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ABSTRACT 

Since macrophages play an important role in T cell activation, we investigated the role of 

CD 14+ cells in T cell activation, proliferation and activation-induced cell death (AICD). 

Using PHA for activation, it was found that CD 14+ cell depletion resulted in 

significantly greater AICD, decreased lymphocyte growth and increased IL-2 secretion. 

Lymphocyte activation was delayed as defined by CD69 and CD25 expression. ^H-TdR-

incorporation was reduced in proportion to the percentage of AICD in the cultures. 

Addition of supernatants from activated CD14+ cells to CD14+ cell-depleted 

mononuclear cell cultures reversed the effects on AICD, IL-2 secretion and lymphocyte 

growth. Supernatants from TNF-a matured dendritic cells demonstrated the same activity 

as the CD14 cocktails. These data suggested a soluble survival signal from CD14+ cells 

that prevented apoptosis, maintaining an active immune response. 

Further studies demonstrated that depletion of CD14+ cells in rheumatoid arthritis 

(RA) patients resulted in greater AICD, decreased lymphocyte proliferation and even 

higher secretion of IL-2 compared with normal control subjects. While the CD 14+ cell 

percentage in RA was not significantly higher than that in the age/sex-matched healthy 

controls, CD 14 supernatants from RA showed a significantly greater protective effect on 

AICD. Data analysis revealed that CD 14 supernatants supported the siuvival of activated 

lymphocytes in RA. These data underscored the importance of the soluble siuvival signal 

in the homeostasis of the immune system and in the pathogenesis of RA. 

The analysis of apoptotic cells showed that most of the apoptotic cells bore activation 

antigen CD69 and T cell antigen CD3, suggesting that most of the apoptotic cells were 
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activated T lymphocytes. The soluble signal was also investigated. The CD 14 cocktails 

contain IL-lp, TNF-a, TGF-p and lL-6, but not lL-2, IL-12, or lL-15. Depletion assays 

using a panning method followed by blocking of residual IL-ip and TNF-a with 

corresponding monoclonal antibodies had no effect on the active AICD protection. As 

TGF-p was found in the culture medium containing 10% FBS, TGF-p might not be an 

active factor in the CD 14 cocktails. Because the CD 14 cocktails did not contain IL-12 or 

lL-15, these two cytokines were not the active factors either. 



13 

COMPREHENSIVE INTRODUCTION 

Immune tolerance and immune memory are two important hallmarks of the immune 

system. Immune tolerance means low or no response to a specific antigen. Immune 

memory means a faster response to a specific antigen at a later time. According to current 

knowledge, two processes shape immune tolerance; central tolerance and peripheral 

tolerance (1). 

Central tolerance happens in the central immune organs: mainly the thymus and bone 

marrow (2). The development of T cells in thymus has been intensively investigated. The 

peripheral T cell repertoire is shaped by positive selection and negative selection during 

the development of the immune system in the thymus. Positive selection selects cells for 

self-MHC restriction. Negative selection eliminates cells that are specific for self-

peptides bound to self-MHC molecules. The detailed mechanism of positive and negative 

selection is not completely known (3). Thymic cortical epithelial cells mediate positive 

selection. Negative selection is driven mostly by antigen presenting cells, e.g. dendritic 

cells and macrophages (4). Theories regarding different signals that confer positive 

selection and negative selection include the avidity hypothesis and the differential 

signaling hypothesis. According to the avidity hypothesis (5), the outcome of the 

selection process depends on the binding strength between thymocytes and antigen 

presenting cells (mainly cortical epithelial cells). The binding strength, in turn, is a 

function of the affinity of T cell receptor for MHC-peptide complex, the density of T cell 

receptors on thymocytes, the density of MHC-peptide complexes on antigen presenting 

cells and the interaction of other adhesion molecules on both thymocytes and antigen 
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presenting ceils. Therefore, thymocytes that are signaled weakly are rescued from 

programmed cell death and positively selected, whereas thymocytes that are signaled 

strongly are driven to programmed-cell-death and therefore negatively selected. 

According to the differential signaling hypothesis (6), it is the nature of the signal 

delivered by T cell receptor, rather than the number of the receptors engaged that 

distinguishes positive from negative selection. That means that peptides conferring 

positive selection (antagonist peptides) are different from peptides conferring negative 

selection (agonist peptides). Antagonist peptides bound to self-MHC deliver a partial 

signal to T cell receptors and positively select thymocytes. Agonist peptides bound to 

self-MHC deliver an activation signal to T cell receptors and negatively select 

thymocytes. 

However, the central immune system is not perfect in educating T cells. Auto-reactive 

T cells are found in periphery (7). Therefore, the adult immune system is re-shaped in the 

periphery by currently unknown mechanisms to remove potential harmful auto-reactive 

immune cells and at the same time keep sufficient antigen specific immune cells to 

maintain immune memory. This mechanism could be more complicated compared with 

positive selection and negative selection occurring during central tolerance. In the past 

ten years, peripheral immune tolerance had drawn more and more attention from 

immunologists (8). 

Currently, two mechanisms have been reported to contribute to peripheral immune 

tolerance: clonal anergy and clonal deletion. Clonal anergy means unresponsiveness or 

low responsiveness to a specific antigen. This phenomenon was reported in late 1970s 
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and early 1980s (9). Two theories are used to explain clonal anergy: one is the presence 

of T suppressor cells and the other is the lack of co-stimulatory molecules. T suppressor 

cells are a group of cells that negatively regulate the immune response. The nature of T 

suppressor cells has not been well characterized (10). Co-stimulatory molecules, the most 

important being CD80 and CD86 are well accepted as a second signal necessary for T 

cell activation. Co-stimulatory molecules are mostly expressed on immune cells, e.g. DC, 

activated T cells and activated B cells. Most tissues other than immune tissues do not 

e.xpress these molecules. The lack of co-stimulatory molecules on cells of most tissues 

therefore is considered to be an important mechanism avoiding damage by auto-reactive 

lymphocytes in periphery (11). 

Peripheral clonal deletion occurs after mature T cells encounter antigen and become 

activated. Two events may contribute to peripheral clonal deletion: one is T cell removal 

by activation-induced cell death (AlCD), or active apoptosis. The other mechanism is 

passive apoptosis that occurs alter removal of stimulating antigens and subsequent 

removal of growth factors (12). Potentially deleterious lymphocytes have to be removed 

in a timely fashion to avoid autoimmune diseases. AICD is a normal way to limit the T 

cell response. It is also considered to be an important mechanism for removing 

potentially auto-reactive and harmful activated lymphocytes. It therefore has been 

considered an important mechanism for maintaining peripheral tolerance (13-17). CTLA-

4 is an important molecule that negatively regulates T cell response. This conclusion is 

based on the finding that CTLA-4 knockout mice display lymphoproliferative disease 

(18). The failure of AICD is postulated to be the basis for the disease in CTLA-4 
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knockout mice (19). Passive apoptosis after an immune response serves as a tool to 

remove expanded lymphocytes and bring the immune system back to its original size. 

Passive apoptosis was also reported to have an important role in the pathogenesis of 

experimental autoimmune encephalomyelitis (EAE) (20). However, at the same time 

some long-lived immune memory ceils will be preserved after each immune response 

without disturbing the overall homeostasis of the inmiune system (21). How the immune 

system regulates the life and death of activated lymphocytes and therefore memory and 

tolerance is still an enigma. 

The role of activation-induced cell death in the pathogenesis of autoimmune diseases 

has been investigated in the past ten years (22,23). Recently, investigators tried using 

AICD to induce specific death of auto-reactive lymphocytes as a therapeutic method tor 

multiple sclerosis (24) and showed that intra-peritoneal injection of soluble MBP antigen 

could induce apoptosis of Vp8.2^ T cells in CNS but not the draining lymph nodes or 

spleen. The frequency of T cells reactive to the major encephalitogenic epitope, MBP72. 

gg, was also decreased in the CNS but not in the popliteal lymph nodes by the above 

treatment. It is possible that specific mechanisms exist to keep activated lymphocytes 

alive longer avoiding AICD, thus maintaining an immune response. However, such 

mechanisms may promote auto-reactivity in genetically predisposed individuals by 

causing accumulation and expansion of auto-reactive lymphocytes in vivo. Several 

factors and cytokines are reported to facilitate AICD: IFN-y (25,26), TNF-a (27), IL-2 

(28), and sCD137 (29). Alternatively, several other factors and cytokines are reported to 

prevent AICD: IL-2 (30), TNF-a (31), IL-l (32), IL-6 (33), IL-7 (34), p-chemokines 
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(35), TGF-P (36, 37) and IL-15 (38). There is contrasting data on the role of monocytes 

in apoptosis. While monocytes were reported to rescue lymphocytes from apoptosis (39, 

40), other laboratories reported that monocytes were required to prime T ceils to undergo 

apoptosis (41). However, soluble factors from activated monocytes were reported to have 

no effect on apoptosis (39,40). 

Professional antigen-presenting cells (APCs) can trigger immune responses. APCs 

include monocytes, macrophages, dendritic cells and B cells. The common feature of 

these cells is that they are CD 14+ positive, at least in the naive state (42-44). CD 14 has 

important functions in innate immunity including binding bacteria, LPS and virus, and 

also in the clearance of apoptotic bodies (45,46). Therefore, CD 14+ cells play a critical 

role in innate and acquired immunity by binding antigens, presenting antigens to T cells 

and removing apoptotic cells after the immune response. Recently, efforts have focused 

on the cell-cell interactions and soluble signals between APCs and lymphocytes. These 

studies resulted in the discovery of the first signal and the second signal for T cell 

activation (47, 48). According to this hypothesis, T cell activation needs at least two 

signals; an antigenic first signal and a co-stimulatory second signal. The antigenic signal 

is delivered by peptides in the context of self-MHC molecules on antigen presenting cells 

to T cell receptors. Co-stimulatory molecules on both antigen presenting cells and T cells 

deliver the co-stimulatory signal to T cells. The most important ones include CD80/CD86 

on antigen presenting cells and CD28/CTLA-4 on T cells. Upon activation, T cells will 

leave local lymph nodes where the activation occurred and migrate to the sites where 

antigens first broke the barrier of the immune system eind invaded tissues. The activated 
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lymphocytes have to stay alive during their migration. The life and death of activated 

lymphocytes is therefore an important checkpoint controlling an immune response. The 

survival of activated lymphocytes is required for T lymphocytes to have enough time to 

perform an immune response and to generate immune memory. However, in genetically 

programmed individuals, the survival of auto-reactive lymphocytes could cause 

autoimmune disease. The death of activated lymphocytes is equally important to end an 

immune response after antigens have been removed and to remove auto-reactive 

lymphocytes. However, early death of activated lymphocytes could cause an aborted 

immune response. The detailed mechanisms for controlling life and death of activated 

lymphocytes are still unknown (49-50). Herein we postulate that APCs are able to 

provide all essential signals for T lymphocytes to perform an effective immune response 

including the two signals needed for activation and a survival signal for regulating the life 

and death of activated lymphocytes. An abnormal survival signal could lead to 

accumulation and expansion of auto-reactive lymphocytes and autoimmune diseases 

could ensue. In the flrst part of this study, we used PHA to stimulate peripheral 

mononuclear cells in the presence or absence of CD 14+ cells (CD 14+ PBMC and CD14-

PBMC). Soluble factors secreted by activated CD14+ cells were studied to analyze their 

effects on AICD. The findings suggested that a soluble survival signal from activated 

CD 14+ cells was important in maintaining viable activated lymphocytes via an inhibition 

of AICD. 

The basic cause of autoimmune disease is a failure to establish and maintain immune 

tolerance, either central immune tolerance or peripheral immune tolerance. Breaking 
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peripheral tolerance is considered an important mechanism for the pathogenesis of some 

autoimmune diseases, including rheumatoid arthritis (RA) and diabetes (49-52). 

Rheumatoid arthritis is a complex autoimmune disorder initiated by unicnown antigen(s) 

in a genetically programmed host (53). Theories regarding the pathogenesis of this 

disease vary (54-58), including genetic disposition, environmental factors (bacteria and 

virus), T cells and cytokines. 

Genetic linkage in RA was investigated in the late 1970s and early 1980s in humans, 

and has been intensively studied in various animal models including rat and mouse 

models of experimental autoimmune arthritis (54). Rat models of erosive arthritis include 

collagen-induced arthritis (CIA), cartilage oligomeric matrix protein-induced arthritis 

(COM?), mycobacterium-adjuvant-induced arthritis (Mtb), avridine-induced arthritis, 

pristane-induced arthritis, oil-induced arthritis and streptococcal cell wall-induced 

arthritis (SCW) (54). Mouse models of erosive arthritis include collagen-induced arthritis 

(CIA), pristane-induced arthritis, proteoglycan-induced arthritis and transgenic mouse 

models of spontaneous arthropathy (54). According to current knowledge, the genetic 

factors (MHC and non-MHC) determining the expression of the disease in these 

experimental rat and mouse arthritis models bear striking similarity to that in human RA, 

suggesting the importance of genetic factors in the pathogenesis of RA (59). One study 

that tested 102 patients using polymerase chain reaction and oligonucleotide 

hybridization showed that individuals homozygous for the rheumatoid arthritis associated 

alleles DRBI*0401 or *0404, or the combination of *0401 and 0404 or *0408 identified a 

subgroup with the most severe outcome. This group showed a higher frequency of 
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nodular diseases and more frequently extra-articular manifestations of rheumatoid 

arthritis such as vasculitis, pulmonary or eye involvement (55). In CIA model, CIA is 

also genetically controlled by MHC-related so-called quantitative trait loci (QTL) or cial 

although CIA is also regulated by other non-MHC related QTL. This locus also controls 

the severity of CIA (59). The logarithm of odds (LOD or called location score. By 

convention, the location score is the base 10 log of the likelihood ratio) could be 0% or 

100%. For example, DA rats are high responders to porcine type 11 collagen (PII) and 

develop severe CIA (100%). BN rats are low responders to PII and resistant to CIA (0%) 

(56). Evidence for the HLA and genetic predisposition to RA includes (55): (1) A 

particular class II molecule acting as a receptor for an etiologic agent (drug, virus), (2) A 

particular class II molecule binding the appropriate auto-antigen and thereby activating T 

cells necessary to produce disease, (3) The T cell receptor genes may be the true disease 

susceptibility genes, and (4) The disease-associated class II molecule is similar or 

identical to a sequence in the etiologic agent. The immune response to an etiologic 

pathogen (e.g. virus) could cross-react with self class-II molecules and initiate a cascade 

of autoimmune disease. 

However, genetic factors cannot explain all aspects of the pathogenesis of RA. While 

the exact mechanisms that trigger the disease are still unknown, infection by pathogens 

(bacteria, virus) is partially responsible for triggering the disease. The hypothesis came 

from the observation in the induction of RA in animal models described above (54). 

The immune system, at the very beginning, acts to perpetuate the disease. In animal 

studies, both B cells and T cells are associated with autoimmune arthritis. For example, in 
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the CIA model the pathogenesis of CIA depends on both auto-reactive T cells and B cells 

(59). The auto-reactive B cells produce antibodies to type II collagen. The auto-reactive T 

cells secrete cytokines that prepare macrophages to produce TNF-a, IL-1. proteases, 

glycosidase and other enzymes that destroy joint cartilage. 

Currently, most investigators believe that T cells play a pivotal role in both the 

initiation and persistence of RA (60). In predisposed individuals, auto-reactive T cells are 

activated by as yet unknown antigens and initiate the cascades resulting in full-blown 

disease. Two groups of cells in the peripheral blood have been reported to be associated 

with autoimmune disease. One is the CD4+CD25+ regulatory T cell (61-63). These cells 

were shown to down-regulate co-stimulatory molecules on antigen-presenting cells, 

suppress polyclonal T cell activation by inhibiting IL-2 production and control 

autoimmune diabetes. Another group of cells was the CD4+CD28- cells that had 

potential auto-reactivity and were clonally expanded in RA (64-67). However, why those 

auto-reactive lymphocytes accumulate and reach the threshold that causes autoimmune 

disease is still unknown. Knowing the mechanisms that result in the accumulation and 

expansion of auto-reactive lymphocytes is important to better understand the 

pathogenesis of RA. 

As mentioned above, AICD is a critical mechanism used by the immune system to 

limit immune responses and eliminate potential deleterious auto-reactive lymphocytes. 

Herein, we reported that a survival signal from activated CD 14+ cells was important in 

controlling AICD. We therefore further investigated the role of the proposed survival 

signal from activated CD 14+ cells in the accumulation and expansion of potential auto-
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reactive lymphocytes in RA. It was found that the soluble factors from activated CD 14+ 

cells were critical in maintaining activated/memory lymphocytes in RA. 

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

going research in the area of immunology and rheumatoid arthritis. The author of the 

dissertation has performed the majority of the experiments included in the two papers in 

chapter l/II and is the first author of these papers. Other unpublished supplemental data 

are also discussed in chapter III, which support the survival signal hypothesis. 
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CHAPTER I 

SOLUBLE FACTORS SECRETED BY CD 14+ CELLS PROTECT LYMPHOCYTES 

FROM ACTIVATION-INDUCED CELL DEATH 
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Introduction 

Currently, two mechanisms have been reported to contribute to peripheral immune 

tolerance: clonal deletion and clonal anergy. Peripheral clonal deletion occurs after 

mature T cells encounter antigen and become activated. Two events may contribute to 

peripheral clonal deletion; T cell removal by activation-induced cell death (AICD' or 

active apoptosis) or passive apoptosis that occurs after removal of stimulating antigens 

and subsequent removal of growth factors (I). AICD has been considered an important 

mechanism for maintaining peripheral tolerance (2-6). However, it may play a role in 

autoimmune disease, where auto-reactive lymphocytes may be more resistant to 

apoptosis (7,8). Recently, investigators tried using AICD to specifically induce the death 

of auto-reactive lymphocytes as a therapeutic method for multiple sclerosis and showed 

that intra-peritoneal injection of soluble MBP antigen could induce apoptosis of Vp8.2'^ T 

cells in CNS but not draining lymph nodes and spleen. The frequency of T cells reactive 

to the major encephalitogenic epitope, MBP72-89, was also decreased in the CNS but not 

in the popliteal lymph nodes by the above treatment. However, the clinical importance of 

this finding is yet to be tested (9). It is possible that specific mechanisms exist to keep 

activated lymphocytes alive longer by avoiding AICD, thus maintaining the immune 

response. However, such mechanisms may promote auto-reactivity in genetically 

predisposed individuals by causing accumulation and expansion of auto-reactive 

lymphocytes. Several factors and cytokines have been reported to facilitate AICD: IFN-y 

' Abbreviations: CDI4+ PBMC (or CD14+) stands for PBMC before CD14+ cell depletion; CD14- PBMC 
(or CD 14-) stands for PBMC after CD 14+ cell depletion; CD 14+ cells stand for Dynabeads-bound cells; 
CD 14 cociaails stand for supematants from cultures of Dynabeads-bound cells (CD 14+ cells). 
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(10,11), TNF-alpha (12), lL-2 (13), and sCD137 (14). Alternatively, several other factors 

and cytokines have been reported to prevent AICD: IL-2 (15), TNF-alpha (16), IL-1 (17), 

lL-6 (18), IL-7 (19), P-chemokines (20) and TGF-P(21, 22). There was contrasting data 

on the role of monocytes in apoptosis. While monocytes were reported to rescue 

lymphocytes from apoptosis (23, 24), other laboratories reported that monocytes were 

required to prime T cells to undergo apoptosis (25), Soluble factors from activated 

monocytes were reported to have no effect on apoptosis (23,24). 

Professional antigen-presenting cells (APCs) can trigger immune responses. APCs 

include monocytes, macrophages, dendritic cells and B cells. A conmion feature of these 

APCs is that they are CD14 positive, at least in naive state (26-28). The CD14 molecule 

has important functions in innate immunity including binding bacteria, LPS and virus, 

and also in the clearance of apoptotic bodies (29,30). Therefore, CD 14+ cells play a 

critical role in innate and acquired immunity by binding antigens, presenting antigens to 

T cells and removing apoptotic cells after immune response. Recently, efforts have been 

focused on the cell-cell interactions and soluble signals between APCs and lymphocytes. 

These studies resulted in the discovery of the first and second signals for T cell activation 

(31, 32). However, our understanding of this process is still in its infancy because the 

regulatory mechanism for activated T lymphocytes is still unknown. Upon activation, T 

cells will leave local lymph nodes where the activation occurred and migrate to the sites 

where antigens first broke the barrier of the immune system and invaded tissues. The 

activated lymphocytes have to stay alive during their migration. The life and death of 

activated lymphocytes is therefore an important checkpoint controlling an immune 
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response. The survival of activated lymphocytes is required for T lymphocytes to have 

enough time to perform an immune response and to generate immune memory. However, 

in genetically programmed individuals, the survival of auto-reactive lymphocytes could 

cause autoimmune disease. The death of activated lymphocytes is equally important in 

ending an immune response after antigens have been removed and in removing auto

reactive lymphocytes. However, early death of activated lymphocytes could cause an 

aborted immune response. The detailed mechanisms for controlling the life and death of 

activated lymphocytes are still unknown (33-34). Herein, we postulate that APCs are able 

to provide essential signals to T lymphocytes that maintain an effective immune response 

by preventing AICD. In this chapter, we investigated the role of CD 14+ cells in T cell 

activation, proliferation and activation-induced cell death (AICD). Using PHA activation, 

it was found that CD 14+ cell depletion resulted in significantly greater AICD, decreased 

lymphocyte growth and at the same time up-regulated IL-2 secretion. T cell activation 

was delayed according to CD69 and CD25 expression. ^H-TdR-incorporation by 

lymphocytes was reduced in proportion to the percentage of AICD in the cultures. 

Addition of supematants from activated CD 14+ cells to CD 14+ cell-depleted 

mononuclear cell cultures reversed the increased AICD, increased IL-2 secretion and 

decreased lymphocyte growth. Depletion of IL-ip and TNF-a in the CD 14 supematants 

by panning followed by blocking with corresponding monoclonal antibodies had no 

effect on the active AICD protection. The data suggested a soluble survival signal from 

activated CD 14+ cells that prevented apoptosis in order to maintain an active immune 

response. 
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Materials and Methods 

Study population. All subjects (40) were female with ages ranging &om 35 to 60. 

All human subjects enrolled in this study did not have any chronic or acute diseases. 

Peripheral blood was drawn in heparinized tubes for all the studies. 

Isolation of PBMC from normal control human subjects and stimulation with 

PHA-p: Peripheral blood mononuclear cells (PBMC) were isolated from whole blood 

using Histopaque (35). After isolation, mononuclear cells were reconstituted with RPMI 

1640 media (containing 2.83 mg/ml Hepes, 2mg/ml NaHC03, lOOU/ml Penicillin, 

100|ag/ml Streptomycin, 3.125 x 10"^ 2-ME, 10% FBS), counted and aliquoted for 

different experiments. The aliquoted cells were then adjusted to IxlO^ cells/ml with 

RPMI 1640 culture medium (lO^ig/ml PHA-p, Sigma), seeded into 6 well or 24 well 

culture plates (Costar) depending on experiments and cultured at 37°C, 5%C02. A 

portion of cells was subjected to CD14+ cell depletion by Dynabeads (Dynal Inc.) before 

they were seeded into the plates. PHA proliferation assays were also performed on these 

cells. At 24, 48 and 72 hours, cells were collected for cell surface antigen analysis 

(IgG2a-PC5, CD3-PC5, T4-FITC, CD4-RD1, T8-FITC, CD8-RD1, CD16-FITC, B4-

RDl, B4-FITC, CD28-FITC, CD25-PC5, CD132-PE, CD122-PE, CD95-PE and CD14-

PE were purchased from Beckman Coulter) and analysis of apoptosis (Annexin-V FITC 

kit was also purchased from Beckman Coulter). 

Dynabeads M-450 CD14 (Monocytes/Macrophages). Dynabeads were purchased 

from Dynal Inc. It is uniform, magnetizable polystyrene beads coated with a primary 

monoclonal antibody (mAb) specific for CD 14 membrane antigen. The primary 
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monoclonal antibody is attached to Dynabeads M-450 via a secondary antibody to effect 

optimal orientation. Dynabeads M-450 CD 14 are supplied as a suspension containing 4 x 

10^ beads/ml (30mg/ml) in phosphate buffered saline (PBS, pH7.4), containing 0.1% 

bovine serum albumin (BSA) and 0.02% sodium azide (NaN3). The diameter of the 

beads is 4.5 ^m. The density is approximately 1.5 g/cm^. 

CD14+ cell depletion using Dynabeads and preparation of supernatants: PBMC 

(CD 14+ PBMC, cell concentration 1 x 10^ cells/ml) were added to Dynabeads (M-450 

CD 14, Dynal Inc.) conjugated with anti-CD 14 antibody and incubated at 4°C with gentle 

rotation using an orbitron rotator II (Boekel Scientific) for 1 hour. Cells were separated 

into CD 14- PBMC and Dynabeads-bound cells (CD 14+ cells) using a magnetic particle 

concentrator (Dynal, MPC-1). The CD 14- PBMC were subjected to a second cycle of 

separation and the CD 14- PBMC were tested for CD 14 antigen compared with the 

PBMC before CD 14 depletion (CD 14+ PBMC). 

The Dynabeads-bound cells (CD 14+ cells) were washed three times with PBS pH7.4 

and adjusted to 1x10^ cells/ml using macrophage serum-free medium (Gibco BRL). 

These cells were cultured at 37°C, 5% CO2 and the supernatants were collected after 

eighteen hours. The supernatants were designated as "CD 14 cocktails". 

Flow cytometric analysis of apoptosis and cell surface antigens: Cells were 

adjusted to 4xl0®/ml in PBS (pH7.4 with 5% FBS). Cells (65|il) were added to 5 ml tubes 

and directly fluorensenated antibodies were added into the tubes. The tubes were 

incubated for 30 min at 4°C, washed once with PBS (PH7.4) and reconstituted in PBS 

(PH 7.4). The cells were analyzed using flow cytometer (three colors). For apoptosis, the 



29 

Annexin V-FITC kit was used (Immunotech, Beckman Coulter) to stain the cells. Briefly, 

4x10' cells were washed once with PBS and adjusted to a concentration of 4xl0^/ml with 

100|il buffer, Ijil Annexin and 5|xl PI (propidium iodide) were added and mixed. The 

cells were then incubated at 4°C for 10 min in dark and analyzed by flow cytomeUy 

without washing. 

CD14 supernatant studies: For the AICD protection assay, CD 14- PBMC were 

adjusted to IxlO^cells/ml with complete RPMI 1640 containing PHA (lOjag/ml) and 

either 10%, 20%, 40%, 80% or 100% CD14 cocktails. CD14+ PBMC were used for 

comparison. The cells were seeded into 96 well or 24 well culture plates depending on 

experiments and cultured at 37°C and 5% C02. After 24, 48 and 72 hours, cells were 

collected and analyzed for apoptosis by flow cytometry. 

IL-ip and TNF-a depletion assay: IL-ip ELISA kits (R&D Systems, catalog number 

DLB50, sensitivity: the minimum detectable dose of IL-ip is typically less than Ipg/ml) 

and TNF-a ELISA kits (R&D Systems, catalog number DTA50, sensitivity: the 

minimum detectable dose is typically less than 4.4pg/ml) were used. Briefly, CD 14 

cocktails were added into the ELISA plates at lOOfil/well and mcubated at 4°C for 2 

hours. After the first two-hour incubation, the CD 14 cocktails were transferred into new 

wells for another two-hour incubation at 4°C. After the second two-hour incubation, the 

CDI4 cocktails were transferred into new wells again and were subjected to a third round 

depletion (2 hours). 

IL-ip and TNF-a blocking assay: For the IL-ip blocking assay, anti-IL-ip mAb 

[R&D Systems, ND50 (50% neutralizing dose) and NDIOO (100% neutralizing dose) are 
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about 0.001-0.003^g/ml and 0.1-l|ag/nil, respectively when IL-ip concentration was 

50pg/ml] is used to block the residual IL-ip. Briefly, the IL-ip depleted CDI4 cocktails 

were further incubated with 9.6iig/ml anti-IL-lp antibody at 37°C, 5%C02 for one hour 

before it was used for the protection assay. For the TNF-a blocking assay, anti-TNF-a 

mAb (R&D Systems, ND50 and NDIOO are about 0.02-0.04|ag/ml and 0.1-ljag/ml, 

respectively when TNF-a concentration was 250pg/ml) was used to block the residual 

TNF-a. Briefly, the TNF-a depleted CD14 cocktails were further incubated with anti-

TNF-a antibody (6.4 ^g/nll) at 37°C. 5%C02 for one hour before it was used for the 

protection assay. 

PHA proliferation assay: CD14+ PBMC and CD14- FBMC were adjusted to 1 x 10® 

cells/ml with RPMI 1640 media containing lO^g/ml PHA-p, seeded into 96 well culture 

plates (200|al/well, 2x10^ cells/well) and cultured at 37°C, 5%C02 for 72 hours. Eighteen 

hours before cell harvest, IfaCi/well ^H-TdR (Thymidine-methyl-^H, 247.9 GBq/mmol, 

6.70 Ci/mml, NEN) was added. Cells were harvested at 72 hours and counted in a 

scintillation counter (Beckman, LS6000SC). 

ELISA detection of cytokine secretion: R & D  S y s t e m ' s  I L - i p  Q u a n t i k i n e  E L I S A  k i t  

(catalog number DLB50, sensitivity: the minimum detectable dose is typically less than 

Ipg/ml), TNF-a Quantikine ELISA kit (catalog number DTA50, sensitivity: the 

minimum detectable dose is typically less than 4.4pg/ml) and IL-2 Quantikine ELISA kit 

(catalog number D2050, sensitivity: the minimum detectable dose is typically less than 7 
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pg/ml) were used to test for cytokines in the CD 14 cocktails and in the supematants of 

PHA activated lymphocytes. 

Statistical analysis: SPSS software (statistical package for the social sciences) was 

used to perform the statistical analyses. The statistical methods used in this study 

included paired-sample t test and independent-sample t test. 
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Results 

Effect of CD14+ cells on AICD, cell activation and cell proliferation. To 

demonstrate the depletion of CD 14+ cells from PBMC, CD 14+ PBMC and CD14-

PBMC were analyzed by flow cytometry. As shown in Figures 1.1, the percentage of 

CD14+ cell before depletion was 14±6% (CD14+ PBMC, left panel). The CD14 antigen 

was undetectable after two rounds of depletion (CD 14- PBMC, right panel). 

These CD 14- PBMC were used to evaluate the effect on PHA induced AICD. Figure 

1.2 shows Annexin V-FITC and PI staining of CD14+ PBMC and CD14- PBMC 

activated by PHA at Ohr., 24 hr., 48 hr. and 72 hr. Depletion of CD 14+ cells (CD 14-) 

resulted in increased apoptotic cells (PI/Annexin double positive cells). 95% to 100% of 

PI positive cells are also Annexin V-FITC positive, suggesting that AICD is typical of 

apoptotic process. Some cells are positive only for Annexin V-FITC, which are early 

apoptotic cells (36-37). Apoptotic bodies could also be perceived under light microscope. 

The apoptotic bodies were small, round bodies enveloped by cell membranes. Figure 1.3 

shows the cumulative data. There was a significant difference in the AICD rates between 

CD 14+ and CD 14- PBMC activated for 24, 48 and 72 hours. Cell death peaked between 

24 and 48 hours. The effect of CD 14+ cell depletion on lymphocyte growth was also 

investigated. As shown in Figure 1.4, upon PHA stimulation, cell counts (the initial cell 

number was 1x10^ cells/ml, 1 ml/well) dropped dramatically at 24 hours and 48 hours, 

which are the peaks of AICD. Cell numbers begin to increase after 48 hours. 

We next examined whether CD 14+ cell depletion affected cell activation and 

proliferation. As shown in Figure l.Sa, CD69 (early activation antigen) expression was 
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decreased at 24 hours, recovered at 48 hours and increased at 72 hours as compared with 

those in CD14+ PBMC. Figure 1.5b shows that CD25 (IL-2 receptor a chain) expression 

is decreased at 24, recovered at 48 hours and 72 hours. The data suggest a delay of T cell 

activation in the absence of CD 14+ cells. The ^H-TdR-incorporation assay was also 

performed to evaluate lymphocyte proliferation. As shown in Figure 1.6a, no significant 

difference of ^H-TdR-incorporation in CD14+ and CD14- PBMC was observed overall. 

The relationship between AICD and ^H-TdR-incorporation was then analyzed 

individually. As shown in Figure 1.6b, two populations with lower and higher AICD exist 

in normal healthy controls, the individuals with higher AICD rates in the absence of 

CD 14+ cells have decreased ^H-TdR-incorporation in response to PHA-P. The 

individuals with lower AICD rates in the absence of CD 14+ cells do not show decreased 

^H-TdR-incorporation in response to PHA-p. The lymphocyte subsets were also 

analyzed. T lymphocytes (CD3, CD4, CD3/4, CD3/8,) were activated and underwent 

proliferation in both CD 14+ and CD 14- PBMC (See chapter III, supplemental data). 

Dynabeads bind CD 14+ cells and induce secretion of monocytic cytokines. To 

examine the potential role of "soluble factors" in AICD, Dynabeads were tested for 

activating CD 14+ cells and inducing secretion of monocytic cytokines. 50 ^1 beads 

(4x10^ beads for two round depletion in total) were mixed with lO' PBMC and incubated 

at 4°C for one hour. After one hour, firee beads and beads-bound cells were collected 

using magnetic particle concentrator (Dynal, MFC). As shown in Figure 1.7a, CD 14+ 

cells bind to Dynabeads and phagocytose the beads. The above resultant mixtures were 

re-suspended in macrophage serum free medium. The beads-bound cells (CD 14+ ceils) 
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were adjusted to a concentration of IxlO^ cells/ml and cultured at 37°C, 5%C02. At 4 

hour, 8 hour, 18 hour, 20 hour and 24 hour, supematants from cultures were collected 

(CD 14 cocktails) and tested for cytokine secretion. As shown in Figure 1.7b, the CD 14 

cocktails contained TNF-a and IL-ip. No IL-2 was found, implicating the activation of 

monocytes and secretion of monocytic cytokines. Cytokine concentrations peaked at 

about 18 hours. Therefore, the CD 14 cocktails were collected at 17-18 hours and stored at 

-80°C for future studies. 

Prevention of AICD and promotion of lymphocyte growth using "CD14 

cocktails". The CD 14 cocktails collected as described above were tested for its 

protecting activated lymphocytes from AICD. As shown in Figure 1.8a, addition of CD 14 

cocktails (CD14-/CK, lower panel) reverses the increased AICD rates in CD 14- PBMC 

(CD14-, middle panel) at 24, 48 and 72 hours as compared with CD14+ PBMC (CD14+, 

upper panel). Effect of different doses of CD 14 cocktails on AICD was also determined. 

As shown in Figure 1.8b, the CD 14 cocktails inhibited the increased AICD induced by 

CD 14+ cell depletion. This protective effect was achieved with as little as 10% CD 14 

cocktail. No significant increase in protective effect was seen when using up to 100% 

CD 14 cocktail. Figure 1.8c summarizes the cumulative data from twelve independent 

protection assays. The data presents the significant protective effects of the CD 14 

cocktails on AICD at 24, 48 and 72 hours. The effect of CD 14 cocktails on lymphocyte 

growth was also evaluated. As shown in Figure 1.9, cell counts were increased at 48 

hours and 72 hours with addition of CD 14 cocktails at 0 hour (Count/CD 14-/CK0hr) as 

compared with CD14- PBMC (Count/CD 14-). Addition of CD14 cocktails at 24 hours 
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and 48 hours had decreased effects on cell counts (Count/CD 14-/CFC24hr and 

Count/CD 14-/CK48hr). The above data are consistent with AICD in the same cultures, 

according to trypan-blue staining (CD14+/TB, CD14-/TB, CD14-/CK0hr/TB, CD14-

/CK24hr/TB and CDI4-/CK48hr/TB). Adding the CD 14 cocktails until 24 and 48 hours 

had decreased effects on AICD as well. 

Correlation of IL-2 production but not CD95 expression with increased AICD. 

Since CD95 expression is considered to be associated with AICD (1-5), its kinetic pattern 

of expression was compared in the CD 14+ PBMC and the CD 14- PBMC. No significant 

difference in CD95 expression between CD 14+ and CD 14- PBMC was seen. As shown 

in Figure 1.10a, CD95 expression was very low at 24 hours in the absence of CD 14+ 

cells (<I0%), a time when AICD were >20%. Therefore, CD95 expression did not 

correlate with increased AICD. However, as CD95 expression did increase after 48 

hours, it might have contributed to the late stages of AICD. 

We next examined whether AICD was associated with IL-2 production. Supematants 

from PHA-activated CDI4+ PBMC and CD14- PBMC were collected at 24, 48 and 72 

hours and tested for IL-2 production. As shown in Figure 1.10b, supematants from 

cultures of the PHA activated CD 14- PBMC contained significantly higher levels of IL-2 

compared with that from cultures of the PHA activated CD14+ PBMC. The above data 

suggested a higher activation state of the lymphocytes in the absence of the CD 14+ cells. 

To evaluate if there were soluble factors responsible, the CD14 cocktails were added 

back to the CD 14- PBMC cultures. As shown in Figure 1.11a, the increased IL-2 
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secretion was inhibited in the presence of 10%, 20%, 40%, 80% and 100% CD 14 

cocktails. Figure 1.11b shows the cumulative data from eight independent experiments. 

The role of IL-ip and TNF-a. Because IL-lp and TNF-a were reported to prevent 

apoptosis (16,17), IL-ip and TNF-a levels in the CD 14+ cocktails were measured. As 

shown in Figure 1.12, the average IL-lp concentration was 293±33 pg/ml. The average 

TNF-a concentration was 1204±509 pg/ml. To test if either of these two cytokines 

contributed to the protective effect of the CD 14 cocktails, the cytokines were depleted 

using R&D Systems' Quantikine ELISA kits (IL-ip and TNF-a). After three rounds of 

depletion, IL-ip and TNF-a levels were decreased by approximately 85%. At this point, 

the residual IL-1 in the CD 14 cocktail was 48±5 pg/ml and the residual TNF-a in the 

CD14 cocktail was about 181±76 pg/ml. As 20% CD14 cocktails were used for the 

protection assays, the CD14 cocktails used for the protection assays still contained 10±1 

pg/ml of IL-1 p and 36±15 pg/ml of TNF-a. These CD 14 cocktails (20% v/v) were then 

added back to the CD 14- PBMC cultures. As shown in Figures 1.13a and 1.13b, neither 

IL-ip nor TNFa-depIeted CD 14 cocktails had decreased protection versus AlCD 

(CK+ILlpan in Figure 1.13a and CK+TNFpan in Figure 1.13b). The residual IL-ip and 

TNFa in the IL-ip- and TNFa-depleted CD14 cocktails were further suppressed by 

adding the corresponding blocking monoclonal antibodies. The corresponding blocking 

antibodies were added and the CD 14 cocktails were further incubated at 37°C for another 

one hour (according to R&D Systems' protocol). As shown in Figure 13a and 13b, the 

above treatment did not decrease the protective effect of the CD 14 cocktails from both 
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groups either [CK+IL-lpan+anti-ILl (lOfig/ml) in Figure 13a and CK+TNFpan+anti-

TNF (6^g/ml) in Figure 13b]. 
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Discussion 

During a normal immune response, lymphocytes are activated and expand in response 

to antigens. In order to do this, lymphocytes need at least two signals to be fully 

activated. However, little is known about how this process is regulated and what happens 

to the activated lymphocytes. Current literature suggested that activated lymphocytes 

were susceptible to AICD. However, little was known about the exact mechanisms (1-6). 

Recent reports suggested that lymphocytes firom autoimmune disease patients were 

resistant to apoptosis (7-8). In fact, investigators tried using AICD to specifically induce 

the death of supposed auto-reactive lymphocytes as a therapeutic strategy for multiple 

sclerosis and showed that intra-peritoneal injection of soluble MBP antigen could induce 

apoptosis of VP8.2^ T cells in CNS but not draining lymph nodes and spleen. The 

frequency of T cells reactive to the major encephalitogenic epitope, MBP72.89, was also 

decreased in the CNS but not in the popliteal lymph nodes by the above treatment. 

However, the clinical significance of this finding need to be further tested (9). Therefore, 

understanding the relationship between lymphocyte activation and AICD may have 

therapeutic implications. In the past several years, investigators have searched 

unsuccessfully for survival factors from antigen presenting cells (23,24). This failure is 

probably due to the systems used in other laboratories. 

The immune response usually occurs within an environment tightly controlled by 

antigen presenting cells (AFC) and lymphocytes. Research on these cell-cell interactions 

and soluble signals led to discovery of the first and second signal in T cell activation 

(31,32). However, our understanding of this process is still in its infancy, as we do not 
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understand the mechanisms important for immune memory and immune tolerance. Once 

initiated, lymphocyte activation should be tightly regulated. Activated lymphocytes will 

leave local draining lymph nodes and migrate to the sites where antigens first break the 

barriers of the immune system (skin, mucus membrane etc.). During their migration, 

activated lymphocytes need to stay alive to have enough time to perform an immune 

response. The survival of activated lymphocytes is also required for immune memory. 

However, in genetically predisposed individuals, the survival of auto-reactive 

lymphocytes could result in autoinmiune diseases. The death of activated lymphocytes is 

required for maintaining homeostasis of the immune system and removing harmful auto* 

reactive lymphocytes. However, early death of activated lymphocytes could also result in 

aborted immune response. We have postulated that T lymphocytes are activated upon 

receiving two signals (antigen and a co-stimulatory signal). At the same time T cells 

receive a soluble survival signal from APCs. Only when activated T lymphocytes receive 

the survival signal, activated lymphocytes then have enough time to migrate to remote 

sites performing immune function. 

To investigate this hypothesis, the effect of the CD14+ cell depletion on activation 

induced cell death (AICD) was examined. The data strongly suggested that CD 14+ cells 

were important in preventing AICD. Lymphocyte activation was delayed according to 

CD69 and CD25 expression in the absence of CD 14+ cells as compared with that in the 

presence of CD 14+ cells. Lymphocyte growth was decreased in the absence of CD 14+ 

cells as defined by cell counts in the same cultures. ^H-TdR incorporation assays showed 

no significant difference in CD 14+ and CD 14- PBMC overall. However, the comparison 
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of ^H-TdR-incorporation in CD 14+ and CD 14- PBMC from individual subjects showed 

that ^H-TdR-incorporations were reduced in proportion to percentage of AICD. Two 

different populations with lower and higher AICD rates exist in normal healthy controls. 

The individuals with higher AICD rates in the absence of CD 14+ cells have decreased 

^H-TdR-incorporation in response to PHA-p. The individuals with lower AICD rates in 

the absence of CD 14+ cells do not show decreased ^H-TdR-incorporation in response to 

PHA-P. The reason for the existence of two different populations is probably due to 

genetic and/or environmental factors (e.g. viral and/or bacteria infections). Analysis of T 

lymphocyte subsets (CDS, CD4, CDS, CD3/2, CD3/8) also suggested that T lymphocytes 

were activated and underwent proliferation in both CD 14+ and CD 14- PBMC. In 

addition, we found that activated lymphocytes secreted significantly higher IL-2 after 

CD 14+ cell depletion, suggesting a higher activation state of lymphocytes in the absence 

of CD 14+ cells. However, CD95 expression did not show significant difference in the 

presence or absence of CD 14+ cells, suggesting multiple mechanisms of AICD (38,39). 

To examine whether this protective effect was due to the direct contact of the CD 14+ 

cells or a resulting soluble factor, Dynabeads were used to activate CD 14+ cells. 50^1 

beads (containing 4x10^ beads after two round depletion) were mixed with 10^ PBMCs 

(containing 1 to 4 x 10® CD 14+ cells) and cultured at 4°C for one hour. After one hour, 

free beads and Dynabeads-bound cells were separated from other cells using a magnetic 

particle concentrator. The resultant mixtures were then cultured at 37°C, 5% C02 for 

eighteen hours. After eighteen hours, superoatants were collected and tested for cytokine 

secretion. The resulting CD 14 cocktails contain IL-ip and TNF-a, which are common 
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monocytic cytokines (40,41), No IL-2 was found, suggesting that Dynabeads specifically 

activated CD 14+ cells and induced secretion of monocytic cytokines. The CD 14 cocktails 

were then tested for its protective effect on AICD. These CD 14 cocktails successfully 

prevented AICD. This data reduced the possibility that CD 14+ cells were only clearing 

apoptotic bodies and suggested a possible role of the soluble factor(s) produced by the 

activated CD 14+ cells. The CD 14 cocktails also reversed the elevated IL-2 production 

and decreased lymphocyte growth, suggesting an inhibitory signal delivered by the CD 14 

cocktails. In addition, the CD 14 cocktails from serum-free medium had the same effects 

as that from RPMI 1640 culture medium, suggesting that bovine serum and 2-

mercaptoethanol did not contribute to the observed effects. As previous reports, the 

AICD process at least includes three steps (36); 1) A step with phosphatidylserine 

exposure at outer plasma membrane leaflet only. 2) A step with typical morphological 

changes including condensed nuclei, DNA fragmentation. 3) A step with secondary 

necrosis. In our study, delayed addition of CD 14 cocktails until 24 and 48 hours had 

delayed effects on AICD and lymphocyte growth. The data suggested that AICD might 

be rescued at some steps, e.g. the first step. 

However, data from other laboratories showed no effect of soluble factors from 

activated monocytes on apoptosis (23,24). This might be in part due to the different 

systems used. The previously used system was a classic two-chamber system, in which 

monocytes in the presence or absence of activated T lymphocytes were put in the upper 

chamber and T lymphocytes in the presence or absence of CD 14+ cells were put in the 

lower chamber. The 0.4 ^m membrane in between the two chambers prevents interaction 
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between T lymphocytes and monocytes and allowed only soluble factors going through. 

T lymphocytes were activated by anti-CD3 in the lower chamber. AICD was tested by PI 

staining. In some experiments, lymphocytes in the lower chamber were pretreated with 

CD 14+ cells for 24 hours before activation by anti-CD3. What was found was that, in the 

presence of activated T lymphocytes and monocytes in the upper chamber, T 

lymphocytes in the lower chamber were not rescued from anti-CD3 induced AICD. Pre-

treatment of T lymphocytes with monocytes for 24 hours or in the presence of 

monocytes, T lymphocytes were rescued from AICD upon anti-CD3 activation. 

However, the experiments did not give evidence showing that the monocytes in the 

presence of activated T cells in the upper chamber were actually secreting soluble factors 

in this system. 

Reports showing that IL-lp (17) and TNFa (16) could prevent apoptosis, and 

knowing that the CD14 cocktails contained IL-ip and TNF-a, led us to ask if either of 

these two soluble factors were major contributors to the observed protective effect. We 

were able to deplete more than 85% of the IL-ip and TNF-a by panning and the residual 

cytokines were then further blocked by anti-IL-p and anti-TNFa mAbs. Neither IL>ip^ 

nor TNF-a was the active protective factor in the CD 14 cocktails. 

Based on these findings, we propose a survival signal hypothesis for lymphocyte 

activation and proliferation (Figure 1.14). In normal situations, this survival signal allows 

activated lymphocytes to stay alive maintaining an effective immime response and to 

generate immune memory. However, an abnormal stronger survival signal from antigen 

presenting cells could result in survival and expansion of auto-reactive lymphocytes. 
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Under such situations, autoinunune diseases could ensue in a genetically predisposed 

individual. These data integrate lymphocyte activation, AICD, peripheral self-tolerance 

and immune memory. It provides important contribution to the current knowledge about 

the basic mechanisms of the immune response. 
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CHAPTER II 

INCREASED APOPTOSIS IN RHEUMATOID ARTHRITIS AFTER REMOVAL OF 

CD14+ CELLS: THE ROLE OF SOLUBLE FACTORS FORM ACTIVATED CD14+ 

CELLS 
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Introduction 

Peripheral tolerance is an important mechanism in maintaining homeostasis of the 

immune system (I). Activation-induced cell death (AICD) is one method by which the 

immune system can eliminate peripherally activated lymphocytes (2-6). The role of 

antigen presenting cells (APCs) in this process is still a matter of controversy. Some 

reports have shown that monocytes were required to prime peripheral blood T cells to 

undergo apoptosis (7). However, recent reports have shown that macrophages could 

rescue lymphocytes from apoptosis and that physical interaction between monocytes and 

lymphocytes was required (8,9). On the other hand, several cytokines and soluble factors 

have been reported to facilitate AICD: IFN-y (10,11), TNF-a (12), IL-2 (13) and sCD137 

(14). Other factors were reported to prevent AICD: IL-2 (15), TNF-a (16), IL-1 (17), IL-

6 (18), IL-7 (19), p chemokine (20), TGF-p (21,22) and IL-15 (23). In chapter I, we 

found that soluble factors from activated CD 14+ cells provided protection from AICD. 

These data suggested that a survival signal existed to keep activated lymphocytes alive to 

maintain an effective immune response. 

Avoiding peripheral tolerance is considered to be an important mechanism in the 

pathogenesis of autoimmune diseases, such as rheumatoid arthritis (RA) and diabetes 

(24-27). Rheumatoid arthritis is a complex autoimmune disorder initiated by unknown 

antigen(s) in a genetically programmed host (28). Theories regarding the pathogenesis of 

this disease vary (29-32), including genetic disposition, environmental factors, bacteria, 

viruses, T cells and cytokines. Currently, many investigators believe that T cells play a 

pivotal role in the initiation and the persistence of RA (33). In predisposed individuals, 
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the auto-reactive T cells are activated by as yet unknown antigens and initiate the 

cascades resulting in full-blown disease. There have been reports showing that RA 

patients have cionally expanded T cells that are potentially auto-reactive (34-37). 

However, why those auto-reactive lymphocytes accumulate and cause autoimmune 

disease is still unknown. Since auto-reactivity is a common phenomenon but may not 

necessarily result in autoimmune disease, understanding the mechanism by which the 

auto-reactive lymphocytes can accumulate in certain individuals is important. 

In chapter I, we reported a potential survival signal from CD14+ cells that protected 

activated lymphocytes from activation-induced cell death (AICD) Since this signal 

might represent a mechanism for autoimmunity, we examined its role in the pathogenesis 

of rheumatoid arthritis (RA). It was found that depletion of CD 14+ cells in RA resulted 

in greater AICD and higher secretion of IL-2 compared with that in age and sex matched 

normal controls. In addition, CD 14 supematants from RA patients provided a greater 

protective effect on AICD than control supematants. Using computer-aided analyses, it 

was found that CD 14 supematants could support the survival of activated/memory 

lymphocytes from RA. These data further underscored the importance of the survival 

signal from activated CD 14+ cells in the homeostasis of the immune system and in 

supporting the survival of activated/memory lymphocytes in RA. 

' Abbreviations used in this paper. A[CD: Activation-induced cell death; APC: Antigen presenting cells; 
PBMC: Peripheral Blood Mononuclear Cells; CD14+ PBMC (Pre): PBMC before depletion of CD14+ 
cells; CDI4- PBMC (Post): PBMC after depletion of CD14+ cells; CD14 cocktails: Supematants from 
Dynabeads-activated CD14+ cells; PostPro: CD14-PBMC containing CD14 cocktails; IL-ip: lnterleukin*l 
beta; lL-2: lnterleukin-2; lL-6: lnterleukin-6; lL-7: [nterleukin-7; TNF-a: Tumor Necrosis Factor-alpha; 
TGF-P: Transforming Growth Factor-beta; LAK: Lymphocyte-activated Killer; TIL: Tumor Infiltrating 
Lymphocytes. 



47 

Materials and Methods 

Study population. All subjects (normal control and RA patients) were female with 

ages ranging from 35 to 60. Normal control subjects enrolled in this study did not have 

any chronic or acute diseases. RA patients had active disease at the time of participation 

in this project. The length of disease ranged from 8 years to 26 years. Peripheral blood 

was drawn for all the studies. 

Dynabeads M-450 CDi4 (Monocytes/Macrophages). Dynabeads were purchased 

from Dynal Inc. It is uniform, magnetizable polystyrene beads coated with a primary 

monoclonal antibody (mAb) specific for CD 14 membrane antigen. The primary 

monoclonal antibody is attached to Dynabeads M-450 via a secondary antibody to effect 

optimal orientation. Dynabeads M-450 CD 14 are supplied as a suspension containing 4 x 

10* beads/ml (30mg/ml) in phosphate buffered saline (PBS, pH7.4), containing 0.1% 

bovine serum albumin (BSA) and 0.02% sodium azide (NaN3). The diameter of the 

beads is 4.5 ^m. The density is approximately 1.5 g/cm^. 

Isolation of PBMC and stimulation with PHA-p. 80ml of human whole blood was 

drawn in heparinized tubes. The whole blood was diluted with RPMI 1640 medium as 

1:2. The diluted whole blood was layered onto Histopaque (Density=1.077+/-0.001, 

Sigma. Blood; Histopaque=2:l), centrifuged at 900xg for 20 minutes at 20°C. After 

centrifugation. the mononuclear cells were collected into 50ml tubes (20ml/tube). 25ml 

RPMI 1640 medium was added into the tubes and mixed. The cells were then centrifuged 

at 400xg for 5 minutes. The supematants were discarded. 10 ml of ACK (Ammoniimx 

chloride potassium lysing buffer) lysing buffer was added to lyse the red blood cells. 
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After 5-10 minutes, cells were reconstituted with RPMI 1640 and centrifuged one more 

time (400xg for 5 min). 30 ml of RPMI 1640 was added to the cell pellet. Cells were 

counted and split into different tubes for different experiments. RPMI 1640 complete 

medium (10% FBS, 3.125 x 10'^ M 2-ME) was added to adjust the cells to the appropriate 

cell concentration. For culture, the cells were adjusted to 1x10® cells/ml containing PHA-

p 10^g/ml and were seeded into 6 well, 24 well or 96 well culture plates (Costar) 

depending upon experiments. Some cells were subjected to CD 14+ cell depletion by 

Dynabeads before they were seeded into the plates. PHA proliferation assay was also 

performed for comparison. After 24, 48 and 72 hours, cells were collected for analysis of 

the cell surface antigens and apoptosis. 

Depletion of CD14+ cells with Dynabeads. Anti-CD 14 antibody conjugated 

Dynabeads (M-450 CD14, 50^1 beads/10^ cells) were added to the original PBMCs 

(CD 14+ PBMCs, 1x10^ cells/ml). The mixture was incubated at 4°C with gentle rotation 

on an orbitron rotator II (Boekel Scientific) for 1 hour. Cells were separated into two 

fractions using a magnetic particle concentrator (Dynal MPC-1): CD 14- PBMCs and 

Dyanbeads-bound ceils (CD 14+ cells). The CD 14- PBMCs was then subjected to another 

cycle of separation. After two cycles of separation, the CD 14- PBMCs were tested for 

CD14 antigen expression as compared with CDI4+ PBMCs. The CD14 antigen was 

usually undetectable after two rounds of depletion. CD14+ and CD14- PBMCs were then 

used for further study. 

Preparation of CD14+ supematants (CD14 cocktails). Dynabeads-bound cells 

(CD14+ cells) were washed three times with PBS (pH7.4), adjusted to 1x10® cells/ml 



49 

using macrophage serum free medium and cultured at 37°C, 5% C02 for 18 hours. After 

18 hours, the supematants were collected (designated as "CD 14 cocktails") and were 

stored at -80°C for future study. ELISA was used to test for cytokine content in the CD 14 

cocktails and the supematants from PBMC cultures. 

Flow cytometric analysis of apoptosis and cell surface antigens. Activated 

lymphocytes were collected and were adjusted to 4x10® cells/ml with PBS pH 7.4 (5% 

FES). 65|il of the cells (2.6x10^ cells) were added to S ml tubes and the appropriate 

combination of three different antibodies was added into the tubes. The tubes were then 

incubated for 30 minutes at 4"C. After incubation, the cells were washed with PBS (pH 

7.4) once and were reconstituted with 0.5-1 ml PBS (pH7.4). Color compensation was 

performed before analysis. For apoptosis, an Annexin V-FITC kit was used 

(Immunotech, Beckman Coulter, catalog# 2375) to stain the cells. Briefly, 4x10"^ cells 

were reconstituted in 100 buffer solution (provided in kit), followed by l^l of Annexin 

and 5nl of PI. The cells were then incubated at 4°C for 10 minutes in dark. After 

incubation, 400fi buffer was added and mixed. The cells were analyzed by flow 

cytometer without washing. 

Cytokine protection assay. CD14- PBMCs were adjusted to IxlO® cells/ml with 

complete RPMI 1640 containing PHA 10|ag/nil and 20% CD 14 cocktails. CD 14+ 

PBMCs were used for comparison. Cells were then seeded into 24 well or 96 well culture 

plates depending upon experiments and cultured at 37°C and 5% C02. After 24, 48 and 

72 hours, the cells were collected and subjected to apoptotic analysis by flow cytometer. 



50 

PHA proliferation assay. CD14+ and CD14- PBMC were adjusted to 1x10® cells/ml 

with RPMI 1640 culture medium contaiiiing 10^g/ml PHA-p (Sigma). The cells were 

seeded into 96 well culture plates as 200jil/well and cultiured at 37°C, 5% C02 for 72 

hours. Eighteen hours before cell harvest, I|jCi/well of ^H-TdR (Thymidine-methyl-^H, 

247.9 GBq/mmol, 6.70 Ci/mml, NEN) was added. The cells were harvested at 72 hours 

and the filter dishes were put into vials for overnight dry. The next day, 4 ml of 

scintillation liquid (Mallincicrodt Baker Inc.) was added into each vial. The vials were put 

into a scintillation counter for counting cpm values. 

ELISA detection of cytoidne secretion. R & D  S y s t e m s '  I L - 1  P  ( c a t a l o g  n u m b e r  

DLB50, sensitivity: the minimum detectable dose is typically less than Ipg/ml), TNF-a 

(catalog number DTA50, sensitivity: the minimum detectable dose is typically less than 

4.4pg/ml), TGF-P (Catalog niunber DBIOO, sensitivity: minimum detectable dose is 

typically less than 7pg/ml), IL-6 (Catalog niunber D6050, sensitivity: the minimum 

detectable dose is typically less than 0.70 pg/ml), IL-2 (catalog number D2050, 

sensitivity: the minimum detectable dose is typically less than 7 pg/ml), lL-12 (Catalog 

number D1200, sensitivity: the minimum detectable dose is typically less than 5.0pg/ml) 

and IL-15 (Catalog number D1500, sensitivity: the minimum detectable dose is typically 

less than 2pg/ml) ELISA kits were used to test for cytokine content in the CD 14 

cocktails and in the superoatants of the PHA-activated lymphocytes. 

DNA Ladder detection. I) DNA isolation: DNA was isolated using the DNA ladder 

kit firom Boehringer Mannheim. Briefly, 2x10® cells in a sample volume of 200 ^il in 

PBS (pH 7.4) was mixed with 200 (il binding buffer (provided in kit) to a final volume of 
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400^1. The solution was then incubated for 10 min at 15-25°C. After the 10 min 

incubation, to samples was added 100 )il isopropanol (provided in kit) and vortex. A filter 

tube and a collection tube were combined. The samples were then transferred into the 

upper filter tube and centrifliged for 1 min at 6,800xg. After centriftigation, the flow-

through was discarded. 500 ^l washing buffer (provided in kit) was added to the upper 

filter tube. The tube was then centriftiged at 6,800g for 1 min. The flow-through was 

discarded and the DNA was washed one more time. Finally the tube was centrifliged for 

10s at a maximal speed (I8,000g) to remove residual wash buffer. The filter tube was 

then combined with a new, 1.5 ml tube. The DNA was eluted with 200 ^il of pre-warmed 

(70°C) elution buffer (provided in kit). The DNA concentration was tested in 

spectrophotometry (DU 640, Beckman Coulter) and was concentrated in vacufuge 

concentrator (Eppendorf, 5301), if needed. The DNA was stored at -20°C for later 

analysis. 2) DNA gel electrophoresis: 1% Agarose-DNA gel (7x10cm) was prepared. 1 to 

3 {ig of purified DNA was mixed with loading buffer to fill the loading pocket not 

completely (Typically 10|il purified DNA with 2|al loading buffer. Load lOfil/well). 

Sufficient TBE buffer was poured into the tank to cover the gel to a depth of about 1 mm. 

Samples were loaded carefully into the sample pockets using a micropipette. The voltage 

was set to 75 V (typically 5V/cm). The samples were run for about 1.5 hours. The DNA 

was visualized by placing the gel onto an UV light source. Usually the gel needed to be 

de-stained by shaking in water for 30 min. The gel was photographed, as needed. 

Analysis of PHA-p activated CD14+ and CD14- PBMC by electron microscopy. 

PBMCs were isolated by Histopaque and depleted of CD 14+ cells by Dynabeads. CD 14+ 
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and CD 14- PBMC were washed three times with cacodylate buffer (pH 7.4) and fixed in 

3% glutaraldehyde in O.l M cacodylate (pH 7,4) for 2 hours. Cells were then washed 

three times and preserved in the cacodylate buffer for analysis by electron microscopy. 

Statistical analysis. A SPSS software (Statistical Package for Social Sciences) was 

used to do statistical analysis. The statistical methods used in this study included paired-

sample t test and independent-sample t test. 
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Results 

Apoptosis in the PHA stimulated PBMC with and without CD14+ cells in RA. 

PBMCs (CD14+ PBMC) isolated by Histopaque were depleted of CD14+ cells (CD14-

PBMC) by Dynabeads conjugated with anti-CD 14 monoclonal antibody. The CD 14+ and 

CD 14- PBMCs were then stimulated with PHA-p (lO^g/ml). After 24, 48 and 72 hours, 

the cells were collected and DNA was extracted. The DNA pattern was visualized by gel 

electrophoresis. As shown in Figure 2.1, PHA stimulated cell death showed a DNA 

ladder, especially at 48 and 72 hours. To confirm the observed apoptotic phenomenon, 

CD 14+ and CD 14- PBMC were stimulated with PHA-P and cultured for 24 hours. The 

cells were collected, fixed and subjected to analysis by electron microscopy. Figures 2.2a 

and 2.2b show CD14+ (Figure 2.2a) and CD14- PBMC (Figure 2.2b) stimulated with 

PHA for 24 hours under electron microscopy. Typical apoptotic nuclei (homogeneously 

condensed and crescent shaped nuclei) could be found in the CD 14- PBMC (Figure 2.2b, 

arrow). 

RA patients contained more lymphocytes that are highly sensitive to AlCD after 

CD14+ cell depletion. PBMC (CD 14+ PBMC) from the sex/age matched healthy 

controls and RA patients were depleted of CD 14+ cells by Dynabeads (CD 14- PBMC). 

CD14+ and CD14- PBMC were stimulated with PHA-p (lOng/ml) at 37°C and 5% C02. 

AICD was analyzed by flow cytometer using a FITC V and PI kit. PI positive cells were 

used to quantify the rate of cell death. Figure 2.3a showed that, after PHA stimulation for 

24, 48 and 72 hours, there was no significant difference in the AICD rate in CD 14+ 

PBMC between normal healthy controls and RA patients. However, the AICD rate was 
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significantly greater in RA after CD 14+ cell depletion (CD 14- PBMC) compared with 

that in the normal healthy controls (Figure 2.3b). The above data suggested that 

lymphocytes from RA patients were much more sensitive to AICD after CD 14+ cell 

depletion as compared to age/sex-matched, healthy controls. To ftirther test if the 

increased AICD rate was due to an increased percentage of lymphocytes that were highly 

sensitive to AICD in RA, IL-2 secretion by the activated CD 14+ and CD 14- PBMC from 

both healthy controls and RA patients was tested. As shown in Figure 2.4, both CD 14+ 

and CD 14- PBMC from RA patients secreted significantly higher lL-2 as compared with 

that from age/sex- matched healthy controls at 24, 48 and 72 hours, suggesting more 

activated lymphocytes in RA. 

CD14 cocktails contained a survival signal that was important to activated 

lymphocytes in RA. The accumulation of activated lymphocytes in RA patients could be 

due to an increased percentage of CD 14+ cells or an abnormally stronger signal from 

CD 14+ cells. To test these possibilities, CD 14+ cell populations in age/sex-matched 

healthy controls was compared with that in RA patients. As shown in Figure 2.5, no 

significant difference in the percentage of CD 14+ cells between normal healthy controls 

and RA patients was found (The percentages of CD 14+ cells for controls were 14±6%, 

those for RA were 18±8%). To evaluate the different protective effects of CD14 cocktails 

from normal controls and RA patients, AICD index was used. AICD index refers to the 

increase of AICD rates in the presence of CD 14 cocktails relative to the increase of 

AICD rates in the absence of CD14 cocktails in CD14- PBMC. As shown in Figure 2.6, 

at a later time point (72 hours), significantly lower AICD indices were observed when 
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CD 14 cocktails from RA patients were used as compared with that from normal healthy 

controls, suggesting a stronger survival signal in the CD 14 cocktails from RA patients. 

Soluble factors from the activated CD14-I- cells (CD14 cocktails) support in vitro 

survival of activated lymphocyte from RA. To further investigate whether the soluble 

factors from the activated CD 14+ cells (CD 14 cocktails) could support in vitro survival 

of activated lymphocytes from RA, we overlaid forward scatter and side scatter FACS 

histograms of CD 14+ PBMC (or pre), CD 14- PBMC (or post) and CD 14- PBMC with 

CD 14 cocktails (or PostPro) by computer. In Figure 2.7a, the upper panel shows the 

overlay of the CD14+ PBMC (or pre, red color) and the CD14- PBMC (or post, blue 

color) after the PHA activation for 24 hours. Most of the cells are dying cells (blue color) 

in the CD 14- PBMC (or post) as evidenced by the movement of the cells downwards on 

the picture, indicating a decrease in cell size that is one of the hallmarks of dying cells 

(22). In contrast, most of the cells are being activated (red color) in CD 14+ PBMC (or 

pre) as evidenced by moving of the cells upwards on the picture, meaning increasing in 

cell size that is one of the hallmarks of activated lymphocytes. The lower panel shows 

overlay of CD14- PBMC (or post, blue color) and CD14- PBMC with CD14 cocktails (or 

PostPro, red color) after PHA activation for 24 hours. Even though most of the cells in 

CD 14- PBMC are dying cells (blue color), the addition of the CD 14 cocktails rescued the 

activated lymphocytes from undergoing apoptosis (red color) as evidenced by the 

movement of the cells upwards, meaning activation and increasing in cell size. Figure 

2.7b and 2.7c shows that all three groups of cells follow the same pattern after the PHA 

activation for 48 and 72 hours as that shown for 24 hours. Figure 2.7d shows the data of 
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non-overlaid forward scatter and side scatter FACS histograms of the three groups of 

cells after PHA activation for 24, 48 and 72 hours, which show the same protective 

pattern as described above. 
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Discussion 

Rheumatoid arthritis is a complex autoimmune disease initiated by unknown antigens 

in genetically predisposed individuals (28). The mechanism of pathogenesis is still a 

matter of controversy (29-32). Recently, we reported that soluble factors from activated 

CD 14+ cells protected activated lymphocytes from undergoing AICD. Because the 

failure to remove potentially auto-reactive lymphocytes is considered to be an important 

mechanism for autoimmune diseases (24-27), the role of soluble factors from activated 

CD 14+ cells in the accumulation and expansion of auto-reactive lymphocytes was 

investigated. This accumulation and expansion could eventually result in rheumatoid 

arthritis in a genetically predisposed individual. 

The data supported the hypothesis that the rheumatoid arthritis patients had more 

activated lymphocytes that were highly sensitive to AICD after withdrawal of CD 14+ 

cells as compared with age/sex-matched, healthy controls. It is evidenced by the data 

showing that the depletion of CD 14+ cells resulted in a greater AICD rate and an even 

higher secretion of IL-2 in the lymphocytes from RA compared with that from the 

age/sex-matched healthy controls. These data supported the idea that there is an 

accumulation of activated lymphocytes in RA, which is consistent with recent reports 

concerning clonally expanded T cell subsets in RA (34-37). 

There are two possible mechanisms that could contribute to the accumulation of the 

activated lymphocytes in RA: one possibility is an increased percentage of CD 14+ cell in 

RA and another possibility is a stronger survival signal (soluble factors) from activated 

CD 14+ cells in RA compared with that in the normal healthy controls. The data showed 
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that the percentage of CD 14+ cells in RA was not significantly different from that in the 

normal healthy controls. Therefore, the difference in protective effect between CD 14 

cocktails firom normal controls and CD 14 cocktails from RA patients was compared. The 

AICD index was used for comparison. The AICD index means the increase of AICD 

rates in the presence of CD 14 cocktails relative to the increase of AICD rates in the 

absence of CD 14 cocktails in CD 14- PBMC. The data showed that activated lymphocytes 

had a lower AICD index in the presence of RA CD 14 cocktails as compared that in the 

presence of control CD 14 cocktails. The data suggest that RA patients' cocktails had a 

stronger protective effect upon AICD as compared with that from age/sex-matched 

healthy controls, supporting the hypothesis that RA patients had a stronger survival signal 

from activated CD 14+ cells. Overall, the data supported the hypothesis regarding a role 

of a survival signal from activated CD 14+ cells in the accumulation of activated 

lymphocytes in RA. 

Using computer analysis, the change in activated lymphocytes in vitro could be easily 

visualized. It was shown that CD 14 cocktails could support the survival of the activated 

lymphocytes from the RA patients. This observation was important regarding not only 

the pathogenesis of RA but also the long-term growth of activated/memory lymphocytes 

in vitro; e.g., T cell clones, lymphokine-activated killer (LAK) and tumor-infiltrating 

lymphocytes (TIL). Ongoing studies will test the potential role of the soluble factors from 

activated CD 14+ ceils in maintaining the long-term growth of T cell clones in 

conjunction with antigenic re-stimulation and IL-2. 
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In a previous report, it was shown that IL-ip and TNF-a were not the active factors in 

the CD14 cocktail. Further characterization of the CD14+ cocktails showed that IL-12, 

lL-15 and TGF-P were not the active factors either (See chapter III). It was possible that 

there is a novel factor(s) in the CD 14 cocktail that was responsible for the survival signal 

and for maintaining the survival of the activated lymphocytes. 



CHAPTER III 

SUPPLEMENTAL DATA 
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Comparison of Annexin V-FITC and PI staining. It was recently shown that loss of 

plasma membrane asymmetry is an early event in apoptosis (1-2). This results in 

exposure of phosphatidylserine (PS) residues at the outer plasma membrane leaflet. 

Annexin V was shown to interact strongly and specifically with PS and stain apoptotic 

cells before the dying cell changes its morphology and hydrolizes its DNA. PI (propidium 

iodide) is a vital dye and stains DNA during the late stage of apoptotic cells (1-2). 

Annexin and PI were used to detect apoptotic cells throughout the project. To determine 

whether the observed phenomenon also applies to early apoptotic cells, PBMCs were 

isolated by Histopaque (CD 14+ PBMC) and a portion of cells was depleted of CD 14+ 

cells by Dynabeads (CD 14- PBMC). CD 14+ PBMC and CD 14- PBMC were stimulated 

with PHA (10|ig/ml). To some cultures of CDI4- PBMC was added 20% CD14 cocktails 

(CD14-/CK). The cells were then cultured at 5% CO2, 37°C. At 24 hours, 48 hours and 

72 hours, the cells were stained with both Annexin V-FITC and PI, and analyzed by flow 

cytometer. Figure 3.1 shows that, after depletion of CD 14+ cells, the Annexin V-FITC 

positive cells (apoptotic cells) are increased. The addition of CD 14 cocktails rescued the 

activated lymphocytes from undergoing apoptosis. PI staining followed the similar 

pattern. The data suggest that CD 14 cocktails protect activated lymphocytes not only 

from the early stage of apoptosis as shown by Annexin V-FITC staining, but also from 

the late stage of apoptosis as shown by PI staining. 

Soluble factors from TNF-a matured dendritic cells (mature dendritic-cell 

derived cytokine, DCCKm) can also protect activated lymphocytes from AlCD. To 

examine if soluble factors from dendritic cell cultures could also protect activated 



62 

lymphocytes from apoptosis, superaatants were collected from TNF-a matured dendritic 

cell cultures (provided by Mr. John Richards, PhD candidate in Dr. Douglas F. Lake's 

lab) (3). Typical mature DC markers are CDSO"'. CD86'", HLA-DR"', CD40'", CD54'", 

CD 14'°'* (unpublished observations from Dr. Douglas F. Lake's lab). As shown in Figure 

3.2, supematants from dendritic cell cultures (DCCKm) reduced the AICD rates in PHA-

activated CD 14- PBMC at 24, 48 and 72 hours. These data further supported the 

hypothesis of a soluble survival signal derived from antigen presenting cells in 

maintaining viable activated lymphocytes during an immune response. 

Further characterization of the active factors in the CD14 cocictails. Because some 

membrane molecules were reported to play a role in rescuing cells from apoptosis (e.g. 

CD40/CD40L and CD80/CD86) and membrane fragments with CD95 molecules may 

block the binding of CD95L molecules on viable cells to CD9S on target cells as well, it 

is important to know if membrane fragments in the CD 14 cocktails are playing a role in 

the protective effect on AICD (4). To evaluate this, the CD 14 cocktails were filtered 

with 0.2 |i PVDF-membrane. As shown in Figure 3.3, filtration did not affect the 

protective effect of the CD 14 cocktails. 

In chapters I and II, IL-ip and TNF-a were not found to be the active factors in the 

CD 14 cocktails. TGF-P was further tested for its role as an active factor because the 

CD14 cocktails contained >1.5 ng/ml TGF-P (Figure 3.4). However, it was found that the 

culture medium used for culturing both CD 14+ and CD 14- PBMC contained >1.0ng/ml 

TGF-P (Figure 3.5), this is due to the presence of fetal bovine serum (5). Therefore, it is 
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highly unlikely that TGF-P is the reason for the AICD difference in the CD 14+ and 

CD 14- PBMC. 

IL-12 and IL-15 have been reported to protect cells from AICD (6-9). Therefore these 

two cytokines were also measured in the cocktails. As shown in Figure 3.4, CD 14 

cocktails did not contain IL-12 or IL-15. Therefore IL-12 and IL-15 could be excluded as 

the active factors in the CD 14 cocktail. 

Analysis of apoptotic cells. In the hypothesis it was proposed that the CD 14 cocktail 

provided an abnormal survival signal for auto-reactive lymphocytes that accumulate in 

genetically programmed individuals and cause RA. Therefore, analysis of the apoptotic 

cells after removal of CD 14+ cells was important to better understand the role of the 

soluble factors from activated CD 14+ cells in the pathogenesis of RA. Figure 3.6a and 

Figure 3.6b showed the analysis of apoptotic cells in CD 14+ and CD 14- PBMC using the 

early activation antigen CD69 (10), DNA-binding dye 7AAD (11,12) and the pan T cell 

antigen CDS (13,14,15) (three color analysis). The data showed that, in both CD14+ 

(Figure 3.6a) and CD14- PBMC (Figure 3.6b), most of the apoptotic cells (7AAD 

positive cells) stained with both CD5 and CD69, suggesting that most of the apoptotic 

cells came from activated T lymphocytes. To further test if CDS staining is correlated 

with CD3 staining, CD3 was used. As shown in Figure 3.6c, CD3 staining follows the 

same pattern as CDS staining. To determine the possible nonspecific staining of apoptotic 

cells, CD 19 (B cells) was used for comparison. As shown in Figure 3.6c, most 7AAD 

positive cells are CD3 positive and CD69 positive. CD 19 positive cells stained with 

7AAD at a very low level. 
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Comparison of ^H-TdR-incorporation in CD 14+ and CD 14- PBMC between 

normal healthy controls and RA patients. As described in Chapter I and Chapter II, 

CD 14+ cell depletion resulted in an increased AICD rate in CD 14- PBMC, decreased 

lymphocyte growth and elevated IL-2 secretion by activated lymphocytes. ^H-TdR 

incorporation in CD 14- PBMC did not differ from that in CD 14+ PBMC overall. 

However, the comparison of ^H-TdR-incorporation in CDI4+ and CD14- PBMC from 

individual subjects showed that ^H-TdR-incorporation was reduced in proportion to 

percentage of AICD. Actually, two populations with higher and lower AICD rates exist 

in normal controls. The individuals with higher AICD rates in the absence of CD 14+ 

cells have deceased ^H-TdR-incorporation in response to PHA-p. The individuals with 

lower AICD rates in the absence of CD 14+ cells did not show reduced ^H-TdR-

incorporation in response to PHA-p. To test if this phenomenon also applies to RA 

patients, ^H-TdR-incoporation assays were performed in RA patients in the presence and 

absence of CD14+ cells and were analyzed individually. As shown in Figure 3.7a and 

Figure 3.7b, no significant difference was seen in ^H-TdR-incoporation overall. Two 

populations also exist in RA patients, one with higher AICD and one with lower AICD 

rates. The individuals with higher AICD rates showed reduced ^H-TdR-incorporation in 

response to PHA-p. The individuals with lower AICD rates did not show reduced ^H-

TdR-incorporation. However, The groups with high AICD rates in RA patients showed 

significantly higher AICD rates as compared with the same groups in normal healthy 

controls. The data suggest the variability of human populations. The higher AICD rates in 

RA patients in the absence of CD 14+ cells suggest a role of CD 14+ cells in the 
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accumulation and expansion of activated lymphocytes in RA patients. Figure 3.8 further 

shows that the lymphocytes in CD 14+ and CD 14- PBMC are activated and undergo 

proliferation in both CD 14+ and CD 14- PBMC. 
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COMPLEHENSIVE DISCUSSION 

Immune tolerance, specificity and memory are important characteristics of the immune 

system. Immune tolerance is achieved via central tolerance and peripheral tolerance. 

Specificity of the immune response is achieved via gene arrangement and gene mutation. 

Inunune memory is poorly understood (I). During the development of the immune 

system, lymphocytes are educated in the central immune organs (2). The development of 

T cells in the thymus has been intensively studied in the past twenty years (3-6). T cells 

are educated in the thymus via processes called positive selection and negative selection. 

Positive selection selects for cells with self-MHC restriction. Negative selection 

eliminates cells that respond to ubiquitous self-antigens with high affinity or avidity. 

While positive selection is mediated by cortical epithelial cells, negative selection is 

mediated most efficiently by antigen-presenting cells (APC). Both positive selection and 

negative selection are based on recognition of self-peptides in the context of self-MHC 

molecules. Positive selection and negative selection are the most important mechanisms 

shaping the T cell repertoire during the development of the immune system (7). 

However, the central immune organs are not perfect in controlling self-tolerance. 

Auto-reactive lymphocytes can be found in the periphery (8). Such autoimmune cells 

must be controlled by mechanisms of peripheral tolerance (9). Two mechanisms are 

considered to contribute to maintaining peripheral tolerance: one is clonal anergy and the 

other is clonal deletion (10-14). Clonal anergy is due to the presence of T suppressor 

cells or may occur due to lack of co-stimulatory molecules. Clonal anergy can partially 

explain the unresponsiveness of some auto-reactive lymphocytes to self-tissues in 
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periphery. Clonal deletion means the removal of potentially harmful auto-reactive 

lymphocytes via a process called apoptosis. During a normal immune response, 

lymphocytes expand to more than ten times the original numbers. Potentially auto

reactive lymphocytes could be removed by activation-induced cell death (AICD) (11). At 

the end of an immune response, the expanded T cells will be removed via a process 

called passive apoptosis to stop the immune response and keep the immune system at a 

constant size. Passive apoptosis may contribute to deletion of auto-reactive lymphocytes 

as well (15). On the other hand, long-lived immune cells are also preserved at the end of 

most immune responses. However, the mechanisms generating immune memory are 

poorly understood (16). 

Therefore, the life and death of activated lymphocytes is an important process shaping 

the repertoire of an adult immune system during its life span. In the past ten years, 

intensive studies have been focused on lymphocyte activation, leading to the discovery of 

the first and second signal hypothesis (17-18). Little is known about how the life and 

death of activated lymphocytes regulate the immune response. The importance of the life 

and death of activated lymphocytes in regulating immune memory and tolerance 

implicates its possible role in the pathogenesis of autoimmune diseases (19). CD 14+ cells 

were chosen for study as to the role of APCs in T cell activation, proliferation, activation-

induced cell death and pathogenesis of autoimmune diseases. From the studies with 

normal healthy controls, we found that depletion of CD 14+ cells resulted in increased 

AICD, decreased lymphocyte growth and elevated IL-2 production. Lymphocyte 

activation was delayed as defined by CD69 and CD25 expression in CD 14- PBMC as 
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compared with that in CD 14+ PBMC. ^H-TdR incorporation assays were used to evaluate 

lymphocyte proliferation. ^H-TdR incorporation assays showed no significant difference 

in CD14+ and CD14- PBMC overall. However, the comparison of ^H-TdR-incorporation 

in CD14+ and CD14- PBMC from individual subjects showed that ^H-TdR-

incorporations were reduced in proportion to the percentage of AICD. Two populations 

with lower and higher AICD rates exist in both normal healthy controls and RA patients. 

The individuals with lower AICD rates in the absence of CD 14+ cells do not show 

decreased ^H-TdR-incorporation in response to PHA-p. The individuals with higher 

AICD rates in the absence of CD 14+ cells have decreased ^H-TdR-incorporation in 

response to PHA-p. The reason for the existence of two different populations is probably 

due to genetic and/or environmental factors (e.g. viral and/or bacteria infections). 

Analysis of T cell subsets (CDS, CD4, CDS) also suggested that T lymphocytes were 

activated and underwent proliferation in both CD 14+ and CD 14- PBMC. However, RA 

patients have significantly higher AICD rates in both groups as compared with normal 

healthy controls. CD95 was reported to be the main mechanism for the activation-

induced cell death (AICD) (10). However, other undefined mechanisms have also been 

suggested by the data from other laboratories (II). Our data supported the postulation of 

multiple mechanisms of AICD because CD95 did not fully correlate with AICD during 

the three day in vitro culture. However, CD95 expression was increased over time and 

could be a main contributor to AICD afterwards. The detailed mechanisms of AICD are 

yet to be determined. 
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To illustrate the possible role of soluble factors from antigen presenting cells as a 

survival signal for activated lymphocytes, Dynabeads were used to activate CD 14+ cells. 

The data showed that Dynabeads could activate CD 14+ cells and induce monocytic 

cytokine secretion (IL-lp, TNF- a but not lL-2). Therefore, supematants from 

Dynabeads-activated CDI4+ cells (CD14 cocktails) were collected and added back into 

CD14- PBMC. AICD was monitored during the three day in vitro culture. The CD14 

cocktails were found to reverse the increased AICD, decreased lymphocyte growth and 

increased lL-2 secretion by activated lymphocytes. As previous reports, the AICD 

process at least includes three steps (36): 1) A step with phosphatidylserine exposure at 

outer plasma membrane leaflet only. 2) A step with typical morphological changes 

including condensed nuclei, DNA fragmentation. 3) A step with secondary necrosis. In 

our study, adding CD 14 cocktails until 24 and 48 hours into CD 14- PBMC showed 

delayed protective effect on AICD. The data suggested that AICD might be rescued at 

some steps, e.g. the first step. These data supported the hypothesis regarding a soluble 

survival signal from antigen presenting cells for activated lymphocytes. The above data 

also led us propose a third hypothesis adding into the well-defined two signal hypothesis: 

lymphocytes need at least three signals from antigen-presenting cells (APCs) to perform 

an effective immune response, i.e., an antigenic signal, a co-stimulatory signal and a 

survival signal. The survival signal may come into play after lymphocyte activation and 

is possibly important in terms of maintaining viable cells and generating immune 

memory. However, an abnormally stronger survival signal could contribute to the 
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accumulation of auto-reactive lymphocytes, leading to autoimmune diseases, e.g. 

rheumatoid arthritis (RA). 

To further determine the possible role of the proposed survival signal in the 

pathogenesis of RA, fifteen active RA patients were enrolled in this study to compare the 

fimctionality of CD 14+ cells in RA with that in normal, healthy controls. It was found 

that depletion of CD 14+ cells resulted in higher AICD rates and IL-2 production in RA 

compared with that in the age/sex-matched healthy controls. The data suggested a higher 

number of activated lymphocytes in RA and also supported the recent finding of the 

clonally expanded and potentially auto-reactive lymphocytes in RA (21-24). The 

mechanism for those elevated activated lymphocytes was also investigated. The 

percentage of CD 14+ cells was not found to be significantly difTerent between normal, 

healthy controls and RA patients. Therefore, the protective effects of the CD 14 cocktails 

fi-om both normal, healthy controls and RA patients were compared. It was found that the 

survival signal secreted fi-om CD 14+ cells in RA was much stronger as compared with 

that fi-om the age/sex-matched healthy controls. This conclusion is based on the 

comparison of the AICD index between CD14 cocktails fi-om normal controls and those 

fi-om RA patients. The definition of AICD index stands for relative increase in apoptotic 

rates in the presence of CD 14 cocktails as compared with that in the absence of CD 14 

cocktails after CD 14+ ceil depletion. The above data suggested a critical role of the 

proposed survival signal in supporting the activated lymphocytes in RA. 

To characterize the active factors in the CD14 cocktail, the CD14 cocktails were 

analyzed. Because IL-ip and TNF-a were previously reported to rescue lymphocytes 
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from apoptosis (25,26) and the CD 14 cocktails contained these two cytokines, IL-ip and 

TNF-a were depleted with IL-ip and TNF-a ELISA kits by panning followed by 

blocking the residual IL-ip and TNF-a levels with corresponding monoclonal antibodies. 

The data showed that both the IL-ip and TNF-a were not the active factors in the CD 14 

cocktails. Although IL-12 and IL-15 have also been reported to rescue activated 

lymphocytes from apoptosis (19) and have been postulated to serve as a survival signal 

secreted from antigen presenting cells that acts on activated lymphocytes, the CD 14 

cocktails did not contain either of these two cytokines. IL-12 and IL-15 were therefore 

not the active factors either. TGF-P was another candidate cytokine for protecting 

activated lymphocytes from apoptosis. However the medium used for culturing both 

CD14+ and CD14- PBMC contained >1.0 ng/ml TGF-p, due to the use of fetal bovine 

serum (27). It was therefore unlikely that the TGF-P was causing observed differences in 

AICD rates between CDI4+ PBMC and CD14- PBMC, Further research needs to be 

done to determine if the active factor(s) in the CD 14 cocktails are novel factor(s). 

As mentioned above, RA patients displayed more activated lymphocytes in the 

peripheral blood. Knowing the nature of these activated lymphocytes could help in the 

understanding of the pathogenesis of this disease. To investigate this aspect, another 

DNA binding dye (7AAD), anti-CD69 (T cell activation marker) mAb and anti-CD5 (one 

of the pan T cell markers) mAb were combined for three-color FACS analysis. It was 

found that in both CD 14+ and CD 14- PBMC most of the apoptotic cells (7AAD positive 

cells) stained with both CD5 and CD69, suggesting that most of the apoptotic cells came 

from activated T lymphocytes. To frirther test the possible nonspecific staining of 
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apoptotic ceils, CD 19 (B cell marker) was used for comparison. The data suggested a low 

level of non-specific staining in the system and proved the feasibility of analyzing 

apoptotic cells by using three-color analysis. The data also showed that CD3 staining was 

correlated with CDS staining in this system, supporting that CDS is another pan-T cell 

marker. It will be of interest to know if these apoptotic cells are directly related to the 

pathogenesis of rheumatoid arthritis. The above data also supported the recent findings 

showing that RA patients had clonally expanded lymphocytes that were potentially auto

reactive and that were resistant to apoptosis (21-24). 
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COMPREHENSIVE CONCLUSION 

1. PHA-activated PBMCs were sensitive to activation-induced cell death (AICD). 

The observed AICD is typical of apoptosis. This is based on the following 

findings: 1) DNA ladders in activated lymphocytes as measured by gel 

electrophoresis, 2) typical apoptotic nuclei in activated lymphocytes as measured 

by electron microscopy, 3) Annexin expression on the cell surface of activated 

lymphocytes. 

2. Depletion of CD 14+ cells resulted in elevated AICD rates, decreased lymphocyte 

growth and elevated IL-2 production in PHA-stimulated PBMC. Lymphocyte 

activation was delayed according to CD69 and CD25 expression. ^H-TdR-

incorporation was reduced in proportion to the percentage of AICD rates. Two 

populations with lower and higher AICD rates exist in normal, healthy controls 

after CD 14+ cell depletion. 

Cell analysis showed that most of the apoptotic cells in both CD 14+ and CD14-

PBMC were activated T lymphocytes. 

. While CD95 expression was increased over time, CD95 expression did not 

correlate with the early AICD, suggesting multiple mechanisms for PHA-induced 

AICD. 

. Anti-CD 14 mAb conjugated Dynabeads (M-450, CD 14) could activate CD 14+ 

cells. The activated CD14+ cells secreted IL-ip, TNF-a, TGF-P and IL-6, but not 

IL-2,IL-12orIL-15. 
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6. Soluble factors from activated CD 14+ cells (CD 14 cocktails) could protect 

activated lymphocytes from AICD in the absence of CD 14+ cells, down-regulate 

IL-2 production and recover lymphocyte growth in vitro, suggesting an inhibitory 

nature of the survival signal. 

7. Adding CD 14 cocktails until 24 and 48 hours showed delay protective effects on 

AICD, suggesting that CD 14 cocktails could rescue activated lymphocytes from 

undergoing AICD. 

8. Soluble factors from mature dendritic cell cultures (DCCKm) could also rescue 

activated lymphocytes from AICD, suggesting the observed phenomenon might 

apply to all antigen-presenting cells. 

9. A survival signal hypothesis; T lymphocytes need at least three signals to 

perform an effective immune response: an antigen, a co-stimulatory signal 

necessary for T cell activation (the most important includes CD80/CD86, or 

B7.1/B7.2) and a soluble survival signal necessary for viable activated 

lymphocytes to perform an effective immune response or memory. 

10. Two populations with lower and higher AICD rates also exist in RA patients after 

CD14+ cell depletion. RA patients showed significantly higher AICD rates in 

both groups as compared with normal, healthy controls 

11. RA patients' lymphocytes secreted higher IL-2 in response to PHA stimulation in 

both CD 14+ and CD 14- PBMC as compared with normal, healthy controls. 

12. The percentage of CD 14+ cells between normal, healthy controls and RA patients 

did not show significant difference. 
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13. CD 14 cocktails from RA patients provided a stronger survival signal to activated 

lymphocytes as compared with that from normal, healthy controls, suggesting a 

possible role of the proposed survival signal in the pathogenesis of rheumatoid 

arthritis. 

14. Characterization of the active factor(s) in the CD14 cocktails: 

1) Depletion of IL-ip and TNF-a by panning followed by blocking of the 

residual cytokines with corresponding monoclonal antibodies, anti-ILip 

and anti-TNFa, respectively did not affect the protective effect of the 

CD 14 cocktails on AICD, suggesting that both IL-ip and TNF-a were not 

the active factors in the CD 14 cocktails. 

2) TGF-P was not the active factor due to the pre-existence of TGF-P in the 

medium used for culturing both CD14+ and CD14- PBMC. 

3) The CD 14 cocktails did not contain IL-12 and IL-15, suggesting that both 

IL-12 and IL-15 were not the active factors in the CD 14 cocktails. 
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APPENDIX A 
(ILLUSTRATION-1) 
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Figure 1.1 Depletion of CD14+ cells with Dynabeads. CD14+ PBMC isolated by 
Histopaque was adjusted to 10 x 10^ cells/ml. Dynabeads M-450 CD 14 was added into 
the cells as 50|al per 10 million cells. The mixture was then incubated at 4°C for 1 hr. 
with gentle rotation. After one hour. Magnetic particle concentrator (MFC) was used to 
separate the cells into two parts: CD14- PBMC and Dynabeads-bound cells (CD14+ 
cells). CD14- PBMC was then subject to second round depletion. After two-round 
depletions, cell surface antigens were analyzed by flow cytometer. "CD 14+ PBMC" 
means PBMC before CD 14+ cell depletion; "CD 14- PBMC" means PBMC after CD 14+ 
cell depletion. 
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Figure 1.2 Increased apoptosis in CD14- PBMC cultures. CD 14+ PBMC isolated by 
Histopaque was depleted of CD 14+ cells by Dynabeads (CD 14- PBMC). CD 14+ and 
CD 14- PBMC were stimulated with PHA-p (10|ag/ml) at a cell concentration of Ix 10® 
cells/ml. At 24. 48 and 72 hours, cells were analyzed by flow cytometer using Annexin 
V-FITC and PI staining. "CD14+" means CD14+ PBMC; "CD14-" means CD14-
PBMC. 
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Figure 1.3 Cumulative data of AICD in CD14+ and CD14- PBMC cultures. CD 14+ 
PBMCs were isolated by Histopaque and depleted of CD14+ cells by Dynabeads (CD14-
PBMC). CD14+ and CD14- PBMC were stimulated with PHA-p (lOjAg/nil) at a cell 
concentration of 1 x lOVml. At 24, 48 and 72 hours, cells were analyzed by flow 
cytometer. PI positive cells were used to qttantify the apoptotic rate. 
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Figure 1.4 Relationship between AlCD andiymphocyte growth in vitro. CD14-I-
PBMC were isolated by Histophaque and depleted of CD14-t- cells by Dynabeads 
(CD14-PBMC). CD14+ and CD14- PBMC were stimulated with PHA-p (10 ug/ml) 
at a cell concentration of 1x10  ̂cells/ml. At 24, 48 and 72 hours, viable cells were 
counted. Cell death was analyzed by flow cytometer using Annexin V-FITC and PI 
staining and by trypan-blue staining. The data is a mean of three independent 
experiments. 
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Figure 1.5a CD69 expression in CD14-I- and CD14- PBMC. PBMC was isolated by 
Histopaque and was depleted of CD14+ cells by Dynabeads (CD14- PBMC). CD14+ and 
CD 14- PBMC were then stimulated with PHA-p (lOfig/ml) at a cell concentration of 
l.OxlO'^ cells/ml. Cells were analyzed by flow cytometer at 24,48 and 72 hours for the 
expression of CD69 antigen. 
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Figure 1.5b CD25, CD122 and CD132 expression in CD14+ and CD14- PBMC. 
PBMC was isolated and cultured as shown in Figure 1.5a. At 24, 48 and 72 hour, cells 
were analyzed by flow cytometer for the expression of CD25, CD 122 and CD132 
antigens. 
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Figure 1.6a Comparison of ^H-TdR-mcorporatioit ht CDt4-t- and CD14- PBMC 
overall. CD14+ PBMC and CD14- PBMC were isolated as described in Figure 1.1. 
Cells were stimulated with PHA (10(ig/ml) at a cell concentration of I.Ox 10® cells/ml in a 
96 well plate. Eighteen hours before cell harvest, l^Ci/well ^H-TdR was added. Cells 
were harvested at 72 hours. CPM was counted in a scintillation counter. The data is a 
mean of four independent experiments. P>0.05: CD 14+ control vs. CD 14- control. 
"CD 14+ control" means CD 14+ PBMC from normal healthy controls. "CD 14- control" 
means CD 14- PBMC from normal healthy controls. The data is a mean of four 
independent experiments. 
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Figure 1.6b Comparison of AlCD and 'H-TdR*incorporation in CD14-«- and CD14< 
PBUffC individually. CD14-t- an C014- PBMC were isolated as descrit)ed In Figure 

1.1. ^H-TdR-lncoporatlon assay was perfonned as described In Figure 1.6a. Cell 
death was analyzed at 24,48 and 72 hours by flow cytometer using Annexin V-FITC 
and Pf stafnfng. The quantity of 'H-TdR-incorporatron was compared with the rate of 
AlCD individually. Cont21, Cont22, Cont23 and Cont43 are healthy controls enrolled 
in the sutdy. 
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Figure 1.7a Dynabeads (M-450, CDi4) bind CD14+ cells. Dynabeads were mixed with 
CD 14+ PBMC at a ratio of 50^1/10' cells and incubated at 4°C for one hour with gentle 
rotation. After one hour. Free Dynabeads and Dynabeads-bound cells were collected 
using magnetic particle concentrator (Dynal, MPC). The Dynabeads and Dynabeads-
bound ceils were re-suspended in serum free medium and photographed under light 
microscope. 
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Figure 1.7b Dynabeads activate CD14-I- cells and induce secretion of IL-ip and 
TNF-a, but not IL-2. CD14 cocktails were collected as described in 1.7a. At 4hr., 8hr., 
I8hr., 20hr. and 24hr., supematants (CD 14 cocktails) were collected and tested for IL-ip, 
TNF-a and IL-2 expression by sandwich ELISA (The data is a mean of three 
independent experiments). 
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Figure 1.8a CD14 cocktails can prevent activation-induced cell death (AICD). 
CD 14+ PBMC was isolated by Histopaque and adjusted ta a cell concentration of 10x10^ 
cells/ml. The resulting PBMC was mixed with beads at 50|j.l beads per 10 million cells 
and incubated at 4''C for I hour. Beads were then collected by MFC (CD 14+ cells). New 
beads were added to the cells and cultured at 4°C for one hour. The beads were collected 
by MFC (magnetic particle concentrator) and mixed with beads collected previously. The 
resulting Dynabeads-bound cells (CD 14+ cells) were adjusted to a cell concentration of 
1.0x10^ cells/ml using macrophage serum-&ee medium and cultured at ST^'C, 5% C02 for 
eighteen hours. Supematants were collected and designated as "CD 14 cocktails". The 
CD14 cocktails were added back into CD14- PBMC cultures (CD14-). "CD14+" means 
CD14+ PBMC, "CD14-" means CD14- PBMC and "CD14-/CK" means CDI4- PBMC 
with addition of 20% CD 14 cocktails. 
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Figure 1.8b Effect of difTerent doses of CD14 cocktails on AICD. CD14+ PBMC and 
CD14-PBMC were isolated as described in Figure 1.1. CD14 cocktails were collected as 
described in Figure 1.7a. CD14+ and CD14- PBMC were stimulated with PHA 
(10(ig/ml) at a cell concentration of IxlOVml. 10%, 20%, 40%, 80% and 100% CD14 
cocktails were added to CD 14- PBMC to compare the protective effects. (The data is a 
mean of three independent studies). 
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Figure 1.8c Cumulative data of the protective effects of CD14 cocktails on AICD. 
CD 14 cocktails collected as shown in Figure 1.7a were added back into CD14- PBMC. 
20% CD 14 cocktails were used according to the methods described in experiment 1.7b. 
The data is a mean of twelve independent experiments. 
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Figure 1.9 CD14 cocktails promote lymphocyte growth in vitro. CD14-<- and 
CD14- PBMC were isolated as described in Figure 1.1. CD14 cocktails were 
collected as described in Figure 1.7a. C014'i- and CD14- PBMC were stimulated 
with PHA at a cell concentration of 1x10  ̂cells/ml. 20% CD14 cocktails were 
added to some of the CD14-PBMC at diferent time points (0hr̂ 24hr.and48hr.) 
At 24,48 and 72 hours, cell numbers were counted in each well, cell death was 
analyzed by trypan-blue staining. The data is mean of three independent ex
periments. "TB" means trypan-blue staining. "CK" means CD14 cocktails. 
"CKOhr, CK24hr and CD48hr" means addition of 20% CD14 cocktails at 0 hour, 
24 hours and 48 hours. "Count" means cell count. 
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Figure 1.10a CD9S expression does not correlate with early AlCD. CD 14+ PBMCs 
were isolated by Histopaque and depleted of CD 14+ cells by Dynabeads. The CD 14+ and 
CD14- PBMC were stimulated with PHA-p (lOpg/ml). At 24,48 and 72 hours, cells were 
studied for CD95 expression. The data is a mean of six independent experiments. 
P>0.05: CD14+ (24hrs.) vs. CDH- (24hrs.); CD14+ (48hrs) vs. CDH- (48hrs.); CD14+ 
(72hrs.) vs. CD 14- (72hrs.). Paired t test. N=6. 
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Figure l.IOb Lymphocytes secrete higher [L-2 after CD14+ cell depletion. CD14+ 
PBMCs were isolated by Histopaque and depleted of CD14+ cells (CD14- PBMC) with 
Dynabeads. The resulting CD 14+ and CD 14- PBMC were then stimulated with PHA-p 
(10^g/nll) at a cell concentration of 1x10^ cells/ml. Supematants were collected, 
aliquoted and stored at -80°C. ELISA was used to test for cytokine production. The data 
is a mean of eight independent experiments. 
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Figure 1.11a CD14 cocktails inhibit IL-2 production. PBMCs were isolated by 
Histopaque and depleted of CD14+ cells with E)ynabeads. The resulting CD 14+ and 
CD 14- PBMC were then stimulated with PHA-p (lOfig/ml) at a cell concentration of 
1x10^ cells/ml. In the CD 14- PBMC, different concentrations of CD 14 cocktails were 
added. Culture supematants were then collected at 24, 48, 72 hours and stored at -80°C 
for future study. IL-2 production was tested by ELISA. The data is a mean of three 
independent studies. "CD14+" means "CD14+ PBMC; "CD14-" means "CD14- PBMC". 
"CK" means "CD 14 coclctails". 
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Figure l.llb Cumulative data on the inhibition of lL-2 production by CDi4 
cocktails. PBMCs were isolated by Histopaque and depleted of CD 14+ cells with 
Dynabeads. The resulting CD 14+ and CD 14- PBMC were stimulated with PHA-p 
(10|4g/ml) at a cell concentration of 1x10^ cells/ml. In CD 14- PBMC, 20% CD 14 
cocktails were added. Culture supematants were collected at 24, 48, 72 hours, aliquoted 
and stored at -80°C. lL-2 production was tested by ELISA. The data is a mean of eight 
independent studies. 
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Figure 1.12 TNF-a and IL>ip concentrations in CDi4 cocktail. CD14 cocktails were 
collected at eighteen hours after incubation of Dynabeads-bound cells (CD 14+ cells) with 
Dynabeads. The TNF-a and IL-ip ELISA kits were used to test the cytokine content. 
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Figure 1.13a Effect of IL-ip depletion and blocidng on the protective effect of CD14 
cocktail. IL-ip was depleted and blocked with anti-IL-ip Mab as described in Material 
and Methods. The resulting CD 14 cocktails were then used for protection assay. "CK" 
stands for CD 14 cocktail; "CK+ILlpan" stands for CD 14 cocktail depleted of IL-ip by 
panning method; "CK+ILlpan+anti-ILl" stands for CD 14 cocktail depleted of IL-ip by 
panning method followed by blocking with anti-ILl p monoclonal antibody (9.6 ^g/ml). 
The data is a mean of three independent experiments. 
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Figure 1.13b EfTect of TNF-a depletion and blocking on the protective effect of 
CD14 cocktail. TNF-a was depleted and blocked with anti-TNF-a Mab as described in 
Material and Methods. The resulting CD 14 cocktails were then used for protection assay. 
"CK" stands for CD 14 cocktail; "CK + TNFpan" stands for CD 14 cocktail depleted of 
TNF-a by panning method; "CK+TNFpan+anti-TNF" stands for CD14 cocktail depleted 
of TNF-a by panning method followed by blocking with anti-TNFa monoclonal 
antibody (6.4)ag/ml). The data is a mean of three independent experiments 
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Figure 1.14 A Survival Signal Hypothesis: Resting T cells need two signals in order to 
be activated. The first signal is antigen in the context of MHC-I and MHC-II molecules 
on the cell surface of APC and recognized by TCR on the cell surface of T cells. The 
second signal is a co-stimulatory signal on the cell surface of APCs (the most important 
includes B7.1, B7.2) and recognized by CD28/CTLA-4. The survival signal is currently 
unknown soluble factor(s) from activated APCs and comes into play after T cells are 
activated. The function of the survival signal is to maintain survival of the activated T 
cells in vivo to perform an effective immune response. The mechanism probably acts via 
regulating cell activation and keeping cell activation in balance and therefore avoiding 
triggering activation-induced cell death (AICD). All three signals come from the same 
group of cells—antigen presenting cells (APCs), implicating the importance of APC in 
regulating the entire immune response. MAF; macrophage activation factor; MIF: 
macrophage migration inhibitory factor. "aT' means activated T lymphocytes. "RestT" 
means resting T lymphocytes. Solid lines mean the normal process of immune response. 
Single-dashed lines mean the immune response in the absence of the survival signal. 
Double-dashed lines mean the immune response in the presence of an abnormal stronger 
survival signal. 
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APPENDIX B 
(ILLUSTRATION-2) 
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Figure 2.1 PHA stimulated CD14- PBMC show typical DNA ladder. Original PBMC 
(CD 14+ PBMC) was isolated by Histopaque and portion of the cells was depleted of 
CD 14+ cells with Dynabeads (CD 14- PBMC). CD 14- PBMC was stimulated with PHA. 
After 24,48 and 72 hours, cells were collected and DNA was extracted. The DNA ladder 
was visualized by electrophoresis. 2.1a. Kinetic pattern of DNA ladder in CD 14- PBMC 
(3^g/Iane). Lane 1: Marker, Lane 2: 0 hr.. Lane 3: 24 hr.. Lane 4: 48 hr.. Lane 5; 72 hr., 
2.1b(3ug/lane). Comparison of DNA ladder in CD14+ and CD14- PBMC activated by 
PHA for 72 hours. Lane I: Marker, Lane 2: CD14+ PBMC at Ohr (negative control). 
Lane 3: CD14+ PBMC at 72 hr. Lane 4: CD14- PBMC at 0 hr (negative control). Lane 5: 
CD14- PBMC at 72 hr. Lane 6: Positive control (apoptotic U937 cells). 
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Figure 2^aAn{i^»s by electron microscopy. 
PBMC from RA patients was isolated by Histopaque (CD 14+ PBMC). CD 14+ were then 
stimulated with PHA-p (lO^g/ml) for 24 hours. The cells were then washed in O.IM 
sodium cacodylate buffer PH7.2 for three times, fixed in 3% glutaraldehyde for two 
hours and stored in O.IM sodium cacodylate buffer pH7.2. The fixed cells were analyzed 
by electron microscope. 
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2.2b 

Figure 2.2b Analysis of apoptodc ceils in CD14- PBMC by electron microscopy. 
PBMC from RA patients was isolated by Histopaque (CD 14+ PBMC) and depleted of 
CD 14+ cells with Dynabeads (CD 14- PBMC). CD 14- PBMC were stimulated with PHA-
P (lOng/ml) for 24 hours. The cells were then washed in 0.1 M sodium cacodylate buffer 
PH7.2 for three times, fixed in 3% glutaraldehyde for two hours and stored in O.IM 
sodium cacodylate buffer pH7.2. The fixed cells were analyzed by electron microscope. 
Arrow shows typical apoptotic nuclei. 
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Figure 2Ja Comparison of AICD rate in CD14+ PBMC between normal controls 
and RA patients. PBMCs were isolated from both age/sex-matched healthy controls and 
RA patients by Histopaque (CD 14+ PBMC). CD 14+ PBMCs were then stimulated with 
PHA (10^g/ml). At 24, 48 and 72 hours, cells were collected and subject to flow 
cytometer analysis for AICD using Annexin V-FITC and PI staining. "cont24, cont48 and 
cont72" stands for lymphocytes from healthy control activated by PHA for 24, 48 and 72 
hours, respectively. "RA24, RA48 and RA72" stands for lymphocytes from RA patients 
activated by PHA for 24,48 and 72 hours, respectively. 
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Figure 2.3b Comparison of AICD rate in CD14- PBMC between norma! controls 
and RA patients. PBMCs were isolated from both age and sex matched healthy controls 
and RA patients by Histopaque (CD 14+ PBMC). A portion of the PBMC was depleted of 
CD14+ cells (CD14- PBMC). CD14- PBMCs were stimulated with PHA (lO^^ml). At 
24, 48 and 72 hours, cells were collected and subjected to flow cytometry analysis for 
AICD using Annexin V-FITC and PI staining. "cont24, cont48 and cont72" stands for 
lymphocytes from healthy control activated by PHA for 24,48 and 72 hours respectively. 
"RA24, RA48 and RA72" stands for lymphocytes from RA patients activated by PHA for 
24,48 and 72 hours respectively. 
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Figure 2.4 RA patients' lymphocytes secrete significantly higher IL-2 in response to 
PHA stimulation before and after CD14+ cell depletion. PBMCs were isolated by 
Histopaque (CD 14+ PBMCs). A portion of the cells was depleted of CD 14+ cells (CD14-
PBMC). CD14+ PBMCs and CD14- PBMCs were stimulated with PHA-p (lOjjg/ml). At 
24, 48 and 72 hours, culture supematants were collected and stored at -80°C for future 
study. ELISA was used to test lL-2 secretion. "CD14+ (C.)" stands for CD 14+ PBMC 
from healthy controls; "CD 14- (C.)" stands for CD 14- PBMC from healthy controls; 
"CD14+ (RA)" stands for CD14+ PBMC from RA patients; "CD14- (RA)" stands for 
CD 14- PBMC from RA patients. 
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Figure 2.5 Comparison of CD14+ cell count between RA patients and age/sex 
matched healthy controls. PBMC from both age/sex matched healthy controls and RA 
patients were isolated by Histopaque. The resulting cells were then stained with anti-
CD 14PE and subject to flow cytometric analysis. 
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Figure 2.6 The protective effect of CD14 cocktails from RA patients is stronger than 
that from normal healthy controls. PBMC from both normal healthy controls and RA 
patients were isolated by Histopaque (CD 14+ PBMC). A portion of the cells was 
depleted of CD14+ cells with Dynabeads (CDH- PBMC). CD14+ PBMC, CD14- PBMC 
and CD 14- PBMC with CD14 coclctail were stimulated with PHA (lOj^g/ml). At 24, 48 
and 72 hours, cells were collected and subject to AlCD analysis by flow cytometer. "C. 
CD 14 cocktail" stands for CD 14 cocktails from normal healthy controls. "RA CD 14 
cocktail" stands for CD 14 cocktails fi:om RA patients. 



106 

2.7a 

ywii rftiHtunB. 

I f % I • ' • as tm r% xm iss 



107 

2.7b 

ito SS  ̂ ' **• 

as a» SS %m %as 



2.7c 

• as n ss 7« iM tats 



109 

7.d 

1 l! 
1E_ 

" Im 
A:SSH,B:n 
C:16S,D;I4K 

SS 

CDl4+,0hr. 

120 

C1S%.D;(» 
SS 

CD14+, 24hr. 

128 

sr 

/%'• / / B 

ArlK. B:n 
C2S«,D;«% 

SS 

CDI4-t-,48hr. 

128 

/-

» -

A: 4%. B:4« I 
C]61D:SS1| 

128 

CD14+, 72hr. 

~i (jpj- 4̂ . 

A:7K.B;n | , 
C>%. ftMSl 

SS 

CDt4-,0hr. 

128 

A:SH, B:]|« 
CS«.0:li« 

SS 

CD14-,24hr. 

120 

A:1VB:2I% 
C;9»,0;C1% C11S.0:4I« 

SS 

CDI4-, 48hr. 

120 
SS 

CDI4.,72hr. 

1211 

A; Resting cclls 

B; Apopiotic cells 

C: Activated lymphocytes. 
Monocytes 

D: PBMC whole population aaVDrBIH 
120 

CD14-,24hr.+CD14CK 

'ii 

0 
w 

L. 
A:l%, B:1IH: 
C:Z3H,D:6tl| 

SS 
tza 

i 

: W 1 
; /' } 

B- C-.-''- 1 
A:3S. B;4» j 
DaSV0:S4t 

SS 

CDi4.,48hr.+CD14CK CDI4-, 72hr.+CD14CK 

Figure 2.7 CD14 cocktails prevent PHA induced AICD and support growth of 
hyper-reactive lymphocytes in RA. CD 14+ PBMC, CD 14- PBMC and CD 14- PBMC 
with CD 14 cocictails were stimulated with PHA-p (lOj^g/ml). At 24, 48 and 72 hours, 
cells were collected for flow cytometric analysis. Figure 2.7a, 2.7b, 2.7c show overlay of 
CDI4+ PBMC (or pre), CD14- PBMC (or post) and CD14- PBMC with CD14 cocktail 
(or PostPro) at 24, 48 and 72 hours respectively. Figure 2.7d shows forward and side 
scatter of the above three groups of cells. "A" region demonstrates resting cells, "B" 
region demonstrates apoptotic cells, "C" region demonstrates activated cells and "D" 
region demonstrates whole population except for debris. 
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Figure 3.1 Comparison of Annexin and PI staining. Human PBMCs were isolated by 
Histopaque (CD 14+ PBMC). A portion of cells was depleted of CD 14+ cells by 
Dynabeads (CD 14- PBMC). Ceils were adjusted to lxlO<5 cells/ml with RPMI 1640 
containing lOng/ml PHA-p, seeded to 24 well culture plates and cultured at 5% CO^, 
370C. At 24, 48 and 72 hours, cells were pooled from wells, stained with Annexin and PI 
(propidium iodide) and analyzed by flow cytometer. The data is a mean of three 
independent experiments from RA patients. CD14+ stands for "CD14+ PBMC", CD14-
stands for "CD14- PBMC", CD14./CK stands for "CD14- PBMC with 20% CD14 
cocktails". 
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Figure 3.2 Supematants from TNF-^ matured dendritic cell cultures (DCCKm) 
decrease AICD. Human PBMCs were isolated by Histopaque and seeded in culture 
flasks (1x108 cells/ml) at 37oC and 5% C02 for a two-hour adherence. After two hours, to 
adhered cells was added IL-4 (500 lU/ml) and GM-CSF (1000 lU/ml) in X-VIV015 
medium. The cells were cultured at 37®C and 5% C02 for four days. At day 4, medium 
was changed. At day 5, 500 lU/ml TNF-Qt was added and the cells were cultured for 
another two days. At day 7, the culture supematants (DCCKm) were collected, aliquoted 
and stored at -80oC for future study. For the protection assay, DCCKm was added to 
CD 14- PBMC. DCCKm stands for culture supematants from TNFa-matured dendritic 
cells. CD14+ stands for CD14+ PBMC (PBMC isolated by Histopaque). CD14- stands 
for CD14- PBMC (PBMC depleted of CD14+ ceUs). 



112 

3.3 

Prottctiv* •fr*et of filt«r«d (p.2u PVDF m«mbran«) 
and nen-rilt«r«d CD14 cocktails 

SI -

S 

1 a 
EM 

II '  

Bars show moans-f/O .OSD 

48 

« -

22. 

32 . 32 

CD144- CD14CK CD14« CD14CK 
CD14- CD14CK-F CD14- CD14CK-F 

24 hr. 48 hr. 

Tim* (hours) and troatmonts 

C014» CD14CK 
CD14- CD14CK-F 

72 hr. 

Figure 3.3 0.2^ PVDF membrane filtered CD14 cocktails protect activated 
lymphocytes from AICD. The CD 14 cocktails were filtered through 0.2^ PVDF-
membrane to remove any large membrane debris. The filtered and non-filtered CD 14 
cocktails were then used for the AICD protection assay. The data is a mean of three 
independent studies. "CD 14+" means "CD 14+ PBMC"; "CD 14-" means "CD14-
PBMC*; "CD14CK" means "CD 14 cocktails without filtration; "CD14CK-F" means 
"Filtered CD 14 cocktails". 
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Figure 3.4 Cytokine profile in CD14 cocktails. PBMCs were isolated by Histopaque 
and mixed with Dynabeads (M-450, CD14) at 50^1 beads/10' cells. The cells were then 
incubated at 4°C for one hour with gentle rotation. After one hour, the beads were 
collected by MFC (magnetic particle concentrator). The beads-bound cells (CD 14+ cells) 
were adjusted to IxlO^ cells/ml with macrophage serum free medium and cultured at 5% 
CO^, 37°C for eighteen hours. After eighteen hours, supematants were collected and were 
stored at -SO^C. lL-1 beta, TNE-^, TGF-p, IL-6, IL-2, IL-12 and IL-15 were tested by 
ELISA kits as described in Materials and Methods. 
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Figure 3.5 Culture medium with 10% FBS contains TGF-p. In order to detect TGF-p, 
samples have to be activated by acid. To activate the TGF-p, 0.1 ml HCL was added to 
0.5mi ceil culture medium (RPMI 1640 with 10% FBS), mixed and incubated at room 
temperature for 10 minutes. After 10 minutes, 0.1 ml 1.2 N NaOH/0.5 M HEPES was 
added to the samples for neutralization. Both activated (Acid-activated) and non-
activated samples (Non-activated) were tested for TGF-p concentration by ELISA. The 
data is a mean of three independent studies. 
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Figure 3.6a Cell analyses in CD14+ PBMC after PHA stimulation. PBMC (CD 14+ 
PBMC) was isolated by Histopaque. CD 14+ PBMCs were stimulated with PHA 
(lO^g/ml) at a cell concentration of 1x10® cells/ml. At 24, 48 and 72 hours, cells were 
stained with CD69 (early activation antigen), 7AAD (DNA binding dye) and CDS (one of 
the pan T cell antigen), and analyzed by flow cytometry. The data is a mean of three 
independent studies. 
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3.6b 

Cell analyses In CD14- PBMC after PHA sttmulaUon 
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Figure 3.6b Cell analyses in CD14- PBMC after PHA stimulation. PBMCs (CD14+ 
PBMC) was isolated by Histopaque and depleted of CD 14+ cells (CD 14- PBMC) by 
Dynabeads. CD 14- PBMCs were stimulated with PHA (10|^inl) at a cell concentration 
of 1x10^ cells/ml. At 24, 48 and 72 hours, cells were stained with CD69 (early activation 
antigen), 7AAD (DNA binding dye) and CDS (one of the pan T cell antigens), and 
analyzed by flow cytometry. The data is a mean of three independent studies. 
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Comparison of 7AA0 staining in CD3+ 
T cells and CD19-f B cells (control) 
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Figure 3.6c Comparison of 7AAD staining in CD3+ T cells and CD19+ B cells. 
PBMCs (CD 14+ PBMC) was isolated by Histopaque and depleted of CD 14+ cells 
(CD14- PBMC) by Dynabeads. CD14- PBMCs were stimulated with PHA (lO^g/ml) at a 
cell concentration of 1x10^ cells/ml. At 24, 48 and 72 hours, cells were stained with 
CD69 (early activation antigen), 7AAD (DNA binding dye) and CD3 (pan T cell 
antigen), and analyzed by flow cytometry. The data are two representative experiments. 
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3.7a 

Comparison of 3H-TdR Incorporation before 
and after CD14+ cell depletion (RA patients) 
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Figure 3.7a Comparison of ^H-TdR incorporation in CD14-t- and CD 14- PBMC 
from RA patients overall. CD 14+ PBMC and CD 14- PBMC were prepared as described 
in Materials and Methods. Cells were adjusted to a concentration of 1x10^ cells/ml using 
RPMI 1640 culture medium containing lOng/ml PHA-p and seeded into 96 well plates at 
200ul/well and cultiu-ed at 37oC, 5% C02 for 72 hours. Eighteen hours before cell 
harvest, l^Ci/well 3H-TdR was added. The data is a mean of six independent 
experiments. 
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Comparison of AlCD and 3H-TdR incorporation 
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Figure 3.7b Comparison of AlCD and ̂ H-TdR-incorporation in CD14+ and CD14-
PBNIC from RA patients individually. CD14-<- PBMC and CD14- PBMC were pre
pared as described in Materials and Methods. Cells were adjusted to a concentration 
of 1x10  ̂ cells/ml using RPM11640 culture medium containing lOug/ml PHA-p and 
seeded into 96 well culture plates at 200 ut/welt and cultured at 37°C, 5%C02 for 72 
hours. Eighteen hours before cell harvest, luCiAMell ̂ H-TdR was added. 
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The change of eel subsets in CD14+ and C014- PBMC after PHA-p stimulalion 
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3.8 The changes of cell subsets in CD14+ and CD14- PBMC. CD 14+ and CD14-
PBMC were prepared as described in Materials and Methods. CD 14+ and CD 14- PBMC 
were then stimulated with PHA-p (lOug/ml) at a cell concentration of 1x10^ cells/ml, at 
37°C and 5% CO2 for 72 hours. At 24niours, 48 hours and 72 hours, cells were analyzed 
for the indicated cell surface antigens by flow cytometer. The data is a mean of five 
independent experiments (normal controls). 
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