

this chimeric anti-CD25 antibody and discuss its mechanisms of action. 

Patients and Methods 

Patients 

Six patients who had partial response to MTX therapy were recruited from the 

rheumatology clinics at the University of Arizona, Tucson, Arizona along with seven 

age-matched (mean age >35) healthy controls. All patients fulfilled the 1987 revised 

American College of Rheumatology (ACR) criteria for diagnosis of RA with disease 

duration of 6 months or longer (16). A partial response to methotrexate was defined as 

the presence of at least 6 swollen and 9 tender joints in patients who had been receiving a 

maximally tolerated MTX dose (not exceeding 20 mg/week) for at least 3 months prior to 

day 0. Concurrent oral steroid and NSAID usage was allowed if the dose was stable for 

at least 6 weeks prior to day 0 and oral steroid usage was less than or equal to 10 mg/day. 

All patients gave written consent for participation in the study at screening. Patients with 

known allergies to murine proteins were also excluded from the study. 

Antibody Dosing Regimen 

Simulect®(basiliximab) is a chimeric, IgG monoclonal antibody that recognizes the CD2S 

antigen expressed on activated T cells. It is composed of murine variable and human 

constant region and inhibits the binding of IL-2 to its receptor. In this open label, intra-
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patient dose-escalating trial, each patient was administered the following doses through 

an intravenous bolus injection: 

Day 0 - 0.02 mg Day 12 - 20 mg 

Day 4 - 0.20 mg Day 19 - 40 mg 

Day 8 - 2 mg Day 26 - 60 mg 

Peripheral blood was drawn at baseline, on days 0-26 at 2 (+2h), 8 (+8h), and 24 hours 

(+24h) post injection and on day 33 (follow up). 

Reagents and Antibodies 

The following mitogenic antibodies for used in the proliferation and cytokine stimulation 

assays. Mab 9.3, specific for CD28 (ascitic fluid, a gift from Dr. Jeffrey Ledbetter, 

Bristol-Meyers Squibb, Seattle, Washington) was used at a final concentration of 1:100. 

Mab A32, specific for CD3 (a gift from Dr. Shu Man Fu, University of Virginia, 

Charlottesville, Virginia) was used at a Hnal concentration of 1:1000. PHA (Sigma) was 

used at final concentrations of 80 ug/ml, 16 ug/ml, 1.6 ug/ml. 

Immunofluorescence Staining and Flow Cytometric Analysis 

The following Mabs were used for direct immunofluorescence staining: anti-CD2, anti-

CD28, and HLA-DR (Immunotech, Marseille, France); anti-CD3, anti-CD4, anti-CD8, 

anti-CD 16, anti-CD25 (Coulter, Miami, Florida); anti-CD20 (Becton Dickinson, 

Mountain View, California). Whole blood (100^1) was incubated with combinations of 

the above antibodies for 30 minutes at 4oC. The RBCs were lysed and WBCs were fixed 
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by Coulter Multi-Q-Prep (Hialeah, Florida). The cells were analyzed by Coulter Epics 

XL-MCL, Coulter Corporation, Hialeah, Florida. 

^-Thymidine Incorporation Assay 

Peripheral blood was drawn 2 hours post-injection on treatment days. Peripheral blood 

mononuclear cells (PBMCs) were isolated by Ficoll Hypaque (Sigma) method (17). The 

PBMCs were then washed, counted, and plated in triplicate in 96 well plates at 2x10^ 

cells/ well in RPMI-1640 supplemented with NaHCOj. Anti-CD3 antibody or PHA were 

added and the cells were incubated for 72 hours at 37oC in a humidified 5% CO^ 

incubator after which thymidine was added (l^Ci, New England Nucleotides, Boston, 

Massachusetts). The cells were harvested after 24 hours and analyzed on a Beckman 

scintillation counter. The results are expressed as percent change of baseline. 

ELISA 

Peripheral blood was drawn 2 hours post-injection on treatment days. The isolated 

PBMCs were incubated with PHA or anti-CD3+anti-CD28 antibodies in triplicates for 72 

hours. Supematants of the stimulated cells were pooled and assayed for IL-2 and IL-4 

using conmiercial kits (OptEIA kits, Pharmingen, California). Determinations were 

performed in duplicate. Plasma levels of IL-2, TNF-a, and IFN-^ were measured in 

triplicate using commercial sandwich ELISA kits (R&D Systems, Minneapolis, MN). 

Plasma IL-6 levels were measiired in duplicate by sandwich ELISA (R&D Systems, 

Minneapolis, MN). 
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Clinical Efficacy 

RA disease activity was measured by swollen joint counts, tender joint counts (18). All 

disease activity measurements were carried out at the start of therapy (day 0) and at days 

19,26 and 33 (follow up). 

Results 

Percent CD25+ cells in the peripheral blood of RA patients 

Prior to treatment with Simulect®, the percent CD25+ cells was measured by flow 

cytometry (FIGURE 2.1). The percent CD25+ cells in the peripheral blood of RA 

patients was significantly increased compared to 13 age-matched healthy controls (Mann 

Whitney, p = 0.01). The percent CD25+ cells decreased significantly at day 0 +2 h (17.6 

± 1.0% to 3.5 ± 0.7%, paired t-test, p<0.0001) (FIGURE 2.2). Prior to the mjection on 

day 4, CD2S expression had increased to 10.4 ± 1.6% but was significantly lower than 

baselme (p<0.0001). Percent CD25+ cells remained at significantly lower levels 

compared to baseline through day 33 (p<0.0001). The decrease in CD25+ cells was not 

accompanied by a corresponding decrease in T cells (CD3, CD4 and CDS), B cells 

(CD20) and NK cells (CD16) (HGURE 2.3). 
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Simulect*s* effect on CD4+ T ceUs 

To determine how Simulect® affects lymphocyte subsets, we determined percent CD25 

on CD2, CEH, CDS, CD16 and CD20+ cells. The data show that CD25 is primarily 

expressed on CD4+ T cells (FIGURE 2.4) and therefore, Simulect's® effect is observed 

primarily on CD4+ T cells. 

Effect of Simulect® on IL-2 dependent proliferation 

^H-thymidine incorporation assays were performed to determine anti-CD25 antibody's 

effects on mitogenic anti-CD3 or PHA induced proliferation. Stimulation with PHA 

induced a biphasic proliferative response (FIGURE 2.5). A significant decrease in 

proliferation was observed on day 0 +2h (paired t-test, p<0.05), followed by an increase 

on day 4 and 8. By day 12, proliferation significantly decreased compared to day 0 

(paired t-test, p<0.05) and remained until day 33. Stimulation with anti-CD3 antibody 

resulted in a similar biphasic proliferative response (FIGURE 2.6). However, Simulect® 

induced decrease in anti-CD3 induced proliferation was not apparent until day 33 (paired 

t-test, p<0.05). 

Simulect's* effects on IL-2 and IL-4 Production 

Anti-CD25 antibody's effects on Thl (IL-2) and Th2 (IL-4) cytokine production, in 

response to anti-CD3+anti-CD28 stimulation, were measured by ELISA (FIGURE 2.7). 

Supernatant IL-2 levels in anti-CD3+anti-CD28 stimulated cells were low or undetectable 

through day 4+2h. The IL-2 levels increased significantly at day 12+2h (p<0.05) 
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compared to baseline. Elevated supernatant IL-2 levels were observed through day 33. 

Supernatant IL-4 in anti-CD3+anti-CD28 stimulated cells was detectable at day 0 pre 

infusion through day 4+2h. Supernatant IL-4 levels decreased at day 8 compared to 

baseline and remained undetectable through day 26. Similar results were obtained with 

PHA stimulated cells. An mverse correlation was observed between IL-2 and IL-4 levels 

in 2 patients in PHA stimulated cells (SBF Spearman p= -0.80), BYS (p = -0.71)). 

Simulect's® effects on Plasma IL-2, TNF-a, IFN-y and IL-6 levels 

To determine if Simulect® induces cytokine release syndrome in these RA patients, 

plasma cytokine levels of IL-2, IFN-y and TNF-Q were measured in triplicates. In the 

majority of patients, plasma levels of these cytokines were low or undetectable 

throughout the trial (FIGURE 2.8-2.12). Slight increases in plasma IL-2, IFN-y and 

were observed in one patient (AEV) but the fluctuations did not correlate with 

times of treatment. Simulect's® effects on plasma IL-6 are shown on Figure 6D. Plasma 

IL-6 levels were undetectable in 2 out of 6 patients. In the remaining 4, plasma IL-6 

levels consistently decreased to 1.75 pg/ml (low limit of detection) at 2 hours post-

injection at days 2,4, 8, 12 and 19. This pattern does not appear in these patients on day 

26. 

Clinical effects of Simulect® 

Simulect® induced a significant decrease in the number of tender and swollen joints on 

day 33 compared to pre-infiision in 5 out of 6 patients (paired t-test, p<O.OS, TABLE 
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2.1). The treatment was discontinued in one patient (FIC) after day 12 due to aseptic 

meningitis. In the 5 patients who showed clinical improvement, RF and CRP levels did 

not show a corresponding decrease. 

Discussion 

CD2S+ T cells have been implicated in the pathogenesis of RA. The goals of this study 

were to (a) evaluate the immimological effects of a chimeric anti-CD25 antibody in RA 

patients who are partially refractive to MTX and (b) elucidate its mechanisms of action. 

To our knowledge, this is the first chimeric anti-CD2S antibody used In the treatment of 

RA. 

In this study, we have demonstrated that Simulect® did not cause depletion of CD25+ 

cells. While y,itro experiments have shown that Simulect® is capable of inducing 

AOCC in CD2S+ T cell lines (14), our results indicate that it does not deplete T, B or NK 

cells in VIVO, contrasts data obtained with anti-CD25 antibodies used to cause 

regression of tumors in mice, which primarily depleted CD4+CD25+ T cells (19). 

Simulect® significantly inhibited IL-2 dependent proliferation induced by mitogenic 

antibodies or PHA. Anti-CD25 antibodies have been reported to inhibit T cell 

proliferation induced by cross-linking the TCR and CD2 (20). 

Simulect® did not inhibit IL-2 (Thl) production by PBMCs stimulated by mitogenic 

antibodies or PHA. The results indicated that the anti-CD2S antibody may have 
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prevented the formation of high-afiOnity IL-2 receptors, causing the accumulation of IL-2 

in the supernatant. Alternatively, IL-2 production may have been upregulated to 

compensate for the presence of the anti-CD2S antibody. This contrasts with other 

monoclonal antibody therapies such as anti-CD4 antibody that inhibit production of Thl 

(IL-2) and Th2 (IL-4) cytokines (21). Our results demonstrate a decrease in IL-4 in the 

supernatant of PBMCs stimulated with mitogenic anti-CD3 or PHA. We propose that the 

decrease in IL-4 is due to the formation of high-affinity IL-4 receptor. In preventing the 

formation of the high-afifmity IL-2R, Simulect® allows for increased availability of the 

IL-2RY chain, which is a component of the high-affinity IL-4R (22). The increased 

uptake of IL-4 may account for some of the beneficial effects of this antibody. 

Our results demonstrated that Simulect® did not induce cytokine release syndrome. 

Levels of IFN-y, TNF-aQ • and IL-2 in plasma were generally undetectable. However, 

in one patient, the levels of these cytokines fluctuated throughout the trial but did not 

appear to correlate with administration of the treatment. On the contrary, plasma levels 

of the pro-inflammatory cytokine, IL-6 appeared to be influenced by the treatment. 

Elevated levels of IL-6 have been observed in the plasma of RA patients and have 

correlated with disease activity (23). Simulect® induced a consistent decrease in plasma 

IL-6 levels at 2 hours post injection on days 0-19. This suggests that the major producers 

of IL-6 in the peripheral blood express the high-affinity IL-2R and by blocking the 

interaction of IL-2 with its receptor, Simulect® inhibits IL-6 production. This may also 

contribute to the beneficial effects of this antibody. Treatment with Simulect® resulted in 
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a significant decrease in the number of tender and swollen joints on day 33 compared to 

baseline (p<0.05). Taken together, these results support our hypothesis that CD25+ T 

cells play an important role in the progression of RA. 

In regard to Simulect's® mechanisms of action, we propose that the antibody primarily 

affects CD4+ T cells circulating in the peripheral blood. It binds to recently activated 

CD4+ T cells and prevents interaction of IL-2 with its receptor. Consequently, there is 

inhibition of T cell activation and proliferation. It appears that IL-2 production is not 

inhibited. On the contrary, it is possible that there is a local accumulation of IL-2. The 

clinical effects of this phenomenon are unclear. Simulect® might increase uptake of IL-4 

due to increased formation of high-affmity IL-4 receptors and inhibit IL-6 production in 

the peripheral blood by preventing interaction of IL-2 with its receptor. 

One question that these results raise is how does Simulect® induce peripheral tolerance in 

RA patients. Peripheral tolerance in healthy individuals is maintained by three 

mechanisms: deletion (activation induced cell death), anergy and immunoregulatory 

cells. In mice, immunoregulatory cells have been characterized as a subset of 

CD4+CD25+ cells that are thought to prevent the activation of autoreactive T cells (24, 

25). Sakaguchi et. al. have shown that removal of these immunoregulatory cells from 

mice induces autoimmunity while amelioration of symptoms is observed when these cells 

are reconstituted (26). In addition, these cells have been shown to inhibit IL-2 production 

by a mechanism that is not cytokine mediated. The CD4+CD2S+ cells require activation 
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through the TCR in addition to cell contact between the immunoregulatory ceils and the 

responder cells. Thornton et. al. proposed that these cells function by blocking the 

delivery of a co-stimulatory signal because the suppressor activity can be abrogated by 

addition of exogenous IL-2 or anti-CD28 antibody (27). Simulect's® effects on these 

CD4+CD25+ immunoregulatory cells are not known. We propose that Simulect® does 

not interfere with the function of these cells. It does not deplete these CD2S+ suppressor 

cells, which might induce autoimmunity. Instead, it prevents the binding of CD25 and IL-

2, and this may be beneficial since excess IL-2 has been shown to abrogate the suppressor 

function of these cells. Furthermore, these cells are thought to act as suppressors by cell-

cell contact that does not involve CD25 (27). Our results suggest that the CD4+CD25+ 

suppressor cells bound Simulect® in peripheral blood but this did not result in an 

exacerbation of RA. 

The second question raised by our results is what effects does Simulect® have on sCD25. 

We propose that Simulect® binds sCD2S and at saturation levels, it removes sCD25 from 

the peripheral blood by depositing it in the secondary lymphoid organs. We hypothesize 

since sCD2S levels have been positively correlated with disease activity, the removal of 

sCD25 may contribute to the beneficial effects of this treatment. 

We have proposed several experiments to address how Simulect® influences IL-2, IFN-y, 

and IL-4 production by stimulated CD4+ T cells. We want to distinguish between our 

hypotheses that the increased IL-2 in the supernatant of stimulated cells is due to (a) 
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increased IL-2 production or (b) IL-2 accumulation due to lack of high-affinity IL-2R. 

Semi-quantitative measurements of IL-2 mRNA can be used to determine which of these 

hypotheses is true. To determine if (a) IL-4 production is inhibited or (b) there is 

increased uptake, we propose to incubate cells with anti-IL-4 antibodies that prevent 

uptake of IL-4. The levels of IL-4 in the supernatant of these cells can distinguish 

between the two possibilities. 

In conclusion, Simulect® was effective at saturating the CD25 molecule in vivo, resulting 

in decreased proliferation without cell depletion. CD25 saturation was associated with a 

positive clinical effect. 
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APPENDIX C 

Elevated serum interleukin-15 levels in rheumatoid arthritis (RA): Correlation with 

serum TNF Q, IL-15R p (CD122) expression and disease activity 

Deepa R. Hammaker, David E. Yocum, Isidro Villanueva, Antoinette Mazurek, 

University of Arizona, Tucson, AZ 85724 

Abstract: 

Objectives: (^) measure IL-IS levels in the serum of RA 

patients and healthy controls, (b) determine if there is a correlation between senmi TNF-

(X and IL-15 levels in RA patients (c) measure CD122 expression in PB of RA patients 

and healthy controls and (d) determine if there is a correlation between CD 122 

expression and serum lL-15 levels. 

Materials and Methods: Peripheral blood (PB) was obtained from 21 RA patients and 

12 healthy controls. Disease activity was measured by ESR, tender joint count, and 

swollen joint count. Serum IL-15 and TNF-a levels were measured by sandwich ELISA. 

Number of CD122+ cells and CD122 MFI in PB was measured by flow cytometry. 

Results: IL-15 levels were elevated in the serum of 10 out of 21 RA patients compared 

to healthy controls. Elevated serum TNF-^ levels were observed in 6 out of 21 patients. 

The majority of these patients (4 out of 6) also had detectable IL-15 levels. Numbers of 

CD122+ cells and CD122 MFI in PB did not differ significantly in RA patients compared 

to healthy controls. A significant inverse correlation exists between numbers of CD122+ 
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cells and CD122 MFI. No correlation was observed between serum IL-IS levels and 

CD122 expression or disease activity. 

Conclusion: IL-15 is a pro-inflammatory cytokine that may play an important role in 

the pathogenesis of RA. This paper demonstrates that RA serum has elevated levels of 

IL-15 than that of healthy controls, supporting the hypothesis. The potential role of IL-15 

and its receptor in systemic inflammatory response has suggested their use in treatment of 

RA. 
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Interleukin-lS (IL-IS) is a pleiotropic cytokine that belongs to the four-helix bundle 

family, of which IL-2 is a member (1). IL-IS and IL-2 share similarities in biological 

effects including T cell activation (2), proliferation (3), and co-stimulation of 

immunoglobulin synthesis (4). However, unlike IL-2, IL-15 is produced by monocytes 

and macrophages, not by activated T cells (1). IL-IS is a chemoattractant for human 

peripheral blood (PB) T cells (5). IL-15 binds to a heterotrimeric receptor composed of a 

unique LL-I5R(x chain, and the p and y chains of the IL-2R (6). The similarities in 

flmction between IL-2 and IL-15 have been attributed to the usage of the same receptors. 

Abnormalities in IL-15 production have been associated with the development and 

maintenance of chronic inflammatory diseases such as rheumatoid arthritis (RA) (7). 

High concentrations of IL-15 have been found in RA synovial fluid (SF) and IL-15 is 

expressed by monocytes and macrophages in the synovial lining (8). Evidence suggests 

that IL-15 may play an important role in recruiting PB T cells into the synovium. v/7ro 

experiments by Mclnnes et. al. demonstrated that IL-15 induced specific polarization and 

migration of CD45RO+ PB T cells into RA SF, which were inhibited by anti-IL-l5 

antibodies (8). In addition, IL-15 stimulates activation and proliferation of RA PBMCs. 

IL-15 activates PB lymphocytes of RA patients by rapidly upregulating CD69 expression. 

RA PBMCs and SF T cells exhibited a significantly higher stimulation index in response 

to IL-15 than healthy PBMCs (8). These data suggest that IL-15 may continually recruit 

T cells from RA PB into the synovium, and induce their activation and proliferation, 

contributing to the pathogenesis of RA. While these studies have shown the importance 
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of IL-15 in the synovium of RA patients, very little is known about IL-15 levels in RA 

serum. In this paper, it is proposed that because RA is a systemic disease, serum IL-15 

levels may be elevated in RA patients compared to healthy controls, contributing to the 

pathogenesis of the disease. 

Evidence suggests that IL-15 may be an important regulator of TNF-a production in the 

rheumatoid synovium. Mclnnes et. al. have shown that IL-15 activated CD45RCH- PB T 

cells from RA patients induced TNF-a synthesis by blood or synovial derived 

macrophages in a contact-dependent mechanism (9). These results demonstrate the 

importance of IL-15 in regulating TNF-d production in the RA synovium as well as PB. 

TNF-(x occupies a pivotal role in the regulation of synovial inflammation in RA because 

it regulates synthesis of other pro-inflammatory cytokines such as IL-1 p. These 

cytokines in turn enhance production of matrix metalloproteinases (MMPs) that initiate 

joint destruction (10). Many RA patients have elevated TNF-Q^ levels in the serum, 

which correlates with disease activity. Because IL-15 regulates TNF-Q production, the 

authors wanted to determine if there is a correlation between the two cytokines in RA 

serum. 

IL-15 binds the high afBnity IL-15R complex that is composed of the alpha, beta and 

gamma chains. IL-15R p chain (CD122) has been of particular interest because it is 

necessary for IL-15 internalization, signal transduction (12), IL-15 mediated activation 

and proliferation of healthy PBMCs (2). Studies on CD122 expression in RA PB are 
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limited and contradictory (13,14). In this study, the numbers of CD122+ cells and 

CD 122 MFI have been measured in RA patients and healthy controls by flow cytometry. 

It is hypothesized that CD122 expression may be elevated in RA patients compared to 

healthy controls and that there may be a correlation between CD 122 expression and 

serum IL-IS levels. 

The goals of this study were to (a) measure IL-IS levels in the serum of RA patients and 

healthy controls, (b) determine if there is a correlation between serum TNF-a and IL-15 

levels in RA patients (c) measure CD 122 expression in PB of RA patients and healthy 

controls and (d) determine if there is a correlation between CD 122 expression and serum 

IL-lS levels. 

Patients and Methods 

Patients 

Twenty-one patients were recruited from the rheumatology clinics at the University of 

Arizona, Tucson, Arizona. All patients fulfilled the 1987 American College of 

Rheumatology (ACR) criteria for diagnosis of RA, with disease duration 6 months or 

longer (IS). Patients on oral steroid usage were included if the dose was stable and less 

than or equal to IS mg of prednisone per day. Patients on methotrexate (MTX) were 

included in the study if the dose was less than or equal to IS mg per week and blood was 

drawn at least 3 days after the last dose. Patients on Embrel and NSAIDS were included 

while those on Arava (lefluonomide) were excluded from the study. Twelve age matched 
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healthy volunteers were chosen. Written consent was obtained from all participants prior 

to drawing blood. 

Clinical Evaluations 

RA disease activity was measured by swollen joint count and tender joint count (16). A 

complete blood count (CBC) with differential, and erythrocyte sedimentation rate (ESR) 

were performed. 

ELISA 

IL-IS and TNF-(x levels were measured in the serum of 21 RA patients and 8 healthy 

controls using a commercial sandwich ELISA kit (R&D, Minneapolis, MN)< The results 

are expressed as a mean ± SE of triplicate culture for RA patients and as mean ± SE of 

duplicate culture for the healthy controls. 

Immunofluorescence staining and flow cytometric analysis 

The following Mabs were used for direct immunofluorescence staining; anti-CD2, 

CD28, HLA-DR (Immunotech, Marseille, France), anti-CD3, CD4, CDS, CD16 (Coulter, 

Miami, Florida), anti-CD20, CD 122 (Becton Dickinson, Mountain View, CA). Whole 

blood (100^1) was incubated with combinations of the above antibodies for 30 minutes at 

4oC. The RBCs were lysed and the WBCs were fixed by Coulter Multi-Q-Prep. The 

cells were analyzed by Coulter Epics XL-MCL (Coulter Corporation, Miami, Florida). 

The results are expressed as numbers of cells (% Cells x WBC). 
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Statistical analysis 

Comparisons between RA and healthy control groups were determined by Mann-

Whitney. Correlations between variables were determined by Spearman's correlation 

coefficient. 

Results 

Serum IL-15 and TNF-alpha levels in RA patients and healthy controls 

ELISAs were performed to compare IL-IS levels in RA and healthy serum. Ten out of 

21 RA patients had detectable IL-15 levels (> 2.0 pg/ml) (Table 3.1). IL-15 was 

undetectable in the healthy control serum (< 2.0 pg/ml). Serum IL-15 levels in RA 

patients were significantly higher than healthy controls (p=0.047, Mann Whitney). 

Serum TNF-(x levels were measured to determine if there was a correlation with serum 

IL-15. Six out of 21 RA patients had detectable TNF-a levels 4.4 pg/ml) (Table 3.1). 

The majority of these patients (4/6) had detectable levels of IL-15. Serum TNF-a levels 

in the healthy controls were undetectable (< 4.4 pg/ml). 

Prevalence and MFI of CD122 in RA patients and healthy controls 

The prevalence (numbers) of CD122+ cells and CD122 MFI were measured in the PB of 

21 RA patients and 12 healthy controls by flow cytometry. No significant difference in 

prevalence of CD 122+ cells was observed between RA patients and healthy controls 

(FIGURE 3.2). CD122+ cells were fiirther characterized by flow cytometry (FIGURE 
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3.3). The results showed that CD122 was predominantly expressed on NK (CD16+) cells 

and CD8+ T cells. CD122 was not detectable on CE)4+ T cells. Similar results were 

obtained with the healthy control group. 

CD122 MFI was examined in RA and healthy controls and was not significantly different 

in the two groups. Within the RA group, CD 122 MFI correlated inversely with numbers 

of CD122+ cells (p=-0.487, p<0.03) (FIGURE 3.4). This correlation was not observed 

in healthy controls. CD122 MFI correlated with absolute counts of CD25+ cells 

(p=0.806, p<0.001) but not with CD25 MFI. 

Correlation of serum IL-15 and CD122 expression with disease activity and 

duration 

Disease activity was measured by ESR, and the number of tender and swollen joints and 

duration was calculated from the year of diagnosis of RA. CD 122 expression and serum 

IL-IS levels did not correlate with either disease activity or duration. 

Discussion 

Abnormalities in IL-IS have been observed in the serum of patients with chronic 

inflammatory diseases such as systemic lupus erythematosus (17), ulcerative colitis, 

hepatitis C (18) and multiple sclerosis (19). Mclnnes et. al. have demonstrated elevated 

levels of IL-1S in RA synovial fluid and tissue compared to OA patients (8). However, 

very little is known of IL-IS levels in the serum of RA patients. In this study, serum IL-



84 

15 levels of 21 RA patients were measured by ELISA. The results demonstrated that 10 

out of 21 RA patients had elevated serum IL-IS levels compared to healthy controls. 

Together with results of Mclnnes et. al., the data support the hypothesis that IL-lS may 

be important in the pathogenesis of RA. To determine if there is a correlation between 

IL-15 and TNT-^, the serum TNF-d levels of 21 RA patients were measured by ELISA. 

Elevated TNF-d levels were detected in 6 out of 21 RA patients. The majority of these 

patients (4 out of 6) also had detectable levels of serum IL-15. These results support in 

vitro experiments by Mclnnes et. al. who demonstrated that 1L-I5 stimulated TNF-(x 

production by PB macrophages. However, because not all patients who had elevated 

serum TNF-q had detectable IL-15, the data suggest that regulation of TNF-(x may be 

more complex y/vo- indicate that IL-15 may be a more sensitive indicator of 

inflammation in RA than TNF-q, which may be useful in diagnosis of the disease. 

However, the lack of correlation with disease activity suggests that IL-15 may not 

accurately represent disease progression. 

Because RA is characterized by systemic lymphocyte activation, it was hypothesized that 

prevalence of CD122+ cells and CD122 MFI may be elevated in RA patients than healthy 

controls. The flow cytometric data indicated that prevalence of CD 122+ cells and MFI 

were not significantly higher in RA patients compared to healthy controls. This contrasts 

results of Itoh et. al. who found that the prevalence of CD 122+ cells was significantly 

lower in RA patients (p<0.05) than in healthy controls (13). The data are consistent with 

those of Creamer et al. who found no significant difference in CD 122 MFI between RA 
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and healthy PBMCs (14). The results of this study demonstrated that RA and healthy 

nai've CD4+ T cells do not express CD 122. Kanegane et. al. demonstrated similar results 

with healthy PBMCs (2). In this study, the data demonstrated that CD122 is expressed 

on the majority of NK cells, but on only a small percentage of CD8+ T cells. A 

significant inverse correlation was observed between prevalence of CD 122+ cells and 

CD 122 MFI in RA that was not present in the healthy controls. While this suggests that a 

small percentage of CD 122+ cells are CD122''"8'" and the majority of cells are CD122''''", 

the clinical relevance to RA is imclear. 

In conclusion, lL-15 is a key regulatory cytokine that bridges macrophage and T cell 

derived processes that lead to joint destruction in RA. The inflammatory properties of 

IL-15 along with elevated levels of the cytokine in RA synovium and serum makes it a 

target for monoclonal antibody therapy. Antibodies to IL-15R components have been 

suggested for the treatment of RA. Anti-CD 122 antibodies, in particular, have been used 

successfully in transplantation to prolong renal allograft survival in primates. Therapies 

targeting the IL-15R(x chain are also being developed and tested in mice for their 

immunosuppressive properties (12,20). Studies characterizing IL-lSR<x expression in 

RA are needed and will be critical in determining the effectiveness of this therapy. 
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FIGURE 1.2. Effects of PRIMATIZED* anti-CD4 antibody on numbers of CD2+, CD3+ 
and CD28+ T cells 
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FIGURE 1.4 Effects of PRIMATIZED* anti-CD4 antibody on mitogenic antibody 
induced proliferation 
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FIGURE 2.1 Percent CD25+ cells in RA and healthy controls 
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FIGURE 2.7. Simulect's® effects on IL-2 production by anti-CD3+anti-CD28 stimulated 
cells 
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FIGURE 2.8. Simulect's® effects on IL-4 production by anti-CD3+anti-CD28 stimulated 
cells 
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Day 0 (Pre-inflision) Day 33 (Follow up) 
Pt. Tender Swollen Tender* Swollen* 
1 14 16 5 3 
2 32 31 24 34 
3 37 20 11 8 
4 36 25 26 8 
5 17 17 3 3 

TABLE 2.1. Effects of Simulect® on number of tender and swollen joints 



Pt# IL-IS (pg/ml) TNF-a (pg/ml) 
1 ND" Niy 
2 ND ND 
3 8.7 ±0.3 ND 
4 ND ND 
5 2.8 ±0.0 ND 
6 ND 294 ± 7.3 
7 2.3 ±0.2 ND 
8 2.9 ±0.2 317 ±4.8 
9 4.3 ±0.9 190 ±2.0 
10 9.4 ±0.2 ND 
11 ND ND 
12 ND ND 
13 ND 117±3.3 
14 5.4 ±0.2 37 ±2.8 
15 41.3 ±0.7 ND 
16 ND ND 
17 3.8 ±0.6 ND 
18 ND ND 
19 3.3 ±0.5 19 ±11.3 
20 ND ND 
21 ND ND 

"ND = Non-detectable; low detection limit = 2.0 pg/ml 
''ND = Non-detectable; low detection limit = 4.4 pg/ml 

TABLE 3.1. Serum IL-15 and TNF-a levels of RA patients. 
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FIGURE 3.1. CD 122 expression in RA and healthy peripheral blood 
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FIGURE 3.2. CD 122 Expression on Cell Subsets 
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FIGURE 3.3. CD122 MFI in RA and healthy peripheral blood 
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