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ABSTRACT 

ARTHRITIC CELL-BASED ASSAY MODEL FOR MEASURING INFLAMMATORY 

RESPONSE TO THERAPEUTIC BIOLOGICAL AGENTS 

Afshin Sohrabi, Ph.D. 

George Mason University, 2014 

Dissertation Director: Dr. Ancha Baranova 

 

Rheumatoid arthritis (RA) is the most common inflammatory joint disease with 

considerable morbidity and mortality. Conventional disease-modifying anti-rheumatic 

drugs like methotrexate and NSAIDs form the cornerstone of therapy. However, they 

have several limitations in terms of slow onset of action, adverse effects and modest 

remission and retention rates. Several cytokines are involved in the pathogenesis of RA. 

Biological agents that specifically inhibit the effects of tumor necrosis factor-α (TNF-α) 

or MMP-1 represent a major advancement in the treatment of RA. Here we describe and 

characterize a novel human synoviocyte-based model for the anti-arthritis drug screening, 

we found that the treatment of cultured human synoviocytes with LPS induces an 

inflammatory response. The recombinant anti-α trypsin, rAAP, suppresses this 

response. Using Crystal Violet assays, we showed that rAAP is not cytotoxic to human 

synoviocytes at up to 10M concentrations. To explore the anti-inflammatory properties 
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of rAAP in human synoviocytes stimulated with LPS, the levels of inflammatory 

mediators and an activity of NF-B/IkB- signaling pathway were quantified across 

various time points post rAAP treatment. Using qRT-PCR, we showed that rAAP inhibits 

the expression of TNF-, IL-1, IL-6, GM-CSF, MMP1, and COX-2.  Recombinant 

AAP suppresses the LPS-induced production of TNF- levels to ~ 30% of that in 

untreated control cells. By stimulating phosphorylation of the inhibitory IkB- protein at 

Ser32 and Ser36 followed by proteasome-mediated degradation, rAAP affects NF-B 

activation which plays a central role in the inflammatory responses to LPS activation. 

Since the NF-B/IkB- signaling pathway is involved in cytokine production, it is also 

inhibited. Hence, the mechanism of action appears to be through the modulation of 

proinflammatory mediators such as TNF-, IL-1,   IL-6, COX-2, MMP1, prostaglandin 

E2, GM-CSF, and IL-8. These observations suggest that inhibition of TNF- cascade by 

rAAP may help reduce the inflammation for RA. Our studies indicates that LPS activated 

human synoviocytes model may help in further investigation of the mechanisms involved 

in the inflammatory cascade observed in RA.      
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Chapter One: INTRODUCTION 

 

 

 

A. Background 

Arthritis is a common destructive disease of the joints, particularly the large joints. This 

disease is associated with pain, stiffness, swelling, and loss of physical function of the 

joint. In the United States alone, it affects as many as 36 million people. 

Different forms of arthritis have distinctive symptoms, prognoses, and treatments (1, 

2). Osteoarthritis (OA) is the most common form of arthritis, affecting approximately 70–

80% of the population over 50 years of age. The second most prevalent form is 

rheumatoid arthritis (RA), a debilitating autoimmune inflammatory syndrome. It affects 

about 0.6% of the middle age adults. The development of RA is twice more likely in 

women than man (3). 

The most important feature of arthritis is the decrease in the distance between joints 

that is proportional to the severity of arthritis symptoms of arthritis arise. This decrease in 

the distance between joints has been attributed to a progressive cartilage loss that leads to 

bone rubbing against bone. It has been well established that cartilage does not self-repair 

once damaged.  The general mechanisms of cartilage degradation are the same for 

different types of arthritis, but differing etiology and pathogenesis define each disease 

(4).  Collagen type II and proteoglycans are the main extra cellular matrix components of 

cartilage.  Cytokines have been known to profoundly affect cartilage metabolism.  In
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 response to proinflammatory cytokines, chondrocytes and synoviocytes release 

metalloproteinases (MMPs) and produce collagenase(s), which promote the loss of 

cartilage tissue by facilitating the breakdown of proteins cores and the release of 

hyaluronate and proteoglycan fragments that further propagate the synthesis of 

inflammatory cytokines and chemokines (5, 6, 7, 8).  

It is important to note that the synovial tissue and synovial fluid may contain a variety 

of inflammatory cytokines, such as TNF-, IL-6, and IL-1, which, in turn, may act upon 

many different cell types, thus demonstrating pleiotropic properties. Tables 1, 2, and 3 

list many of the effects propagated by these cytokines.  

 

 

 
Table 1 Cellular Sources, Targets, and Primary Effects of TNF- (Refs: 9, 10, 11, 12, 13, 14, 15, 16) 

CYTOKINE SOURCES TARGETS PRIMARY EFFECTS 
TNF- Macrophages 

T-cells 

Activated 

mast cells 

Activated NK 

cells 

 

Macrophages/ 

Monocytes 

Lymphocytes 

Neutrophils 

Eosinophils 

Endothelia 

cells 

Skeletal 

Myocytes 

Muscle cells 

Fibroblasts, 

Synoviocytes 

Chondrocytes 

Adipocytes 

Hepatocytes 

Pancreatic 

islets 

Hypothalamus 

 Inducer of adhesion molecule expression on 

endothelia cells 

 Inducer of acute phase response 

 Growth factor for fibroblasts 

 Regulator of proliferative & functional responses 

of T & B lymphocytes 

 Activates neutrophils, eosinophils, and 

macrophages 

 Stimulation synthesis of IL-1, IL-6, TNF-, IL-8 

by activated macrophages 

 Co-stimulator for T-cell activation- 

 Induces IL-2R 

 Stimulated antibody production 

 Induces CSF by endothelia cells 

 Induces hepatocytes to produce acute phase 

protein 

 Endogenous pyrogen 

 Increased expression of adhesion molecule for 

monocytes and neutrophils 

 Increased synthesis of PGE2, PDGF-A, 

collagenase, IL-1, IL-6 

 Decreased synthesis of proteoglycans 

 Increased prostaglandin synthesis 

 Upregulation of chemokines  
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 Suppresses cell division 

 Upregulation of MHC antigens 
Table 2 Cellular Sources, Targets, and Primary Effects of IL-6 (Refs: 9, 10, 11, 12, 13, 14, 15, 16) 

CYTOKINE SOURCES TARGETS PRIMARY EFFECTS 
IL-6 Macrophages 

T 

Lymphocytes 

Mast Cells 

Keratinocytes 

Fibroblasts 

Endothelia 

cells 

Chondrocytes 

Osteoblasts  

Carcinomas 

& Myxomas 

 

B 

Lymphocytes 

T 

Lymphocytes 

Hepatocytes 

Osteoclasts 

Hematopoietic 

Progenitor 

 Induces acute phase reactants by hepatocytes 

 Induces IL-2 receptors on T-cells 

 Induction of cytotoxic cells with IL-2 

 Cofactor for CSF activity 

 Promotes bone resorption 

 Autocrine for Myeloma and Kaposi’s Sarcoma   

 Growth factor for activated B-cells (BCDF) 

 Augments NK cell activity 

 Suppresses secretion of IL-1 & TNF- at the 

transcriptional level   

 Inhibits cell division in fibroblasts 

 

 

 

 
Table 3 Cellular Sources, Targets, and Primary Effects of IL-1(/) (Refs: 9, 10, 11, 12, 13, 14, 15, 16) 

CYTOKINE SOURCES TARGETS PRIMARY EFFECTS 
IL-1(/) Macrophages 

Endothelia 

cells 

Fibroblasts 

Neutrophils 

Dendritic 

Cells 

Langerhans 

Cells  

Hepatic 

Kuppfer Cells 

Alveolar 

Macrophages 

Keratinocytes 

Astrocytes 

Bone Marrow 

Stromal Cells 

Large 

Granular 

Epithelial 

Cells 

Thymic 

Epithelial 

Cells 

Microgleal 

Cells 

Kidney 

Epithelium 

B-cell Lines 

Macrophages 

Monocytes 

T & B 

Lymphocytes 

Neutrophils 

Eosinophils 

Endothelia 

cells 

Fibroblasts 

Synoviocytes 

Chondrocytes 

Adipocytes 

Hepatocytes 

Pancreatic 

islets 

Hypothalamus 

 Induces acute phase proteins by the liver 

 Promote the proliferation of activated T –cells 

 Enhances the growth and differentiation of B-

cells 

 Induces synthesis of IL-1, IL-6, INF-, IL-2, IL-

8  

 Increased expression of adhesion molecule 

endothelia cells 

 Induction of fever 

 Induces collagenase and prostaglandin synthesis 

in synovial Cells 

 Endogenous pyrogen 

 Increased expression of adhesion molecule for 

monocytes and neutrophils 

 Increased synthesis of PGE2, PDGF-A, 

collagenase, IL-1, IL-6 

 Decreased synthesis of proteoglycans 

 Increased prostaglandin synthesis 

 Upregulation of chemokines  

 Increases cell division in fibroblasts 

 Induction of IL-1, IL-6, prostacyclin & GM-CSF 

synthesis 
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In particular, proinflammatory cytokines participate in the recruitment of immune 

cells or stimulation of cells within synovial tissue.  Several investigators have detected 

TNF-α in synovial tissue and fluid from arthritic joints (9-17).  TNF-α is an important 

cytokine in the body’s immunological and inflammatory responses.  Although one of its 

primary functions is to initiate and regulate subsequent specific immune responses, 

numerous biological activities have been attributed to this cytokine, which may affect the 

cellular recruitment / stimulation within inflamed arthritic joints. TNF-α may induce: 1) 

vascular endothelial cells to express new adhesion molecules, 2) mononuclear phagocytes 

and other cell types to secret chemokines that may serve as chemotactic agents for 

leukocyte recruitment and stimulation of fibroblast proliferation, 3) inflammatory 

leukocytes to kill microbes, 4) tissue remodeling, when secreted chronically at low 

concentrations.  TNF-β (lymphotoxin) is closely related to TNF-α; it produces a vast 

range of effects that are similar, but not identical, to that of TNF-α.  Both cytokines are 

capable to increase angiogenesis and vascular permeability, thereby facilitating access 

into the synovial joint.   

In order to determine which mechanisms are involved in inflammatory reactions 

associated with arthritis, the molecular pathway that leads to the stimulation of 

synoviocytes and subsequent degradation of cartilage must be understood.  Considerable 

effort has been directed towards understanding the effect of cytokines on synoviocytes 

and their participation in inflammation and cartilage degradation within the joint.  It is 

now apparent that the activities of synoviocytes and other cartilage cells are interrelated.   
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Synoviocyte activity appears to be regulated by cytokines released both by 

synoviocytes themselves and by other pro-inflammatory cell present within the joint.  

Experimental testing by Boummediene
 
et al., Goldring et al., Harvey

 
et al., Herman et al.,  

Kandel et al., Le et al., Malemud et al., Margerie et al., Mitchell et al., Morales et al., 

Murata et al., Osborn et al., Palmer et al., Schimazu et al., van Beuningen et al., and van 

der Krann et al., suggests that TNF-α acts upon synoviocytes and makes them to 

synthesize and release other cytokines such as IL-4, IL-1β, IL-6, Il-8, IL-10, TGF-β, GM-

CSF, RANTES, and INF- (18-35).  In turn, these cytokines increase the recruitment and 

proliferation of the cells responsible for both cell-mediated and humoral immune 

responses that further contribute to the development of inflamed synovium.   

IL-1β and IL-6 appear to act early in the pathological arthritic process, while the 

chemokines such as GM-CSF and RANTES play a role at later stages of joint 

destruction. TNF-α activated synoviocytes may also contribute to the arthritis by 

releasing degradative enzymes that destroy extracellular collagen/proteoglycan matrix 

surface. The stimulation of synoviocytes to produce extracellular matrix-degrading 

enzymes may result from a combination of signals, including cytokines, microbial 

pathogens, antigens, mitogens, lipopolysaccharides, hormones, prostaglandins, and 

physical trauma (34). Moreover, TNF-α/IL-1β induced production of adhesion molecules, 

including E-selectin, intercellular adhesion molecule 1 (ICAM-1) and vascular cell 

adhesion molecule 1 (VCAM-1), promotes cell migration and suppresses anabolic 

activity of chondrocytes, thereby impairing regeneration of cartilage (34, 35). 
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Prostaglandins are the derivatives of arachidonic acid that both sustain 

homeostatic functions and mediate pathogenic mechanisms, including the inflammatory 

response. The production of a variety of prostaglandings is enhanced in bone-resorbing 

diseases such as osteoporosis, rheumatoid arthritis and osteoarthritis. Effects of 

prostaglandin E2, or PGE2, are mediated by receptor activator of NF-kB ligand (RANKL) 

that is the key for the induction of osteoclast formation. Furthermore, IL-6-stimulated 

bone resorption involves PGE2 production. Other relatives of prostaglandins, the 

leukotrienes (LTs), and particularly LTB4, have also been implicated in bone remodeling 

associated with rheumatoid arthritis (36-40).  

The synthesis of prostaglandins, prostacyclins, thromboxanes and leukotrienes, 

collectively known as eicosanoids, requires an arachidonic acid and its metabolites as 

precursors. The eicosanoids are hormone-like in that many of their effects are 

intracellularly mediated.  However, unlike hormones, they are not transported in the 

bloodstream to their target.  The eicosanoids are local mediators: That is, they act in the 

same environment in which they are synthesized, and have profound physiological effects 

at extremely low concentrations (41-42).  For example, PGE2 has been shown to mediate 

the:
 

1. inflammatory response in the joints (rheumatoid arthritis), skin (psoriasis), and eyes. 

2. production of both anti- and proinflammatory action. 

3. bone resorption. 

4. regulation of sodium excretion and renal hemodynamics 

5. induction of blood clotting. 
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6. modulation of the sleep/wake cycles.  

.In humans, cyclooxygenase-1 (COX-1), cyclooxygenase-2 (COX-2) and 

lipoxygenase pathways are three of the major pathways for the synthesis of 

prostaglandins.  The cyclooxygenase pathway of arachidonic acid metabolites leads to 

prostaglandins, prostacyclins and thromboxanes, whereas leukotrienes are products of 

lipoxygenase pathways (37-40). The first reaction in both pathways is the conversion of 

arachidonic acid.  Arachidonic acid is stored in cell membranes esterified at carbon 

number two of the glycerol backbone of phosphatidylinositol and other. The production 

of arachidonic acid metabolites is controlled by the rate of arachidonic acid release from 

these phospholipids upon demand via phosphorlipase A2 (36). The released arachidonic 

acid is then oxygenated by either the cyclooxygenase and lipoxygenase pathways.   

Prostaglandins have been recognized as one of the inflammatory mediators associated 

with the modulation of cartilage breakdown. The cyclooxygenase (COX) enzymes 

regulate the synthesis of prostaglandins.  The two enzyme isoforms COX-1 and COX-2 

have approximately 60% amino acid homology to each other, with similar tertiary 

structures, but different active sites. They also differ in their patterns of tissue and cellular 

distribution. COX-1 is constitutive and is widely distributed throughout the. COX-2 is 

expressed by inflammatory cells and by synoviocytes. In the inflammatory response of 

OA chondrocytes, both COX-2 expression and its activity are increased and appeared to 

be a major determinant of prostaglandin E2 activity. COX-2 expression also appears to be 

responsive to IL-1 and TNF- stimulation (43-45).  
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B. Role of Inflammatory Mediators in the Cartilage Turnover 

The fundamental pathological feature of arthritis is the degradation of cartilage, a 

tissue that serves as a non-dispensable cushion between articulating bones in the joint. In 

arthritis, the physical and chemical properties of cartilage are modified to its detriment. 

Additionally, the synovial tissue lining of the joint space is altered in a way that precludes 

it from manufacturing adequate amounts of the lubricating fluid. The degradation of 

cartilage has been ascribed to a cascade of pro-inflammatory mediators capable of 

breaking down ECM components. The list of these mediators includes cytokines TNF- 

and IL-1, arachidonic acid metabolites, reactive radicals and degradative enzymes such 

as metalloproteinaises.  

The major discernible feature of arthritis is a breakdown of cartilage. Normal 

cartilage is composed of a collagen type II backbone permeated with high molecular 

weight proteoglycans (aggrecans). It is well know that the synthesis and breakdown of 

the extracellular matrix (ECM) proteins is affected by cytokines that are manufactured by 

various cell types, both locally and systemically. Some proinflammatory cytokines, 

including TNF-, IL-1 and IL-6, both mediate the breakdown of cartilage proteoglycans 

by induction of metalloproteinaises (MMPs) and directly inhibit proteoglycan 

biosynthesis. The breakdown of the proteoglycan inner protein core leads to a discharge 

of proteoglycan and hyaluronate fragments in the joint (46-47).  

In cartilage turnover, the ECM degrading enzymes both cleave ECM molecules, 

thus, producing extracellular proteins and protein fragments with augmented or 

attenuated functions and influence the production of cytokines. The action of the ECM 
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degrading enzymes is opposed by tissue inhibitors of metalloproteinaises (TIMPs) that 

block MMP action. The balance between the MMPs and TIMPs play a major role in 

preserving the composition of articular cartilage.  Thus, when the homeostasis of MMPs 

and TIMPs is disrupted, increased breakdown of cartilage may follow (48-47). 

It is important to note that RA is different from OA. In RA, there is an 

inflammation of the synovial membrane, bone, and cartilage erosion that is promoted by 

cascade-like induction of other proinflammatory mediators such as IL-1, IL-6, IL-8, 

GM-CSF, Osteopontin, MMP-1, MMP-9, MMP-13, COX-2, and PGE2 (Figure 1) (48). 

These proinflammatory mediators are synthesized within the affected joints by both 

resident synoviocytes and invading macrophages, and neutrophils (49). The lead cytokine 

of this cascade is TNF- that stimulates the secretion of other proinflammatory 

molecules and mediators and propagate pathogenetic picture of RA (50). Importantly, 

resident synoviocytes are the key players providing a major contribution to the secretion 

of an orchestra of inflammatory mediators.  

 

Figure 1 Pathogenesis of RA. According to Choy, E.H.S. et al. N England J Med 2001; 344:907-916 (51) 
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TNF- has been considered a pivotal cytokine in the pathogenesis of RA, as 

significant clinical and laboratory evidence has been obtained by TNF- blockade (51). 

Moreover, it has been verified that neutralization of TNF- can reduce the production of 

other proinflammatory mediators such as MMP-1 (51, 53). MMP-1 is the only enzyme 

capable of initiating breakdown of interstitial collagens, collagen type 1, collagen type 2, 

and collagen type 3 and plays an important role in the remodeling of collagens within 

ECM in various physiologic and pathologic situations. The enzyme is expressed by a 

wide variety of cell types, including synoviocytes. Several studies have shown that TNF-

 activates synoviocytes and causes them to undergo hyper-proliferation and up-regulate 

secretion of additional proinflammatory mediators (48, 53). Trigger of TNF-  in 

collagen induced RA mice models causes recruitment of macrophages, neutrophils, 

buildup of inflammatory cytokines (e.g., IL-1, IL-6) and chemokines (e.g., IL-8), and 

ECM degrading enzymes (e.g., MMP-1) in the joint (46). In vitro studies have also 

shown that activated synoviocyte cells secrete these inflammatory mediators in culture 

media (22). In summary, both TNF- and MMP-1 are inflammatory mediators that play 

role in joint destruction and are secreted by activated human synoviocytes in culture 

models.  Notably, the activation of TNF- in joints of animal models yields pathological 

changes that resemble those seen in patients with RA (48).  

C. Role of NF-B/IB- in Inflammation Associated with RA  

The pathogenesis of RA involves the persistent expression of pro-inflammatory 

cytokines, chemokines and other such inflammatory mediators. Many of these genes 
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contain the B site for NF-B transcription factor within their promoters, suggesting that 

NF-B is involved RA (54, 55, 56). NF-B itself is upregulated in RA. TNF- that 

activates NF-kB is elevated in the synovial fluid of patients with RA (57). Moreover, 

increased NF-B activity has been observed in the white blood cells (e.g. macrophages) 

of RA patients (58). Immunocytochemistry techniques have shown that NF-B activation 

is evident in synovial tissue from patients with RA. The treatment with steroids decreases 

NF-B activity in synovial cells as well as reduces the clinical symptoms of disease. 

Thus, NF-B is involved in the pathophysiology disorder of the autoimmune RA. 

Figure 2 Activation of the signaling pathway of NF-B via Toll-like receptors; http://en.wikipedia.org/ 

 

 

 

http://en.wikipedia.org/
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There are two signaling pathways leading to the activation of NF-kB; these pathways 

are known as the canonical pathway (or classical) and the non-canonical pathway (or 

alternative pathway) (59). The common regulatory step in both of these cascades is 

activation of an IB kinase (IKK) complex consisting of catalytic kinase subunits (IKK 

and/or IKK) and the regulatory non-enzymatic scaffold protein NEMO (an essential 

modulator of NF-kB activity, also known as IKK). Activation of NF-B dimers is due to 

IKK-mediated phosphorylation-induced proteasome degradation of the IB- inhibitor, 

which liberates the active NF-B transcription factor subunits to translocate to the 

nucleus and induce target gene expression (Figure 2). In the absence of activating signal, 

IB- sequesters NF-B subunits and inhibits its translocation which consequently 

terminates transcriptional activity. In the canonical signaling pathway, binding of ligand 

to a cell surface receptor such as a member of the Toll-like receptor superfamily leads to 

the recruitment of adaptors (such as TRAF) to the cytoplasmic domain of the receptor. In 

turn, these adaptors recruit the IKK complex, which leads to phosphorylation and 

degradation of the IB inhibitor. The canonical pathway activates NF-B dimers 

comprising of RelA (p65), c-Rel, RelB and p50.  

An increase in the serum levels of proinflammatory cytokines such as TNF-α, IL-1β, 

and IL-6 have been detected in arthritic humans, mice, rats, and dogs.  In contrast, little 

information is available on the involvement of the signaling pathway such as NF-kB/IB-

α on the involvement of TNF-α, which plays a key role in the degradation of cartilage 

that is observed in arthritic syndromes. There has been much interest in inhibiting NF-B 

/IB signaling pathway for the treatment of RA and its associated inflammation 
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disorders. This is primary due to its inflammatory attributes in the synovial tissue (57). 

Different approaches to "suppress" NF-B in arthritis have been developed, including the 

modulation of IkB kinases by gene therapy (57), the use of IB- super-repressors (59), 

and the use of genetic constructs that overexpress IB. The latter made use of an 

adenoviral vector-encoding IB. Expression of IB in trans effectively inhibits NF-B, 

resulting in suppression of TNF- production in both RA synovial cells and macrophages 

(58). Another approach to regulate NF-B expression includes the use of NF-kB decoy 

oligonucleotides that bind to the transcription factor, block the activation of 

proinflammatory cytokine genes and thus suppress the severity of joint destruction (62). 

RNA interference technology based approaches to modulate the expression of genes that 

participate in the NF- pathway has also been examined (63-83). Finally, NF-B 

modulation could also be achieved through the inhibition of proteasome-dependent 

degradation of IkB. 

The use of NSAIDs, including salicylates, remains the major route to suppress 

inflammation. Earlier studies proposed that inhibition of prostaglandin biosynthesis 

accounts for the anti-inflammatory activity of NSAIDs (97). More recent investigations 

suggest that NSAIDs inhibit the proinflammatory cytokine activation by disrupting NF-

B pathway (1, 4, 59, 60, 61, 98). In macrophages, NSAID inhibitors such as aspirin 

have been shown to inhibit proinflammatory mediators via modulating the NF-kB/IB- 

signaling pathway (84, 85). In synoviocyte cultures, IL-1 induces an increase in NF-B 

activity, and this increase can be inhibited by treatment with aspirin (86). Pretreatment of 

synoviocytes with NSAIDs before agonist activation substantially lowers the secretion of 
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TNF- and MMPs (87-95). More importantly, in Collagen Antibody-Induced Arthritis 

(CAIA) mouse model, the pretreatment with NSAIDs before activation of the 

inflammatory cascade results in protection against RA and lowered levels of TNF- and 

MMP-1 in the serum of experimental animals (93).  Therefore, the specific targeting and 

modulation of NF-B activity may theoretically benefit patients with RA through 

subsequent inhibition of the secretion of proinflammatory mediators.  

D. Cultured Synoviocytes as an in vitro Model for Arthritis 

To screen for novel NSAIDs with anti-arthritic activities, several in vitro cell 

models involving peripheral blood cells and tumor cell lines have been utilized. Although 

these cell assay systems have been useful for identifying inhibitors of inflammation, these 

in vitro models may not reflect the tissue response in the joint. A more appropriate model 

would be one that is representative of the joint tissue and would allow continuous 

monitoring of physiological markers in response to various kinds of treatment.  

In the present study, we developed and thoroughly characterized an in vitro model 

that recapitulates the features of arthritis. This model employs human synoviocyte 

population that consists primarily of fibroblastoid cells. The synovial fibroblasts-like 

cells produce proinflammatory mediators that are the key players in the pathophysiology 

of arthritis (Figure 3). The fibroblastoid synoviocytes can be expanded with ease in tissue 

culture over several passages and still retain their phenotype and ability to respond to 

activators of inflammation. Synoviocytes produce mediators that include cytokines (TNF-

, IL-I, IL-6), COX-2, chemokines, MMPs, and MMP inhibitors upon activation by a 

wide variety of stimuli (12, 28).  
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We hypothesize that cultured human synoviocytes may be triggered by a 

lipopolysaccharide (LPS) to express proinflammatory cytokines Il-6, TNF-, IL-1 via 

the NF-B/IB- signaling pathway. These proinflammatory mediators are key players 

in arthritis. Using this synoviocyte model, we tested the hypothesis that nonsteroidal anti-

inflammatory drugs (NSAIDs), glucocorticoids, non-biologic disease-modifying anti-

rheumatic drugs (DMARDs) and biologic DMARDs inhibit the expression of 

proinflammatory mediators such as TNF-, IL-I, IL-6, PGE2, MMPs, and the activation 

of NF-B/IkB- signaling pathway.  

 
 

Figure 3 The Mechanism of Synoviocyte Contribution to Joint Destruction. According to Nature Reviews 

Immunology, 2007 (99) 
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According to light and electron microscopic studies, the synovial tissue cells may 

be categorized into either macrophage-like cells called “Type A,” or fibroblast-cells 

called “Type B” (1,99).  Type B fibroblast-like cells are characterized by a presence of an 

extensive rough endoplasmic reticulum, sporadic appearance of cytoplasmic vacuoles and 

vesicles, less dense nuclear chromatin and developed nucleoli.  It is possible that 

individual synovial cells may switch their phenotypes from phagocytic cells to ones with 

synthetic function under some kind of external or external stimuli.  Interestingly, type B 

synoviocyte-like cells may be differentiated from plasmacytoid dendritic cells (pDCs) 

collected from bone marrow suggesting possible involvement of pDCs in the 

pathogenesis of RA and OA (1-2). Type A synoviocytes do not survive in tissue culture 

whereas fibroblast-like Type B synoviocytes can be propagated for nearly 6 months’ 

time.  

Our culture model consists of human synoviocytes isolated from synovial tissue. 

Several investigators have found that synoviocyte cell cultures continue to synthesize 

matrix components such as collagen type I and type III, proteoglycans, hyaluronic acid 

and produce both proteinases and proteinases inhibitors (99, 100, 102).  Therefore, we 

characterized phenotypic markers of synoviocytes grown in our laboratory. Phase 

contrast microscope observations showed that cultured synoviocytes have a spindle like 

appearance and looks stretched out resembling typical fibroblasts. Both by Western blots 

and immunocytochemistry, primary synoviocytes cultures have been shown to produce 

collagen type I and to be stable up to ten in vitro passages.  
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E. NSAIDs and other Inhibitors of Cytokines and Prostaglandin Synthesis  

Aspirin and other nonsteroidal anti-inflammatory drugs (NSAIDs) inhibit the 

TNF- pathway and the cyclooxygenase pathway, but not the lipoxygenase pathway.  

These inhibitors have proven to be valuable tools in the elucidation of cytokine and 

prostaglandin biosynthesis pathways, as well as providing a starting point for the rational 

synthesis of new anti-inflammatory compounds (98).   

NSAIDs are reported to relieve arthritic joint pain and reduce inflammation. For 

decades, over-the-counter drugs Aspirin and Ibuprofen have been used to treat a wide 

variety of diseases. In recent years, an ever-increasing number of NSAID products have 

become available. However, according to the Arthritis, Rheumatism, and Aging Medical 

Information System (ARAMIS), the use of NSAIDs is associated with substantial adverse 

effects, including upper GI intolerance (e.g., dyspepsia, abdominal pain, and nausea), and 

ulcer complications, such as bleeding, perforation, gastric outlet obstruction.  Since 

NSAIDs are among the most widely used drugs in the world, the magnitude of the 

problem is especially apparent.  NSAID-induced GI bleeds are currently the 15
th

 leading 

cause of death in the United Sates, with approximately 16,500 deaths per year.  This has 

prompted the interest of the research community as well as physicians to search for 

alternative approaches for treatment of arthritis that has fewer side effects and 

simultaneously provides more potency (98).  

The other commonly used treatments for RA have been divided into three groups: 

glucocorticoids, non-biologic disease-modifying anti-rheumatic drugs (DMARDs) and 

biologic DMARDs such as serine protease inhibitors (a.k.a. α-1 anti-trypsin protein) have 
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been targeted for medical research because they have been reported to control the process 

of coagulating and inflammation (102). The inhibitory serpins contain a reactive center 

loop (RCL), which form covalent complexes with target proteases, thereby inhibiting its 

function (102,103). Rat α-1 anti-trypsin protein is about 26% homologous to human 

SERPINA1 and SERPINA3 as analyzed by Clone Manager Software (102). Importantly, 

α-1 anti-trypsin protein derived from rat strains resistant to increase in proinflammatory 

mediators, have been explored for suppression of inflammatory disorders (102-106, 108, 

110, 117). One recent study has shown that α1-antitrypsin –based gene therapy decrease 

autoimmunity and delay arthritis development in mouse models more potently than any 

commercially available anti-inflammatory agent (26). Synthetically manufactured α-1 

anti-trypsin proteins also prevent the progression of arthritis in a RA mouse model (102, 

107, 108). In this study, the recombinant rat α-1 anti-trypsin has been utilized as a 

positive stimulus that can inhibit the production of inflammatory mediators such as TNF-

, which is known to play major role in RA inflammation, and validate primary 

synoviocyte model for screening of novel non-biologic and biologic DMARDs.  

F. Specific Aims 

Over the past decade, a wide variety of biologicals (i.e. therapeutic modalities that have 

been generated by living cells) have been used to treat rheumatoid arthritis (RA), a 

condition associated with inflammation and pain. Examples of these biologicals drugs are 

formulations of Actemra and Rituxan, which are monoclonal antibodies that neutralize 

their targets. These biologicals are thought to promote joint health by acting as anti-

inflammatory agents and/or as analgesics. The mechanisms by which they reduce 
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inflammation and alleviate pain are not very well understood. More recently, the 

mechanisms of action of new types of biologicals have been attributed to inhibiting the 

activity of various proteases. One example of this type of biological molecule is α1- 

antitrypsin proteinase (AAP). This biological peptide molecule is found in the serum of 

mouse and there is a counterpart ortholog in the serum of humans. Since bone erosion 

and cartilage breakdown are the hallmark of RA, then these new protease inhibiting 

therapeutic drugs may act by directly regulating synoviocytes function (107, 108). 

Although the mechanisms of cartilage breakdown and bone erosion in RA are not fully 

understood, it is clear that synoviocytes play a critical role in maintaining the integrity of 

the joint by synthesizing inflammatory mediators. These mediators include TNF-, IL-

1, IL-6, IL-8, GM-CSF, Osteopontin, MMP-1, MMP-9, MMP-13, COX-2, and PGE2 (1-

8, 99-100). It is therefore likely that biological therapeutic drugs may exert their 

beneficial healing effects by directly regulating synoviocytes function. Thus, biological 

therapeutic drugs that can downregulate major proinflammatory mediators secreted by 

synoviocytes could also protect against RA pathogenesis.  

The long-term goal of this study is to pave a way for the discovery a novel biological 

agent that could be used as the treatment of RA. In vitro models have facilitated the study 

of pharmacologic agents and their mode of action. These models have also been helpful 

in screening new classes of potential arthritic biological therapeutic agents. Using a novel 

in vitro model, we tested whether recombinant α1-antiprotease (rAAP) inhibits pro-

inflammatory mediators such as TNF- and MMP-1 levels via NF-κB/IkB- signaling 

pathway involved in cartilage degradation and bone erosion. We hope that our study will 
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help to find the mechanism of action that plays a major role in RA and identify potential 

pathway(s) targeted by rAAP. Using this in vitro models, we have obtained preliminary 

evidence that rAAP can inhibit expression of proinflammatory cytokines such as TNF-

in human synoviocytes.  

Hypotheses: 

 Three types of overexpressed molecules commonly found in arthritic joints of RA 

and OA individuals include:  1) Proinflammatory cytokines, 2) Metalloproteinases 

(MMPs) and 3) Prostaglandin E2.  Several studies have developed animal models 

recapitulating these molecular characteristics of arthritic inflammation; all of these 

models put experimental animals at prolonged discomfort. Therefore, there is a critical 

need in the development of in vitro models allowing to study these features of arthritis in 

a way that spare laboratory animals.  The primary objective of this study is to test the 

following hypotheses: 1) Human synoviocytes can be activated by LPS to express 

inflammatory mediators involved in RA; 2) The treatment with rAAP is capable of 

inhibiting those inflammatory features in LPS-stimulated human synoviocytes; 3) In 

activated synoviocytes, rAAP exerts its action by modulating NF-B/IkB- signaling 

pathway.  

To test the hypothesis above, we pursued the following specific aims: 

AIM 1: To express and purify recombinant α1-antiproteinase (rAAP). To achieve 

that, insert rAAP encoding DNA fragment into pET SUMO vector, express rAAP in 

competent E.coli cells, and purify rAAP molecules for subsequent treatment of human 

synoviocytes.  
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AIM 2: To quantify effects of rAAP in synoviocyte culture model. To assess the dose 

response cytotoxicity of rAAP using Crystal Violet Cytotoxicity Assays.  

 

AIM 3: To discern possible mechanisms of rAAP effects on expression of 

inflammatory mediators. In qRT-PCR and ELISA assays, to study the mechanism of 

rAAP-dependent modulation of inflammatory mediators, including TNF-, IL-1, IL-6, 

IL-8, GM-CSF, COX-2, PGE2, and MMP-1.  

 

AIM 4: To study the modulating effects of rAAP on NF-B/IkB- signaling 

pathway. To determine the effect of rAAP on NF-B/IkB- signaling pathway and 

upstream regulatory molecules by analyzing NF-B/IkB-, ERK, JNK, p38, MEK, 

STAT1, STAT3, and IKK levels using Li-Cor Plate Reader. To test the feasibility of 

using NF-κB reporters as high-throughput screening tools for the live cell monitoring of 

NF-κB pathway in human synoviocytes.   
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Chapter Two:  METHODS AND MATERIALS 

 

 

 

A. Reagents 

Antipain hydrochloride, bestatin hydrochloride, trans-epoxysuccinyl-L-

leucylamido-(4-guanidino) butane (E-64), leupeptin, pepstatin, aprotinin, DL-

dithiothreitol (DTT), phenylmethylsulfonylfluoride (PMSF), chymostatin, 

lipopolysaccharide (LPS), and aspirin were purchased from Sigma [St. Louis, MO].  

Dulbecco’s Modified Eagle’s Medium (DMEM) and Hank’s Balanced Saline Solution 

(HBSS) were obtained from ATCC [Manassas, VA], and OPTI-MEM (Reduced Serum 

Medium 1x) was purchased from Life Technologies [Grand Island, NY].  Anti-NF-Bp-

50 (ab14475), NF-Bp-65 (ab243), anti-IkB-α (ab7217), anti-IKKβ (ab59195) and anti-

STAT1 (ab47754) antibodies were purchased from Abcam (Cambridge, MA).  

Antibodies to p-MEK-1(sc-271714), p-STAT3 (sc-8059), p-JNK (sc-6254), p-ERK (sc-

7383), and  p-p38 (sc-7973) were purchased from Santa Cruz Biotechnology, Santa Cruz, 

CA. IRDye mouse and rabbit secondary antibodies and blocking buffer were purchased 

from Li-Cor [Lincoln, NE]. TNF-, COX-2, S14 primer sets, and TaqMan Universal 

PCR master mix were purchased from ABI [Grand Island, NY]. Human Cytokine 

Inflammatory & Receptors PCR Arrays (PAHS-011A) were purchased from SA 

Biosciences. Cytokine production detection High Sensitivity Quantikine
TM

 kits for TNF-
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, IL-1, IL-6, IL-8, GM-CSF, COX-2, PGE2, and MMP-1 were purchased from R&D 

Systems [Minneapolis, MN].  The Expresso
TM

 SUMO T7 cloning Expression System 

(pETite
TM

 N-His SUMO Kan Vector) was purchased from Lucigen [Middleton, WI]. 

This SUMO vector included a purified 6xHis-SUMO control protein. The TOPO cloning 

kit was purchased from Invitrogen/Life Technologies [Grand Island, NY]. 

Lipopolysaccharide was purchased from SIGMA-Aldrich [St. Louis, MO].  

B. Cell Culture 

Synovial tissue samples from three 50-60 years old normal Caucasian female 

donors were purchased from Cells Applications Inc [San Diego, CA].The synoviocytes 

were thawed and expanded in T-75 flasks containing DMEM with 10% Fetal Calf Serum 

(FCS) until confluence was reached.  To obtain enough cells for technical replicates, the 

cells were expanded several times up to passages 7-10.  After resuspending in tyrpan blue 

exclusion dye, cells were enumerated on a hemacytometer for evaluation of viability and 

cell number.  Cells that did not take up the dye were judged viable.  For assaying, cells 

were seeded in 6-well plates or 96-well plates or T-25 flasks manufactured by Costar 

(Cambridge, MA) in OPTI-MEM reduced 1x serum media. Before treatment with anti- 

inflammatory agents, OPTI-MEM media was discarded, then the flasks containing cells 

were washed with HBSS three times. Fresh media aliquots (OPTI-MEM with reduced 1x 

serum) were added to each flask, then cells were incubated at 37
o
C and 5% CO2 before 

activation with LPS and subsequent treatment with anti-inflammatory agents.  
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C. qRT-PCR Analysis 

To determine expression levels of various genes such Human Cytokine 

Inflammatory & Receptors Profiler Array kits (SA Biosciences) were used. Cells were 

seeded in 6-well plates (5 x 10
5
) and incubated either with media alone or 10ng/ml of 

LPS for 60 minutes. At the next step, cells were treated either with Aspirin (100g/ml) or 

rAAP (100g/ml) for 60 minutes at 37
0
C and 5% CO2.  After incubation, the synoviocytes 

were collected and frozen at –70
o 

C for subsequent RNA and protein extraction. Cellular 

total RNA was extracted with Trizol (Life Technologies, Grand Island, NY).  Equal 

amounts (1g) of total RNA were subjected to reverse transcription into cDNA at 42°C 

for one hour using oligo (dT18) primers. The cDNAs were amplified by qRT-PCR using 

primers specific for TNF-, IL-6, IL-1, IL-8, COX-2 and other RNA molecules. Same 

set of cDNAs was also assayed for their content of ribosomal RNA subunit S14 that was 

utilized as a housekeeping gene for equal loading. Individual TNF-, COX-2, and S14 

primer sets were purchased from ABI Life Technologies (CA). Two microliters of cDNA 

template were used in each PCR reaction. PCR reactions were conducted in ABI Verti 

Cycler running 35 cycles of denaturation (94°C – 45 sec), annealing (60°C – 45 sec) and 

extension (72°C – 2 min) at with final 7 minutes extension step at 72°C. qRT-PCR 

products were analyzed at Bio-Rad Real-Time CFX-96 machine.  

D. Sub-cellular Fractionation 

After propagation in T-25 flasks, the synoviocytes (1 x 10
6)

 were stimulated for 

60 minutes with 10 ng/ml of lipopolysaccharide (LPS) and then treated with either media 

alone, purified SUMO cleavage protein control, or Aspirin (100g/ml), or rAAP (10M) 
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for 5, 15, 30, 45, or 60 minutes. Before harvesting, the cells were rinsed twice with HBSS 

(without phenol red) and then exposed to cytoplasmic extraction buffer (10mM Tris-HCl, 

pH=7.9, 60 mM KCL, 0.5 M PMSF 1 mM DTT, 0.4% Nonidet P-40, 1 g/ml each 

antipain, leupeptin, pepstatin, bestatin, E-64, chymostatin, and 1 mM EDTA) for 5 

minutes at 4C.  The cells were scraped with slow stokes in side to side and up and down 

directions, then cell’ nuclei were separated from the cytoplasmic content by 

centrifugation at 3,300g for 15 minutes.  After centrifugation, the supernatants were 

saved for the cytoplasmic preparation and the nuclear pellets were resuspended in 100l 

of nuclear extraction buffer containing 50 mM Tri-HCl, pH=8, 420 mM NaCl, 1.5mM 

MgCl2, 25% glycerol, 1 g/ml each antipain, leupeptin, pepstatin, bestatin, E-64, 

chymostatin, and 1 mM EDTA.  The nuclear extracts were vortexed for 1 minute and 

then incubated on ice for 15 minutes.  After incubation, nuclear extracts were vortexed 

for 1 minute and then insoluble material was removed by centrifugation at 12,000x g for 

10 minutes.  Protein containing supernatants were transfered to a new tube; the total 

protein contents were quantified by Agilent Bioanalyzer (Santa Clara, CA).   

E. Western blot analysis 

Cytoplasmic extracts that were separated from the nuclear extract in the sub-

cellular fractionation step underwent incubation with isopropyl alcohol (1.5ml) at 25C 

for 10 minutes. After incubation, the proteins were precipitated at 12,000x g for 10 

minutes at 4C.  The supernatants were discarded and the pellets were resuspended in 0.3 

M guanidine hydrochloride in 95% ethanol. Pellets were washed twice at 25C for 20 
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minutes each time, than centrifuged at 7,500x g for 5 minutes at 4C.  After the final 

wash, pellets were resuspended in 1.5ml of ethanol and vortexed for 1 minute. The 

resuspended protein pellets (either nuclear or cytoplasmic) were incubated in ethanol at 

25C for 20 minutes and then centrifuged at 7,500x g for 5 minutes at 4C.  The ethanol-

containing fractions were removed; then the protein pellets were dried in SpeedVac for 

10 minutes followed by resuspending in 25l of 1% SDS. The supernatants containing 

the protein were quantified using Agilent Bioanalyzer (Santa Clara, CA). Solubilized 

protein extracts (20g) were electrophoresed at 200 Volts for 40 minutes in 10 % SDS-

polyacrylamide gels overlaid with a 10% stacking gels. The proteins were transferred 

from gels to nitrocellulose paper using a Mini-trans-blot electrophoresis transfer cell set 

at 100 volts and 250mA; the duration of transfer was for 1 hour.  The nitrocellulose blots 

were blocked with a solution of 10% (w/v) of dry milk for 30 minutes at room 

temperature. Both the primary and secondary antibodies were diluted in Odyssey 

blocking buffer. The blots were further incubated with either polyclonal IB- or NF-B 

antibodies at a 1/1000 dilution for 1 hour at room temperature.  The primary antibody 

solutions were removed and then the membrane blots were washed twice in PBS with 

0.1% Tween-20 (TPBS) for 5 minutes each time.  The goat-anti rabbit secondary 

antibodies (as diluted 1/5000) were added for incubation for one hour at room 

temperature.  The secondary antibody solutions were removed and then the membranes 

were washed three times in TPBS for 5 minutes each time.  IB- was visualized by its 

reaction with the conjugated Li-Cor IRDye Secondary Rabbit Antibody (1:5000 dilution) 

for 30 minutes by exposing the membrane blot to Li-Cor Scanner (Lincoln, NE).  
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F. In Western assays for protein levels of NF-B, JNK, ERK, p38, STAT3, 

STAT1, IKKβ and MEK 

Synoviocytes were counted and seeded at 1x10
3
Cell/cm

2 
in 10% FCS+ DMEM growth 

medium (150μl per well) in 96-well plates and incubated at 37ºC, 5% CO2. The growth 

medium was then removed and replaced with 150μl 1x OPTI-MEM®I Reduced Serum 

Medium. Fifty microliters of 50μM peptide in a final concentration of 10μM or control 

OPTI-MEM®I Reduced Serum Medium was added to appropriate wells and left for 30 

minutes to equilibrate. To activate the cells, 50μl of 500ng/ml LPS in a final 

concentration of 100ng/ml were then added to appropriate wells for 45 minutes. Wells 

where cells were incubated with no-LPS media served as controls. Following the 

incubation, cells were fixed in 1:1 Methanol/acetone, and incubated overnight in Li-Cor 

Blocking buffer at 4
o
C. At the next day, the blocking buffer solutions were discarded; 

then plates were washed three times with TBS for five minutes each at room temperature 

with gentle shaking on a standard plate shaker. The appropriate wells were incubated 

with 1:100 dilutions of primary antibodies to NF-B, JNK, ERK, p38, STAT3, STAT1, 

IKKβ or MEK for one hour at room temperature followed by three washes with TBS for 

five minutes each at room temperature with gentle shaking on a standard plate shaker.  

Next, the fluorescently-labeled secondary antibodies were diluted 1:5000 in Odyssey 

Blocking Buffer. The secondary antibodies were added to the appropriate and plate was 

incubated at room temperature for one hour while being protected from light. After 

incubation with secondary antibody, the palate was washed three times with TBS for five 

minutes each at room temperature with gentle shaking and light protection. The plates 

were then placed on the Li-Cor Scanner to measures the color intensities within of the 
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wells using either 700 or 800 channel for rabbit and mouse secondary antibodies, 

respectively.  

G. Electrophoretic mobility shift assays for NF-B 

Nuclear cell extracts obtained after sub-cellular fractionation were re-suspended 

in nuclear lysis buffer containing protease inhibitors. Proteins (2g) were quantified 

using the Agilent Bioanalyzer. The binding of the protein to DNA was assessed after 30 

minutes incubation at 30C using 2g of protein nuclear extract with 50nM NF-B 

IRDye in Li-Cor Binding Buffer, 1l of poly (dI-dC) in a final volume of 20l. The 

DNA-protein complexes were then resolved from free-labeled DNA by electrophoresis in 

native 4% (w/v) polyacrylamide gels. The gels were subsequently scanned and quantified 

using Li-Cor Scanner. 

H. ELISA assays for TNF- and COX-2  

Synoviocytes (5 x 10
5
) grown in 6-well plates were stimulated or not stimulated 

for 60 minutes with 100g/ml of LPS and then incubated with either media alone, or 

Aspirin (100g/ml), or rAAP (5M) for 12 hours.  In supernatants, the protein levels of 

TNF-, IL-1, IL-6, IL-8, GM-CSF, COX-2, PGE2, and MMP-1 were assessed by 

sandwich enzyme-linked immunosorbent assay (ELISA) kits. Wells intensities were 

determined using a standard ELISA plate reader and concentrations calculated. 

I. Synoviocytes Transfected with Inflammatory Pathway Reporters 

Human synoviocytes were seeded at density of 1x10
4
 cells per cm

2
 in 1x OPTI 

reduced serum media and transfected with dual-luciferase based Cignal Finder
TM

 Immune 
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Response 10-Pathway Reporter Array constructs (SA Biosciences). In this type of assay, 

each reporter consists of a mixture of a pathway-focused transcription factor-responsive 

firefly luciferase construct and a constitutively expressing Renilla luciferase construct. 

Dual-luciferase results are calculated for each transfectant, then the change in the activity 

of each signaling pathway is determined by comparing the normalized luciferase 

activities of the reporter in treated versus untreated transfectants. The identically treated 

negative control serves as a specificity control. The positive control serves as a control 

for transfection efficiency, by monitoring GFP expression, as well as a positive control 

for both the firefly and Renilla luciferase assays. 

In our experiment, primary synoviocyte cultures were incubated with NF-kB, 

PKC/Ca
2+

, Type I Interferons, Interferon-γ, MAPK/ERK, MAPK/JNK, TGF-β, 

cAMP/PKA, C/EBP, Glucocorticoid receptor, Cignal negative control, and Cignal 

positive control overnight for 24 hours at 37
o
C and 5% CO2. At the next day, the cells 

were activated with 100ng/ml LPS for one hour and then treated with either 5M or 

10M of rAAP for 17 hours. To study the effect of rAAP by the 10 pathway reporter 

assay, the luciferase activity was assessed by using Dual-Luciferase reporter Assay 

System from Promega (Fitchburg, WI).  Following manufacturer’s procedure, the assay 

plates were analyzed on Victor X multimode plate reader (PerkinElmer, Waltham, MA). 

Each assay was run in triplicate.  

J. Statistical Analysis  

Statistical analysis was performed with JMP Software version 11. The changes in 

mRNA and protein levels were calculated for 3 experiments with 3 replicates for each 
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treatment.  An independent paired t-test was used to determine if there was a significant 

change.  Use of t-test was justified by JMP analysis that showed that our data 

approximate a Gaussian distribution (JMP Pro, Version 11, SAS, Cary, NC, USA). In 

general, one should expect variables to approximate a Gaussian distribution when the 

variation is caused by many independent factors.  For example, in experiments performed 

in cell culture, variation between experiments might be due to imprecise cell counting, 

imprecise pipetting, instrument imprecision, and a number of biological factors. As a 

result, when all these sources are combined, it is more likely to observe measurements 

that distribute with an approximately Gaussian distribution. Consequently, JMP modeling 

revealed that our data closely mimics a Gaussian distribution curve. 
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CHAPTER THREE:  RESULTS 

 

 

 

A. Cloning of the rAAP fragment in pE-SUMO/Kan expression vector, its 

expression in E. Coli and subsequent preparative purification 

 

The rAAP fragment from the Serpin 3M gene was amplified from rat genomic DNA 

template using Taq Hi-Fidelity enzyme (Invitrogen, Grand Island, NY). The PCR product 

was confirmed by gel electrophoresis, purified using spin column (Qiagen, Valencia, 

CA), and then the amplicon and the pE-SUMO vector (LifeSensors Inc., Malvern, PA) 

with Kanamycin resistance were each digested with BsaI-Hi Fidelity and XhoI restriction 

enzymes (New England Biolabs, Ipswich, MA). (The pE-SUMO vector is designed to 

fuse the 6xHis affinity tag to the amino terminus of the SUMO-tagged protein, e.g., 

6xHis-SUMO-desired protein.) After confirmation of the digest in the agarose gel, the 

pE-SUMO vector was treated with Calf Intestinal Phosphatase (New England Biolabs, 

Ipswich, MA) and purified on column (Qiagen, Valencia, CA). Ligation of the rAAP 

insert into the vector was performed using the Rapid Ligation DNA kit (Roche, Bazel, 

Switzerland), the reaction mix was transformed into TOP10 chemically competent cells 
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(Invitrogen, Grand Island, NY), and then these cells were plated on LB agar dishes 

containing Kanamycin. Colonies were selected and grown up in liquid LB media with 

Kanamycin, the plasmids were purified using the Mini-prep kit (Qiagen, Valencia, CA). 

The insert was verified by PCR on colonies followed by the diagnostic digest with PstI 

and XhoI enzymes, and conventional sequencing for ultimate confirmation. 

To express in E.coli, the recombinant rAAP fragment (38 amino acids) was PCR 

amplified from a plasmid described in a previous paragraph and then inserted in pET24a 

expression vector using NdeI and XhoI sites. The recombinant expression vector was 

then transformed into codon adjusted BL21-CodonPlus(DE3)-RIL competent cells 

(Stratagene, La Jolla, CA). BL21-CodonPlus(DE3)-RIL cells contain extra copies of the 

argU, ileY, and leuW tRNA genes. These genes encode tRNAs that recognize the 

arginine codons AGA and AGG, the isoleucine codon AUA, and the leucine codon CUA, 

respectively; thus, above mentioned strain overcomes translation efficiency limitations 

commonly encountered when expressing heterologous proteins in . 

B. SUMO Construct with rAAP Insert 

The AAP fragment was amplified using cDNA converted total rat liver mRNA and 

primers specifically amplifying Serpin 3M cDNA. Specific primers with restriction sites 

on the 5’ and 3’ ends were designed (Figure 4A). The resulting PCR amplicon was then 

cloned into pCR 2.1 TOPO vector (Invitrogen, Grand Island, NY) and the recombinant 

insert was sequence verified. The DNA fragment of the Serpin 3M cDNA was excised 

from pCR 2.1 TOPO-based construct using enzymes BamH1 and Xho1 and cloned into 

SUMO vector initially linearized by BamH1 and Xho1 restriction endonucleases (the 
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sequence of the resultant construct including rAAP insert could be found in Appendix A). 

Restriction map of Serpin 3M/SUMO generated in Clone Manager Software is shown 

below (Figure 4C). The insert size was verified by restriction digest followed by gel 

electrophoresis analysis (Figure 4D).  

 

Forward Primer: 
5’ ATCGATGCGGTCTCTAGGTAGTGGAAGGCCACCTATGATTG 3’ 

GGTCTC:     BsaI recognition site 

AGGT:      BsaI cleavage site 

AGTGGAAGGCCACCTATGATTG 3’    rAAP sequence   

 

Reverse Primer: 
5’ ATCGATCGCTCGAGTTAGGCTCCCACGGGGTTAATG 3’                  

CTCGAG:                                                              Xho1 site  

TTA:                   Complementary sequence of the stop codon 

GGCTCCCACGGGGTTAATG: Complementary sequence of rAAP 
 

Figure 4 Primers designed for amplification of Serpin 3M-encoding cDNA. 

 
 

 

 

 

 

 

 

 

 

Figure 5 Restriction map of rAAP-SUMO generated by Clone Manger Software.  

The protein sequence of the rAAP Open Reading Frame cloned into the pE-SUMO is SGRPP MIVWF NRPFL IAVSH 

THGQT ILFMA KVINP VGA.   
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Figure 6 The SUMO vector with and without insert was digested with BsaI-HiFidelity and XhoI restriction 

enzymes.   

The size of the product was confirmed by gel electrophoresis. 

 

 

 

C. 6xHis-SUMO-rAAP Expression and Purification 

The 6xHis-SUMO-rAAP construct with T7 promoter was prepared and 

transformed into codon adjusted BL21-CodonPlus(DE3)-RIL competent cells 

(Stratagene, La Jolla, CA). Upon induction with isopropyl β-D-1-thiogalactopyranoside 

(IPTG), rAAP protein was detected in soluble fractions on Western dot blots. A tag of six 

histidine residues at the beginning of the recombinant rAAP-SUMO construct facilitated 

downstream purification. The rAAP-SUMO fusion protein was detected in Dot Blot 

analysis with HIS-Tag antibody (Figure 7) after various expression conditions. The 

observed expression band was, however, relatively broad and its mobility was lower than 

expected. Observed band was detected as being between 30 and 40 KDa in size; thus 

exceeding predicted size of 17kDa (Figure 8A). This phenomenon may be explained by 

non-dissociable endotoxin attachment to the fusion protein.  The 6xHis-SUMO-rAAP 
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protein was purified using affinity chromatography by histidine tag with typical yields 

around 3 mg/L of culture (Figure 8B). The purity of the 6xHis-SUMO-rAAPprotein was 

far from being ideal as other bands remained visible despite is eluting at high imidazole 

concentration of 300-600mM. The difficulties with 6xHis-SUMO-rAAP purification may 

be explained by association of other proteins to rAAP peptide (Figure 9). Importantly, it 

was also observed that the insoluble cell pellets contained significant amount of 6xHis-

SUMO-rAAPprotein. Hence, a decision to eliminate the non-specific association of other 

proteins to fusion protein by solubilization and purification of 6xHis-SUMO-rAAPfrom 

inclusion bodies was made. In 6xHis-SUMO-rAAP preparates purified using inclusion 

bodies, the endotoxin levels were between 1.5x10
4
-1.5x10

5
 EU/ml.  

 

Figure 7 Dot blot analysis of soluble fractions obtained after expression of rAAP-SUMO fusion in CodonPlus 

BL21(DE3) E.coli after visualization with anti-HisTag antibody.  

Spots 204 and 1004 corresponds to E. coli cultures induced with 20 and 100 microM IPTG for 4 hours (204, 1004).  

Spots 20ON & 100ON show E.coli cultures induced with 20 or 100M of IPTG for 18 hours overnight (ON), 

respectively. 
 

 

 

 

 

                                                                                                                                                                                       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DOTBLOT  OF SOLUBLE FRACTIONS OBTAINED FROM BL21(DE3) ECOLI  

PROBED  WITH MONOCLONAL D3 AB MOUSE (1:500)  

 

 

204,1004 :-  Ecoli cultures induced with 20 and 100 µM  IPTG for 4 hours respectively 

 

20ON, 1000N :-   Ecoli cultures induced with 20 and 100 µM  IPTG for 18 hours  

respectively  

 

U :-  Uninduced Ecoli culture ( NO IPTG) 

               270C                  300C                 370C 

                         204           1004            204           1004          204           1004 

 

 

                                      20ON          100ON          20ON        100ON            20ON      100ON 

D3 peptide 

1 µg  UON 
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A                                                                                                           B 

 
Figure 8A & 8B Western blot of soluble fraction of rAAP visualized by anti-HisTag antibody.  

A) Lanes 20I and 100I corresponds to induction with 20 mM and 100mM of IPTG, respectively. B) purified 6xHis-

SUMO-rAAP using affinity chromatography histidine tag. The predicted molecular weight of rAAP is ~17kDa. 

 

 
 

 

Figure 9 Coomassie Blue Stained SDS-PAGE.  

To assess the purity of rAAP (i.e., 6xHis-SUMO-rAAP) it was eluted at high imidazole concentrations between 300-

600mM. This shows that rAAP is not completely pure as other bands are observed even when eluting at the highest 

concentrations of imidazole. This may be due to the fact that other proteins may associate with rAAP molecule. To get 

around this, it was decided that the non-specific association of other proteins can be eliminated by purifying the rAAP 

inclusion bodies which are insoluble upon expression. 
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D. Purification and Refolding of 6xHis-SUMO-rAAP From Inclusion Bodies 

 

Inclusion bodies of 6xHis-6xHis-SUMO-rAAPwere extracted after sonication of E.coli 

cells followed by high-salt and deoxycholate wash. After that, the inclusion bodies were 

solubilized in 9M urea and purified by Immobilized Metal Affinity Chromatography 

resin, [Qiagen, MD] (Figures 7 & 8). According to our analysis, the purity of inclusion 

bodies was greater than 95%. After denaturation in urine, the 6xHis-6xHis-SUMO-

rAAPprotein fractions were refolded using a Fold-it kit (Novagen Inc., PA) (Figure 10).  

It could be see that 6xHis-SUMO-rAAPmay be refolded in various conditions, but we 

selected the refolding in PBS as the most physiologically compatible. Then urea was 

removed from refolding solution by desalting column. Importantly, the mobility of 

refolded 6xHis-SUMO-rAAP was now matching the theoretically predicted size of the 

protein (17Kda) rather than broader band with lower mobility that was observed in earlier 

experiments (Figure 11). Endotoxin clot assay showed that the endotoxin content in 

refolded 6xHis-SUMO-rAAPwas at less than 15EU/ml. In cell-based assay, the refolded 

6xHis-SUMO-rAAP did not produce any immunogenic response also suggesting that the 

endotoxin levels in the refolded samples were acceptable for subsequent downstream 

applications. 
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Figure 10 Western Dot Blot Refolding Conditions.  

Using different buffer conditions: spot 2 at 50mM MES pH 6.0, 9.6mM NaCl, 0.4mM KCl, 2mM MgCl2, 2mM CaCl2, 

0.5M Arginine, 0.05% Polyethylene glycol(3,550); spot 5 at 50mM MES pH 6.0, 240mM NaCl, 10mM KCl, 1mM 

EDTA, 0.4M Sucrose, 0.75M Guanidine HCl; spot 7 at 50mM MES pH 6.0, 240mM NaCl, 10mM KCl, 2mM MgCl2, 

2mM CaCl2, 0.75M Guanidine HCl, 0.05% Polyethylene glycol(3,550); spot 9 at 50mM Tris-Cl pH 8.5, 9.6mM NaCl, 

0.4mM KCl, 1mM EDTA, 0.5M Arginine, 0.4M Sucrose, 0.75M Guanidine HCl, 0.05% Polyethylene glycol(3,550; 

spot 10 at 50mM Tris-Cl pH 8.5, 9.6mM NaCl, 0.4mM KCl, 2mM MgCl2, 2mM CaCl2, 0.5M Arginine, 0.4M 

Sucrose, 0.75M Guanidine HCl; spot 1250mM Tris-Cl pH 8.5, 240mM NaCl, 10mM KCl, 1mM EDTA, , 0.05% 

Polyethylene glycol(3,550); PBS alone, PBS 100X; and I(starting inclusion body) were visualized by with HisTag 

antibody. PBS was chosen because it more closely resembles physiological conditions. 
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                                                            I 

 

 

 

2   :-     50 mM MES pH 6.0, 9.6 mM NaCl, 0.4 mM KCl, 2 mM 

MgCl2, 2 mM CaCl2, 0.5 M arginine, 0.05% polyethylene glycol 

3,550 

5  :-  50 mM MES pH 6.0, 240 mM NaCl, 10 mM KCl, 1 mM EDTA, 

0.4 M sucrose, 0.75 M GuanidineHCl 

7 :-   50 mM MES pH 6.0, 240 mM NaCl, 10 mM KCl, 2 mM MgCl2, 

2 mM CaCl2, 0.75 M GuanidineHCl, 0.05% polyethylene glycol 

3,550 

9 :-   50 mM Tris-Cl pH 8.5, 9.6 mM NaCl, 0.4 mM KCl, 1 mM 

EDTA, 0.5 M arginine, 0.75 M GuanidineHCl, 0.05% polyethylene 

glycol 3,550 

10 :-   50 mM Tris-Cl pH 8.5, 9.6 mM NaCl, 0.4 mM KCl, 2 mM 

MgCl2, 2 mM CaCl2, 0.5 M arginine, 0.4M sucrose, 0.75 M 

Guanidine HCl 

12 :- 50 mM Tris-Cl pH 8.5, 240 mM NaCl, 10 mM KCl, 1 mM 

EDTA, 0.05% polyethylene glycol 3,550 

TRIS :-  50 mM Tris-Cl 200 mM NaCl pH 8.0 

 

ALL SAMPLES DILUTED 20 FOLD EXCEPT PBS100X 

 

PBS100X :-  100 FOLD RAPID DILUTION 

 

I :- STARTING INCLUSION BODY  

 

PROBED WITH 1:2000 DILUTION POLYCLONAL RABBIT D3 

ANTIBODY 

 

 

 

                      FIGURE   6 

WESTERN DOT BLOT FOR REFOLDING CONDITIONS  
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Figure 11 Refolded 6xHis-SUMO-rAAPinto PBS from Inclusion Body Western Blot Visualized with HisTag 

Antibody.  

The picture was obtained after rapid refolding of urea-denatured 6xHis-SUMO-rAAP20 in PBS while mixing and then 

incubation for 15 minutes at room temperature followed by centrifugation at 1500xg for 10 minutes at 40oC. The 

sample was then deslated using PD-10 column with PBS as elution buffer. After refolding 6xHis-SUMO-rAAPexhibits 

mobility close to theoretical value (17 kDa). 

 

 

 

E. Synoviocyte Dose Response to rAAP as measured by Cytotoxicity assay 

 

Crystal violet assays showed that rAAP at higher concentrations was cytotoxic to 

human synoviocytes at concentrations above 10M. Overall, the survival of synoviocytes 

was substantially reduced after incubation with rAAP at those high concentrations for 24 

hours (Figures 12, 13, and 14).  

 

 

                    REFOLDED   SUMOD3 INTO PBS FROM INCLUSION BODY  

                    WESTERN BLOT WITH RABBBIT POLYCLONAL D3 AB  

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

          

Rapid refolding of Urea denatured SUMOD3 20fold into PBS while mixing and then 

incubation for 15 min at room temperature followed by centrifugation at 15000g for 10 

min at 40C.  The sample is then desalted using PD-10 column with PBS as elution buffer.  

 

Protein Concentration: -  ~18 µg/ml (1 µM) 

 

Endotoxin  content  :-  Less than 15 EU/ml (Clot assay) 
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Figure 12 Dose Response of human synoviocytes to 6xHis-SUMO-rAAPfusion protein as measured by crystal 

violet staining.  

Each point on each of the line graphs represents the mean of three separate experiments ± 1 SD. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 13 Dose Response Control after the treatment of Human Synoviocytes with PBS Carrier.  

Phase photomicrographs (original magnification x100) of human synoviocytes incubated with various consternations of 

6xHis-SUMO protein alone in PBS. After 24 hours of incubation, cells grown in the presence of 6xHis-SUMO control 

protein maintain their fibroblastic spindle shapes and confluency compared to cells treated with carrier 1x PBS.  
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Figure 14 Dose Response the treatment of Human Synoviocytes with 6xHis-SUMO-rAAP (rAAP).  

Phase photomicrographs (original magnification x100) of human synoviocytes incubated with various concentration of 

rAAP. After 24 hours of incubation, cells grown at various concentrations of rAAP lose their fibroblastic spindle 

shapes and confluency at 100M and 1000 M of 

rAAP). 

 

 

 

F. Effect of LPS on TNF- expression   

To determine the optimal TNF- inducing concentration of LPS, we used qRT-

PCR analysis of TNF- mRNA expression at 60 minutes post-exposure.  Cultured human 

synoviocytes were incubated with LPS concentrations of 10 ng/ml, 100 ng/ml, and 1000 

ng/ml (Figure 15A).  There was a dose dependent increase in TNF- expression in LPS 

exposed synoviocytes but not in non-activated control cells (Fig.15A and 15B). At 10 

ng/ml, LPS was potent enough to induce TNF- expression in human synoviocytes.   
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Figure 15A Effect of LPS on TNF- Expression.  

mRNAs were collected after 60 minutes of incubation with TNF- and analyzed by electrophoresis. 

 

 

 

Figure 15B TNF- Expression  Dose Response Curve normalized to housekeeping gene S14.  

Each data point represents the mean ± 1 SD from three synoviocytes lines. 

 

 

 

To determine the optimal time for TNF- induction in LPS activated 

synoviocytes, we analyzed TNF- mRNA expression levels at 0, 5, 15, 30, 45, 60, 65, 

75, 90, 105 and 120 minutes, and 4 hours post-exposure (Figure 16A).  TNF- mRNA 

expression was detectable at 45 minutes and persisted up to hours after exposure (Figures 

16A and 16B).    
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TNF- 

 

S14 

 

Figure 16A Effect of LPS on TNF -  

 

 

 

 

Figure 16B TNF-  

Each data point represents the mean ± 1 SD from three synoviocytes lines.  

 

 

 

G. rAAP Suppresses Expression of mRNAs Encoding Important Mediators of 

Inflammation 

 

To determine the ability of the synoviocytes to mount an anti-inflammatory response 

after exposure to rAAP, the cells were first activated with 10 ng/ml of LPS and then 

treated with rAAP (10M) for one, 4, or 17 hours. The expression levels for TNF-, IL-

1, IL-6, and IL-8 encoding mRNAs were measured by SA Biosciences Human Cytokine 
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and Receptor Panel qRT-PCR assays. Additionally, the expression levels for mRNA 

encoding COX-2 enzyme were measured by COX-2 gene specific primers.  

Non-activated synoviocytes express low levels of TNF-, IL-1, IL-6, IL-8, and COX-2 

mRNAs. After stimulation with LPS, the levels of TNF-, IL-1, IL-6, IL-8, and COX-2 

mRNAs increased, and this increase was blocked as a result of incubation of with rAAP.   

The most significant inhibitory effects were observed at 1 and 4 hour time points post 

exposure (Figures 17A, 17B, 18A, and 18B). In contrast, no consistent suppression of 

proinflammatory expression signature was observed after 17-hour exposure of human 

synoviocytes to rAAP (Figures 17A to 17B).   

                                                      1 hour                      4 hours                   17 hours 

 

Figure 17A Expression of selected transcripts in LPS-activated and rAAP-treated synoviocytes. 
Cells were incubated with media alone or 100ng/ml of LPS before the addition of rAAP (10M) and re-incubated for 1, 

4, and 17 hours. RNA extraction was performed and RT-PCR profiles were analyzed using SA Biosciences Human 

Cytokine and Receptor panel QPCR assay.     
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Figure 17B The expression levels of TNF-, IL-1/, IL-6, IL-8 in human synoviocytes after normalization to 

housekeeping genes. 
The data were analyzed with SA Biosciences web portal algorithm.   

 

 

 

 

Figure 18A COX-2 gene reverse transcriptase-polymerase chain reaction profile. 
Inhibition of cyclooxygenase (COX)-2 expression by rAAP in human synoviocytes. Synoviocytes were incubated with 

media alone or 100ng/ml of LPS before the addition of rAAP (10M) and re-incubated for 1, 4, and 17 hours. RNA 

extractions were performed and RT-PCR profiles were analyzed using COX-2 gene specific primers after 

normalization to housekeeping gene; sizes of the bands were confirmed after agarose gels and amounts quantified on 

Bio-Rad Gel Dock.   
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Figure 18B Expression levels of mRNA Encoding for Cyclooxygenase-2 after normalization to S14 housekeeping 

gene.  

Each point represents the mean ± 1 SD from three synoviocytes lines. 

 

 

 

H. Effect of LPS on NF-B translocation 

To determine the involvement of the NF-B signaling pathway in cultured human 

synoviocytes stimulated by LPS we analyzed the levels of NF-B over various time 

points (5, 15, 30, 45, and 60 minutes) after activation (Figure 19). To establish which one 

of the NF-B subunits (p50 and p65) accumulate in the nucleus over time, we isolated the 

nuclear from the cytoplasmic extract before and after stimulation by 100ng/ml of LPS. 

We then measured p50 & p65 NF-B levels, before and after treatment with LPS by 

western blot (Figure 16).  We discovered that the nuclear extracts of the non-stimulated 

synoviocytes do not contain the p50 and p65 subunits (Figure 19), while nuclear extracts 

of the LPS-stimulated synoviocytes exhibit an increase in the p50 subunit over time 

(Figure 19). Interestingly, using Western blot, we showed that the nuclear extracts from 

stimulated synoviocytes do not exhibit a significant change in the p65 subunit over time. 

Hence, we proceeded to measure the ability of the p50 NF-B to translocate into the 
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nucleus by quantifying its complex with labeled DNA probe fragments with p50-binding 

sequence.  LPS activation of human synoviocytes over time resulted in increased levels 

of NF-B in the nucleus as indicated by the presence of the two subunits that were 

detected by primary antibodies against p50/p65 subunits and visualized with IRDye-

secondary antibodies on the Li-Cor Instrument (Figure 19). After 5 minutes, p50 subunit 

of NF-B levels accumulated and increased up to 60 minutes (Figure 16).  Based on 

Figure 16, a dose of 100 ng/ml of LPS was strong enough to induce NF-B translocation 

into the nucleus.  

  

 

 

 
Figure 19 Activation of NF-κB as evident by the changes in levels of p-65/p-50 subunits after stimulation with 

LPS over time. 

Synoviocytes were incubated with media alone or with LPS (100ng/ml) for 5, 15, 30, 45, and 60 minutes. Nuclear 

extracts were analyzed by Western Blot.  

 

 

 

I. Anti-inflammatory agents modulate NF-B levels in human synoviocytes 

activated by LPS 

To understand the regulation of NF-B signaling pathway in human synoviocytes 

stimulated by LPS and then treated by either Aspirin or rAAP, we analyzed the levels of 

NF-B at various time points after activation. Our experiments demonstrated that NF-B 

production over time is suppressed in response to the treatment of activated cells with 

100 ng/ml of rAAP.  The NF-B bands were barely detectable 5 minutes after the 



17 

 

treatment and stayed suppressed up to 60 minute (Figures 20A and 20B).   For each band, 

the intensity was quantified using the Li-Cor densitometry scanner. After treatment with 

rAAP, the levels of NF-B went down to background levels (Figure 20B. In contrast, in 

cells treated with Aspirin, only a 2-fold decrease in NF-B levels as compared to that in 

LPS activated cells was observed (Fig. 20B).  According to the data presented at Figures 

20A and 20B, a dose of 100 g/ml of either Aspirin or 10mM of rAAP was strong 

enough to modulate NF-B levels at each evaluated time point. 

Figure 20A 
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Figure 20B

 

Figures 20A and B Effects of Aspirin and rAAP on NF -B protein levels in LPS activated human synoviocytes. 

Cells were first activated by 100ng/ml of LPS for 1 hour and then treated with 100g/ml of either aspirin or rAAP over 

time as indicated. (A) Electrophoretic mobility shift assay showing the effect of Aspirin and rAAP on DNA binding 

activity of NF-B proteins in LPS activated human synoviocytes. (B) Graph of scanned electrophoretic profile of NF-

B EMSA protein levels was analyzed in intensity by Li-Cor at 700 wave length laser channel of stable focused beam.    

 

 

 

J. Effects of anti-inflammatory drugs on the degradation of IkB-  in LPS 

activated human synoviocytes 

In activated synoviocytes, preventing NF-B from translocating to the nucleus 

depends on inhibiting the degradation of IB- molecules. A degradation of IkB- has 

been shown to be inhibited by NSAIDs
213, 233

. We then determined whether the activated 

cultured human synoviocytes, which displayed profound IB- degradation, can re-

accumulate IB- following exposures to over-the-counter drugs such as aspirin or to 

recombinant AAP.   
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To assess the activity of NF-B pathway through determining the time-course of 

degradation and synthesis of IB- in human synoviocytes activated by LPS, a series of 

Western blot experiments was carried out. The levels of IB- were analyzed at 5, 15, 

30, 45, 60, 65, 75, 90, 105, and 120 minutes post-exposure.  As shown in Figure 20, the 

amounts of IkB- decreased after 5 minutes of exposure and began to reappear within 45 

min to 60 min post exposure to LPS.  However, IB- levels decreased again after 65 

minutes and sustained the levels until 120-minute time point. Intensities of IkB- bands 

on the transfer blot membrane were measured on the Li-Cor scanner (Fig. 21).  The 

maximum intensity of the peaks reflected the levels of IB-.  As indicated in Figure 

20B, after the treatment with LPS (10 ng/ml), the levels of IB- demonstrated bi-phase 

response IkB- (Figure 21). As shown by western blot analysis, reduced levels of IB-

were detectable within 5 minutes (Figure 21). In contrast, synoviocytes exposed to 

rAAP showed diminished degradation of IB- (Figure 21). There were more intense 

immunolocalized IB-electrophoretic bands in rAAP-treated synoviocytes compared 

with untreated LPS activated cells after 60 minutes.   

As depicted in Figure 21, treatment of the cells with rAAP prevented the 

degradation of IB- as measured at the time points of 45 and 60 minutes that 

correspond to the second phase of the response to LPS.  In contrast, Aspirin failed to 

prevent second phase of IB- degradation.  The Western blot images were quantified by 

LiCor scanner (Figure 22).  As could be seen at Figure 22, IB- levels increase 

approximately 2 fold from at 120 minutes in both rAAP and LPS treated cells compared 
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to LPS activated cells.  The results from Figures 21 and 22 indicate that both Aspirin and 

rAAP prevented further degradation of IB-, with the maximal effects observed after 45 

- 60 minutes post exposure to anti-inflammatory compound.  

 

Figure 21 Inhibition of IB- activation by rAAP in human synoviocytes. 
Synoviocytes were incubated with control media alone or 100ng/ml of LPS for 1 hour before treatment with rAAP. The 

cells were re-incubated at different time points at 37oC, 5% CO2. The cells were subsequently lysed and the cell 

extracts were analyzed by Western Blot on Li-Cor instrument. A representative Western Blot of three separate 

experiments is shown.  
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Figure 22 IkB- protein levels analyzed over time with LiCor Scanner. 
Each point represents the mean ± 1 SD from three synoviocyte cell lines. 

 

 

 

K. Effects of rAAP on the LPS induced production of proinflammatory 

cytokines TNF-α, IL-1β, and IL-6  

Experiments were carried out to determine the protein levels of TNF-, Il-1, and 

IL-6 produced after stimulation with LPS.  The levels of TNF-, Il-1, and IL-6 were 

measured 17 hours after LPS activation.  This time point was chosen because our earlier 

studies of cytokine production in this cultured human synoviocyte model showed that 

four hours of stimulation are enough to induce the production of those proinflammatory 

cytokines.  In this experiment, human synoviocytes were incubated either with media 

alone or with LPS. In supernatants of cells treated with media alone, the levels of TNF-, 

Il-1, and IL-6 cytokines were below 10pg/ml (Figures, 23, 24, & 25).  In contrast, 

concentrations of TNF-, Il-1, and IL-6 cytokines in synoviocyte cell culture 

supernatants were significantly increased after exposure to LPS (Figures 23, 24, and 25).   
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Inflammatory cytokines TNF-, Il-1, and IL-6 are well-known mediators of both 

innate and specific immunity. Since the NF-B signaling pathway is involved in cytokine 

production
31

, it is likely that the blocking of this pathway would lead to inhibition of the 

cytokine production as well. Previous studies have shown that NSAIDs such as salicylic 

acid exert its action by blocking the NF-B signaling pathway (88). The quantification of 

TNF-, Il-1, and IL-6 levels in cultured human synoviocytes supernatants indicated that 

rAAP inhibits the secretion of these cytokines after 1 hour of activation with LPS for 

duration of at least 17 hours post rAAP treatment (Figures 23, 24, and 25). In LPS 

activated human synoviocytes, the levels of TNF-, IL1B, and IL-6 cytokines decrease 

(p 0.05) after rAAP treatment, on average, by approximately 2.5, 4.0, and 1.5 folds, 

respectively.  It seems that an observed rAAP-dependent decrease in the production of 

cytokines is due to the inhibition of NF-B signaling pathway. 
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Figure 23 Inhibition of TNF- synthesis by rAAP in human synoviocytes. 

Synoviocytes were incubated with control media alone or 100ng/ml of LPS for hour before the addition of 10M of 

rAAP. The cells were re-incubated for 17 hours at 37oC and 5% CO2, and the secreted TNF- concentrations were 

measured with enzyme-linked immunosorbent assay. Each bar represents the mean ± 1 SD from three synoviocyte 

lines.  

 

 

 

      

Figure 24 Inhibition of IL-1 synthesis by rAAP in human synoviocytes. 

Synoviocytes were incubated with control media alone or 100ng/ml of LPS for hour before the addition of 10M of 

rAAP. The cells were re-incubated for 17 hours at 37oC and 5% CO2, and the secreted IL-1 concentrations were 

measured with enzyme-linked immunosorbent assay. Each bar represents the mean ± 1 SD from three synoviocyte 

lines. 

 

N=3 
n=3 

N=3 
n=3 
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Figure 25 Inhibition of IL-6 synthesis by rAAP in human synoviocytes. 

Synoviocytes were incubated with control media alone or 100ng/ml of LPS for hour before the addition of 10M of 

rAAP. The cells were re-incubated for 17 hours at 37oC and 5% CO2, and the secreted IL-6 concentrations were 

measured with enzyme-linked immunosorbent assay. Each bar represents the mean ± 1 SD from three synoviocyte 

lines. 

 
 

 

L. Effect of rAAP on the LPS induced secretion of inflammatory mediators 

MMP-1, PGE2, GM-CSF, and IL-8  

The COX-2 enzyme, which is essential for production of prostaglandin E2, mediates 

pain and inflammation. It is likely that by blocking COX-2, the production of 

prostaglandin E2 production would be inhibited. Previous studies have shown that 

NSAIDs inhibit the expression of COX-2 (83). Metalloproteinase enzymes have 

enzymatic activity against cartilage. The chemokines GM-CSF and IL-8are also involved 

in the process of cartilage degradation through recruitment of the white blood cells to the 

site of inflammation. As shown in Figures 26, 27, 28, and 29, the quantification of MMP-

1, PGE2, GM-CSF, and IL-8 in supernatants of LPS-activated human synoviocyte 

cultures indicated that rAAP inhibits secretion of above mentioned molecules within 17 

hours of treatment (p 0.05).  

N=3 
n=3 
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Figure 26 Inhibition of MMP-1 synthesis by rAAP in human synoviocytes. 

Synoviocytes were incubated with media alone or 100ng/ml of LPS for an hour before the addition of 10M of rAAP. 

The cells were re-incubated for 17 hours at 37oC and 5% CO2, and the secreted MMP-1 concentrations were measured 

with enzyme-linked immunosorbent assay. Each bar represents the mean ± 1 SD from three synoviocyte lines. 

 
 

 

 
Figure 27 Inhibition of PGE2 synthesis by rAAP in human synoviocytes. 

Synoviocytes were incubated with media alone or 100ng/ml of LPS for an hour before the addition of 10M of rAAP. 

The cells were re-incubated for 17 hours at 37oC and 5% CO2, and the secreted PGE2 concentrations were measured 

with enzyme-linked immunosorbent assay. Each bar represents the mean ± 1 SD from three synoviocyte lines. 
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Figure 28 Inhibition of GM-CSF synthesis by rAAP in human synoviocytes. 

Synoviocytes were incubated with media alone or 100ng/ml of LPS for an hour before the addition of 10M of rAAP. 

The cells were re-incubated for 17 hours at 37oC and 5% CO2, and the secreted GM-CSF concentrations were measured 

with enzyme-linked immunosorbent assay. Each bar represents the mean ± 1 SD from three synoviocyte lines. 

 
 

 

 
Figure 29 Inhibition of IL-8 synthesis by rAAP in human synoviocytes. 

Synoviocytes were incubated with media alone or 100ng/ml of LPS for an hour before the addition of 10M of rAAP. 

The cells were re-incubated for 17 hours at 37oC and 5% CO2, and the secreted IL-8 concentrations were measured 

with enzyme-linked immunosorbent assay. Each bar represents the mean ± 1 SD from three synoviocyte lines. 

 

 

 

M. Effect of rAAP on the protein levels of NF-B, JNK, ERK, p38, STAT3, 

STAT1, IKK and MEK 

LPS activation of human synoviocytes resulted in increased protein levels of NF-

B, JNK, ERK, p38, STAT3, STAT1, IKK, and MEK. Treatment of the activated cells 
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with 10M of rAAP led to a decrease in the levels of NF-B, JNK, ERK, and p38 to 

about 80%, 20%, 30%, 20, 20 and 40% and 5% of control, respectively (Figures 30 and 

31). The protein STAT3 was not detectable as evident from the results of experiment 

shown in Figure 30. As compared to JNK, ERK, p38, STAT3, STAT1, IKK, and MEK 

phosphorylation levels, the levels of NF-B phosphorylation profoundly decreased after 

rAAP treatment, while the levels of STAT1 and MEK remained almost unchanged.   

 

Figure 30 Inhibition of NF-B, JNK, ERK, p38, STAT3, STAT1, IKK, and MEK activation by rAAP in human 

synoviocytes.  

Synoviocytes were incubated with control media alone or 100ng/ml of LPS for 1 hour before treatment with rAAP. The 

cells were re-incubated over time point at 37oC, 5% CO2. The cells were subsequently fixed in the 96-well plates and 

coated with target primary antibodies and visualized with specific Li-Cor secondary antibodies on the Li-Cor 

instrument. A representative InWestern Blot of three separate experiments is shown. 
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Figure 31 Percent (%) inhibition of phosphorylation analyzed with Li-Cor Scanner. 

Each bar represents the mean ± 1 SD from three synoviocyte cell lines. 

 

 

 

N.  Effects of rAAP on Immune Response Pathways as quantified by luciferase 

GFP based reporter construct assays 

After prolonged exposure (17 hours), the LPS-activate synoviocytes transfected 

with reporter constructs expressing NF-B, PKC/CA
2+

, Type 1 Interferons, Interferon 

Gamma, MAPK/ERK, MAPK/JNK, TGF-, cAMP/PKA, C/EBP, or Glucocorticoid 

receptor showed a decrease in luciferase activity at both tested concentrations of rAAP, 

5M and 10M (Figures 32 and 33). Quantitative measurements of the reporters show 

that in rAAP treated cells NF-B was inhibited by about 75% as compared to untreated 

cells. Other signaling molecules, including STAT1/2, STAT1, STAT3, IRF-1, 

SMAD23/4, NFAT, C/EBP, and GR were inhibited by 40-60%. At the lower rAAP dose 

of 5M, the most prominently inhibited molecule was NF-B. One notable difference 

between effects of two tested concentrations of STAT1 is that its expression was not 

inhibited at 5M rAAP dose, but was suppressed at the 10M rAAP dose.  All together, 
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the results of experiment described above indicate that rAAP inhibits expression of NF-

B encoding gene, while the suppressive effect on expression levels of mRNAs encoding 

components of STAT1/2, STAT1, STAT3, IRF-1, SMAD23/4, NFAT, C/EBP, GR 

signaling pathways are relatively mild.   

 
Figure 32 Evaluate rAAP on Immune Response Specific cellular signaling Pathways with luciferase GFP based 

reporter Transfection Assay. 

Synoviocytes were transfected with NF-B, PKC/CA++, Type 1 Interferons, Interferon Gamma, MAPK/ERK, 

MAPK/JNK, TGF-, cAMP/PKA, C/EBP, Glucocorticoid receptor reporter constructs and then incubated with control 

media alone or 100ng/ml of LPS for 1 hour before treatment with  5M of rAAP. The cells were re-incubated for 17 

hours at 37oC, 5% CO2. The cells were subsequently analyzed for luciferase activity by using Promega’s Dual-

Luciferase reporter Assay System and measured on PerkinElmer Victor5 plate reader. Each bar represents the mean ± 1 

SD from three synoviocyte cell lines. 
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Figure 33 Evaluate rAAP on Immune Response Specific cellular signaling Pathways with luciferase GFP based 

reporter Transfection Assay. 

Synoviocytes were transfected with NF-B, PKC/CA++, Type 1 Interferons, Interferon Gamma, MAPK/ERK, 

MAPK/JNK, TGF-, cAMP/PKA, C/EBP, Glucocorticoid receptor reporter constructs and then incubated with control 

media alone or 100ng/ml of LPS for 1 hour before treatment with  10M of rAAP. The cells were re-incubated for 17 

hours at 37oC, 5% CO2. The cells were subsequently analyzed for luciferase activity by using Promega’s Dual-

Luciferase reporter Assay System and measured on PerkinElmer Victor5 plate reader.. Each bar represents the mean ± 

1 SD from three synoviocyte cell lines. 
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Chapter Four:  DISCUSSION 

 

 

 

A. The Novel Synoviocyte Culture Model for Arthritis  

Both the cartilage degradation and the presence of proinflammatory cytokines in 

the synovial fluid (1-8) are commonly observed in patients with arthritis (OA or RA). 

After exposure to LPS, both human synoviocyte explants and lymphocytes are capable of 

secreting inflammatory mediators including TNF- and chemokines (112-117). 

Importantly, observed in vitro profiles of inflammatory mediators generally resemble the 

profile of mediators found in diseased arthritic joints.  Therefore, we attempted the 

development of novel in vitro model of arthritis using primary human synoviocytes.  

Human synoviocyte culture has been selected for further development as an 

arthritis model because the synoviocytes are known for their proinflammatory properties 

and their ability to propagate cartilage destruction.  The cultured synoviocytes were 

retrieved from human synovial tissue lining the knee joint.  The levels of secreted TNF-

, IL-1, Il-8, MMP1 and prostaglandin E2 (PGE2) were selected as measurable 

outcomes as these molecules have been previously identified as the major participants in 

inflammation.  Indeed, when synoviocytes were exposed to LPS, the dramatic increases 

in secretion of the critical proinflammatory mediators TNF- and PGE2 were seen. Our 

study profiled the kinetics of the release of these proinflammatory mediators, a necessary
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 pre-requisite for development of the synoviocyte model for standardized screening of 

anti-arthritic therapeutic molecules. 

 

B. In primary synoviocytes, LPS induces expression of TNF-, IL-1, IL-8 and 

COX-2  

Using the synoviocyte model, we discovered that LPS induces expression of 

TNF-, LI-1, IL-8 and COX-2 in a time and concentration dependent manner.  Thus, 

the activation of these cells results in secretion of TNF-, IL-8, MMP1, GM-CSF, and 

PGE2.  The production of TNF- was expected because TNF- plays a major role in 

inflammation and destruction of cartilage in diseased joints, particularly arthritic joints.  

It is also well known that PGE2 is one of the key factors involved in mediating the 

arthritis inflammatory response.  We found that PGE2 is secreted by LPS-stimulated 

synoviocytes, possibly due to the activation of COX-2 expression. The profound 

activation of both TNF- and PGE2 confirm the ability of LPS to produce an arthritis-like 

response in synoviocytes.  Infante-Duarte et al (113) have shown that LPS is able to 

induce inflammatory activation in human endothelial cells.  With regard to a time dose 

response, there was an increase in the expression of inflammatory mediators TNF-, LI-

1, IL-8, and COX-2. Over time, the response appeared stronger, with significant mRNA 

expression for TNF- and COX-2.  Hence, our study verified that LPS behaves as an 

activator of inflammation in cultured cells. Moreover, our observation that synoviocytes 

exposed to LPS express and secrete TNF- supports the notion that potent stimulatory 
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properties of LPS may have a significant impact on the physiology of native synoviocytes 

residing within the not-yet-arthritic joints. 

In synoviocyte-conditioned culture supernatants, an increase in the levels of TNF-

, IL-1, IL-8, GM-CSF, MMP1 and Prostaglandin E2 was preceded by the up-regulation 

of the TNF- and COX-2 encoding mRNAs.  The increase in COX-2 expression 

followed by the secretion of PGE2 suggests that COX-2 may be involved in inflammation 

in chronic RA.  Excessive synoviocytic production of proinflammatory cytokines 

including TNF- could lead to further propagation of inflammation within the joint.  

C. In Synoviocytes, LPS activates NF-B Signaling Pathway  

 

 In our study, we have shown that the induction of TNF- expression correlates 

with the nuclear translocation of NF-B, the loss of IB-, and the increase in JNK, 

ERK, and p38 phosphorylation. It prompts us to speculate that activation of NF-B along 

with an increase in JNK, ERK, and p38 signaling are responsible for the expression of 

proinflammatory cytokine TNF-, Il-1, Il-8, and COX-2 in human synoviocytes. 

Previous studies have established the presence of B binding sites in the inducible 

regions of a wide variety of genes involved in inflammation, such as, TNF-, Il-1, IL-6, 

IL-8, GM-CSF, Il-2 VCAM-1, and ICAM (52, 59, 74). Thus, the activation of the NF-

B/IB- signaling pathway by LPS could have allowed the binding of NF-B to 

promoters that initiate transcription of several proinflammatory genes, including these 

profiled in current study. 
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  Over time, an exposure of synoviocytes resulted in an increase in the levels of 

NF-B in the nuclei that is paralleled by the loss of IB- levels in the cytoplasm. These 

results are consistent with findings of Moll et al., who reported that LPS induces 

translocation of NF-B in human endothelial cells, as indicated by EMSA (73). Other 

experiments using microbial lipopeptides from B. burgdorferi and Mycobacterium bovis 

lysate showed a similar increase in TNF- levels in T-helper cells (82, 113, 114).  Hence, 

our findings are consistent with observations made in other cell culture models and 

further reinforce the idea that LPS modulates TNF- function through the NF-B/IB- 

signaling pathway. 

D. Inhibition of TNF- and COX-2 by Aspirin and rAAP 

In current study, we analyzed whether anti-inflammatory agents can modulate 

proinflammatory cytokine production induced by LPS and thus contribute to the control 

of inflammation in RA disease.  The mechanisms of action of Aspirin (sodium salicylate) 

and other members of NSAIDs have been extensively studied (55, 88). NSAID-

dependent inhibition of the proinflammatory cytokine secretion has been commonly 

attributed to transcriptional repression by preventing NF-B translocation into the 

nucleus. In particular, NSAIDs have been reported to inhibit TNF-, Il-1, and Il-8 genes 

expression by modulating NF-B (85, 87, 91, 94). In collagen-induced arthritis in mice, 

NF-B activation precedes both clinical arthritis and gene transcription of collagenases 

such as metalloproteinases that play a critical role in cartilage destruction (48, 61).  
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Over the past decade, a number of recombinant proteins and other biologicals 

have been documented as an alternative to NSAIDs for suppressing inflammation.  These 

compounds as well have been shown to act by suppressing the production of 

proinflammatory cytokines, such as TNF-. In the present study, we provide evidence 

that recombinant anti-α Trypsin, rAAP, (a.k.a. Serpin Protease Inhibitors) exerts anti-

inflammatory activity by interfering with NF-B/IB- signaling pathway, thus 

preventing expression and secretion of the proinflammatory cytokine TNF-.  We also 

demonstrated that both aspirin and rAAP inhibit TNF- expression. Interestingly, in a 

recent animal arthritis study, anti-α Trypsin molecules have been reported to reduce 

inflammation arthritis (107, 108). The role of sequestering NF-B in reducing 

inflammation has been hypothesized.  

The results of our study indicate that the addition of rAAP to the cultured LPS-

activated synoviocytes results in a decrease in TNF-, Il-1, Il-8, COX-2, MMP1, and 

prostaglandin E2 secretion levels via suppression of NF-B/IB- signaling pathway. 

Since the effects of rAAP on suppressing TNF-, IL-8, MMP-1 and prostaglandin E2 

secretion were more potent than that of Aspirin, it may be also possible that some other 

inflammatory mediator signals are being blocked in rAAP-dependent manner. As rAAP 

reduces inflammatory mediators more effectively than Aspirin and appears to act through 

a similar mechanism, we are tempted to speculate that rAAP-dependent block of TNF- 

secretion may directly alleviate the most common symptoms of chronic arthritis through 

the reduction of inflammatory responses that contribute to cartilage destruction in RA.  
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It should be noted that the signaling pathways upstream of rAAP-dependent 

suppression of NF-κB are unknown. Future studies need to be performed to determine the 

mechanism of action rAAP upstream from the cascade of NF-B/IkB- signaling by in 

vitro assays or in model animals.  

 

E. Conclusion 

  

We were successful in establishing a human synoviocytes model to: 1) analyze 

features of LPS induced arthritis in vitro, 2) demonstrate that synoviocytes activated by 

LPS express elevated levels of mRNA transcripts of TNF-, IL-1, IL-8, and COX-2 in a 

time dependent fashion prior to increase in the levels of respective secretion, 3) establish 

that the rAAP is capable of reducing the secretion of TNF-, IL-1, IL-6 and expression 

levels of COX-2, 4) provide a link between TNF- suppression and the NF-B/IB-, 

JNK, ERK, p38 signaling pathway, 5) establish a high throughput in vitro screening assay 

for potential anti-inflammatory agents that target NF-B/IB-, JNK, ERK, p38, MEK, 

STAT1, STA3, and IKK signaling pathway.   
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APPENDIX 

 

 

Figure 4B. pE-SUMO vector sequence with rAAP 

Insert. 

 
AGATCTCGATCCCGCGAAATTAATACGACTCACTATAGGGGAAT

TGTGAG 

CGGATAACAATTCCCCTCTAGAAATAATTTTGTTTAACTTTAAGA

AGGAG 

ATATACCATGGGTCATCACCATCATCATCACGGGTCCCTGCAGG

ACTCAG 

AAGTCAATCAAGAAGCTAAGCCAGAGGTCAAGCCAGAAGTCAA

GCCTGAG 

ACTCACATCAATTTAAAGGTGTCCGATGGATCTTCAGAGATCTTC

TTCAA 

GATCAAAAAGACCACTCCTTTAAGAAGGCTGATGGAAGCGTTCG

CTAAAA 

GACAGGGTAAGGAAATGGACTCCTTAAGATTCTTGTACGACGGT

ATTAGA 

ATTCAAGCTGATCAGGCCCCTGAAGATTTGGACATGGAGGATAA

CGATAT 

TATTGAGGCTCACCGCGAACAGATTGGAGGTATGGCCTTCATTGCAGCTT 

TGGGGCTCCTGATGGCTGGGATCTGCCCTGCTGTCCTTGGCTTCCCAGAT 

GGCACACTGGGAAATGACACTCTACTCCATAAAGATCAAGACAAGGGGAC 

ACAACTGGACAGTCTCACATTGGAGTCCATCAACACTGACTTTGCCTTCA 

GCCTTTACAAGATGCTGGCTTTGAAGAATCCAGATAAAAATGTTGTCTTC 

TCCCCACTTAGCATCTCAGCTGCCTTGGCCATTGTGTCCCTGGGAGCAAA 

GGGCAACACCCTGGAAGAGATTCTAGAAGTTCTCAGGTTCAATCTCACAG 

AGAGCTATGAGACAGACATCCACCAGGGCTTTGGGCACCTCCTCCAGAGG 

CTCAGTCAGCCAGGGGACCAGGTAAAGATCATCACAGGCAATGCTCTGTT 

TATTGATAAGAACCTTCAGGTCCTGGCAGAGTTCCAGGAGAAGACAAGGG 

CTCTGTACCAGGTTGAGGCCTTCACAGCTGACTTCCAGCAGCCTCGTGTG 

ACCGAAAAGCTCATCAATGACTATGTGAGAAATCAGACCCAGGGGAAGAT 

CCAGGAACTGGTCTCAGGCCTGAAAGAGAGGACATCCATGGTGCTGGTGA 

ACTACCTCCTCTTTAGAGGCAAATGGAAGGTGCCCTTTGACCCTGATTAC 

ACATTTGAGTCTGAGTTCTACGTGGATGAGAAGAGGTCTGTGAAGGTGTC 

CATGATGAAAATTGAGGAACTGACTACACCTTACTTCCGGGATGAGGAGC 

TGTCCTGCTCTGTGCTGGAACTGAAGTACACAGGAAATTCCAGTGCCCTG 

TTCATCCTCCCTGACAAGGGCAGGATGCAGCAAGTGGAAGCCAGCTTGCA 

ACCAGAGACCCTGAAGAAGTGGAAGGACTCTCTGAGGCCCAGGAAGATAG 

ATGAGCTCTACCTGCCCAGGTTATCCATTTCCACTGACTATAGCCTGGAG 

GAGGTCCTTCCAGAGCTGGGCATTAGGGATGTCTTCTCTCAGCAAGCTGA 

TCTGAGTAGGATCACAGGGGCCAAGGACCTGAGTGTCTCTCAGGTGGTCC 
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ACAAGGTTGTGCTGGATGTGAATGAGACAGGCACAGAAGCAGCTGCTGCC 

ACAGGAGCCAATTTGGTCCCACGTAGTGGAAGGCCACCTATGATTGTGTG 

GTTCAACAGGCCATTCCTGATAGCTGTCTCTCACACACATGGTCAGACTA 

TCCTCTTTATGGCCAAAGTCATTAACCCCGTGGGAGCCTAACTCGAGCAC 

CACCACCACCACCACTGAGATCCGGCTGCTAACAAAGCCCGAAAGGAAGC 

TGAGTTGGCTGCTGCCACCGCTGAGCAATAACTAGCATAACCCCTTGGGG 

CCTCTAAACGGGTCTTGAGGGGTTTTTTGCTGAAAGGAGGAACTATATCC 

GGATTGGCGAATGGGACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGT 

GTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCC 

CGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTC 

CCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCT 

TTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAG 

TGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCA 

CGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCT 

ATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTA 

TTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACA 

AAATATTAACGTTTACAATTTCAGGTGGCACTTTTCGGGGAAATGTGCGC 

GGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCT 

CATGAATTAATTCTTAGAAAAACTCATCGAGCATCAAATGAAACTGCAAT 

TTATTCATATCAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTG 

TAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGCAAGATCCT 

GGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACCTATTAAT 

TTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTGAC 

GACTGAATCCGGTGAGAATGGCAAAAGTTTATGCATTTCTTTCCAGACTT 

GTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACC 

AAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATC 

GCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCAGGA 

ACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCT 

AATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGAGTAACCATGC 

ATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATT 

CCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACG 

CTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATA 

CAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATT 

TATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTAGAG 

CAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTT 

TATGTAAGCAGACAGTTTTATTGTTCATGACCAAAATCCCTTAACGTGAG 

TTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTC 

TTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAAC 

CACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTT 

TTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCT 

TCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGC 

CTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGC 

GATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAA 

GGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGG 

AGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAA 

AGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGA 

TAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCC

AGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCA

CCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCG

GAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCC

TGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATC

CCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGA
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TACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGA

GCGAGGAAGCGGAAGAGCGCCTGATGCGGTATTTTCTC 

CTTACGCATCTGTGCGGTATTTCACACCGCATATATGGTGCACTC

TCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTATACAC

TCCGCTATCGCTACGTGACTGGGTCATGGCTGCGCCCCGACACCC

GCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGG

CATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATG

TGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGGCAGCT

GCGGTAAAGCTCATCAGCGTGGTCGTGAAGCGATTCACAGATGT

CTGCCTGTTCATCCGCGTCCAGCTCGTTGAGTTTCTCCAGAAGCG

TTAATGTCTGGCTTCTGATAAAGCGGGCCATGTTAAGGGCGGTT 

TTTTCCTGTTTGGTCACTGATGCCTCCGTGTAAGGGGGATTTCTG

TTCATGGGGGTAATGATACCGATGAAACGAGAGAGGATGCTCAC

GATACGGGTTACTGATGATGAACATGCCCGGTTACTGGAACGTT

GTGAGGGTAAACAACTGGCGGTATGGATGCGGCGGGACCAGAG

AAAAATCACTCAGGGTCAATGCCAGCGCTTCGTTAATACAGATG

TAGGTGTTCCACAGGGTAGCCAGCAGCATCCTGCGATGCAGATC

CGGAACATAATGGTGCAGGGCGCTGACTTCCGCGTTTCCAGACT

TTACGAAACACGGAAACCGAAGACCATTCATGTTGTTGCTCAGG

TCGCAGACGTTTTGCAGCAGCAGTCGCTTCACGTTCGCTCGCGTA

TCGGTGATTCATTCTGCTAACCAGTAAGGCAACCCCGCCAGCCTA

GCCGGGTCCTCAACGACAGGAGCACGATCATGCGCACCCGTGGG

GCCGCCATGCCGGCGATAATGGCCTGCTTCTCGCCGAAACGTTTG

GTGGCGGGACCAGTGACGAAGGCTTGAGCGAGGGCGTGCAAGA

TTCCGAATACCGCAAGCGACAGGCCGATCATCGTCGCGCTCCAG

CGAAAGCGGTCCTCGCCGAAAATGACCCAGAGCGCTGCCGGCAC

CTGTCCTACGAGTTGCATGATAAAGAAGACAGTCATAAGTGCGG

CGACGATAGTCATGCCCCGCGCCCACCGGAAGGAGCTGACTGGG 

TTGAAGGCTCTCAAGGGCATCGGTCGAGATCCCGGTG

CCTAATGAGTGAGCTAACTTACATTAATTGCGTTGCG

CTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGC

CAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGA

GGCGGTTTGCGTATTGGGCGCCAGGGTGGTTTTTCTTT

TCACCAGTGAGACGGGCAACAGCTGATTGCCCTTCAC

CGCCTGGCCCTGAGAGAGTTGCAGCAAGCGGTCCAC

GCTGGTTTGCCCCAGCAGGCGAAAATCCTGTTTGATG

GTGGTTAACGGCGGGATATAACATGAGCTGTCTTCGG

TATCGTCGTATCCCACTACCGAGATATCCGCACCAAC

GCGCAGCCCGGACTCGGTAATGGCGCGCATTGCGCCC

AGCGCCATCTGATCGTTGGCAACCAGCATCGCAGTGG

GAACGATGCCCTCATTCAGCATTTGCATGGTTTGTTG

AAAACCGGACATGGCACTCCAGTCGCCTTCCCGTTCC

GCTATCGGCTGAATTTGATTGCGAGTGAGATATTTAT

GCCAGCCAGCCAGACGCAGACGCGCCGAGACAGAAC

TTAATGGGCCCGCTAACAGCGCGATTTGCTGGTGACC

CAATGCGACCAGATGCTCCACGCCCAGTCGCGTACCG

TCTTCATGGGAGAAAATAATACTGTTGATGGGTGTCT

GGTCAGAGACATCAAGAAATAACGCCGGAACATTAG

TGCAGGCAGCTTCCACAGCAATGGCATCCTGGTCATC
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CAGCGGATAGTTAATGATCAGCCCACTGACGCGTTGC

GCGAGAAGATTGTGCACCGCCGCTTTACAGGCTTCGA

CGCCGCTTCGTTCTACCATCGACACCACCACGCTGGC

ACCCAGTTGATCGGCGCGAGATTTAATCGCCGCGACA

ATTTGCGACGGCGCGTGCAGGGCCAGACTGGAGGTG

GCAACGCCAATCAGCAACGACTGTTTGCCCGCCAGTT

GTTGTGCCACGCGGTTGGGAATGTAATTCAGCTCCGC

CATCGCCGCTTCCACTTTTTCCCGCGTTTTCGCAGAAA

CGTGGCTGGCCTGGTTCACCACGCGGGAAACGGTCTG

ATAAGAGACACCGGCATACTCTGCGACATCGTATAAC

GTTACTGGTTTCACATTCACCACCCTGAATTGACTCTC

TTCCGGGCGCTATCATGCCATACCGCGAAAGGTTTTG

CGCCATTCGATGGTGTCCGGGATCTCGACGCTCTCCC

TTATGCGACTCCTGCATTAGGAAGCAGCCCAGTAGTA

GGTTGAGGCCGTTGAGCACCGCCGCCGCAAGGAATG

GTGCATGCAAGGAGATGGCGCCCAACAGTCCCCCGG

CCACGGGGCCTGCCACCATACCCACGCCGAAACAAG

CGCTCATGAGCCCGAAGTGGCGAGCCCGATCTTCCCC

ATCGGTGATGTCGGCGATATAGGCGCCAGCAACCGC

ACCTGTGGCGCCGGTGATGCCGGCCACGATGCGTCCG

GCGTAGAGGATCG 
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