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(ABSTRACT) 

During tumor growth there are a series of phenotypic and functional changes that occur in 

macrophages (M@) that ultimately lead to the immunosuppression of the tumor-bearing host 

(TBH). To investigate the phenotypic changes of M¢@ during tumor growth, we examined the ex- 

pression of the M¢ surface antigens, Mac-1, Mac-2, Mac-3, and Ja on peritoneal and splenic M¢. 

In the peritoneal cavity there was no change in the percentage of Mac-1* M¢ but a decrease in the 

percentage of Mac-2*, -3*, and Ia* M@ during tumor growth. In addition, three distinctly sized 

populations of peritoneal Md@, showing differential antigen expression, also shifted during tumor 

growth. In the peritoneal cavity there was a decrease in the percentage of M¢ co-expressing the 

Mac-?, -3, and Ja antigens, leading to a shift towards Mac-1*2~3~Ia~ TBH Mg@. In splenic Md, 

the percentage of Mac-1*, -2*, and -3* Md increased, while the percentage of Ia* Mé¢ decreased. 

Splenic M¢ showed an increase in the percentage of M¢ co-expressing Mac-1, -2, and -3 antigens 

and a decrease in the percentage of Md@ co-expressing Ja, leading to a shift towards a 

Mac-1*2*3*Ila~ TBH Md¢. Taken together, these data suggest that tumor growth alters the 

phenotype of M¢ and causes a shift in M@ subpopulations. 

After measuring the phenotypic changes in M¢@ during tumor growth, changes in M¢ acces- 

sory function to T cells were assessed. TBH M¢ have significantly reduced accessory activity for 

autoreactive T cells. This reduction is caused by decreased Ia antigen expression and increased 

production of the suppressor molecule, prostaglandin (PG). TBH M¢ down-regulated autoreactive 

T cell responsiveness to interleukin (IL)-1, IL-2, and IL-4. In addition to TBH M¢ reducing T 

cell responsiveness to cytokines, TBH CD4* T cells alone were less responsive to the cytokines 

IL-1, IL-2, and IL-4. To examine the responsiveness of M@¢ to activation signals,



lipopolysaccharide (LPS) was incubated with normal and TBH splenic M¢ and assessed for their 

phenotypic, functional, and cell-cycle changes. The data showed that TBH M¢? had a decreased 

responsiveness to LPS. 

We showed that there was a shift from an Ia* M¢ in the normal host to an Ia~ M¢ in the 

TBH. Concomitant with the shift in TBH M¢ Ia~ phenotype was a change in TBH M¢ function. 

Normal and TBH Ia~ M¢ were suppressor M¢. TBH Ia~ Md, however, suppressed autoreactive 

and alloreactive CD4* T cells significantly more than could their normal counterparts. Tumor 

growth causes quantitative and qualitative changes in Ja~ suppressor Md@. Although Ia™ 

M¢-mediated suppression seemed to be the major source of down-regulation of CD4* T cells, 

CD8* T cells were not without fault. In the TBH, there was an increase in the percentage of CD8* 

T cells and an increase in CD8* T cell-mediated suppression. In conclusion, tumor growth leads 

to a change in immunoregulation that causes suppression of the immune response.
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INTRODUCTION 

The goal of my research was to determine how tumor growth upsets macrophage 

(M¢)-mediated regulation of T cells. Specifically, I focused on how tumor growth affected Md 

phenotype and function, and how these two traits were interrelated. My research tested the hy- 

pothesis: Do tumor-induced changes in M@¢ phenotype correlate with functional events, and are 

these changes associated with immunosuppression? 

The role M¢ play in immune regulation has been extensively studied and, in the last two 

decades, substantial experimentation has uncovered many of the M¢’s functional abilities in the 

immune system. M¢ are a heterogeneous population of cells that help make up the mononuclear 

phagocyte system (16,47,98,243,250,253). M¢ originate from bone marrow pluripotent stem cells, 

differentiate to monocytes, and as end cells take up residence in various anatomical sites as tissue 

M¢ (13,27,47,99,217,243). Initially, Md were thought to be responsible only for phagocytosis and 

destruction of foreign invaders (199,243,253). More recent evidence, however, shows that the 

Mé¢s’ ability to initiate and to interact with the rest of the immune system may be their most im- 

portant functions (1,16,47,240-242). M@ can serve as both positive and negative mediators of the 

immune system, demonstrating that M¢@ may be considered immunoregulatory cells. This 

M®¢-mediated control of immune responsiveness can be through cell-cell interactions and/or release 

of cytokines. It is important to understand how M¢ regulate the rest of the immune response, 
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because M¢ are the first cells to interact with foreign or aberrant antigens/cells. Following this 

interaction, Md can process antigen and present it through their Ia molecules 

(14,18, 168,240-242,260) to CD4* helper T (T,,) cells. In addition to this cell-cell contact, M¢ also 

secrete up-regulatory signals to which T cells can respond. These signals include interleukin (IL)-1, 

IL-6, tumor necrosis factor-« (TNF-a), and others (1,87,126,133, 139,148, 183,242,245). The acti- 

vation of CD4* T, cells by M@ begins the complex circuit of immune regulation and is pivotal to 

a successful immune response. Activated CD4* T cells can in turn activate: (i) M@ through their 

release of lymphokines such as IL-3, IL-4, granulocyte macrophage-colony stimulating factor 

(GM-CSF), and interferon-y (IFN-y) (61,65,66,84,148,153); (11) CD8* cytotoxic T (T,) cells 

through their release of IL-2 and IFN-y (148,153,203,204); and (iii) B cells through their release of 

IL-4, -5, and -6 (148,153). 

In addition to being a key cell in initiating an immune reaction, M¢ also function to suppress 

the immune response after the antigen challenge has passed. This down-regulation is accomplished 

by the natural presence of suppressor M@ and their inhibitory monokines, such as prostaglandins 

and other factors (3,4,31,71,176,215,234). These factors can down-regulate: (i) T-cell responsive- 

ness to cytokines (247,270); (1) T-cell production of lymphokines (31,33,270); (iii) T; -mediated 

cytotoxicity (22,34,77); and (iv) B cell production of antibody (6,78). This “normal” presence of 

suppressor M@ is well documented (34,119,120,135,151,176,257). Suppressor M¢ operation in- 

sures tight regulation of the immune network. In fact, the role suppressor M¢ play in maintaining 

immune homeostasis may be similar to that suppressor T cells were formerly thought to fill. Thus, 

M¢ can serve as the initiators of an immune response and the terminators of an immune response. 

In a healthy host, this process of up- and down-regulation is finely tuned, with the effector and 

suppressor arms being tightly balanced. 

The Mds’ helper and suppressor role are not completely defined because unlike T cells, which 

are classified into distinct functional subpopulations based on their cell surface phenotype, M¢@ are 

not. Thus, there are nagging questions: do M¢ represent a single population of cells that can re- 

spond to different stimuli with different functional attributes, or are they a heterogeneous group of 

cells representing a series of different subpopulations with defined functions? Mounting evidence 
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is now available to support the notion that M¢ heterogeneity is due to distinct subpopulations of 

M¢ (16,47,243,253). Most of this earlier evidence, however, dealt with the different functional at- 

tributes based on the various mechanisms of isolation (244,250). Phenotype-to-functional corre- 

lations were not done, as were done with T cells. That is, CD4* T cells are T,, cells and CD8* 

T cells are T, cells and/or suppressor T (T;) cells. 

Recent work in our laboratory (8,72-74,137) has described and correlated the phenotype of 

various M¢@ subpopulations with distinct functions, providing evidence that subpopulations of 

M@¢ exist. Work by others (130,244,249,251) also suggests that there are different subpopulations 

of Md. The delineation of shifts in M@ subpopulations is especially important in many disease 

states, such as cancer, because M¢-mediated regulation of the immune response is compromised. 

During tumor growth, the host’s immune system becomes impaired and is unable to mount 

an effective response against the tumor. The cause of this immunosuppression is not completely 

understood, but M¢ are one of the cell types involved in this immunosuppression. What causes 

these changes in Md¢-immune regulation? Are they due to a quantitative shift in the M¢@ subpop- 

ulation responsible for up-regulating and down-regulating immune reactivity, a qualitative shift in 

the helper or suppressor M@¢ populations, or both? Earlier evidence (7,37,45,50,51,72-74,137) from 

our laboratory suggested that there is both a quantitative change and a qualitative change in M¢ 

during tumor growth and that these changes lead to the loss of the M¢@ population that can up- 

regulate T,, cells and keep the suppressor M¢ in check. Concomitant with the decreases in some 

Mé¢ subpopulations during neoplastic growth, there is also an increase in the suppressor M¢ pop- 

ulation (76,137,172,177,231,236,258). These data show identifiable changes in M¢@ during tumor 

growth. Therefore, I undertook studies to answer how tumor growth alters Md¢-mediated 

immunoregulation. 

Based on the previous results (72-74,137), my study was to expand our knowledge of the 

changes in M@-mediated regulation of the immune system during tumor growth. Specifically, I 

sought to answer these three questions: 

1. Does tumor growth alter the phenotypic characteristics Md? 
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2. Are there functional changes in M@ during tumor growth that lead to an increase in their 

suppressive activity? 

3. Can phenotypic changes be correlated with functional changes by identifying suppressor M¢ 

subpopulations that are responsible for the tumor-induced immunosuppression? 

To address the first question, I used monoclonal antibodies (mAb) originally described by 

Springer et al. (95-97,208-211). These mAb are specific for the murine M¢ surface antigens Mac-1, 

-2, and -3. The mAb specific for Ia? was also used. These different mAb may describe M¢ sub- 

populations and functional differences in M¢é. Me were examined for the expression of these 

antigens and the potential changes in their expression during tumor growth by using: (i) one-color 

fluorescence analyses to initially characterize Md; and (ii) two-color fluorescence analyses to ex- 

plore the multiple expression of these various M¢ antigens. These techniques provided exciting 

and novel insights into M@ subpopulations and how tumor growth affects these subpopulations. 

These data are presented in Chapters I and II. 

To address the second question, I examined M¢@ accessory function to CD4* T cells in the 

syngeneic mixed lymphocyte reaction (SMLR). Md? serve as accessory cells to autoreactive T cells 

by way of their cell surface antigens and release of soluble factors (14,36,62,157,158,168,260). This 

function of Md is vital to the up-regulation of T cell reactivity. The identification of abnormalities 

in tumor-bearing host (TBH) M¢ function would point to underlying defects in M¢ function and 

the potential sites at which therapeutic intervention could take place. Chapters III and IV describe 

many interesting facets of the nature of the tumor-induced defects in M¢@ responsiveness. Chapter 

V examines how tumor growth changes the way TBH Mo respond to the activating agent 

lipopolysaccharide (LPS). 

To address the third question, I separated normal and TBH M¢ into different populations 

by mAb plus complement treatment and then measured for their accessory cell function. This work 

was done to identify the subpopulation of suppressor M@ and how tumor growth leads to shifts in 

this subpopulation of M¢. These M@¢ populations were used as accessory cells to CD4* 
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alloreactive T cells (Chapter VI) and autoreactive T cells (Chapter VII). Chapter VI and VII pro- 

vide the provocative and novel work addressing this third question. 

The dissertation is divided into seven chapters dealing with the research mentioned above. 

The chapters are preceded by a LITERATURE REVIEW that examines the scientific background 

and basis for these studies. The seven chapters are arranged in chronological order and represent 

the sequence for uncovering the tumor-induced changes in M¢, that is, from the early phenotypic 

changes to the later functional changes. After the last chapter, I discuss and summarize my results. 

In the SUMMARY, I emphasize how the phenotypic changes relate to the functional changes and 

how my observed changes in TBH M¢ subpopulations ultimately lead to the suppression of the 

immune response seen in TBH. 
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LITERATURE REVIEW 

The importance of M¢ in the immune system has received much attention in recent years, 

because changes in M¢ function are associated with or caused by many disease states. This LIT- 

ERATURE REVIEW is separated into five related topics that gives the reader a review of the per- 

tinent literature and a background to my work. An Introduction to the M¢ is the first section and 

gives the reader a feel for what M¢ are and how far M¢ biology has come. Second is a review 

entitled Mg Heterogeneity: Is It due to Subpopulations?. This question-title presently remains 

unanswered. Attempts to answer this question need to be made before the interactions of M¢ and 

the rest of the immune system can be completely explained. The changes in M¢ subpopulations 

that occur during tumor growth may be what lead to the dysfunction of M¢-mediated regulation 

of the immune system. Third, in Characterization of M¢ Subpopulations, | examine the past and 

present methods of delineating M¢ subpopulations and what these methods tell us about M¢ 

heterogeneity. Fourth, in M¢ Immunoregulatory Functions, the role M@¢ play in regulating the 

immune response is discussed. This section leads into the final section, because it examines Md 

interactions in the normal animal. The final section Md-Mediated Immunosuppression During 

Tumor Growth examines how a growing tumor alters M@ function. The latter topic is related to 

the previous sections, that is, how tumor growth upsets M@ subpopulations and the role those 

LITERATURE REVIEW 6



subpopulations play in the immune system. The last section also serves as an introduction to the 

work discussed in this dissertation. 

INTRODUCTION TO THE Mo 

The phagocyte or M@ was the first immune cell to be discovered. In 1882 Elie Metchnikoff 

described a motile phagocytic cell in transparent star fish larvae. This cell would surround and at- 

tempt to engulf the thorn he stabbed into these organisms. From this initial experiment, 

Metchnikoff realized there may be similar cells in humans that served in the defense of the host 

against intruders (199). This early work led Metchnikoff to propose his theory of cell-mediated 

immunity and eventually led to his winning the Nobel prize in 1908. The theory of cell-mediated 

immunity, however, fell into disfavor in the early twentieth century because Immunologists, such 

as von Behring and Ehrlich, proposed the theory of humoral immunity to explain resistance to 

disease (199). Because of the general acceptance of the humoral theory, cell-mediated immunity 

as a major mechanism of immune defense did not resurface until the 1950s and 1960s. 

The original function of the M@ was thought to be one of a nonspecific scavenger; that is, 

when a bacteria invaded a host and the M¢ came into contact with the bacteria, the bacteria would 

be engulfed and destroyed. Since this early theory of M¢ function, much has been learned about 

the role M¢ play in the immune system (reviewed later). The immune system is a collection of cells 

that interact to provide protection from foreign pathogens, such as bacteria and viruses, and internal 

agents, such as aberrant cancerous cells. The immune system includes three major populations of 

leukocytes: B cells, T cells, and Md. B cells are the cells responsible for humoral immunity and 

T cells are the cells responsible for cell-mediated immunity. 

Md, however, are considered the primary initiators of the immune response against antigens. 

M¢ are the first cells that can come into contact with foreign or aberrant antigens and are shown 
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by many (reviewed later) to be the vital first cell in an immune response. Md are part of the 

mononuclear phagocyte system. Md originate from pluripotent stem cells in the bone marrow, 

differentiate to monocytes, enter the peripheral blood, and then as end cells take up residence in 

various anatomical sites as tissue M@ with a variety of functions (16,47,99,243,253). 

Functionally, M@ are important in phagocytosis and destruction of foreign invaders (243,250). 

They can process and present antigens to T, cells as well as release soluble immune modulators 

which can influence T-cell proliferation and activation (240-242). Mé¢ are also required for gener- 

ating anti-tumor immunity (93,116). In addition to being a key cell in initiating an immune re- 

action, M¢ also play a role in the reduction of the immune response after antigen challenge has 

passed. This M¢-mediated down-regulation of the immune response may be caused by suppressor 

Mg@ and the factors M¢ release, which can suppress T cells, B cells, and M@ (78,119,160,215). 

T; cells are also thought to play a role in this down-regulation of the immune response. The actual 

role of T,; cells in the suppression of an immune response remains uncertain (154). This complex 

immune circuit is finely tuned and designed to maintain immune homeostasis. This idea of an 

immune network is the basis of the theory Jerne proposed in 1974, leading to his 1984 Nobel prize 

(101). 

Mo HETEROGENEITY: IS IT DUE TO 

SUBPOPULATIONS? 

M¢ are a heterogeneous group of cells that have been characterized by assessing a variety of 

different functions (16,47,98,243,250,253). These functions are reported to be due to different 

subpopulations of M¢é. M¢ are important in (i) antigen presentation, (ii) antimicrobial and anti- 

tumor function, and (iii) phagocytosis. Yet not a single M@ population has been reported to have 
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all these functions, that is, some M¢ can present antigen, some are bactericidal, and some are 

tumoricidal. In addition, M¢@ produce over 100 different factors including proteins, lipids, 

nucleotide metabolites, and oxygen metabolites (223), with different populations of M¢@ reported 

to secrete only some of these products (16,47,98,243,250,253). This apparent heterogeneity in 

M¢ function may be explained by the existence of distinct Md subpopulations. 

To understand the role M@ play in the immune system, one must know what contributes to 

this M¢@ diversity. Are M¢ a single population of cells in different states of activation or differen- 

tiation that respond to various stimuli by exhibiting different functional attributes and, thus, appear 

to be a diverse population of cells (16,47,243); or does this heterogeneity reflect diverse and distinct 

subpopulations of M¢ that have unique and defined functions (27,47,217,243,251)? 

Recent evidence (27,47,194,195,217,243,251) points to M@ diversity being due to distinct 

M¢@¢ subpopulations. Although the existence of M@¢ subpopulations can explain much of the re- 

ported differences in M¢ functions, differences in Md? activation and/or differentiation probably 

also contribute some of the heterogeneity. The presence of distinct M@ subpopulations suggests 

that differentiation must precede the development of unique M¢ functions. Two hypotheses have 

been suggested to explain differentiation. One suggests that all M¢ develop from pluripotent stem 

cells in the bone marrow where they undergo several steps of differentiation, from monoblasts to 

promonocytes, before entering the peripheral blood as monocytes (16,47,243). After several days, 

monocytes enter various tissues and in these microenvironments M¢ receive their final differen- 

tiation signals (13,47,194,244,251). The evidence that tissue M¢ come solely from monocytes was 

found using chimeras and by following the in vivo kinetics of radio-labeled cells (47,243). This hy- 

pothesis is presently the most accepted. 

Another hypothesis suggests that M@ subpopulations result from differentiation along several 

independent lines. Recent evidence lends support to this second hypothesis. Shibata et al. 

(194-196), using ®°Sr to destroy bone marrow cells, show at least three different pathways of M¢ 

differentiation. When the bone marrow was destroyed, the number of monocytes and 

Corynebacterium parvum-induced suppressor M¢ dropped significantly, but there was no change 

in the number of resident peritoneal M¢. In addition, the number of splenic M¢ colony-forming 
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units (M-CFU) increased after destruction of the bone marrow, suggesting ontogenetic and envi- 

ronmental factors both contribute to the functional heterogeneity of Md. Thus, the peritoneal and 

splenic M@ seem to come from self-renewing populations (bone marrow independent) while the 

monocytes and suppressor M¢ are bone marrow-derived. Daems and de Bakker (42) and Stewart 

et al. (213) show that resident peritoneal M¢ do not arise from blood monocytes but rather from 

stem cells in the milky spots of the peritoneal cavity. Goodman (82) has also shown the presence 

of hemopoietic stem cells in the peritoneal cavity. Work by Walker (251) shows that M¢ need not 

originate in the bone marrow. Splenic M¢ can form from M-CFU in the spleen and these M¢ 

are heterogeneous with respect to Mac-2 expression, Ja expression, and antigen presentation. 

Walker’s data show separate lines of differentiation, and that stem cells within a population can 

form separate subpopulations of M¢. Van Furth and Diesselhoff-den Dulk (244) show that the 

murine spleen contains at least two populations of M¢. One of these splenic M¢ populations was 

derived from the classical differentiation pathway in the bone marrow, while the other may be 

maintained by an independent self-renewal mechanism. 

M¢ development is probably a result of several mechanisms, with some M¢ coming from the 

bone marrow through monocytes (47,243) and others (42,82,194-196,217,244,251) coming from 

self-renewing populations in “hemopoietic” sites distinct from the bone marrow. Md would 

terminally differentiate in the organ or tissue where they reside. The microenvironment of this final 

differentiation site must be responsible for some of the heterogeneity of Md, because different 

M@ subpopulations in the same site are derived from the same progenitor pool 

(13,42,47,217,244,251). These sites of M¢@ self-renewal probably originated from bone marrow 

hemopoietic stem cells during fetal ontogeny or later in life, although the origin is unknown. Taken 

together, the evidence suggests that there are distinct subpopulations of Md. Because these sub- 

populations may have distinct functions, it becomes important to characterize these subpopulations 

based on their phenotypic make up. 
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CHARACTERIZATION OF Md SUBPOPULATIONS 

Because the understanding of the role M¢ play in an immune response is clouded by the 

heterogeneity of Md, it becomes necessary to characterize and identify different M@ subpopu- 

lations. The characterization of M¢ subpopulations was one of the goals of my work. Before the 

widespread use of mAb, M¢ were characterized by their associated enzymes, including peroxidase 

and esterase (79,105,131,141,144,223). Peroxidase was a useful enzymatic marker of M¢ maturity 

(105,141) and esterase proved to be a constitutively produced enzyme that could be used as a Md 

pan marker (131,144). Other enzymes, such as lysozyme, proteases, peptidases, and nucleotidases, 

can also be detected in M@ and some are differentially expressed in different M¢ populations 

(79,223,248). Other methods of characterizing M¢ have included measuring M¢ for their ability 

to phagocytize or opsonize foreign particles. Buoyant density centrifugation has also been used to 

isolate M@ into discrete fractions (29,53,112,155,237,267). Using this last method, researchers 

showed differential expression of Ia and peroxidase (29,237) as well as differential production of 

IL-1 and prostaglandin E, (PGEz) in the separated fractions of M@ (53,112). 

The development of mAb technologies allowed M¢ populations to be examined or defined 

by their surface antigen expression. Murine M@ can be characterized by the expression of: Fc and 

complement receptors (47,250,252,253); Mac-1, -2, and -3 antigens (95-97); the F4/80 antigen (11); 

Ia antigen (73,237,253); and other surface antigens (225,226). Human M¢ can also be characterized 

by their surface antigen expression (7,15,166,175,233). These antigens proved to be useful M¢ 

markers, with some being M¢@ pan markers (11,96), others differentiation markers (95,97), and still 

others activation markers (95,225,226). Some of these markers may be important in delineating 

M@¢ subpopulations. 

Because of the importance of the Mac antigens (reviewed below) and my extensive use of mAb 

against the Mac-], -2, -3, and Ja surface markers, I will spend the remaining review of M¢ charac- 

terization on the Mac-1, -2, -3, and Ia M¢ surface antigens. These antigens were examined because 

previous work (72-74) suggested that they could be used to identify M@ subpopulations. More 
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importantly, there seemed to be a shift in the subpopulations of M¢ expressing these antigens 

during tumor growth. The mAb against the M@? surface antigens Mac-1, -2, and -3 were developed 

by Springer et al. (95-97,208-212), who also performed much of the early work exploring their ex- 

pression and characteristics. 

Mac-! (CD11b) belongs to a family of cell surface adhesion molecules including lymphocyte 

function associated antigen-1 (LFA-1) and p150/95 (145,212,213). Mac-1, LFA-1, and p150/95 are 

af8 heterodimers with dissimilar 170 kD, 180 kD, 150 kD « chains, respectively, but identical 95 kD 

B-chains (5,212,213). Mac-1 can be found on Md, monocytes, granulocytes, natural killer cells 

(NK cells), and bone marrow cells. Mac-1 is a receptor for the C3bi component of complement 

(48,212). Anti-Mac-1 mAb can block M@ and monocyte adherence and chemotaxis, suggesting 

Mac-I’s importance in adherence and chemotaxis (19,108,212). Adherence through the Mac-1 

receptor has also been shown to induce degranulation of phagocytes and their release of H2O2 

(48,190,193). Mac-1 expression increases as monocytes mature (208), and Mac-1 is continuously 

expressed on mature Md, suggesting that it is an early differentiation antigen (96). 

Mac-2 is a 32 kD protein which is variably expressed on M@¢ from different tissues, M¢ cell 

lines, and on M¢ elicited by different stimulatory agents, suggesting Mac-2 represents a late differ- 

entiation and/or activation marker (95,217,251). Mac-2 has DNA sequence homology to a rat IgE 

receptor and may function as such in vivo (32). Mac-2 also has lectin-like properties that may fa- 

cilitate M¢-parasite binding (32). Mac-2 does not, however, contain a classical signal peptide or 

transmembrane domain, suggesting that its attachment to the M@ surface may be through another 

surface protein (32). 

Mac-3 is a protein of variable molecular weight (92 kD to 110 kD), is found on mature M@, 

is variable expressed, and may be a late differentiation and or subpopulation marker (97,249). The 

function of Mac-3 is presently unknown. 

The Mac-]1, -2, and -3 antigens are important in defining M¢ subpopulations because they are 

expressed on different populations of M¢ (72,74). Garner et al. (72,74) used the expression of these 

Mac antigens to define different functional populations of M@. In the peritoneal cavity, a Mac-1* 

M¢ functions as a regulator of PGE, production and a Mac-3* Md functions as a suppressor 
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M@¢ (74). Askew et al. (8) showed that a Mac-2* M@ may be the primary PGE, producer. While 

in the spleen, a Mac-1~ M@¢ may be the accessory M¢ for mitogen-stimulated T cells (72). The 

Mac antigens can therefore be used as markers for M¢ subpopulations. Tumor growth, however, 

was shown to change these populations and these changes in M¢ may be the cause of the tumor- 

induced immunosuppression (discussed later). 

la antigens are the major histocompatibility complex class II] markers and are needed for ef- 

fective M@ antigen presentation to T cells (240-242). Ia antigens are «af heterodimers with a 34 

kD a chain and a 28 kD £ chain. A substantial volume of work has described differences in Md 

populations based on their expression of Ia. Walker et al. (255) showed that there were unique 

progenitor cells which gave rise to Ia* and Ia~ Md, demonstrating that different subpopulations 

of M@¢ existed based on their expression of Ia. Beller and Unanue showed that Ia~ M¢ not only 

lacked surface expression of Ia but also lacked intracellular expression of Ia (17). Thus, the ex- 

pression of Ia must either be stimulation-dependent or subpopulation-dependent (1,17,18). The 

necessity of Ia expression on M¢ for presentation of nominal antigen to specific T,, cells (240-242) 

and autoreactive T,, cells (168) means that only Ia* M¢ are capable of the cell-cell interactions that 

must occur before activation of T cells. Ja expression, however, is not correlated with phagocytic 

ability (237). Expression of, or lack of, Ia expression has been linked to suppressor M¢ function. 

Chow and Battisto (34) showed that Ia~ M¢ were the final suppressor cells in the suppressor cas- 

cade for down-regulating T, cells. Others (135,152,161) have also shown that Ia~ M¢ may be the 

important cells in the suppressor cascade, while Dorf and co-workers (120,164,165) showed that Ia* 

I-J* M¢ are the important suppressor M@d. The cause of these differences is unknown but reported 

to be due to differences in culture or experimental conditions (164,165). Nevertheless, different 

subpopulations of M¢ can be defined by their surface markers and correlated to different specific 

functions. 
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Mo IMMUNOREGULATORY FUNCTIONS 

Even though M@¢ can be defined by one of several different functions including phagocytosis, 

killing, or immunoregulatory, I will focus on the importance of M¢ as immunoregulatory cells. 

My functional studies dealt exclusively with the immunoregulatory function of M¢. The Md’s 

prolific secretory capacity (223) makes it one of the chief immunoregulatory cells in the immune 

system. Md immunoregulation can affect the humoral (78,134,140) and cell-mediated 

(155,160,180-182,232) branches of an immune response. In fact, the dependence of immune reac- 

tivity on M@ may be absolute, because when M¢ are removed from lymphocyte cultures T-cell 

reactivity is reduced (24,86,182,218). The importance of M@ in initiating an immune response 

stems from the fact that: (i) M@ are the first cells to encounter foreign or aberrant antigens; (ii) 

M¢ can process and present this antigen to T,, cells; and (iti) M¢ can recognize the native or whole 

antigen while T,, cells can only recognize the processed version of the antigen. 

Although physical contact between M¢ and T cells through an Ia-T cell receptor interaction 

is necessary for T cell activation, this interaction is only the first signal (168). T cells need a second 

signal which is usually a soluble factor (cytokine) such as IL-1 (49,87,133,148), IL-6 (148,245), 

TNF-a (87,126,178,183,191), GM-CSF (69,123), or the newly discovered co-stimulatory factor 

(179,256). These different cytokines stimulate IL-2 or IL-4 production by T, cells, thereby initi- 

ating T-cell proliferation and up-regulation of the immune response (146,148,203,204). 

M¢-induced activation and differentiation of T,, cells can influence M¢ themselves. M¢ re- 

spond to a variety of T cell-derived cytokines, including IL-3, IL-4, IFN-y, TNF-a and GM-CSF. 

All of these cytokines can act as M¢-activating factors (MAFs). IL-3 induces Ia expression, LFA-1 

expression, and IL-1 production but not M¢ cytotoxicity (65,66). IL-4 induces Ia expression, Fc 

receptor expression, Mac-1, LFA-1 and p150/95 expression, and M@ cytotoxicity (28,221,229). 

IFN-y induces Ja expression, LFA-1 expression, IL-1 secretion, and Mé¢ _ cytotoxicity 

(2,20,28, 142,170,171). TNF-a induces M¢ cytotoxicity (92,129). GM-CSF induces Ia expression, 

Mac-1 expression, Fe receptor expression, IL-1 secretion, and Md _ cytotoxicity 
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�m�a�l� �d�o�s�e�s� �o�f� �I�F�N�-�y� �a�n�d� �L�P�S� �t�o� �i�n�d�u�c�e� �M�@�¢� �c�y�t�o�t�o�x�i�c�i�t�y�.� �S�o�m�e� �o�f� �t�h�e�s�e� �d�i�f�f�e�r�e�n�t� �M�A�F�s� �m�a�y� �w�o�r�k� 

�a�s� �a�n�t�a�g�o�n�i�s�t�s�.� �t�e� �V�e�l�d�e� �e�t� �a�l�.� �(�2�2�8�)� �s�h�o�w� �t�h�a�t� �I�F�N�-�y� �a�n�d� �I�L�-�4� �a�r�e� �a�n�t�a�g�o�n�i�s�t�i�c� �f�o�r� �F�e� �r�e�c�e�p�t�o�r� 

�e�x�p�r�e�s�s�i�o�n� �o�n� �h�u�m�a�n� �m�o�n�o�c�y�t�e�s�.� �A�f�t�e�r� �M�¢� �a�c�t�i�v�a�t�i�o�n� �o�f� �T� �c�e�l�l�s�,� �T� �c�e�l�l�s� �t�h�r�o�u�g�h� �t�h�e�i�r� �r�e�l�e�a�s�e� �o�f� 

�d�i�f�f�e�r�e�n�t� �M�A�F�s�,� �c�a�n� �a�c�t�i�v�a�t�e� �M�d�.� 

�A� �f�e�a�t�u�r�e� �o�f� �M�¢� �i�m�m�u�n�o�r�e�g�u�l�a�t�i�o�n� �i�s� �t�h�a�t� �w�h�e�n�e�v�e�r� �M�@�¢� �c�a�n� �e�n�h�a�n�c�e� �a� �p�a�r�t�i�c�u�l�a�r� �i�m�m�u�n�e� 

�r�e�s�p�o�n�s�e�,� �t�h�e�y� �c�a�n� �a�l�s�o� �i�n�h�i�b�i�t� �t�h�e� �r�e�s�p�o�n�s�e�.� �M�d�¢�-�m�e�d�i�a�t�e�d� �s�u�p�p�r�e�s�s�i�o�n� �i�s� �t�h�r�o�u�g�h� �s�o�l�u�b�l�e� 

�m�o�d�u�l�a�t�o�r�s� �t�h�a�t� �c�a�n� �i�n�h�i�b�i�t� �T�-�c�e�l�l� �p�r�o�l�i�f�e�r�a�t�i�o�n�.� �T�h�e�s�e� �m�o�d�u�l�a�t�o�r�s� �c�a�n� �a�l�s�o� �a�f�f�e�c�t� �M�¢� �t�h�r�o�u�g�h� �a�n� 

�a�u�t�o�c�r�i�n�e� �m�e�c�h�a�n�i�s�m�.� �M�d� �s�o�l�u�b�l�e� �s�u�p�p�r�e�s�s�o�r� �m�o�l�e�c�u�l�e�s� �i�n�c�l�u�d�e� �l�o�w� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �c�o�m�p�o�u�n�d�s� 

�s�u�c�h� �a�s� �t�h�y�m�i�d�i�n�e� �(�2�1�4�)�,� �a�r�g�i�n�a�s�e� �(�1�2�1�)�,� �c�o�m�p�l�e�m�e�n�t� �c�o�m�p�o�n�e�n�t�s� �(�1�8�6�)�,� �a�n�d� �p�r�o�s�t�a�g�l�a�n�d�i�n�s� �(�P�G�)� 

�(�4�,�3�0�,�7�5�,�8�1�,�1�6�3�)�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �l�a�r�g�e�r� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �c�o�m�p�o�u�n�d�s� �s�u�c�h� �a�s� �t�h�e� �h�i�g�h� �m�o�l�e�c�u�l�a�r� 

�w�e�i�g�h�t� �i�n�h�i�b�i�t�o�r� �f�o�u�n�d� �p�r�e�v�i�o�u�s�l�y� �i�n� �o�u�r� �l�a�b�o�r�a�t�o�r�y� �(�1�3�8�)�,� �t�h�e� �s�o�l�u�b�l�e� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �s�u�p�p�r�e�s�s�o�r� 

�d�i�s�c�o�v�e�r�e�d� �b�y� �A�u�n�e� �(�1�0�)�,� �t�h�e� �f�a�c�t�o�r�(�s�)� �i�n�v�e�s�t�i�g�a�t�e�d� �b�y� �C�h�o�w� �a�n�d� �B�a�t�t�i�s�t�o� �(�3�4�)�,� �a�n�d� �o�t�h�e�r�s� 

�(�3�1�,�6�7�,�7�9�,� �1�0�9�,�1�3�2�,�2�3�4�)�.� 

�S�u�p�p�r�e�s�s�i�o�n� �m�e�d�i�a�t�e�d� �b�y� �P�G� �h�a�s� �b�e�e�n� �w�e�l�l� �c�h�a�r�a�c�t�e�r�i�z�e�d� �a�n�d�,� �b�e�c�a�u�s�e� �m�u�c�h� �o�f� �m�y� �r�e�s�e�a�r�c�h� 

�d�e�a�l�t� �w�i�t�h� �t�h�e� �i�n�v�o�l�v�e�m�e�n�t� �o�f� �P�G� �i�n� �d�o�w�n�-�r�e�g�u�l�a�t�i�o�n� �o�f� �T�-�c�e�l�l� �r�e�a�c�t�i�v�i�t�y�,� �I� �w�i�l�l� �e�m�p�h�a�s�i�z�e� 

�P�G�-�m�e�d�i�a�t�e�d� �s�u�p�p�r�e�s�s�i�o�n�.� �P�G� �a�r�e� �p�r�o�d�u�c�e�d� �b�y� �t�h�e� �c�y�c�l�o�-�o�x�y�g�e�n�a�s�e� �p�a�t�h�w�a�y� �o�f� �a�r�a�c�h�i�d�o�n�i�c� �a�c�i�d� 

�m�e�t�a�b�o�l�i�s�m�.� �M�o�n�o�c�y�t�e�s� �a�n�d� �M�@� �a�r�e� �t�h�e� �p�n�m�a�r�y� �p�r�o�d�u�c�e�r�s� �o�f� �P�G�,� �p�a�r�t�i�c�u�l�a�r�l�y� �P�G�E�,� 

�(�7�5�,�8�1�,�1�2�4�,�1�6�3�,�2�1�5�)�.� �P�G�E�,� �i�s� �a� �s�m�a�l�l� �(�3�5�2� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�)� �c�o�m�p�o�u�n�d� �w�i�t�h� �a� �v�a�r�i�e�t�y� �o�f� �i�n�f�l�a�m�-� 

�m�a�t�o�r�y� �a�n�d� �a�n�t�i�-�p�r�o�l�i�f�e�r�a�t�i�v�e� �f�u�n�c�t�i�o�n�s�,� �n�o�t� �u�n�l�i�k�e� �m�a�n�y� �a�r�a�c�h�i�d�o�n�i�c� �a�c�i�d� �m�e�t�a�b�o�l�i�t�e�s� 

�(�7�5�,�8�0�,� �1�6�3�,�2�1�5�)�.� �T�h�e�s�e� �f�u�n�c�t�i�o�n�s� �i�n�c�l�u�d�e� �d�i�r�e�c�t� �s�u�p�p�r�e�s�s�i�o�n� �o�f� �T�,� �c�e�l�l�s� �o�r� �i�n�d�i�r�e�c�t�l�y� �t�h�r�o�u�g�h� �t�h�e� 

�a�c�t�i�v�a�t�i�o�n� �o�f� �T�,� �c�e�l�l�s� �(�3�3�,�1�7�7�)�.� �P�G�E� �2�-�m�e�d�i�a�t�e�d� �s�u�p�p�r�e�s�s�i�o�n� �o�f� �l�y�m�p�h�o�c�y�t�e� �p�r�o�l�i�f�e�r�a�t�i�o�n� �i�s� �l�i�n�k�e�d� 

�t�o� �c�h�a�n�g�e�s� �i�n� �c�A�M�P� �a�n�d� �i�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �i�n�h�i�b�i�t�i�o�n� �o�f� �I�L�-�2� �p�r�o�d�u�c�t�i�o�n�,� �I�L�-�2� �r�e�c�e�p�t�o�r� �e�x�p�r�e�s�s�i�o�n�,� 
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�a�n�d� �I�L�-�1� �a�n�d� �I�L�-�2� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� �(�1�1�3�,�2�4�7�,�2�7�0�)�.� �P�G�E� �2� �c�a�n� �s�u�p�p�r�e�s�s� �G�M�-�C�S�F� �p�r�o�d�u�c�t�i�o�n� �b�y� �T�y� 

�c�e�l�l�s� �(�1�7�4�)�,� �a�n�d� �i�n�h�i�b�i�t� �T�.� �c�e�l�l� �(�7�7�,�1�2�8�)� �a�n�d� �N�K� �c�e�l�l� �(�2�2�)� �a�c�t�i�v�i�t�i�e�s�.� 

�P�G� �c�a�n� �a�c�t� �a�s� �a�n� �a�u�t�o�c�r�i�n�e� �m�o�l�e�c�u�l�e�.� �S�y�n�d�e�r� �e�t� �a�l�.� �(�2�0�7�)� �s�h�o�w�e�d� �t�h�a�t� �P�G�E�,� �r�e�d�u�c�e�d� �I�a� 

�a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �o�n� �M�d�,� �a�n�d� �K�u�n�k�e�l� �e�t� �a�/�.� �(�1�2�2�)� �s�h�o�w�e�d� �t�h�a�t� �P�G�E�,� �d�o�w�n�-�r�e�g�u�l�a�t�e�d� �I�L�-�1� �p�r�o�-� 

�d�u�c�t�i�o�n� �b�y� �M�¢�.� �P�G�E�,� �c�a�n� �a�l�s�o� �i�n�h�i�b�i�t� �L�P�S�-�i�n�d�u�c�e�d� �M�¢�-�m�e�d�i�a�t�e�d� �c�y�t�o�t�o�x�i�c�i�t�y� �(�1�8�4�)� �a�n�d� �r�e�l�e�a�s�e� 

�o�f� �o�x�y�g�e�n� �m�e�t�a�b�o�l�i�t�e�s� �(�1�4�3�)�.� �P�G�E�,� �c�a�n� �b�l�o�c�k� �M�¢� �c�h�e�m�o�t�a�x�i�s� �(�7�1�)� �a�n�d� �i�s� �r�e�p�o�r�t�e�d� �t�o� �p�r�e�v�e�n�t� 

�M�@�¢�-�m�e�d�i�a�t�e�d� �p�h�a�g�o�c�y�t�o�s�i�s� �o�f� �f�o�r�e�i�g�n� �p�a�r�t�i�c�l�e�s� �(�1�2�,�4�0�)�.� �I�n� �a�d�d�i�t�i�o�n�,� �H�e�i�d�e�n�r�e�i�c�h� �e�t� �a�/�.� �(�9�1�)� �s�h�o�w�e�d� 

�t�h�a�t� �G�M�-�C�S�F�-�i�n�d�u�c�e�d� �P�G�E�,� �p�r�o�d�u�c�t�i�o�n� �i�n�h�i�b�i�t�e�d� �t�h�e� �G�M�-�C�S�F�/�I�F�N�-�y�-�i�n�d�u�c�e�d� �r�e�l�e�a�s�e� �o�f� 

�T�N�F�-�a�.� �T�h�e� �g�e�n�e�r�a�t�i�o�n� �o�f� �t�h�e�s�e� �t�w�o� �m�e�d�i�a�t�o�r�s� �b�y� �G�M�-�C�S�F� �p�r�o�v�i�d�e�s� �a�n� �a�u�t�o�r�e�g�u�l�a�t�o�r�y� �c�i�r�c�u�i�t� �i�n� 

�w�h�i�c�h� �t�h�e� �l�a�t�e�r� �p�r�o�d�u�c�e�d� �P�G�E�,� �l�i�m�i�t�s� �M�¢� �a�c�t�i�v�a�t�i�o�n�.� �H�a�n�c�o�c�k� �e�t� �a�l�.� �(�8�9�)� �s�h�o�w�e�d� �t�h�a�t� �G�M�-�C�S�F� 

�a�c�t�s� �i�n� �a�n� �a�u�t�o�c�r�i�n�e� �m�a�n�n�e�r� �d�u�e� �t�o� �i�n�d�u�c�t�i�o�n� �o�f� �P�G�E�2�.� �A�t� �l�o�w� �d�o�s�e�s�,� �P�G�E�,� �c�a�n� �a�u�g�m�e�n�t� 

�T�N�F�-�i�n�d�u�c�e�d� �a�c�t�i�v�a�t�i�o�n� �o�f� �M�@� �(�1�2�9�)� �a�n�d� �a�c�t� �s�y�n�e�r�g�i�s�t�i�c�a�l�l�y� �w�i�t�h� �I�L�-�2� �o�n� �s�o�m�e� �T� �c�e�l�l� �c�l�o�n�e�s� �t�o� 

�i�n�c�r�e�a�s�e� �G�M�-�C�S�F� �p�r�o�d�u�c�t�i�o�n� �(�1�7�4�)�.� �P�G�E�,� �i�s� �t�h�o�u�g�h�t� �t�o� �b�e� �p�a�r�t� �o�f� �t�h�e� �n�o�r�m�a�l� �p�r�o�c�e�s�s� �o�f� �r�e�d�u�c�t�i�o�n� 

�o�f� �t�h�e� �i�m�m�u�n�e� �s�y�s�t�e�m� �a�f�t�e�r� �a�n�t�i�g�e�n� �c�h�a�l�l�e�n�g�e� �h�a�s� �p�a�s�s�e�d�.� �S�u�p�p�r�e�s�s�i�o�n� �o�f� �i�m�m�u�n�e� �r�e�a�c�t�i�v�i�t�y� �b�y� 

�M�¢� �t�h�r�o�u�g�h� �p�r�o�d�u�c�t�s� �s�u�c�h� �a�s� �P�G�E�z�,� �t�h�a�t� �i�n�h�i�b�i�t� �a�c�t�i�v�a�t�e�d� �T� �c�e�l�l�s� �a�n�d� �M�d�,� �i�s� �t�h�o�u�g�h�t� �t�o� �b�e� �b�y� �a� 

�s�u�b�p�o�p�u�l�a�t�i�o�n� �o�f� �M�¢� �c�a�l�l�e�d� �s�u�p�p�r�e�s�s�o�r� �M�@� �(�3�0�,�7�5�,�1�1�9�,�1�2�0�,�1�3�2�,�1�6�5�,�2�5�7�,�2�6�3�)�.� �T�h�i�s� �d�o�w�n�-� 

�r�e�g�u�l�a�t�i�o�n� �m�a�y� �b�e� �t�h�e� �r�e�s�u�l�t� �o�f� �n�e�g�a�t�i�v�e� �f�e�e�d�b�a�c�k� �l�o�o�p�s� �i�n� �w�h�i�c�h� �M�@� �a�n�d� �M�@�-�T� �c�e�l�l�/�B� �c�e�l�l� �i�n�t�e�r�-� 

�a�c�t�i�o�n�s� �a�r�e� �i�n�h�i�b�i�t�e�d�.� �T�h�i�s� �s�h�u�t�t�i�n�g� �o�f�f� �o�f� �t�h�e� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �b�y� �M�¢� �i�s� �a� �n�o�r�m�a�l� �o�c�c�u�r�r�e�n�c�e� �i�n� 

�M�¢�-�m�e�d�i�a�t�e�d� �i�m�m�u�n�e� �r�e�g�u�l�a�t�i�o�n�.� 
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�M�o�-�M�E�D�I�A�T�E�D� �I�M�M�U�N�O�S�U�P�P�R�E�S�S�I�O�N� �D�U�R�I�N�G� 

�T�U�M�O�R� �G�R�O�W�T�H� 

�I�n� �d�i�s�e�a�s�e� �s�t�a�t�e�s� �s�u�c�h� �a�s� �c�a�n�c�e�r�,� �M�¢�-�m�e�d�i�a�t�e�d� �r�e�g�u�l�a�t�i�o�n� �o�f� �t�h�e� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �i�s� �c�o�m�p�r�o�-� 

�m�i�s�e�d�.� �D�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h�,� �t�h�e� �h�o�s�t ��s� �i�m�m�u�n�e� �s�y�s�t�e�m� �b�e�c�o�m�e�s� �s�u�p�p�r�e�s�s�e�d� �a�n�d� �M�d� �a�r�e� �o�n�e� �o�f� 

�t�h�e� �c�e�l�l�s� �t�h�a�t� �p�l�a�y� �a� �m�a�j�o�r� �r�o�l�e� �i�n� �t�h�i�s� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�o�n�.� �B�e�c�a�u�s�e� �o�f� �t�h�e� �M�@ ��s� �p�a�r�a�m�o�u�n�t� �r�o�l�e� 

�i�n� �t�h�e� �i�m�m�u�n�e� �s�y�s�t�e�m�,� �i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �h�o�w� �t�u�m�o�r� �g�r�o�w�t�h� �a�f�f�e�c�t�s� �c�h�a�n�g�e�s� �i�n� �M�d�¢�-�m�e�d�i�a�t�e�d� �r�e�g�u�-� 

�l�a�t�i�o�n� �i�s� �v�i�t�a�l�.� 

�T�h�e� �i�m�m�u�n�e� �s�y�s�t�e�m� �e�f�f�e�c�t�i�v�e�l�y� �p�r�e�v�e�n�t�s� �t�u�m�o�r� �g�r�o�w�t�h� �a�s� �e�v�i�d�e�n�c�e�d� �b�y� �t�h�e� �g�e�n�e�r�a�l� �g�o�o�d� �h�e�a�l�t�h� 

�o�f� �m�o�s�t� �p�e�o�p�l�e�.� �F�o�r� �u�n�k�n�o�w�n� �r�e�a�s�o�n�s�,� �s�o�m�e� �c�a�n�c�e�r�s� �c�a�n� �d�e�v�e�l�o�p� �u�n�i�n�h�i�b�i�t�e�d� �b�y� �t�h�e� �i�m�m�u�n�e� 

�s�y�s�t�e�m�,� �u�s�u�a�l�l�y� �l�e�a�d�i�n�g� �t�o� �t�h�e� �d�e�a�t�h� �o�f� �t�h�e� �h�o�s�t�.� �H�o�w� �d�o�e�s� �t�h�e� �b�o�d�y� �a�l�l�o�w� �t�h�e�s�e� �a�b�e�r�r�a�n�t� �c�a�n�c�e�r�o�u�s� 

�c�e�l�l�s� �t�o� �r�e�p�r�o�d�u�c�e� �u�n�c�h�e�c�k�e�d� �w�h�e�n� �i�t� �h�a�s� �s�u�c�h� �a� �p�o�w�e�r�f�u�l� �c�a�p�a�c�i�t�y� �t�o� �p�r�e�v�e�n�t� �o�r� �d�e�s�t�r�o�y� �t�u�m�o�r� 

�g�r�o�w�t�h�?� �A�s� �m�e�n�t�i�o�n�e�d� �a�b�o�v�e�,� �t�h�e� �i�m�m�u�n�e� �s�y�s�t�e�m� �i�s� �a� �c�o�m�p�l�e�x� �n�e�t�w�o�r�k� �o�f� �i�n�t�e�r�a�c�t�i�n�g� �c�e�l�l�s� �t�h�a�t� 

�i�s� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �p�r�o�t�e�c�t�i�n�g� �t�h�e� �h�o�s�t� �a�g�a�i�n�s�t� �n�e�o�p�l�a�s�t�i�c� �g�r�o�w�t�h�s�.� �M�¢� �a�r�e� �o�n�l�y� �o�n�e� �o�f� �t�h�e� �m�a�n�y� 

�c�r�i�t�i�c�a�l� �c�o�m�p�o�n�e�n�t�s� �w�h�o�s�e� �c�o�o�p�e�r�a�t�i�o�n� �i�s� �r�e�q�u�i�r�e�d� �f�o�r� �t�u�m�o�r� �c�e�l�l� �r�e�j�e�c�t�i�o�n�.� �I�a�*� �M�¢� �a�r�e� �r�e�q�u�i�r�e�d� 

�f�o�r� �t�h�e� �p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�u�m�o�r� �a�n�t�i�g�e�n�s� �t�o� �T�,� �c�e�l�l�s� �(�9�3�,�1�1�6�)�.� �T�,�,� �c�e�l�l�s� �r�e�l�e�a�s�e� �l�y�m�p�h�o�k�i�n�e�s� �s�u�c�h� �a�s� 

�I�L�-�2�,� �I�L�-�3�,� �I�L�-�4�,� �I�F�N�-�y�,� �a�n�d� �G�M�-�C�S�F� �w�h�i�c�h� �c�a�n� �a�c�t�i�v�a�t�e� �N�K� �c�e�l�l�s�,� �t�u�m�o�r�-�s�p�e�c�i�f�i�c� �T�;� �c�e�l�l�s�,� �a�n�d� 

�i�n�d�u�c�e� �o�t�h�e�r� �M�¢� �t�o� �b�e�c�o�m�e� �t�u�m�o�r�i�c�i�d�a�l�.� �U�p�o�n� �a�c�t�i�v�a�t�i�o�n�,� �T�,� �c�e�l�l�s� �a�n�d� �M�é�¢� �r�e�l�e�a�s�e� �c�y�t�o�t�o�x�i�c� �f�a�c�-� 

�t�o�r�s� �w�h�i�c�h� �d�e�s�t�r�o�y� �t�u�m�o�r� �c�e�l�l�s� �(�1�2�7�,�1�3�9�,�1�6�9�,�1�8�9�,�2�6�5�)�.� �T� �c�e�l�l�s� �c�a�n� �r�e�l�e�a�s�e� �l�y�m�p�h�o�t�o�x�i�n� �(�1�6�9�,�1�8�9�)� 

�a�n�d� �M�@� �c�a�n� �r�e�l�e�a�s�e� �T�N�F�-�«� �(�6�1�,�1�2�3�,�1�3�9�,�1�8�3�)�,� �w�h�i�c�h� �a�r�e� �c�y�t�o�t�o�x�i�c� �t�o� �t�u�m�o�r� �c�e�l�l�s�.� �M�¢� �a�l�s�o� �r�e�l�e�a�s�e� 

�a� �v�a�r�i�e�t�y� �o�f� �r�e�a�c�t�i�v�e� �o�x�y�g�e�n� �m�e�t�a�b�o�l�i�t�e�s� �a�n�d� �d�e�s�t�r�u�c�t�i�v�e� �e�n�z�y�m�e�s� �(�1�,�2�2�3�)�.� �T�h�u�s�,� �t�h�e� �i�m�m�u�n�e� �s�y�s�t�e�m� 

�p�r�e�s�e�n�t�s� �a� �p�o�w�e�r�f�u�l� �n�e�t�w�o�r�k� �o�f� �c�e�l�l�s� �a�n�d� �c�h�e�m�i�c�a�l�s� �t�o� �d�e�s�t�r�o�y� �t�u�m�o�r� �c�e�l�l�s�.� 

�I�n� �t�h�e� �c�a�s�e�s� �w�h�e�r�e� �t�u�m�o�r� �g�r�o�w�t�h� �g�o�e�s� �u�n�c�h�e�c�k�e�d�,� �a�s� �s�i�g�n�a�l�s� �a�r�e� �s�e�n�t� �b�e�t�w�e�e�n� �M�¢� �a�n�d� �T� �c�e�l�l�s�,� 

�a�n�o�t�h�e�r� �p�r�o�c�e�s�s� �i�n�d�u�c�e�d� �b�y� �t�h�e� �c�a�n�c�e�r� �i�t�s�e�l�f� �s�i�g�n�a�l�s� �t�h�e� �b�o�d�y� �t�o� �s�u�p�p�r�e�s�s� �t�h�e� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e�.� 

�E�a�r�l�y� �w�o�r�k� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �t�u�m�o�r�-�p�r�o�d�u�c�e�d� �f�a�c�t�o�r�s� �a�c�t� �o�n� �t�h�e� �i�m�m�u�n�e� �s�y�s�t�e�m� �b�y� �d�i�r�e�c�t�l�y� �s�u�p�-� 

�p�r�e�s�s�i�n�g� �i�m�m�u�n�e� �c�e�l�l�s� �(�3�9�,�5�9�,�8�2�,�9�4�,�1�0�3�,�1�0�6�)� �o�r� �i�n�d�i�r�e�c�t�l�y� �t�h�r�o�u�g�h� �t�h�e� �i�n�d�u�c�t�i�o�n� �o�f� �T�,� �c�e�l�l�s� 

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �1�7



�(�2�3�,�3�5�,�1�0�2�,�1�0�6�,�1�7�3�)� �a�n�d�/�o�r� �s�u�p�p�r�e�s�s�o�r� �M�¢� �(�6�,�1�0�3�,�1�1�0�,�1�7�2�,�2�3�0�,�2�3�1�)�.� �P�G�E�,� �p�r�o�d�u�c�t�i�o�n� �b�y� �t�u�m�o�r�s� 

�h�a�s� �a�l�s�o� �b�e�e�n� �i�m�p�l�i�c�a�t�e�d� �i�n� �t�u�m�o�r�-�i�n�d�u�c�e�d� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�o�n� �(�8�5�,�2�6�8�)�.� �B�e�c�a�u�s�e� �o�f� �t�h�e� �w�o�r�k� 

�s�h�o�w�i�n�g� �i�n�c�r�e�a�s�e�d� �p�r�o�d�u�c�t�i�o�n� �o�f� �t�r�a�n�s�f�o�r�m�i�n�g� �g�r�o�w�t�h� �f�a�c�t�o�r�-�6� �(�T�G�F�-�f�)� �d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h� �a�n�d� 

�i�t ��s� �p�o�t�e�n�t�i�a�l� �r�o�l�e� �a�s� �a� �d�o�w�n�-�r�e�g�u�l�a�t�o�r� �o�f� �M�¢�@� �f�u�n�c�t�i�o�n�,� �T�G�F�-�f� �h�a�s� �a�l�s�o� �r�e�c�e�i�v�e�d� �m�u�c�h� �a�t�t�e�n�t�i�o�n� 

�(�4�1�,�5�7�,�1�0�7�)�.� �R�e�c�e�n�t�l�y�,� �T�s�u�c�h�i�y�a� �e�t� �a�l�.� �(�2�3�6�)� �s�h�o�w�e�d� �t�h�a�t� �m�a�n�y� �d�i�f�f�e�r�e�n�t� �t�u�m�o�r�s� �p�r�o�d�u�c�e� �a� 

�G�M�-�C�S�F�-�l�i�k�e� �m�o�l�e�c�u�l�e� �w�h�i�c�h� �c�o�u�l�d� �i�n�d�u�c�e� �s�u�p�p�r�e�s�s�o�r� �M�d�.� �A�l�t�e�r�e�d� �o�r� �i�n�c�r�e�a�s�e�d� �p�r�o�d�u�c�t�i�o�n� �o�f� 

�n�o�r�m�a�l� �i�m�m�u�n�o�m�o�d�u�l�a�t�o�r�s� �l�i�k�e� �C�S�F�,� �P�G�E�2�,� �a�n�d� �T�G�F�-�f� �c�o�u�l�d� �h�a�v�e� �p�r�o�f�o�u�n�d� �e�f�f�e�c�t�s� �o�n� �i�m�m�u�n�e� 

�c�e�l�l�s� �a�n�d� �t�h�e�i�r� �i�n�t�e�r�a�c�t�i�o�n�s� �i�n� �t�h�e� �i�m�m�u�n�e� �n�e�t�w�o�r�k�.� 

�I�n� �e�a�r�l�y� �w�o�r�k� �f�r�o�m� �o�u�r� �l�a�b�o�r�a�t�o�r�y�,� �E�l�g�e�r�t� �a�n�d� �F�a�r�r�a�r� �(�5�1�)� �d�o�c�u�m�e�n�t�e�d� �t�h�a�t� �t�u�m�o�r�-�i�n�d�u�c�e�d� 

�i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�o�n� �w�a�s� �d�u�e� �t�o� �d�u�a�l�i�s�t�i�c� �c�o�n�t�r�o�l� �b�y� �T�,� �c�e�l�l�s� �a�n�d� �M�d�.� �T�h�e� �r�o�l�e� �o�f� �M�¢� �i�n� �t�h�i�s� 

�i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�o�n� �i�s� �p�i�v�o�t�a�l� �a�n�d� �m�a�y� �b�e� �d�o�m�i�n�a�n�t�.� �M�¢� �c�a�n� �b�e� �t�h�e� �k�e�y� �c�e�l�l� �i�n� �r�e�d�u�c�t�i�o�n� �o�f� �t�h�e� 

�i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h� �(�3�5�,�4�5�,�6�7�,�7�6�,�1�3�8�,�1�7�2�)� �b�y� �t�h�e�i�r� �i�n�c�r�e�a�s�e�d� �p�r�o�d�u�c�t�i�o�n� �o�f� 

�P�G�E�,� �a�n�d� �o�t�h�e�r� �i�n�h�i�b�i�t�o�r�y� �m�o�l�e�c�u�l�e�s�.� �P�r�o�d�u�c�t�i�o�n� �o�f� �P�G�E�;� �i�s� �2�-�5� �t�i�m�e�s� �h�i�g�h�e�r� �i�n� �M�¢� �f�r�o�m� �T�B�H�.� 

�T�h�i�s� �i�n�c�r�e�a�s�e�d� �p�r�o�d�u�c�t�i�o�n�,� �c�o�u�p�l�e�d� �w�i�t�h� �t�h�e� �i�n�c�r�e�a�s�e�d� �n�u�m�b�e�r�s� �o�f� �M�d�,� �c�o�r�r�e�l�a�t�e�s� �w�i�t�h� �a� �s�i�g�n�i�f�i�c�a�n�t� 

�i�n�c�r�e�a�s�e� �i�n� �i�n� �v�i�v�o� �P�G� �s�e�c�r�e�t�i�o�n�.� �G�o�o�d�w�i�n� �e�t� �a�l�.� �(�8�3�)� �s�h�o�w�e�d� �t�h�a�t� �p�e�r�i�p�h�e�r�a�l� �b�l�o�o�d� �m�o�n�o�n�u�c�l�e�a�r� 

�c�e�l�l�s� �f�r�o�m� �p�a�t�i�e�n�t�s� �w�i�t�h� �H�o�d�g�k�i�n ��s� �d�i�s�e�a�s�e� �p�r�o�d�u�c�e�d� �i�n�c�r�e�a�s�e�d� �a�m�o�u�n�t�s� �o�f� �P�G�E�.� �G�e�m�s�a� �e�t� �a�l�.� �(�7�6�)� 

�a�l�s�o� �s�h�o�w�e�d� �i�n�c�r�e�a�s�e�d� �p�r�o�d�u�c�t�i�o�n� �o�f� �P�G�E�,� �b�y� �M�d�@� �d�u�r�i�n�g� �l�y�m�p�h�o�m�a� �g�r�o�w�t�h�.� �O�t�h�e�r�s� 

�(�4�5�,�6�7�,�1�3�7�,�1�3�8�,�1�7�2�)� �a�l�s�o� �h�a�v�e� �s�h�o�w�n� �a�n� �i�n�c�r�e�a�s�e�d� �p�r�o�d�u�c�t�i�o�n� �o�f� �P�G� �d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h�.� �I�n�-� 

�c�r�e�a�s�e�d� �P�G�E�2� �p�r�o�d�u�c�t�i�o�n� �b�y� �T�B�H� �M�¢� �c�a�n� �h�a�v�e� �m�a�n�y� �d�e�l�e�t�e�r�i�o�u�s� �e�f�f�e�c�t�s� �o�n� �t�h�e� �i�m�m�u�n�e� �s�y�s�t�e�m�,� 

�b�e�c�a�u�s�e� �P�G�E�.� �c�a�n� �d�o�w�n�-�r�e�g�u�l�a�t�e� �I�a� �e�x�p�r�e�s�s�i�o�n� �(�2�0�7�)�,� �I�L�-�1� �a�n�d� �I�L�-�2� �p�r�o�d�u�c�t�i�o�n� �(�2�4�7�,�2�7�0�)�,� �a�n�d� 

�I�L�-�2� �r�e�c�e�p�t�o�r� �e�x�p�r�e�s�s�i�o�n� �(�2�4�7�)�.� �M�a�n�y� �o�f� �t�h�e�s�e� �c�h�a�n�g�e�s� �h�a�v�e� �b�e�e�n� �o�b�s�e�r�v�e�d� �i�n� �T�B�H�.� �G�a�r�n�e�r� �e�t� �a�l�.� 

�(�7�3�)� �a�n�d� �N�a�g�a�i� �e�t� �a�/�.� �(�1�5�6�)� �d�e�m�o�n�s�t�r�a�t�e�d� �r�e�d�u�c�e�d� �I�a� �e�x�p�r�e�s�s�i�o�n� �o�n� �T�B�H� �M�@�¢�.� �M�o�l�d�a�w�e�r� �e�t� �a�l�.� �(�1�4�9�)� 

�s�h�o�w�e�d� �d�e�c�r�e�a�s�e�d� �I�L�-�1� �p�r�o�d�u�c�t�i�o�n� �b�y� �M�@�¢� �f�r�o�m� �m�i�c�e� �b�e�a�r�i�n�g� �s�a�r�c�o�m�a�s� �a�n�d� �B�u�r�g�e�r� �e�t� �a�l�.� �(�2�6�)� 

�s�h�o�w�e�d� �d�e�c�r�e�a�s�e�d� �p�r�o�d�u�c�t�i�o�n� �o�f� �I�L�-�2� �i�n� �T�B�H�.� �T�h�e� �d�a�t�a� �s�u�g�g�e�s�t� �t�h�a�t� �c�h�a�n�g�e�s� �i�n� �i�m�m�u�n�e� �r�e�a�c�t�i�v�i�t�y� 

�d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h� �c�o�u�l�d� �c�o�r�r�e�l�a�t�e� �w�i�t�h� �i�n�c�r�e�a�s�e�d� �p�r�o�d�u�c�t�i�o�n� �o�f� �P�G�E�,� �a�n�d� �i�n�d�u�c�t�i�o�n� �o�f� 

�P�G�E�,�-�p�r�o�d�u�c�i�n�g� �s�u�p�p�r�e�s�s�o�r� �M�d�¢�.� �A� �s�h�i�f�t� �i�n� �t�h�i�s� �s�u�p�p�r�e�s�s�o�r� �M�¢� �s�u�b�p�o�p�u�l�a�t�i�o�n� �c�o�u�l�d� �c�a�u�s�e� �a�n� 

�i�n�c�r�e�a�s�e� �i�n� �T�B�H� �M�é�¢�-�m�e�d�i�a�t�e�d� �s�u�p�p�r�e�s�s�i�o�n�.� �T�h�e�r�e�f�o�r�e�,� �i�d�e�n�t�i�f�y�i�n�g� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�i�n�g� �t�h�i�s� �s�u�b�-� 

�p�o�p�u�l�a�t�i�o�n� �o�f� �M�¢� �h�a�s� �b�e�e�n� �t�h�e� �a� �g�o�a�l� �o�f� �o�u�r� �l�a�b�o�r�a�t�o�r�y� �a�n�d� �w�a�s� �o�n�e� �o�f� �m�y� �r�e�s�e�a�r�c�h� �g�o�a�l�s�.� 
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�P�r�e�v�i�o�u�s�l�y� �M�a�l�i�c�k� �e�t� �a�/�.� �(�1�3�6�)� �a�n�d� �G�a�r�n�e�r� �e�t� �a�/�.�(�7�2�-�7�4�)� �s�h�o�w�e�d� �a� �s�h�i�f�t� �i�n� �M�@� �s�u�b�p�o�p�u�l�a�t�i�o�n�s� 

�a�n�d� �c�h�a�n�g�e�s� �i�n� �M�¢� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �a�n�d� �M�¢� �f�u�n�c�t�i�o�n� �d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h�.� �T�h�e�y� �s�h�o�w�e�d� �t�h�a�t� 

�t�h�e�r�e� �w�e�r�e� �i�d�e�n�t�i�f�i�a�b�l�e� �s�h�i�f�t�s� �i�n� �t�h�e� �s�u�r�f�a�c�e� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �o�f� �M�a�c�-�1�,� �-�2�,� �-�3�,� �a�n�d� �J�a� �o�n� �p�e�r�i�t�o�n�e�a�l� 

�(�7�4�,�1�3�7�)� �a�n�d� �s�p�l�e�n�i�c� �M�¢� �(�7�2�,�7�3�)�.� �M�o�r�e� �i�m�p�o�r�t�a�n�t�l�y�,� �t�h�e�y� �c�o�r�r�e�l�a�t�e�d� �s�o�m�e� �o�f� �t�h�e� �p�h�e�n�o�t�y�p�i�c� 

�c�h�a�n�g�e�s� �t�o� �f�u�n�c�t�i�o�n�a�l� �c�h�a�n�g�e�s�.� �I�n� �t�h�e� �p�e�r�i�t�o�n�e�a�l� �c�a�v�i�t�y� �t�h�e�r�e� �w�a�s� �a� �s�h�i�f�t� �i�n� �t�h�e� �p�h�e�n�o�t�y�p�e� �o�f� �t�h�e� 

�s�u�p�p�r�e�s�s�o�r� �M�¢� �s�u�b�p�o�p�u�l�a�t�i�o�n� �f�r�o�m� �M�a�c�-�3�*� �i�n� �t�h�e� �n�o�r�m�a�l� �h�o�s�t� �t�o� �M�a�c�-�2�*� �i�n� �t�h�e� �T�B�H� �(�1�3�7�)�.� �T�h�e� 

�s�h�i�f�t� �t�o� �a� �T�B�H� �M�a�c�-�2�*� �s�u�p�p�r�e�s�s�o�r� �M�¢� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �i�n�c�r�e�a�s�e�d� �p�r�o�d�u�c�t�i�o�n� �o�f� �P�G�E�,� �(�1�3�7�)�.� �I�n� 

�a�d�d�i�t�i�o�n�,� �t�h�e� �M�a�c�-�1�*� �s�u�b�p�o�p�u�l�a�t�i�o�n� �o�f� �M�¢� �i�n� �t�h�e� �n�o�r�m�a�l� �h�o�s�t� �w�a�s� �a�n� �i�m�p�o�r�t�a�n�t� �d�o�w�n�-�r�e�g�u�l�a�t�o�r� 

�o�f� �M�¢�-�p�r�o�d�u�c�e�d� �P�G�E�,� �b�u�t� �w�a�s� �a�b�s�e�n�t� �i�n� �t�h�e� �T�B�H� �(�7�4�)�.� �I�n� �t�h�e� �s�p�l�e�e�n�,� �t�h�e� �a�c�c�e�s�s�o�r�y� �M�¢�@� �s�h�i�f�t�e�d� 

�f�r�o�m� �a� �M�a�c�-�1�~� �p�h�e�n�o�t�y�p�e� �i�n� �t�h�e� �n�o�r�m�a�l� �h�o�s�t� �t�o� �a� �M�a�c�-�1�*� �M�¢� �i�n� �t�h�e� �T�B�H� �(�7�2�)�.� �T�h�e�s�e� �d�a�t�a� 

�d�e�m�o�n�s�t�r�a�t�e� �t�h�a�t� �t�h�e�r�e� �a�r�e� �s�h�i�f�t�s� �i�n� �M�¢�@� �p�o�p�u�l�a�t�i�o�n�s� �d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h�.� �T�h�e� �r�e�c�e�n�t� �w�o�r�k� �b�y� 

�T�s�u�c�h�i�y�a� �e�t� �a�l�.� �(�2�3�6�)� �s�h�o�w�i�n�g� �t�h�e� �i�n�d�u�c�t�i�o�n� �o�f� �M�a�c�-�1�*�2�*� �s�u�p�p�r�e�s�s�o�r� �M�¢� �b�y� �t�u�m�o�r�-�p�r�o�d�u�c�e�d� �f�a�c�-� 

�t�o�r�s� �a�n�d� �Y�o�u�n�g� �e�t� �a�l�.� �(�2�6�9�)� �s�h�o�w�i�n�g� �a� �s�h�i�f�t� �i�n� �a�l�v�e�o�l�a�r� �M�@� �f�r�o�m� �h�e�l�p�e�r� �M�¢� �t�o� �s�u�p�p�r�e�s�s�o�r� �M�d� 

�d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h� �l�e�n�d�s� �f�u�r�t�h�e�r� �s�u�p�p�o�r�t� �t�o� �t�h�e� �t�h�e�o�r�y� �t�h�a�t� �t�h�e�r�e� �i�s� �a� �s�h�i�f�t� �i�n� �t�h�e� �s�u�p�p�r�e�s�s�o�r� �M�¢� 

�s�u�b�p�o�p�u�l�a�t�i�o�n� �d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h�.� �O�t�h�e�r�s� �a�l�s�o� �r�e�p�o�r�t� �o�n� �h�o�w� �c�h�a�n�g�e�s� �i�n� �M�¢� �a�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�t�u�m�o�r�-�i�n�d�u�c�e�d� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�o�n� �(�7�6�,�1�7�7�,�2�4�6�,�2�5�8�)� �a�n�d� �h�o�w� �c�h�a�n�g�e�s� �i�n� �M�¢� �a�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�o�t�h�e�r� �d�i�s�e�a�s�e�s� �(�1�6�2�)�.� 

�T�u�m�o�r� �g�r�o�w�t�h� �c�a�n� �a�f�f�e�c�t� �c�h�a�n�g�e�s� �i�n� �M�@�¢� �b�y� �a�l�t�e�r�i�n�g� �t�h�e�i�r� �p�h�e�n�o�t�y�p�i�c� �a�n�d� �f�u�n�c�t�i�o�n�a�l� �m�a�k�e�u�p�.� 

�T�h�e� �c�a�u�s�e� �o�f� �t�h�e�s�e� �c�h�a�n�g�e�s� �i�n� �M�¢� �p�h�e�n�o�t�y�p�e� �a�n�d� �f�u�n�c�t�i�o�n� �i�s� �d�u�e� �t�o� �a� �s�h�i�f�t� �i�n� �M�@� �s�u�b�p�o�p�u�l�a�t�i�o�n�s�.� 

�T�h�e� �g�o�a�l� �o�f� �m�y� �w�o�r�k� �w�a�s� �t�o� �u�n�d�e�r�s�t�a�n�d� �t�h�i�s� �t�u�m�o�r�-�i�n�d�u�c�e�d� �s�h�i�f�t� �i�n� �M�¢� �s�u�b�p�o�p�u�l�a�t�i�o�n�s�.� �T�h�e� �w�o�r�k� 

�p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�h�a�p�t�e�r�s� �h�e�l�p�s� �f�u�r�t�h�e�r� �o�u�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�u�m�o�r�-�i�n�d�u�c�e�d� �a�l�t�e�r�a�t�i�o�n�s� �i�n� 

�M�¢� �s�u�b�p�o�p�u�l�a�t�i�o�n�s� �a�n�d� �h�o�w� �t�h�e�s�e� �a�l�t�e�r�a�t�i�o�n�s� �m�a�y� �l�e�a�d� �t�o� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�o�n�.� 
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�C�H�A�P�T�E�R� �I� 

�C�H�A�N�G�E�S� �I�N� �M�A�C�R�O�P�H�A�G�E� �P�O�P�U�L�A�T�I�O�N�S�:� 

�P�H�E�N�O�T�Y�P�I�C� �D�I�F�F�E�R�E�N�C�E�S� �B�E�T�W�E�E�N� �N�O�R�M�A�L� 

�A�N�D� �T�U�M�O�R�-�B�E�A�R�I�N�G� �H�O�S�T� �M�A�C�R�O�P�H�A�G�E�S� 

�I�N�T�R�O�D�U�C�T�I�O�N� 

�M�¢�@� �a�r�e� �a� �h�e�t�e�r�o�g�e�n�e�o�u�s� �g�r�o�u�p� �o�f� �c�e�l�l�s� �e�x�h�i�b�i�t�i�n�g� �m�a�n�y� �f�u�n�c�t�i�o�n�s� �d�u�r�i�n�g� �a�n� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e�.� 

�H�e�t�e�r�o�g�e�n�e�i�t�y� �m�a�y� �r�e�f�l�e�c�t� �d�i�v�e�r�s�e� �a�n�d� �d�i�s�t�i�n�c�t� �s�u�b�p�o�p�u�l�a�t�i�o�n�s� �o�f� �M�d�.� �T�h�i�s� �h�y�p�o�t�h�e�s�i�s� �i�s� �s�u�p�p�o�r�t�e�d� 

�b�y� �w�o�r�k� �o�f� �o�t�h�e�r�s� �(�1�3�1�,�2�4�9�,�2�5�1�,�2�5�3�)� �a�s� �w�e�l�l� �a�s� �o�u�r�s�e�l�v�e�s� �(�7�2�-�7�4�)�.� �T�o� �u�n�d�e�r�s�t�a�n�d� �M�¢� �f�u�n�c�t�i�o�n�s� 

�d�u�r�i�n�g� �t�h�e� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e�,� �t�h�e�s�e� �s�u�b�p�o�p�u�l�a�t�i�o�n�s� �n�e�e�d� �t�o� �b�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �a�n�d� �t�h�e�i�r� �f�u�n�c�t�i�o�n�a�l� 

�r�e�l�a�t�i�o�n�s�h�i�p�s� �e�s�t�a�b�l�i�s�h�e�d�.� �A�t�t�e�m�p�t�s� �a�t� �c�h�a�r�a�c�t�e�r�i�z�i�n�g� �M�@� �p�h�e�n�o�t�y�p�e�s� �w�e�r�e� �d�o�n�e� �b�y� �i�n�v�e�s�t�i�g�a�t�i�n�g� 

�M�@�?� �e�x�p�r�e�s�s�i�o�n� �o�f� �s�u�r�f�a�c�e� �a�n�t�i�g�e�n�s� �s�u�c�h� �a�s� �I�a� �(�7�3�,�2�3�7�,�2�5�3�)�,� �F�c� �a�n�d� �c�o�m�p�l�e�m�e�n�t� �r�e�c�e�p�t�o�r�s� 

�(�4�7�,�2�5�0�,�2�5�2�,�2�5�3�)�,� �M�a�c�-�1�,� �-�2� �,� �a�n�d� �-�3� �e�x�p�r�e�s�s�i�o�n� �(�7�2�,�7�4�,�2�1�1�,�2�5�0�,�2�5�1�)�,� �a�n�d� �o�t�h�e�r� �s�u�r�f�a�c�e� �a�n�t�i�g�e�n�s� 
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�(�2�3�4�)�.� �M�¢� �c�a�n� �a�l�s�o� �b�e� �f�r�a�c�t�i�o�n�a�t�e�d� �b�y� �s�i�z�e� �a�n�d� �d�e�n�s�i�t�y� �(�1�5�5�,�2�5�3�)�.� �T�h�e�s�e� �t�y�p�e�s� �o�f� �M�d� �s�u�b�p�o�p�u�-� 

�l�a�t�i�o�n� �d�e�l�i�n�e�a�t�i�o�n� �a�r�e� �c�r�i�t�i�c�a�l� �i�n� �s�t�u�d�i�e�s� �i�n�v�o�l�v�i�n�g� �T�B�H�,� �s�i�n�c�e� �t�u�m�o�r� �g�r�o�w�t�h� �a�l�t�e�r�s� �t�h�e� 

�i�m�m�u�n�o�r�e�g�u�l�a�t�o�r�y� �p�r�o�p�e�r�t�i�e�s� �o�f� �M�d�.� �W�e� �(�5�0�,�5�1�,�7�2�-�7�4�,�1�3�7�)� �a�n�d� �o�t�h�e�r�s� �(�9�4�,�1�0�3�,�2�3�1�,�2�3�2�,�2�4�6�)� �d�e�m�-� 

�o�n�s�t�r�a�t�e� �a�l�t�e�r�a�t�i�o�n�s� �i�n� �M�d�@� �p�h�e�n�o�t�y�p�e� �a�n�d� �f�u�n�c�t�i�o�n� �c�o�n�t�r�i�b�u�t�e� �t�o� �t�u�m�o�r�-�i�n�d�u�c�e�d� �i�m�m�u�n�e� 

�d�y�s�f�u�n�c�t�i�o�n�.� 

�T�h�e� �g�o�a�l� �o�f� �o�u�r� �c�u�r�r�e�n�t� �w�o�r�k� �i�s� �t�o� �c�h�a�r�a�c�t�e�r�i�z�e� �f�u�n�c�t�i�o�n�a�l�/�p�h�e�n�o�t�y�p�i�c� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� 

�n�o�r�m�a�l� �a�n�d� �T�B�H� �M�g� �a�n�d� �r�e�l�a�t�e� �t�h�i�s� �t�o� �i�m�m�u�n�e� �d�y�s�f�u�n�c�t�i�o�n�.� �T�h�i�s� �s�t�u�d�y� �i�s� �a� �c�o�n�t�i�n�u�a�t�i�o�n� �o�f� �o�u�r� 

�w�o�r�k� �(�7�2�-�7�4�,�1�3�7�)� �a�n�d� �i�n�v�o�l�v�e�d� �t�h�e� �p�h�e�n�o�t�y�p�i�c� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �M�@� �s�u�b�p�o�p�u�l�a�t�i�o�n�s� �b�y� �t�h�e�i�r� 

�a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n�.� �T�h�e� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �a�n�t�i�-�M�¢� �m�A�b� �a�l�l�o�w�s� �f�o�r� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �M�d�¢� 

�p�h�e�n�o�t�y�p�e�s�.� �M�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�i�e�s� �a�g�a�i�n�s�t� �t�h�e� �M�¢� �s�u�r�f�a�c�e� �a�n�t�i�g�e�n�s� �M�a�c�-�1�,� �-�2�,� �a�n�d� �-�3� �(�9�5�-�9�7�)� �a�n�d� 

�t�h�e� �m�A�b� �a�g�a�i�n�s�t� �I�a� �a�n�t�i�g�e�n� �w�e�r�e� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� �M�a�c�-�1�,� �-�2�,� �a�n�d� �-�3� �a�n�t�i�g�e�n�s� �a�r�e� �g�l�y�c�o�p�r�o�t�e�i�n�s� 

�f�o�u�n�d� �o�n� �t�h�e� �s�u�r�f�a�c�e� �o�f� �M�¢� �a�n�d� �o�t�h�e�r� �c�e�l�l� �t�y�p�e�s�.� �M�a�c�-�1� �i�s� �f�o�u�n�d� �o�n� �M�d�,� �m�o�n�o�c�y�t�e�s�,� �g�r�a�n�u�l�o�c�y�t�e�s�,� 

�a� �p�r�o�p�o�r�t�i�o�n� �o�f� �N�K� �c�e�l�l�s�,� �a�n�d� �b�o�n�e� �m�a�r�r�o�w� �c�e�l�l�s�.� �T�h�e� �c�o�n�t�i�n�u�o�u�s� �e�x�p�r�e�s�s�i�o�n� �o�f� �M�a�c�-�1� �o�n� �M�¢� 

�s�u�g�g�e�s�t�s� �i�t� �i�s� �a�n� �e�a�r�l�y� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �m�a�r�k�e�r� �(�9�6�)�,� �a�s� �f�u�r�t�h�e�r� �e�v�i�d�e�n�c�e�d� �b�y� �a�n� �i�n�c�r�e�a�s�e� �i�n� �M�a�c�-�1� �e�x�-� 

�p�r�e�s�s�i�o�n� �a�s� �m�o�n�o�c�y�t�e�s� �m�a�t�u�r�e� �(�2�0�8�)�.� �M�a�c�-�2� �i�s� �v�a�r�i�a�b�l�y� �e�x�p�r�e�s�s�e�d� �o�n� �M�@� �p�o�p�u�l�a�t�i�o�n�s� �f�r�o�m� �d�i�f�f�e�r�-� 

�e�n�t� �t�i�s�s�u�e�s� �a�n�d� �o�n� �M�¢� �e�l�i�c�i�t�e�d� �b�y� �d�i�f�f�e�r�e�n�t� �s�t�i�m�u�l�a�t�o�r�y� �a�g�e�n�t�s�,� �s�u�g�g�e�s�t�i�n�g� �M�a�c�-�2� �m�a�y� �r�e�p�r�e�s�e�n�t� �a� 

�d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �a�n�d�/�o�r� �a�c�t�i�v�a�t�i�o�n� �m�a�r�k�e�r� �o�f� �M�¢� �i�n� �r�e�s�p�o�n�s�e� �t�o� �a� �s�p�e�c�i�f�i�c� �s�i�g�n�a�l� �(�9�5�)�.� �M�a�c�-�3� �i�s� �f�o�u�n�d� 

�o�n� �M�¢� �a�n�d� �i�s� �r�e�p�o�r�t�e�d� �t�o� �b�e� �a� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �a�n�t�i�g�e�n� �w�i�t�h� �v�a�r�i�a�b�l�e� �e�x�p�r�e�s�s�i�o�n� �(�9�7�,�2�4�9�,�2�5�1�)�.� �I�a� 

�a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �o�n� �M�¢� �i�s� �n�e�e�d�e�d� �f�o�r� �M�¢� �t�o� �b�e� �e�f�f�e�c�t�i�v�e� �p�r�e�s�e�n�t�e�r�s� �o�f� �a�n�t�i�g�e�n� �(�2�4�0�-�2�4�2�)�.� �T�h�e�s�e� 

�s�t�u�d�i�e�s� �o�n� �t�h�e� �M�a�c� �a�n�t�i�g�e�n�s� �s�u�p�p�o�r�t� �t�h�e� �n�o�t�i�o�n� �o�f� �d�i�f�f�e�r�e�n�t� �M�¢� �p�o�p�u�l�a�t�i�o�n�s� �a�n�d� �p�r�e�v�i�o�u�s� �W�e�s�t�e�r�n� 

�b�l�o�t�t�i�n�g� �a�n�a�l�y�s�e�s� �(�u�n�p�u�b�l�i�s�h�e�d� �d�a�t�a�)� �s�u�g�g�e�s�t� �t�h�e�y� �a�r�e� �s�t�a�b�l�e� �p�h�e�n�o�t�y�p�i�c� �m�a�r�k�e�r�s�;� �t�h�a�t� �i�s�,� �t�u�m�o�r� 

�g�r�o�w�t�h� �d�o�e�s� �n�o�t� �s�e�e�m� �t�o� �a�l�t�e�r� �t�h�e�i�r� �s�t�r�u�c�t�u�r�e�.� 

�E�x�p�r�e�s�s�i�o�n� �o�f� �M�a�c�-�1�,� �-�2�,� �-�3� �a�n�d� �I�a� �a�n�t�i�g�e�n�s� �o�n� �n�o�r�m�a�l� �a�n�d� �T�B�H� �M�¢� �w�a�s� �e�x�a�m�i�n�e�d� �b�y� �f�l�o�w� 

�c�y�t�o�m�e�t�r�y�.� �A� �t�e�c�h�n�i�q�u�e� �u�s�e�d� �b�y� �o�t�h�e�r�s� �t�o� �c�h�a�r�a�c�t�e�r�i�z�e� �B� �c�e�l�l�s� �(�6�8�)�,� �N�K� �c�e�l�l�s� �(�1�2�6�)�,� �T� �c�e�l�l�s� �(�2�5�9�)�,� 

�a�s� �w�e�l�l� �a�s� �M�@� �(�4�6�,�2�0�9�,�2�4�9�,�2�5�1�)�.� �T�u�m�o�r� �g�r�o�w�t�h� �r�e�s�u�l�t�e�d� �i�n� �p�h�e�n�o�t�y�p�i�c� �c�h�a�n�g�e�s� �i�n� �p�e�r�i�t�o�n�e�a�l� �a�n�d� 

�s�p�l�e�n�i�c� �M�d�.� �O�v�e�r�a�l�l� �p�e�r�c�e�n�t�a�g�e�s� �o�f� �T�B�H� �p�e�r�i�t�o�n�e�a�l� �M�a�c�-�2�*�,� �-�3�*�,� �a�n�d� �I�a�t� �M�¢� �d�e�c�r�e�a�s�e�d�.� �I�n� 

�c�o�n�t�r�a�s�t�,� �t�h�e� �o�v�e�r�a�l�l� �p�e�r�c�e�n�t�a�g�e� �o�f� �M�a�c�-�1�*� �M�d� �d�i�d� �n�o�t� �c�h�a�n�g�e� �d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h�.� �T�h�e� �p�e�r�-� 

�c�e�n�t�a�g�e� �o�f� �T�B�H� �M�a�c�-�1�*�,� �-�2�*�,� �a�n�d� �-�3�*� �s�p�l�e�n�i�c� �M�@�¢� �a�l�l� �i�n�c�r�e�a�s�e�d�,� �w�h�i�l�e� �T�B�H� �I�a�*� �s�p�l�e�n�i�c� �M�¢� �d�e�-� 

�C�H�A�P�T�E�R� �I� �2�1



�c�r�e�a�s�e�d�.� �T�h�r�e�e� �s�i�z�e� �v�e�r�s�u�s� �a�n�t�i�g�e�n�-�e�x�p�r�e�s�s�i�o�n� �p�e�r�i�t�o�n�e�a�l� �M�¢� �s�u�b�p�o�p�u�l�a�t�i�o�n�s� �w�e�r�e� �s�e�e�n� �a�n�d� �c�h�a�n�g�e�d� 

�d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h�.� �T�h�i�s� �w�a�s� �n�o�t� �t�h�e� �c�a�s�e� �w�i�t�h� �s�p�l�e�n�i�c� �M�d�.� �T�a�k�e�n� �t�o�g�e�t�h�e�r�,� �t�h�e�s�e� �c�h�a�n�g�e�s� 

�s�u�g�g�e�s�t�e�d� �t�u�m�o�r� �g�r�o�w�t�h� �m�o�d�u�l�a�t�e�d� �M�@�¢� �p�h�e�n�o�t�y�p�e�.� �C�o�m�b�i�n�e�d� �w�i�t�h� �o�u�r� �p�r�e�v�i�o�u�s� �w�o�r�k� 

�(�7�2�-�7�4�,�1�3�7�)�,� �a� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �M�¢�@� �p�h�e�n�o�t�y�p�e� �a�n�d� �t�u�m�o�r�-�i�n�d�u�c�e�d� �i�m�m�u�n�e� �d�y�s�f�u�n�c�t�i�o�n� �i�s� 

�s�u�g�g�e�s�t�e�d�.� 
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�M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� 

�A�n�i�m�a�l�s� 

�E�i�g�h�t� �t�o� �1�2� �w�e�e�k�-�o�l�d� �m�a�l�e� �B�A�L�B�/�c� �m�i�c�e� �(�H�-�2�%�;� �D�o�m�i�n�i�o�n� �L�a�b�s�,� �D�u�b�l�i�n�,� �V�A�)� �w�e�r�e� �u�s�e�d�.� 

�T�B�H� �m�i�c�e� �r�e�c�e�i�v�e�d� �i�n�t�r�a�m�u�s�c�u�l�a�r� �i�n�j�e�c�t�i�o�n�s� �o�f� �4� �x� �1�0�°� �c�e�l�l�s� �f�r�o�m� �a� �m�e�t�h�y�l�c�h�o�l�a�n�t�h�r�e�n�e�-�i�n�d�u�c�e�d�,� 

�n�o�n�-�m�e�t�a�s�t�a�t�i�c�,� �t�r�a�n�s�p�l�a�n�t�a�b�l�e� �f�i�b�r�o�s�a�r�c�o�m�a� �i�n�t�o� �t�h�e� �l�e�f�t� �h�i�n�d� �l�e�g�.� �T�h�i�s� �r�e�s�u�l�t�e�d� �i�n� �p�a�l�p�a�b�l�e� �t�u�m�o�r�s� 

�b�y� �d�a�y�s� �1�0�-�1�4� �a�n�d� �d�e�a�t�h� �b�y� �d�a�y�s� �2�8�-�3�5� �(�5�0�,�5�1�)�.� �M�i�c�e� �w�i�t�h� �n�o� �t�u�m�o�r�s� �(�d�a�y� �0�/�n�o�r�m�a�l�)� �o�r� �w�i�t�h� �t�u�-� 

�m�o�r�s� �(�7�,� �1�4�,� �o�r� �2�1� �d�a�y�s� �a�f�t�e�r� �t�u�m�o�r� �c�e�l�l� �i�n�j�e�c�t�i�o�n�)� �w�e�r�e� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� �B�y� �d�a�y�s� �1�0�-�1�4�,� �t�h�e�r�e� �i�s� 

�s�i�g�n�i�f�i�c�a�n�t� �s�u�p�p�r�e�s�s�i�o�n� �o�f� �c�o�n�c�a�n�a�v�a�l�i�n� �A� �(�C�o�n� �A�)�,� �p�h�y�t�o�h�e�m�a�g�g�l�u�t�i�n�i�n� �(�P�H�A�)�,� �a�n�d� �m�i�x�e�d� 

�l�y�m�p�h�o�c�y�t�e� �r�e�a�c�t�i�o�n� �(�M�L�R�)� �r�e�a�c�t�i�v�i�t�y� �a�n�d� �s�u�p�p�r�e�s�s�i�o�n� �i�n�c�r�e�a�s�e�s� �a�s� �t�u�m�o�r� �g�r�o�w�t�h� �p�r�o�g�r�e�s�s�e�s� 

�(�5�1�,�7�2�,�7�3�,�2�6�1�)�.� 

�T�o� �v�a�l�i�d�a�t�e� �u�s�i�n�g� �u�n�t�r�e�a�t�e�d� �m�i�c�e� �f�o�r� �c�o�n�t�r�o�l�s�,� �a�s� �o�p�p�o�s�e�d� �t�o� �o�n�e�s� �w�i�t�h� �n�o�n�s�p�e�c�i�f�i�c� �i�n�f�l�a�m�m�a�-� 

�t�o�r�y� �r�e�s�p�o�n�s�e�s�,� �B�A�L�B�/�c� �m�i�c�e� �w�e�r�e� �i�n�j�e�c�t�e�d� �w�i�t�h� �4� �x� �1�0�°� �a�l�l�o�g�e�n�e�i�c�,� �n�o�n�t�u�m�o�r� �C�3�H� �m�u�s�c�l�e� �c�e�l�l�s�.� 

�N�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �M�L�R� �a�n�d� �S�M�L�R� �o�r� �m�i�t�o�g�e�n� �r�e�a�c�t�i�v�i�t�y� �w�a�s� �s�e�e�n� �b�e�t�w�e�e�n� �u�n�t�r�e�a�t�e�d� 

�m�i�c�e� �a�n�d� �m�i�c�e� �i�n�j�e�c�t�e�d� �w�i�t�h� �a�l�l�o�g�e�n�e�i�c� �C�3�H� �m�u�s�c�l�e� �c�e�l�l�s�.� �F�u�r�t�h�e�r�m�o�r�e�,� �m�i�c�e� �i�n�j�e�c�t�e�d� �w�i�t�h� �C�3�H� 

�m�u�s�c�l�e� �c�e�l�l�s� �h�a�d� �M�a�c�-�1�,� �-�2�,� �-�3�,� �a�n�d� �I�a� �f�l�u�o�r�e�s�c�e�n�c�e� �p�a�t�t�e�r�n�s� �i�d�e�n�t�i�c�a�l� �(�h�i�s�t�o�g�r�a�m�s� �s�u�p�e�r�i�m�p�o�s�a�b�l�e�)� 

�w�i�t�h� �u�n�t�r�e�a�t�e�d� �m�i�c�e�;� �t�h�e�r�e�f�o�r�e�,� �n�o�n�t�u�m�o�r�-�b�e�a�r�i�n�g� �m�i�c�e� �(�D�a�y� �0�/�n�o�r�m�a�l�)� �w�e�r�e� �u�s�e�d� �t�h�r�o�u�g�h�o�u�t�.� 

�M�i�c�e� �w�e�r�e� �L�D�H� �v�i�r�u�s� �n�e�g�a�t�i�v�e� �(�M�i�c�r�o�b�i�o�l�o�g�i�c�a�l� �A�s�s�o�c�i�a�t�e�s�,� �B�e�t�h�e�s�d�a�,� �M�D�)�.� 

�P�e�r�i�t�o�n�e�a�l� �M�d� �P�r�e�p�a�r�a�t�i�o�n� 

�P�e�r�i�t�o�n�e�a�l� �e�x�u�d�a�t�e� �c�e�l�l�s� �(�P�E�C�)� �w�e�r�e� �o�b�t�a�i�n�e�d� �b�y� �p�e�r�i�t�o�n�e�a�l� �l�a�v�a�g�e� �f�r�o�m� �0� �(�d�a�y�-�0� �r�e�p�r�e�s�e�n�t�s� �t�h�e� 

�n�o�r�m�a�l� �h�o�s�t� �M�¢�)�,� �7�,� �1�4�,� �a�n�d� �2�1� �d�a�y� �T�B�H� �B�A�L�B�/�c� �m�i�c�e� �4� �d�a�y�s� �a�f�t�e�r� �i�n�t�r�a�p�e�r�i�t�o�n�e�a�l� �i�n�j�e�c�t�i�o�n� �o�f� 

�2�.�0� �m�l� �o�f� �s�t�e�r�i�l�e� �t�h�i�o�g�l�y�c�o�l�l�a�t�e�.� �W�h�o�l�e� �P�E�C� �(�n�o� �p�l�a�t�i�n�g�)� �l�a�b�e�l�e�d� �w�i�t�h� �a�n�t�i�b�o�d�i�e�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �b�y� 
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�f�l�o�w� �c�y�t�o�m�e�t�r�y�.� �T�h�e�s�e� �M�@� �w�e�r�e� �s�e�l�e�c�t�e�d� �b�y� �g�a�t�i�n�g� �t�h�e� �f�l�o�w� �c�y�t�o�m�e�t�e�r� �o�n� �t�h�e� �f�o�r�w�a�r�d� �a�n�g�l�e� �l�i�g�h�t� 

�s�c�a�t�t�e�r� �(�F�A�L�S�)� �a�n�d� �9�0� �d�e�g�r�e�e� �a�n�g�l�e� �l�i�g�h�t� �s�c�a�t�t�e�r� �(�9�0�L�S�)� �p�a�t�t�e�r�n� �t�o� �e�x�c�l�u�d�e� �l�y�m�p�h�o�c�y�t�e�s� �a�n�d� 

�g�r�a�n�u�l�o�c�y�t�e�s�.� �P�E�C� �w�e�r�e� �a�l�s�o� �p�l�a�t�e�d� �f�o�r� �3� �h�r� �o�n� �1�5�0� �x� �1�5� �m�m� �t�i�s�s�u�e� �c�u�l�t�u�r�e� �p�l�a�t�e�s� �(�L�U�X�/�M�i�l�e�s� 

�S�c�i�e�n�t�i�f�i�c�,� �N�a�p�e�r�v�i�l�l�e�,� �I�L�)�,� �w�a�s�h�e�d� �f�r�e�e� �o�f� �n�o�n�a�d�h�e�r�e�n�t� �c�e�l�l�s�,� �a�n�d� �r�e�c�o�v�e�r�e�d� �b�y� �s�c�r�a�p�i�n�g� �w�i�t�h� �a� �r�u�b�-� 

�b�e�r� �p�o�l�i�c�e�m�a�n�.� �F�i�f�t�y� �n�i�n�e� �p�e�r�c�e�n�t� �a�n�d� �6�3�%� �o�f� �t�h�e� �r�e�c�o�v�e�r�e�d� �c�e�l�l�s� �f�r�o�m� �t�h�e� �n�o�r�m�a�l� �a�n�d� �T�B�H� �P�E�C� 

�w�e�r�e� �M�@� �w�i�t�h� �e�a�c�h� �h�a�v�i�n�g� �>�9�0�%� �v�i�a�b�i�l�i�t�y�.� �A�d�h�e�r�e�n�c�e� �a�n�d� �s�u�b�s�e�q�u�e�n�t� �s�p�r�e�a�d�i�n�g� �d�i�d� �n�o�t� �r�e�s�u�l�t� 

�i�n� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �l�i�g�h�t� �s�c�a�t�t�e�r� �p�a�t�t�e�r�n�s� �f�r�o�m� �t�h�a�t� �o�f� �u�n�p�l�a�t�e�d� �w�h�o�l�e� �P�E�C� �(�m�e�a�n� �c�h�a�n�n�e�l� 

�n�u�m�b�e�r�s� �f�o�r� �F�A�L�S� �a�n�d� �9�0�L�S� �f�o�r� �w�h�o�l�e� �a�n�d� �a�d�h�e�r�e�n�t� �P�E�C� �w�e�r�e� �2�0� �a�n�d� �3�2� �v�e�r�s�u�s� �2�0� �a�n�d� �3�3�,� �r�e�-� 

�s�p�e�c�t�i�v�e�l�y�;� �T�B�H� �w�h�o�l�e� �v�e�r�s�u�s� �a�d�h�e�r�e�n�t� �P�E�C� �s�h�o�w�e�d� �t�h�e� �s�a�m�e� �p�a�t�t�e�r�n�)�.� �A�d�h�e�r�e�n�t� �P�E�C� �o�r� �w�h�o�l�e� 

�P�E�C� �t�r�e�a�t�e�d� �w�i�t�h� �p�r�o�p�i�d�i�u�m� �i�o�d�i�d�e�,� �a� �v�i�t�a�l� �s�t�a�i�n� �(�1�9�2�)�,� �a�n�d� �s�u�b�s�e�q�u�e�n�t�l�y� �a�n�a�l�y�z�e�d� �b�y� �f�l�o�w� 

�c�y�t�o�m�e�t�r�y� �w�e�r�e� �>�9�3�%� �v�i�a�b�l�e�.� �T�h�e�s�e� �a�d�h�e�r�e�n�t� �c�e�l�l�s� �(�>�9�7�%� �e�s�t�e�r�a�s�e� �p�o�s�i�t�i�v�e�)� �w�e�r�e� �u�s�e�d� �t�o� �s�e�t� �t�h�e� 

�F�A�L�S� �a�n�d� �9�0�L�S� �g�a�t�e�s�,� �w�h�i�c�h� �w�e�r�e� �t�h�e�n� �u�s�e�d� �f�o�r� �s�e�l�e�c�t�i�n�g� �M�d�.� �U�s�i�n�g� �F�I�T�C�-�l�a�b�e�l�e�d� �a�n�t�i�-�T�h�y�-�1� 

�a�n�d� �a�n�t�i�-�I�g�G�,� �-�I�g�M�,� �a�n�d� �-�I�g�A� �(�C�a�p�p�e�l�,� �M�a�l�v�e�r�n�,� �P�A�)�,� �w�e� �s�h�o�w�e�d� �t�h�a�t� �t�h�e� �T� �a�n�d�/�o�r� �B� �c�e�l�l� �c�o�n�-� 

�t�a�m�i�n�a�t�i�o�n� �w�a�s� �<�3�%� �o�f� �t�h�e� �t�o�t�a�l� �o�f� �n�o�r�m�a�l� �o�r� �T�B�H� �M�¢� �p�r�e�p�a�r�a�t�i�o�n�s�.� 

�S�p�l�e�n�i�c� �M�d� �P�r�e�p�a�r�a�t�i�o�n� 

�W�h�o�l�e� �s�p�l�e�e�n� �c�e�l�l�s� �w�e�r�e� �h�a�r�v�e�s�t�e�d� �f�r�o�m� �u�n�t�r�e�a�t�e�d� �a�n�d� �T�B�H� �a�n�i�m�a�l�s�,� �a�n�d� �w�e�r�e� �n�o�t� �c�o�l�l�e�c�t�e�d� 

�f�r�o�m� �t�h�i�o�g�l�y�c�o�l�l�a�t�e�-�t�r�e�a�t�e�d� �a�n�i�m�a�l�s�.� �M�d� �i�n� �t�h�e� �W�S�C� �p�r�e�p�a�r�a�t�i�o�n�s� �w�e�r�e� �a�l�s�o� �s�e�l�e�c�t�e�d� �b�y� �f�l�o�w� 

�c�y�t�o�m�e�t�r�y�,� �g�a�t�i�n�g� �o�n� �F�A�L�S� �a�n�d� �9�0�L�S� �f�o�r� �t�h�e� �d�e�s�i�r�e�d� �c�e�l�l� �p�o�p�u�l�a�t�i�o�n�.� �S�p�l�e�n�i�c� �M�¢� �o�b�t�a�i�n�e�d� �b�y� 

�p�l�a�t�i�n�g� �f�o�r� �3� �h�r� �w�e�r�e� �u�s�e�d� �t�o� �s�e�l�e�c�t� �t�h�e� �F�A�L�S� �a�n�d� �9�0�L�S� �g�a�t�i�n�g� �p�a�r�a�m�e�t�e�r�s�.� �P�l�a�t�e�d� �M�d� �(�>�9�6�%� 

�e�s�t�e�r�a�s�e� �p�o�s�i�t�i�v�e�)� �s�h�o�w�e�d� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e�s� �f�r�o�m� �u�n�p�l�a�t�e�d� �s�p�l�e�n�i�c� �M�@� �i�n� �t�h�e�i�r� �l�i�g�h�t� �s�c�a�t�t�e�r� 

�p�a�t�t�e�r�n�s� �(�3�2� �a�n�d� �3�3� �v�e�r�s�u�s� �2�9� �a�n�d� �3�5� �f�o�r� �t�h�e� �F�A�L�S� �a�n�d� �9�0�L�S� �o�f� �w�h�o�l�e� �a�n�d� �a�d�h�e�r�e�n�t� �s�p�l�e�n�i�c� �c�e�l�l�s�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�;� �T�B�H� �M�¢�@� �s�h�o�w�e�d� �s�i�m�i�l�a�r� �p�a�t�t�e�r�n�s�)� �a�n�d� �n�o� �l�o�s�s� �o�f� �v�i�a�b�i�l�i�t�y� �(�>�9�5�%�)� �d�u�e� �t�o� �t�h�e� �c�o�l�-� 

�l�e�c�t�i�o�n� �p�r�o�c�e�d�u�r�e�.� �T� �a�n�d�/�o�r� �B� �c�e�l�l� �c�o�n�t�a�m�i�n�a�t�i�o�n� �w�a�s� �<�3�%� �o�f� �t�h�e� �t�o�t�a�l� �o�f� �n�o�r�m�a�l� �o�r� �T�B�H� �s�p�l�e�n�i�c� 

�c�e�l�l�s� �m�e�a�s�u�r�e�d�.� 
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�C�e�l�l� �L�i�n�e�s� 

�T�h�e� �h�y�b�r�i�d�o�m�a� �c�e�l�l� �l�i�n�e�s� �M�1�/�7�0�,� �M�3�/�3�8�,� �a�n�d� �M�3�/�8�4� �(�p�r�o�d�u�c�e�r�s� �o�f� �a�n�t�i�-�M�a�c�-�1�,� �-�2�,� �a�n�d� �-�3� 

�m�A�b�,� �r�e�s�p�e�c�t�i�v�e�l�y�)� �(�A�m�e�r�i�c�a�n� �T�y�p�e� �C�u�l�t�u�r�e� �C�o�l�l�e�c�t�i�o�n� �[�A�T�C�C�]�,� �R�o�c�k�v�i�l�l�e�,� �M�D�)� �w�e�r�e� �c�u�l�t�u�r�e�d� �i�n� 

�2� �L� �r�o�l�l�e�r� �b�o�t�t�l�e�s� �i�n� �R�P�M�I�-�1�6�4�0� �m�e�d�i�u�m� �(�H�a�z�e�l�t�o�n� �R�e�s�e�a�r�c�h� �P�r�o�d�u�c�t�s�,� �L�e�n�e�x�a�,� �K�S�)� �s�u�p�p�l�e�m�e�n�t�e�d� 

�w�i�t�h� �1�0�%� �o�r� �2�0�%� �h�e�a�t�-�i�n�a�c�t�i�v�a�t�e�d� �f�e�t�a�l� �c�a�l�f� �s�e�r�u�m� �(�F�C�S�;� �F�l�o�w� �L�a�b�o�r�a�t�o�r�i�e�s�,� �M�c�L�e�a�n�,� �V�A�)� �a�n�d� �4� 

�x� �1�0�-�°� �M� �2�-�m�e�r�c�a�p�t�o�e�t�h�a�n�o�l�.� �S�u�p�e�r�n�a�t�a�n�t�s� �w�e�r�e� �h�a�r�v�e�s�t�e�d� �e�v�e�r�y� �3� �d�a�y�s� �a�n�d� �t�h�e� �c�e�l�l�-�f�r�e�e� 

�s�u�p�e�r�n�a�t�a�n�t�s� �w�e�r�e� �s�t�o�r�e�d� �a�t� �-�7�0�°�C�.� �A�l�l� �m�e�d�i�a� �c�o�n�t�a�i�n�e�d� �5�0� �m�g�/�1� �G�e�n�t�a�m�i�c�i�n� �(�G�I�B�C�O�,� �G�r�a�n�d� �I�s�-� 

�l�a�n�d�,� �N�Y�)�,� �2� �g�/�l� �N�a�H�C�O�s�,� �a�n�d� �2�5� �m�M� �H�E�P�E�S� �(�R�e�s�e�a�r�c�h� �O�r�g�a�n�i�c�s�,� �C�l�e�v�e�l�a�n�d�,� �O�H�)�.� �T�h�e� �m�A�b� 

�M�K�-�D�6� �(�a�n�t�i�-�I�a�%�)� �a�n�d� �2�5�-�9�-�3�S� �(�a�n�t�i�-�I�a ��)� �w�e�r�e� �a� �g�i�f�t� �f�r�o�m� �D�r�.� �P�.�S�.� �N�a�g�a�r�k�a�t�t�i�.� 

�M�o�n�o�c�l�o�n�a�l� �A�n�t�i�b�o�d�y� �P�u�r�i�f�i�c�a�t�i�o�n� 

�B�r�i�e�f�l�y�,� �a� �p�H� �7�.�4� �a�m�m�o�n�i�u�m� �s�u�l�f�a�t�e� �s�o�l�u�t�i�o�n� �w�a�s� �a�d�d�e�d� �t�o� �h�y�b�r�i�d�o�m�a� �s�u�p�e�r�n�a�t�a�n�t�s� �t�o� �y�i�e�l�d� 

�a� �5�0�%� �s�a�t�u�r�a�t�e�d� �s�o�l�u�t�i�o�n�.� �A�f�t�e�r� �s�t�a�n�d�i�n�g� �a�t� �4�°�C� �o�v�e�r�n�i�g�h�t�,� �p�r�e�c�i�p�i�t�a�t�e�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �b�y� 

�c�e�n�t�r�i�f�u�g�a�t�i�o�n� �(�1�0�,�0�0�0� �x� �G�,� �3�0� �m�i�n�)�,� �r�e�s�u�s�p�e�n�d�e�d� �a�s� �a� �2�0�X� �c�o�n�c�e�n�t�r�a�t�e� �i�n� �P�B�S� �(�p�H� �7�.�1�)�,� �d�i�a�l�y�z�e�d� 

�a�g�a�i�n�s�t� �P�B�S� �f�o�r� �4�8� �h�r�,� �a�n�d� �a�p�p�l�i�e�d� �t�o� �a�n� �a�f�f�i�n�i�t�y� �c�o�l�u�m�n�.� �T�h�e� �a�f�f�i�n�i�t�y� �c�o�l�u�m�n� �w�a�s� �m�a�d�e� �b�y� �u�s�i�n�g� 

�g�o�a�t�-�a�n�t�i�-�r�a�t� �a�n�t�i�b�o�d�y�,� �h�e�a�v�y�-� �a�n�d� �l�i�g�h�t�-�c�h�a�i�n� �s�p�e�c�i�f�i�c� �(�C�a�p�p�e�l�)�,� �a�n�d� �l�i�n�k�i�n�g� �i�t� �t�o� �c�y�a�n�o�g�e�n� �b�r�o�m�i�d�e� 

�a�c�t�i�v�a�t�e�d�-�S�e�p�h�a�r�o�s�e� �4�B� �(�S�i�g�m�a�,� �S�t�.� �L�o�u�i�s�,� �M�O�)�.� �T�h�e� �c�o�l�u�m�n� �w�a�s� �w�a�s�h�e�d� �t�o� �r�e�m�o�v�e� �a�n�y� �u�n�b�o�u�n�d� 

�p�r�o�t�e�i�n� �w�i�t�h� �P�B�S� �(�p�H� �7�.�1�)� �u�n�t�i�l� �t�h�e� �a�b�s�o�r�b�a�n�c�e� �a�t� �2�8�0� �n�m� �w�a�s� �<�0�.�0�2�.� �T�h�e� �m�A�b� �f�r�a�c�t�i�o�n� �w�a�s� �t�h�e�n� 

�e�l�u�t�e�d� �w�i�t�h� �a� �0�.�2� �M� �g�l�y�c�i�n�e� �b�u�f�f�e�r� �(�p�H� �2�.�3�)�.� �G�l�y�c�i�n�e�-�e�l�u�t�e�d� �c�o�l�u�m�n� �f�r�a�c�t�i�o�n�s� �w�e�r�e� �i�m�m�e�d�i�a�t�e�l�y� 

�d�i�a�l�y�s�e�d� �t�o� �P�B�S� �w�i�t�h� �t�w�o� �c�h�a�n�g�e�s� �o�v�e�r� �4�8� �h�r�.� �C�o�l�u�m�n� �f�r�a�c�t�i�o�n�s� �a�r�e� �a�s�s�a�y�e�d� �f�o�r� �m�A�b� �u�s�i�n�g� �g�o�a�t�-� 

�a�n�t�i�-�r�a�t� �a�n�t�i�b�o�d�y�,� �h�e�a�v�y�-� �a�n�d� �l�i�g�h�t�-�c�h�a�i�n� �s�p�e�c�i�f�i�c� �(�C�a�p�p�e�l�)� �i�n� �a�n� �O�u�c�h�t�e�r�l�o�n�y� �i�m�m�u�n�o�d�i�f�f�u�s�i�o�n� �t�e�s�t�.� 
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�P�o�s�i�t�i�v�e� �f�r�a�c�t�i�o�n�s� �w�e�r�e� �p�o�o�l�e�d�,� �a�s�s�a�y�e�d� �f�o�r� �a�n�t�i�b�o�d�y� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �d�i�l�u�t�e�d� �t�o� �1�.�0� �m�g�/�m�l�,� �s�t�e�r�i�l�e� 

�f�i�l�t�e�r�e�d�,� �a�n�d� �s�t�o�r�e�d� �a�t� �-�7�0�°�C�.� 

�F�l�u�o�r�e�s�c�e�n�t� �A�n�t�i�b�o�d�y� �L�a�b�e�l�i�n�g� 

�C�e�l�l� �s�a�m�p�l�e�s� �f�r�o�m� �0�,� �7�,� �1�4�,� �a�n�d� �2�1� �d�a�y� �T�B�H� �c�o�n�s�i�s�t�e�d� �o�f� �w�h�o�l�e� �P�E�C� �a�t� �4� �x� �1�0�°� �c�e�l�l�s�/�m�l� �o�r� 

�W�S�C� �a�t� �8� �x� �1�0�°� �c�e�l�l�s�/�m�l�.� �T�o� �1�.�0� �m�l� �a�l�i�q�u�o�t�s� �o�f� �t�h�e�s�e� �c�e�l�l�s�,� �1�0� �u�l� �o�f� �m�A�b� �o�r� �n�o�r�m�a�l� �r�a�t� 

�i�m�m�u�n�o�g�l�o�b�u�l�i�n� �G� �(�N�R�I�g�G�)� �(�C�a�p�p�e�l�)� �w�e�r�e� �a�d�d�e�d� �a�n�d� �i�n�c�u�b�a�t�e�d� �f�o�r� �3�5�-�4�5� �m�i�n� �a�t� �4�°�C�.� �T�h�i�s� �w�a�s� 

�f�o�l�l�o�w�e�d� �b�y� �t�w�o� �w�a�s�h�e�s� �w�i�t�h� �c�o�l�d� �m�e�d�i�u�m�.� �C�e�l�l�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �i�n� �a� �1�:�5�0�0� �d�i�l�u�t�i�o�n� �o�f� 

�F�I�T�C�-�l�a�b�e�l�e�d� �s�e�c�o�n�d�a�r�y� �a�n�t�i�b�o�d�y� �f�o�r� �3�5�-�4�5� �m�i�n� �a�t� �4�°�C� �a�n�d� �w�a�s�h�e�d� �t�w�i�c�e�.� �T�h�e� �s�e�c�o�n�d�a�r�y� �a�n�t�i�-� 

�b�o�d�i�e�s� �w�e�r�e�:� �(�1�)� �a�f�f�i�n�i�t�y� �p�u�r�i�f�i�e�d� �g�o�a�t�-�a�n�t�i�-�r�a�t� �F�(�a�b ��)�2� �f�r�a�g�m�e�n�t� �F�I�T�C�-�l�a�b�e�l�e�d� �a�n�t�i�b�o�d�y� �(�C�a�p�p�e�l�)� �f�o�r� 

�a�n�t�i�-�M�a�c�-�1�,� �-�2�,� �-�3�,� �a�n�d� �N�R�I�g�G� �a�n�d� �(�i�i�)� �a�f�f�i�n�i�t�y� �p�u�r�i�f�i�e�d� �g�o�a�t�-�a�n�t�i�-�m�o�u�s�e� �F�(�a�b ��)�.� �f�r�a�g�m�e�n�t� 

�F�I�T�C�-�l�a�b�e�l�e�d� �a�n�t�i�b�o�d�y� �(�C�a�p�p�e�l�)� �f�o�r� �a�n�t�i�-�I�a�?� �a�n�d� �a�n�t�i�-�l�a �� �a�n�t�i�b�o�d�i�e�s�.� 

�F�l�o�w� �C�y�t�o�m�e�t�r�y� 

�F�l�o�w� �c�y�t�o�m�e�t�r�i�c� �a�n�a�l�y�s�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� �a�n� �E�P�I�C�S� �V�,� �M�o�d�e�l� �7�5�2� �(�C�o�u�l�t�e�r� �E�l�e�c�t�r�o�n�i�c�s�,� 

�H�i�a�l�e�a�h�,� �F�L�)� �l�a�s�e�r� �f�l�o�w� �c�y�t�o�m�e�t�e�r� �a�n�d� �c�e�l�l� �s�o�r�t�e�r�.� �T�h�e� �i�n�s�t�r�u�m�e�n�t� �w�a�s� �c�a�l�i�b�r�a�t�e�d� �w�i�t�h� �f�l�u�o�r�e�s�c�e�n�t� 

�1�0� �m�i�c�r�o�n�-�s�i�z�e�d� �m�i�c�r�o�s�p�h�e�r�e� �s�t�a�n�d�a�r�d�s� �p�r�i�o�r� �t�o� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �M�¢�@� �s�a�m�p�l�e�s�.� �T�h�r�e�e� �p�a�r�a�m�e�t�e�r�s� �p�e�r� 

�c�e�l�l� �w�e�r�e� �c�o�l�l�e�c�t�e�d�:� �F�A�L�S�,� �9�0�L�S�,� �a�n�d� �g�r�e�e�n� �f�l�u�o�r�e�s�c�e�n�c�e� �(�G�F�L�)�.� �L�a�s�e�r� �e�x�c�i�t�a�t�i�o�n� �w�a�s� �n�o�r�m�a�l�l�y� 

�3�0�0� �m�W� �a�t� �4�8�8� �n�m� �u�s�i�n�g� �a� �5� �W� �a�r�g�o�n� �l�a�s�e�r� �(�C�o�h�e�r�e�n�t� �I�n�c�.�,� �P�a�l�o� �A�l�t�o�,� �C�A�)�.� �A�l�l� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n� 

�w�a�s� �d�o�n�e� �w�i�t�h� �t�h�e� �m�u�l�t�i�p�a�r�a�m�e�t�e�r� �d�a�t�a� �a�c�q�u�i�s�i�t�i�o�n� �a�n�d� �d�i�s�p�l�a�y� �s�y�s�t�e�m� �(�M�D�A�D�S�,� �C�o�u�l�t�e�r� �E�l�e�c�-� 

�t�r�o�n�i�c�s�)�.� �F�A�L�S� �w�a�s� �c�o�l�l�e�c�t�e�d� �u�s�i�n�g� �a� �l�i�n�e�a�r� �i�n�t�e�g�r�a�l�,� �a�n�d� �9�0�L�S� �a�n�d� �G�F�L� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �u�s�i�n�g� �t�h�e� 

�l�o�g� �i�n�t�e�g�r�a�l�.� �T�h�e� �t�w�o� �p�a�r�a�m�e�t�e�r� �h�i�s�t�o�g�r�a�m�s� �u�s�e�d� �f�o�r� �e�x�p�r�e�s�s�i�n�g� �t�h�e� �r�e�s�u�l�t�s� �a�r�e� �s�h�o�w�n� �w�i�t�h� �a� �6�4� �x� 

�6�4� �c�h�a�n�n�e�l� �r�e�s�o�l�u�t�i�o�n�.� �O�n�l�y� �t�h�e� �f�l�o�w� �c�y�t�o�m�e�t�r�y� �d�a�t�a� �f�r�o�m� �d�a�y�-�0� �a�n�d� �d�a�y�-�2�1� �(�r�e�p�r�e�s�e�n�t�a�t�i�v�e� �e�x�-� 
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�p�e�r�i�m�e�n�t�s�)� �a�r�e� �s�h�o�w�n� �i�n� �t�h�e� �f�i�g�u�r�e�s�;� �h�o�w�e�v�e�r�,� �t�h�e� �d�a�t�a� �f�r�o�m� �a�l�l� �t�i�m�e� �p�o�i�n�t�s� �a�r�e� �g�i�v�e�n� �i�n� �t�h�e� �t�a�b�l�e�s�.� 

�T�h�e� �f�i�g�u�r�e�s� �r�e�p�r�e�s�e�n�t� �r�a�w� �d�a�t�a� �n�o�t� �c�o�m�p�e�n�s�a�t�e�d� �b�y� �c�o�n�t�r�o�l� �v�a�l�u�e�s�.� �D�a�t�a� �i�n� �t�h�e� �T�a�b�l�e�s� �h�a�v�e� �a�l�l� 

�c�o�n�t�r�o�l� �v�a�l�u�e�s� �s�u�b�t�r�a�c�t�e�d�.� �T�h�e�s�e� �c�a�l�c�u�l�a�t�i�o�n�s� �a�r�e� �d�o�n�e� �b�y� �t�h�e� �M�D�A�D�S� �c�o�m�p�u�t�e�r� �u�s�i�n�g� �t�h�e� 

�M�D�A�D�S� �s�o�f�t�w�a�r�e�.� 

�C�a�l�c�u�l�a�t�i�o�n� �o�f� �R�e�s�u�l�t�s� 

�S�p�l�e�n�i�c� �o�r� �p�e�r�i�t�o�n�e�a�l� �M�@� �w�e�r�e� �p�o�o�l�e�d� �f�r�o�m� �3�-�6� �m�i�c�e� �a�n�d� �e�a�c�h� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �r�e�p�e�a�t�e�d� �3�-�4� 

�t�i�m�e�s�.� �A�l�l� �p�e�r�c�e�n�t�a�g�e�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �M�D�A�D�S� �c�o�m�p�u�t�e�r� �a�n�d� �r�e�p�r�e�s�e�n�t� �t�h�e� �p�e�r�c�e�n�t�a�g�e� 

�o�f� �1�0�,�0�0�0� �c�e�l�l�s� �c�o�u�n�t�e�d� �p�e�r� �s�a�m�p�l�e� �t�h�a�t� �w�e�r�e� �a�b�o�v�e� �t�h�e� �f�l�u�o�r�e�s�c�e�n�t� �i�n�t�e�n�s�i�t�y� �o�f� �t�h�e� �b�a�c�k�g�r�o�u�n�d� �l�e�v�e�l� 

�o�f� �n�o�n�s�p�e�c�i�f�i�c� �b�i�n�d�i�n�g�.� �N�u�m�b�e�r�s� �i�n� �t�h�e� �t�a�b�l�e�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �m�e�a�n� �+� �s�t�a�n�d�a�r�d� �e�r�r�o�r� �(�S�E�)� �o�f� �t�r�i�p�l�i�c�a�t�e� 

�e�x�p�e�r�i�m�e�n�t�s� �f�o�r� �e�a�c�h� �t�i�m�e� �p�o�i�n�t�.� �T�h�e� �n�u�m�b�e�r� �o�f� �T�B�H� �M�¢� �b�e�a�r�i�n�g� �a� �p�a�r�t�i�c�u�l�a�r� �a�n�t�i�g�e�n� �w�a�s� �c�o�n�-� 

�s�i�d�e�r�e�d� �d�e�c�r�e�a�s�e�d� �o�r� �i�n�c�r�e�a�s�e�d� �b�y� �c�o�m�p�a�r�i�s�o�n� �w�i�t�h� �n�o�r�m�a�l� �h�o�s�t� �M�@� �n�u�m�b�e�r�s� �w�h�i�c�h� �w�e�r�e� �c�o�n�s�i�d�-� 

�e�r�e�d� �a�s� �a� �m�a�x�i�m�u�m�.� �S�i�g�n�i�f�i�c�a�n�c�e� �w�a�s� �c�h�e�c�k�e�d� �u�s�i�n�g� �S�t�u�d�e�n�t ��s� �¢� �t�e�s�t� �(�p� �<�0�.�0�5�)�.� 
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�R�E�S�U�L�T�S� 

�M�a�c� �A�n�t�i�g�e�n� �E�x�p�r�e�s�s�i�o�n� �o�f� �P�e�r�i�t�o�n�e�a�l� �M�o� 

�T�o� �e�x�a�m�i�n�e� �t�h�e� �s�i�z�e� �v�e�r�s�u�s� �f�l�u�o�r�e�s�c�e�n�t� �i�n�t�e�n�s�i�t�y� �(�a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n�)� �i�n� �n�o�r�m�a�l� �(�d�a�y�-�0�)� �a�n�d� 

�T�B�H� �(�7�,� �1�4�,� �a�n�d� �2�1� �d�a�y�s� �a�f�t�e�r� �t�u�m�o�r� �c�e�l�l� �i�n�j�e�c�t�i�o�n�)� �M�¢�,� �m�A�b� �a�g�a�i�n�s�t� �t�h�e� �r�e�s�p�e�c�t�i�v�e� �a�n�t�i�g�e�n�s� �w�e�r�e� 

�u�s�e�d� �(�F�i�g�u�r�e� �1�A�-�F� �a�n�d� �F�i�g�u�r�e� �2�A�-�F�)�.� �N�R�I�g�G� �w�a�s� �u�s�e�d� �a�s� �t�h�e� �n�o�n�s�p�e�c�i�f�i�c� �c�o�n�t�r�o�l� �a�n�t�i�b�o�d�y�.� �S�i�z�e� 

�i�s� �r�e�p�r�e�s�e�n�t�e�d� �o�n� �t�h�e� �X�-�a�x�i�s� �a�n�d� �f�l�u�o�r�e�s�c�e�n�t� �i�n�t�e�n�s�i�t�y� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �o�n� �t�h�e� �Y�-�a�x�i�s�.� �T�h�e� �f�l�u�o�r�e�s�c�e�n�t� 

�i�n�t�e�n�s�i�t�y� �1�s� �r�e�l�a�t�e�d� �t�o� �t�h�e� �d�e�n�s�i�t�y� �o�f� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �p�e�r� �c�e�l�l� �(�1�9�2�)�.� �B�y� �c�o�m�p�a�r�i�n�g� �t�h�e� �t�e�s�t� �g�r�o�u�p�s� 

�(�M�a�c�-�1�,� �-�2�,� �a�n�d� �-�3�)� �t�o� �t�h�e� �c�o�n�t�r�o�l� �(�N�R�I�g�G�)� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�o�s�i�t�i�v�e�l�y� �l�a�b�e�l�e�d� �c�e�l�l�s� �c�o�u�l�d� �b�e� �d�e�-� 

�t�e�r�m�i�n�e�d� �(�T�a�b�l�e� �1�)�.� �P�e�r�c�e�n�t�a�g�e�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �n�u�m�b�e�r� �o�f� �c�e�l�l�s� �o�u�t� �o�f� �1�0�,�0�0�0� �t�h�a�t� �w�e�r�e� �a�b�o�v�e� �t�h�e� 

�l�e�v�e�l� �o�f� �n�o�n�s�p�e�c�i�f�i�c� �b�i�n�d�i�n�g� �(�m�e�a�s�u�r�e�d� �b�y� �u�s�i�n�g� �N�R�I�g�G�)� �a�n�d� �t�h�u�s� �s�t�a�i�n�e�d� �p�o�s�i�t�i�v�e� �f�o�r� �t�h�e� �v�a�r�i�o�u�s� 

�m�a�r�k�e�r�s�.� �T�h�e� �n�u�m�b�e�r�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �m�e�a�n� �+� �S�E� �f�o�r� �t�h�e� �3�-�4� �e�x�p�e�r�i�m�e�n�t�s� �t�h�a�t� �w�e�r�e� �r�u�n� �f�o�r� �e�a�c�h� 

�p�o�i�n�t�.� �A�s� �t�u�m�o�r� �g�r�o�w�t�h� �p�r�o�g�r�e�s�s�e�d�,� �M�a�c�-�1�*� �M�¢� �n�u�m�b�e�r�s� �d�i�d� �n�o�t� �c�h�a�n�g�e�,� �7�3�%� �f�o�r� �n�o�r�m�a�l� �h�o�s�t� 

�M�¢� �t�o� �7�2�%� �f�o�r� �d�a�y�-�2�1� �T�B�H� �M�¢�.� �T�h�e� �o�v�e�r�a�l�l� �p�e�r�c�e�n�t�a�g�e� �o�f� �M�a�c�-�2�*� �a�n�d� �-�3�*� �M�@�¢� �d�r�o�p�p�e�d� �s�i�g�-� 

�n�i�f�i�c�a�n�t�l�y� �(�p� �<�0�.�0�5�)�.� �M�a�c�-�2�*� �M�¢�@� �d�r�o�p�p�e�d� �f�r�o�m� �6�4�%� �t�o� �5�0�%� �(�a� �2�2�%� �d�e�c�r�e�a�s�e�)� �a�n�d� �M�a�c�-�3�*� �M�@� 

�d�r�o�p�p�e�d� �f�r�o�m� �8�6�%� �t�o� �7�4�%� �(�a�n� �1�4�%� �d�e�c�r�e�a�s�e�)� �a�s� �t�h�e� �t�u�m�o�r� �d�e�v�e�l�o�p�e�d�.� �T�h�e� �M�d�¢�-�g�a�t�e�d� �p�o�p�u�-� 

�l�a�t�i�o�n�s�,� �a�s� �t�e�s�t�e�d� �b�y� �F�I�T�C�-�l�a�b�e�l�e�d� �a�n�t�i�-�I�g� �a�n�d� �a�n�t�i�-�T�h�y�-�1� �a�n�t�i�b�o�d�i�e�s�,� �h�a�d� �<�3�%� �B� �a�n�d�/�o�r� �T� �c�e�l�l� 

�c�o�n�t�a�m�i�n�a�t�i�o�n�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e�s�e� �c�e�l�l�s� �e�x�p�r�e�s�s�e�d� �h�i�g�h� �p�e�r�c�e�n�t�a�g�e�s� �o�f� �u�n�i�q�u�e� �M�@� �m�a�r�k�e�r�s� �(�M�a�c� 

�a�n�t�i�g�e�n�s�)�,� �g�i�v�i�n�g� �f�u�r�t�h�e�r� �e�v�i�d�e�n�c�e� �t�h�e� �c�e�l�l�s� �w�e�r�e� �M�d�.� �(�F�i�g�u�r�e� �2�A� �a�n�d� �B�)�.� 

�T�h�e� �d�i�s�t�i�n�c�t� �s�u�b�p�o�p�u�l�a�t�i�o�n�s� �c�a�n� �b�e� �s�e�e�n� �i�n� �F�i�g�u�r�e� �1�.� �T�h�e� �b�o�x�e�d�-�i�n� �r�e�g�i�o�n�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �t�h�r�e�e� 
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�3�7� �e�s� �.� �s� �$�5� �i� 
�a�e� �.� �o�F� �t� �e�r�y� �y� �P�Y� �F�P� �y�t� �F� �r�r�r�?� �|� �7� �|� �T�T�?� �T�O�R�T� �F� �I� �T�T�T� �r�y� �r�r�r� �r�y� �T�T�Y� �F�t� �|� �T�T� 

�i�e� �i�e� �l�e�e� �3�0� �i�s�@� �i�s�e� �s�e� �e� �l�l�e� �2�e� �i�s�@� �a�e� �s�e� �l�e�e� 

�I�N�C�R�E�A�S�I�N�G� �S�I�Z�E�  ��p�e�-� 

�C�o�m�p�a�r�i�s�o�n� �o�f� �P�E�R�I�T�O�N�E�A�L� �I�a� �A�n�t�i�g�e�n� �E�x�p�r�e�s�s�i�o�n� �o�n� �D�a�y�-�0� �(�N�o�r�m�a�l�)� �a�n�d� �D�a�y�-�2�1� �T�B�H� 
�M�¢�:� �(�A� �=� �D�a�y�-�0� �M�a�c� �A�n�t�i�g�e�n� �C�o�n�t�r�o�l� �(�N�R�I�g�G�)�;� �B� �=� �D�a�y�-�2�1� �M�a�c� �A�n�t�i�g�e�n� �C�o�n�t�r�o�l� 
�(�N�R�I�g�G�)�;� �C� �=� �D�a�y�-�0� �I�a� �(�l�a�%�)�;� �D� �=� �D�a�y�-�2�1� �I�a� �(�l�a�%�4�)�;� �E� �=� �D�a�y�-�0� �I�a� �C�o�n�t�r�o�l� �(�I�a�*�)�;� �F� �=� 
�D�a�y�-�2�1� �I�a� �C�o�n�t�r�o�l� �(�I�a�*�)�.� �T�h�e� �b�o�x�e�d�-�i�n� �r�e�g�i�o�n� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�A� �a�n�d� �B� �a�r�e� �t�h�e� �r�e�p�r�e�-� 
�s�e�n�t�a�t�i�v�e� �s�i�z�e�s� �f�o�r� �t�h�e� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �p�o�p�u�l�a�t�i�o�n�s� �s�e�e�n� �i�n� �t�h�e� �p�e�r�i�t�o�n�e�a�l� �M�d�@� �s�a�m�p�l�e�s�.� �M�d� 
�w�e�r�e� �l�a�b�e�l�e�d� �w�i�t�h� �m�A�b� �a�n�t�i�-�N�R�I�g�G�,� �-�l�a�%�,� �a�n�d� �-�l�a�®� �a�s� �s�t�a�t�e�d� �i�n� �t�h�e� �M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s�.� 
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�T�a�b�l�e� �1�.� �T�u�m�o�r�-�I�n�d�u�c�e�d� �A�l�t�e�r�a�t�i�o�n�s� �i�n� �P�E�R�I�T�O�N�E�A�L� �M�é�@�¢� �P�h�e�n�o�t�y�p�e� 

� � 

�P�e�r�c�e�n�t�a�g�e� �o�f� �M�¢� �E�x�p�r�e�s�s�i�n�g� �M�a�c� �a�n�d� �I�a� �A�n�t�i�g�e�n�s�?� 

�D�a�y�s� �p�o�s�t� �t�u�m�o�r� �c�e�l�l� �i�n�o�c�u�l�a�t�i�o�n� 
� � 

� � 

� � 

�C�e�l�l� �s�u�r�f�a�c�e� 
�a�n�t�i�g�e�n�?� �0� �7� �1�4� �2�1� 

�M�a�c�-�1�*� �7�3�4�4� �7�1�+� �1� �7�1� �+�3� �7�2�4�2� 

�M�a�c�-�2�*� �6�4� �+� �1�*� �5�8� �+�2� �4�4�+� �1�*�*� �5�0� �+� �3�*�*� 

�M�a�c�-�3�*� �8�6� �+� �2�*� �8�6� �+� �4�*� �7�9�4�+�2� �7�4�4� �1�*�*� 

�I�a�*� �1�4�+� �1�*�t� �2�8� �+� �3�*�t� �1�+� �1�*�*� �6�+� �1�*�*� 

� � 

 �� �P�e�r�c�e�n�t�a�g�e� �p�o�s�i�t�i�v�e� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �n�u�m�b�e�r� �o�f� �c�e�l�l�s� �o�u�t� �o�f� �1�0�,�0�0�0� �t�h�a�t� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �p�o�s�i�-� 
�t�i�v�e�l�y� �l�a�b�e�l�e�d� �(�c�o�m�p�a�r�e�d� �t�o� �t�h�e� �N�R�I�g�G� �o�r� �a�n�t�i�-�I�a �� �c�o�n�t�r�o�l�)�;� �f�o�r� �e�x�a�m�p�l�e�,� �7�3�%� �o�f� �t�h�e� �d�a�y�-�0� 
�M�é�@�¢� �w�e�r�e� �M�a�c�-�1�*�,� �t�h�u�s� �7�3�0�0� �M�@� �w�e�r�e� �p�o�s�i�t�i�v�e� �a�n�d� �2�7�0�0� �w�e�r�e� �n�e�g�a�t�i�v�e�.� 

 �� �C�e�l�l�s� �w�e�r�e� �l�a�b�e�l�e�d� �a�s� �s�t�a�t�e�d� �i�n� �M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s�.� 

�¢� �T�h�e� �n�u�m�b�e�r�s� �a�r�e� �t�h�e� �m�e�a�n� �o�f� �t�h�e� �d�i�f�f�e�r�e�n�t� �e�x�p�e�r�i�m�e�n�t�s� �f�o�r� �e�a�c�h� �t�i�m�e� �p�o�i�n�t� �+� �S�E�.� �S�i�g�n�i�f�-� 
�i�c�a�n�c�e� �w�a�s� �c�h�e�c�k�e�d� �b�y� �u�s�i�n�g� �s�t�u�d�e�n�t�s� �¢� �t�e�s�t� �(�p� �<�0�.�0�5�)�.� �N�u�m�b�e�r�s� �m�a�r�k�e�d� �w�i�t�h� �*� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� 
�d�i�f�f�e�r�e�n�t� �f�r�o�m� �n�u�m�b�e�r�s� �m�a�r�k�e�d� �w�i�t�h� �*�*� �a�n�d� �n�u�m�b�e�r�s� �m�a�r�k�e�d� �w�i�t�h� �f� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� 
�f�r�o�m� �n�u�m�b�e�r�s� �m�a�r�k�e�d� �w�i�t�h� �¢� �(�p� �<�0�.�0�5�)�.� 

�C�H�A�P�T�E�R� �|� �3�1



�p�o�p�u�l�a�t�i�o�n�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �M�D�A�D�S� �c�o�m�p�u�t�e�r� �v�e�r�i�f�i�e�d� �t�h�e�s�e� �s�i�z�e�s� �b�y� �g�i�v�i�n�g� �t�h�e� �r�a�n�g�e� �o�f� 

�c�h�a�n�n�e�l� �n�u�m�b�e�r�s� �1�6�-�2�4�,� �3�0�-�3�7�,� �a�n�d� �4�0�-�4�6� �o�u�t� �o�f� �a� �p�o�s�s�i�b�l�e� �6�4� �f�o�r� �t�h�e� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �s�i�z�e�d� �p�o�p�u�-� 

�l�a�t�i�o�n�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �S�i�n�c�e� �s�i�z�e� �w�a�s� �m�e�a�s�u�r�e�d� �f�r�o�m� �F�A�L�S�,� �a� �l�i�n�e�a�r� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �d�i�f�-� 

�f�e�r�e�n�t� �s�i�z�e�s� �c�a�n� �b�e� �m�a�d�e� �(�1�9�2�)�.� �T�h�e� �m�e�d�i�u�m�-�s�i�z�e�d� �p�o�p�u�l�a�t�i�o�n� �w�e�r�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� �5�0�%� �l�a�r�g�e�r� �t�h�a�n� 

�t�h�e� �s�m�a�l�l�-�s�i�z�e�d� �p�o�p�u�l�a�t�i�o�n� �a�n�d� �t�h�e� �l�a�r�g�e�-�s�i�z�e�d� �c�e�l�l�s� �w�e�r�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� �5�0�%� �l�a�r�g�e�r� �t�h�a�n� �t�h�e� 

�m�e�d�i�u�m�-�s�i�z�e�d� �p�o�p�u�l�a�t�i�o�n�,� �a�g�r�e�e�i�n�g� �w�i�t�h� �o�u�r� �d�e�t�e�r�m�i�n�e�d� �s�i�z�e�s�.� 

�D�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e�s�e� �p�o�p�u�l�a�t�i�o�n�s� �o�c�c�u�r�r�e�d� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�u�m�o�r� �g�r�o�w�t�h�.� �T�h�e� �m�o�s�t� �o�b�v�i�o�u�s� 

�d�i�f�f�e�r�e�n�c�e� �i�s� �t�h�e� �m�a�s�k�i�n�g� �o�f� �t�h�e� �v�a�r�i�o�u�s� �p�e�a�k�s� �i�n� �t�h�e� �T�B�H� �s�a�m�p�l�e�s� �(�F�i�g�u�r�e� �1�)�.� �D�a�y�-�2�1� �T�B�H� �M�@�¢� 

�a�p�p�e�a�r�e�d� �t�o� �h�a�v�e� �a� �s�i�n�g�l�e� �b�r�o�a�d� �p�o�p�u�l�a�t�i�o�n� �w�i�t�h� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �u�n�l�a�b�e�l�e�d� �s�m�a�l�l�e�r�-� 

�s�i�z�e�d� �c�e�l�l�s�.� �T�o� �a�s�s�e�s�s� �w�h�a�t� �t�u�m�o�r�-�i�n�d�u�c�e�d� �c�h�a�n�g�e�s� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �d�i�f�f�e�r�e�n�t� �s�i�z�e�d� �m�A�b�-�l�a�b�e�l�e�d� 

�p�o�p�u�l�a�t�i�o�n�s� �a�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �d�i�f�f�e�r�e�n�t� �s�i�z�e�d� �p�o�p�u�l�a�t�i�o�n�s� �o�b�s�e�r�v�e�d� �i�n� �n�o�r�m�a�l� �h�o�s�t�s�,� �w�e� �u�s�e�d� �t�h�e� 

�s�a�m�e� �s�i�z�e� �p�a�r�a�m�e�t�e�r�s� �t�o� �m�e�a�s�u�r�e� �n�o�r�m�a�l� �a�n�d� �T�B�H� �M�¢� �p�o�p�u�l�a�t�i�o�n�s�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�o�s�i�t�i�v�e�l�y� 

�l�a�b�e�l�e�d� �c�e�l�l�s� �i�n� �e�a�c�h� �o�f� �t�h�e�s�e� �d�i�s�t�i�n�c�t� �p�o�p�u�l�a�t�i�o�n�s� �i�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �2�.� �T�h�e� �n�u�m�b�e�r� �o�f� �l�a�r�g�e�-�s�i�z�e�d� 

�M�a�c�-�1�*� �a�n�d� �M�a�c�-�2�*� �M�¢�@� �s�i�g�n�i�f�i�c�a�n�t�l�y� �(�p� �<�0�.�0�5�)� �d�e�c�r�e�a�s�e�d� �b�e�t�w�e�e�n� �n�o�r�m�a�l� �(�3�7�%� �[�1�9�%� �t�o� �1�2�%�]�)� 

�a�n�d� �2�1� �d�a�y�s� �o�f� �t�u�m�o�r� �g�r�o�w�t�h� �(�3�8�%� �[�1�6�%� �t�o� �1�0�%�]�)�.� �T�h�e� �l�a�r�g�e�-�s�i�z�e�d� �M�a�c�-�3�*� �M�d� �d�i�d� �n�o�t� �s�h�o�w� �t�h�i�s� 

�d�e�c�r�e�a�s�e�.� �I�n�s�t�e�a�d� �M�a�c�-�3�*� �M�¢� �s�h�o�w�e�d� �a� �s�i�g�n�i�f�i�c�a�n�t� �3�3�%� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �m�e�d�i�u�m�-�s�i�z�e�d� 

�M�é�¢� �f�r�o�m� �2�4�%� �t�o� �1�6�%�.� �C�o�n�c�o�m�i�t�a�n�t� �w�i�t�h� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� �l�a�r�g�e�-�s�i�z�e�d� �M�a�c�-�1�*� �M�¢� �t�h�e�r�e� �w�a�s� �a� 

�3�0�%� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �s�m�a�l�l�-�s�i�z�e�d� �M�@�.� �I�n� �c�o�n�t�r�a�s�t�,� �M�¢�é� �b�e�a�r�i�n�g� �t�h�e� �M�a�c�-�2� �a�n�d� �-�3� �a�n�t�i�g�e�n�s� 

�d�i�d� �n�o�t� �s�h�o�w� �t�h�i�s� �t�r�e�n�d�.� �A�g�g�r�e�g�a�t�i�o�n� �o�f� �c�e�l�l�s� �w�a�s� �d�i�s�c�o�u�n�t�e�d� �a�s� �a� �c�a�u�s�e� �o�f� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �c�e�l�l� 

�s�i�z�e�s� �b�y� �u�s�i�n�g� �a�c�r�i�d�i�n�e� �o�r�a�n�g�e� �t�o� �a�s�s�e�s�s� �t�h�e� �D�N�A� �c�o�n�t�e�n�t� �o�f� �t�h�e� �c�e�l�l�s�.� �A�n�y� �c�e�l�l�s� �s�h�o�w�i�n�g� �>�2�N� �D�N�A� 

�c�o�n�t�e�n�t� �(�a�g�g�r�e�g�a�t�e�s�)�,� �r�e�p�r�e�s�e�n�t�i�n�g� �<�5�%� �o�f� �t�h�e� �p�a�r�t�i�c�u�l�a�t�e� �m�a�t�t�e�r�,� �w�e�r�e� �g�a�t�e�d� �o�u�t�.� 

�I�a� �A�n�t�i�g�e�n� �E�x�p�r�e�s�s�i�o�n� �o�f� �P�e�r�i�t�o�n�e�a�l� �M�o�d� 

�I�a� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �w�a�s� �m�e�a�s�u�r�e�d� �b�y� �l�a�b�e�l�i�n�g� �c�e�l�l�s� �o�f� �t�h�e� �H�-�2�¢� �h�a�p�l�o�t�y�p�e� �w�i�t�h� �a�n�t�i�-�l�a�?� �m�A�b� 

�a�n�d� �c�o�m�p�a�r�i�n�g� �i�t� �t�o� �t�h�e� �n�o�n�s�p�e�c�i�f�i�c� �a�n�t�i�-�I�a �� �a�n�t�i�b�o�d�y� �c�o�n�t�r�o�l� �(�F�i�g�u�r�e� �2�C�-�F�)�.� �N�o�r�m�a�l� �h�o�s�t� �M�¢� �I�a� 

�C�H�A�P�T�E�R� �|� �3�2



�T�a�b�l�e� �2�.� �T�u�m�o�r�-�I�n�d�u�c�e�d� �A�l�t�e�r�a�t�i�o�n�s� �i�n� �P�E�R�I�T�O�N�E�A�L� �M�é�@� �A�n�t�i�g�e�n� �v�e�r�s�u�s� �S�i�z�e� �D�e�f�i�n�e�d� �P�h�e�n�o�t�y�p�i�c� 
�S�u�b�p�o�p�u�l�a�t�i�o�n�s� 

� � 
�P�e�r�c�e�n�t�a�g�e� �o�f� �M�¢� �i�n� �E�a�c�h� �S�u�b�p�o�p�u�l�a�t�i�o�n �� 

�D�a�y�s� �p�o�s�t� �t�u�m�o�r� �c�e�l�l� �i�n�o�c�u�l�a�t�i�o�n� 
� � 

� � 

� � 

�0� �7� �1�4� �2�1� 

�C�e�l�l� �s�u�r�f�a�c�e� 
�a�n�t�i�g�e�n�?� �S� �M� �L� �S� �M� �L� �S� �M� �L� �S� �M� �L� 

�M�a�c�-�1�*� �3�0�¢�*� �2�3� �1�9�+� �3�2� �2�2� �1�6� �3�9�*�*� �2�2� �1�4� �3�9�*�*� �2�1� �1�2�}� 

�M�a�c�-�2�+� �3�0� �2�0� �1�6�*� �3�4� �2�1� �1�2� �2�8� �1�8� �9�*�*� �2�9� �1�8� �1�0�*�*� 

�M�a�c�-�3�+� �5�0� �2�4�*� �1�6� �5�0� �2�3� �1�5� �5�0� �1�8� �1�2� �4�8� �1�6�*�*� �1�4� 

�I�a�t� �1�7�*� �2� �O� �2�2�*� �5� �0� �1�*�*� �0� �O� �2�*�*� �2� �0� 

� � 

�¢� �P�e�r�c�e�n�t�a�g�e� �p�o�s�i�t�i�v�e� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �n�u�m�b�e�r� �o�f� �c�e�l�l�s� �o�u�t� �o�f� �1�0�,�0�0�0� �t�h�a�t� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �p�o�s�i�-� 
�t�i�v�e�l�y� �l�a�b�e�l�e�d� �(�c�o�m�p�a�r�e�d� �t�o� �t�h�e� �N�R�I�g�G� �o�r� �a�n�t�i�-�I�a �� �c�o�n�t�r�o�l�)�;� �f�o�r� �e�x�a�m�p�l�e�,� �3�0�%�,� �2�3�%�,� �a�n�d� �1�9�%� 
�o�f� �t�h�e� �d�a�y�-�0� �M�a�c�-�1�*� �M�é�@� �w�e�r�e� �i�n� �t�h�e� �S�-�,� �M�-�,� �a�n�d� �L�-�s�i�z�e�d� �c�a�t�e�g�o�r�i�e�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �t�h�u�s� �3�0�0�0�,� 
�2�3�0�0�,� �a�n�d� �1�9�0�0� �M�¢� �w�e�r�e� �p�o�s�i�t�i�v�e� �f�o�r� �t�h�e� �S�,� �M�,� �a�n�d� �L� �s�i�z�e� �a�n�d� �2�8�0�0� �w�e�r�e� �n�e�g�a�t�i�v�e�.� 

�6� �C�e�l�l�s� �w�e�r�e� �l�a�b�e�l�e�d� �a�s� �s�t�a�t�e�d� �i�n� �M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s�.� 

�¢� �S�,� �M�,� �a�n�d� �L� �r�e�p�r�e�s�e�n�t� �t�h�e� �s�m�a�l�l�-� �(�1�0�-�1�6� �m�i�c�r�o�n�s�)�,� �m�e�d�i�u�m�-� �(�1�7�-�2�2� �m�i�c�r�o�n�s�)�,� �a�n�d� �t�h�e� �l�a�r�g�e�-� 
�s�i�z�e�d� �(�2�2�-�2�7� �m�i�c�r�o�n�s�)� �M�¢�@� �p�o�p�u�l�a�t�i�o�n�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�¢� �T�h�e� �n�u�m�b�e�r�s� �a�r�e� �t�h�e� �m�e�a�n� �o�f� �t�h�e� �d�i�f�f�e�r�e�n�t� �e�x�p�e�r�i�m�e�n�t�s� �f�o�r� �e�a�c�h� �t�i�m�e� �p�o�i�n�t�.� �A�l�l� �n�u�m�b�e�r�s� 
�h�a�v�e� �a� �S�E� �<�3�%�.� �S�i�g�n�i�f�i�c�a�n�c�e� �w�a�s� �c�h�e�c�k�e�d� �b�y� �u�s�i�n�g� �s�t�u�d�e�n�t�s� �¢� �t�e�s�t� �(�p� �<�0�.�0�5�)�.� �N�u�m�b�e�r�s� 
�m�a�r�k�e�d� �w�i�t�h� �*� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �n�u�m�b�e�r�s� �m�a�r�k�e�d� �w�i�t�h� �*�*� �a�n�d� �n�u�m�b�e�r�s� �m�a�r�k�e�d� 
�w�i�t�h� �t�+� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �t�h�a�n� �n�u�m�b�e�r�s� �m�a�r�k�e�d� �w�i�t�h� �t� �(�p� �<�0�.�0�5�)�.� 
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�a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �w�a�s� �a�b�o�v�e� �b�a�c�k�g�r�o�u�n�d� �c�o�n�t�r�o�l� �l�e�v�e�l�s� �(�F�i�g�u�r�e� �2�C� �v�e�r�s�u�s� �E�)�,� �w�h�i�l�e� �d�a�y�-�2�1� �T�B�H� 

�M�¢�@�.� �I�a� �e�x�p�r�e�s�s�i�o�n� �w�a�s� �n�e�a�r�l�y� �i�d�e�n�t�i�c�a�l� �t�o� �i�t�s� �c�o�n�t�r�o�l� �(�F�i�g�u�r�e� �2�D� �v�e�r�s�u�s� �F�)�.� �T�h�i�s� �c�o�n�f�i�r�m�e�d� �w�h�a�t� 

�i�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �1�;� �t�h�a�t� �i�s�,� �t�h�e� �n�u�m�b�e�r� �o�f� �p�e�r�i�t�o�n�e�a�l� �I�a�*� �T�B�H� �M�o� �d�e�c�r�e�a�s�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �(�p� 

�<�0�.�0�5�)� �f�r�o�m� �1�4�%� �t�o� �6�%�.� �I�n� �e�x�a�m�i�n�i�n�g� �F�i�g�u�r�e� �2�,� �o�n�e� �m�u�s�t� �k�e�e�p� �i�n� �m�i�n�d� �t�h�a�t� �t�h�i�s� �i�s� �r�a�w� �d�a�t�a� �a�n�d� 

�n�o� �c�o�m�p�e�n�s�a�t�i�o�n� �w�a�s� �m�a�d�e� �f�o�r� �b�a�c�k�g�r�o�u�n�d� �n�o�n�s�p�e�c�i�f�i�c� �b�i�n�d�i�n�g� �a�n�d� �a�u�t�o�f�l�u�o�r�e�s�c�e�n�c�e�.� �T�h�u�s� �i�n� 

�F�i�g�u�r�e� �2�,� �t�h�e� �f�l�u�o�r�e�s�c�e�n�t� �i�n�t�e�n�s�i�t�y� �o�f� �t�h�e� �T�B�H� �M�¢� �I�a� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �a�p�p�e�a�r�e�d� �t�o� �b�e� �g�r�e�a�t�e�r� 

�t�h�a�n� �t�h�a�t� �o�f� �t�h�e� �n�o�r�m�a�l� �h�o�s�t� �(�F�i�g�u�r�e� �2�C� �v�e�r�s�u�s� �2�D�)�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �i�s� �n�o�t� �t�h�e� �c�a�s�e�.� �I�t� �i�s� �s�i�m�p�l�y� 

�d�u�e� �t�o� �t�h�e� �i�n�c�r�e�a�s�e�d� �n�o�n�s�p�e�c�i�f�i�c� �b�i�n�d�i�n�g� �w�h�i�c�h� �a�f�f�e�c�t�e�d� �t�h�e� �I�a� �c�o�n�t�r�o�l� �a�n�d� �I�a� �t�e�s�t� �s�a�m�p�l�e�s� �e�q�u�a�l�l�y�;� 

�F�i�g�u�r�e� �2�D� �(�J�a� �t�e�s�t� �s�a�m�p�l�e�)� �i�s� �i�d�e�n�t�i�c�a�l� �t�o� �F�i�g�u�r�e� �2�F� �(�l�a� �c�o�n�t�r�o�l�)�.� �T�h�e� �i�n�c�r�e�a�s�e� �i�n� 

�n�o�n�s�p�e�c�i�f�i�c�/�b�a�c�k�g�r�o�u�n�d� �l�a�b�e�l�i�n�g� �b�y� �T�B�H� �p�e�r�i�t�o�n�e�a�l� �M�¢� �w�a�s� �a� �c�o�n�s�i�s�t�e�n�t� �f�i�n�d�i�n�g� �a�n�d� �m�a�y� �i�n�d�i�c�a�t�e� 

�a� �t�u�m�o�r�-�i�n�d�u�c�e�d� �c�h�a�n�g�e� �i�n� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�r� �c�h�a�r�g�e� �o�f� �t�h�e� �T�B�H� �M�¢� �c�e�l�l� �m�e�m�b�r�a�n�e�.� �T�h�e� �b�i�n�d�i�n�g� 

�o�f� �t�h�e� �a�n�t�i�-�I�a� �a�n�t�i�b�o�d�i�e�s� �t�o� �M�¢� �F�c� �r�e�c�e�p�t�o�r�s� �w�a�s� �d�i�s�c�o�u�n�t�e�d� �b�y� �p�r�e�-�i�n�c�u�b�a�t�i�n�g� �M�¢� �w�i�t�h� �N�R�I�g�G�.� 

�B�y� �b�l�o�c�k�i�n�g� �w�i�t�h� �N�R�I�g�G�,� �w�e� �s�a�w� �n�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �l�e�v�e�l�s� �o�f� �I�a� �b�i�n�d�i�n�g� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� 

�u�n�b�l�o�c�k�e�d� �s�a�m�p�l�e�s�.� �I�a� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �d�r�o�p�p�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �f�r�o�m� �a�n� �i�n�i�t�i�a�l� �1�4�%� �i�n� �t�h�e� �n�o�r�m�a�l� 

�h�o�s�t� �t�o� �6�%� �i�n� �t�h�e� �d�a�y�-�2�1� �T�B�H� �(�5�8�%� �d�e�c�r�e�a�s�e�)�.� 

�U�n�l�i�k�e� �t�h�e� �M�a�c� �a�n�t�i�g�e�n�s�,� �n�e�a�r�l�y� �a�l�l� �o�f� �t�h�e� �I�a�*� �M�d� �w�e�r�e� �i�n� �t�h�e� �s�m�a�l�l�-�s�i�z�e�d� �M�¢� �p�o�p�u�l�a�t�i�o�n� 

�(�T�a�b�l�e� �2�)�.� �I�n� �t�h�e� �n�o�r�m�a�l� �h�o�s�t�,� �1�5�%� �o�f� �t�h�e� �I�a�*� �M�@� �w�e�r�e� �s�m�a�l�l�-�s�i�z�e�d�,� �2�%� �w�e�r�e� �m�e�d�i�u�m�-�s�i�z�e�d�,� �a�n�d� 

�n�o�n�e� �w�e�r�e� �l�a�r�g�e�-�s�i�z�e�d�.� �B�y� �d�a�y� �7� �o�f� �t�u�m�o�r� �g�r�o�w�t�h�,� �t�h�e� �n�u�m�b�e�r� �o�f� �M�¢� �i�n� �t�h�e� �s�m�a�l�l� �a�n�d� �m�e�d�i�u�m�-� 

�s�i�z�e�d� �p�o�p�u�l�a�t�i�o�n�s� �h�a�d� �i�n�c�r�e�a�s�e�d� �t�o� �2�2�%� �a�n�d� �5�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �B�y� �d�a�y� �1�4� �o�n�l�y� �1�%� �o�f� �t�h�e� �M�@� �w�e�r�e� 

�I�a�*� �a�n�d� �b�y� �d�a�y� �2�1�,� �4�%� �w�e�r�e�,� �w�i�t�h� �2�%� �i�n� �t�h�e� �s�m�a�l�l�-� �a�n�d� �2�%� �i�n� �t�h�e� �m�e�d�i�u�m�-�s�i�z�e�d� �s�u�b�p�o�p�u�l�a�t�i�o�n�s�.� 

�S�i�n�c�e� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �p�o�s�i�t�i�v�e� �c�e�l�l�s� �a�n�d� �n�u�m�b�e�r� �o�f� �p�o�s�i�t�i�v�e� �c�e�l�l�s� �i�n� �e�a�c�h� �s�u�b�p�o�p�u�l�a�t�i�o�n� �w�e�r�e� 

�a�n�a�l�y�z�e�d� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �p�r�o�g�r�a�m�s� �o�v�e�r�a�l�l� �p�e�r�c�e�n�t�a�g�e�s� �a�r�e� �s�l�i�g�h�t�l�y� �d�i�f�f�e�r�e�n�t� �b�e�t�w�e�e�n� �T�a�b�l�e� �1� �a�n�d� 

�T�a�b�l�e� �2�.� 
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�M�a�c� �A�n�t�i�g�e�n� �E�x�p�r�e�s�s�i�o�n� �o�f� �S�p�l�e�n�i�c� �M�d� 

�T�h�e� �f�l�u�o�r�e�s�c�e�n�t� �i�n�t�e�n�s�i�t�y� �o�f� �t�h�e� �M�a�c� �a�n�t�i�g�e�n�-�l�a�b�e�l�s� �o�n� �n�o�r�m�a�l� �a�n�d� �T�B�H� �s�p�l�e�n�i�c� �M�d�¢� �w�a�s� 

�s�i�m�i�l�a�r� �(�F�i�g�u�r�e� �3�)�,� �s�u�g�g�e�s�t�i�n�g� �t�h�e� �n�u�m�b�e�r� �o�f� �a�n�t�i�g�e�n�i�c� �m�a�r�k�e�r�s� �p�e�r� �M�@� �d�o�e�s� �n�o�t� �c�h�a�n�g�e� �d�u�r�i�n�g� 

�t�u�m�o�r� �g�r�o�w�t�h�.� �S�o� �t�h�e� �c�h�a�n�g�e� �w�a�s� �n�o�t� �i�n� �t�h�e� �d�e�n�s�i�t�y� �o�f� �t�h�e� �M�a�c�-�1�,� �-�2�,� �o�r� �-�3� �a�n�t�i�g�e�n�s� �p�e�r� �M�¢� �b�u�t� 

�i�n� �t�h�e� �o�v�e�r�a�l�l� �p�e�r�c�e�n�t�a�g�e� �o�f� �M�a�c�-�1�*�,� �-�2�*�,� �o�r� �-�3�*� �M�d�.� �T�h�i�s� �c�h�a�n�g�e� �i�n� �c�e�l�l� �n�u�m�b�e�r�s� �i�s� �s�e�e�n� �b�y� 

�c�o�m�p�a�r�i�n�g� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �n�o�r�m�a�l� �a�n�d� �T�B�H� �s�p�l�e�n�i�c� �M�¢� �(�F�i�g�u�r�e� �3�A�-�F�)� �a�n�d� �t�h�e�i�r� �r�e�s�p�e�c�t�i�v�e� 

�N�R�I�g�G� �(�n�o�n�s�p�e�c�i�f�i�c�)� �c�o�n�t�r�o�l� �a�n�t�i�b�o�d�y� �s�a�m�p�l�e�s� �(�F�i�g�u�r�e� �4�A� �a�n�d� �B�)�.� �T�h�e� �F�i�g�u�r�e�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �r�a�w� 
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�M�¢�.� �M�e�a�n�i�n�g� �w�h�e�n� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�o�s�i�t�i�v�e�l�y� �l�a�b�e�l�e�d� �c�e�l�l�s� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �(�t�e�s�t� �m�A�b� �m�i�n�u�s� �t�h�e� 

�c�o�n�t�r�o�l� �A�b�)�,� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �T�B�H� �M�d� �l�a�b�e�l�i�n�g� �p�o�s�i�t�i�v�e� �f�o�r� �t�h�e� �v�a�r�i�o�u�s� �M�a�c� �a�n�t�i�g�e�n�s� �i�n�c�r�e�a�s�e�d� 

�(�T�a�b�l�e� �3�)�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �n�o�n�s�p�e�c�i�f�i�c� �b�i�n�d�i�n�g� �b�e�t�w�e�e�n� �t�h�e� �n�o�r�m�a�l� �a�n�d� �T�B�H� �M�@� �m�a�y� �j�u�s�t� �b�e� 

�a�n�o�t�h�e�r� �m�a�n�i�f�e�s�t�a�t�i�o�n� �o�f� �a� �t�u�m�o�r�-�i�n�d�u�c�e�d� �c�h�a�n�g�e� �i�n� �M�¢�@� �p�h�e�n�o�t�y�p�e�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� 

�n�o�n�s�p�e�c�i�f�i�c� �b�i�n�d�i�n�g� �c�a�p�a�c�i�t�i�e�s� �o�f� �s�p�l�e�n�i�c� �a�n�d� �p�e�r�i�t�o�n�e�a�l� �M�¢� �i�s� �n�o�t� �s�u�r�p�r�i�s�i�n�g� �a�s� �p�e�r�i�t�o�n�e�a�l� �a�n�d� 

�s�p�l�e�n�i�c� �M�¢� �a�r�e� �d�i�s�t�i�n�c�t�l�y� �d�i�f�f�e�r�e�n�t� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �M�d�.� �S�p�l�e�n�i�c� �M�¢� �d�i�f�f�e�r�e�d� �f�r�o�m� �p�e�r�i�t�o�n�e�a�l� �M�¢� 

�i�n� �t�h�e�i�r� �e�x�p�r�e�s�s�i�o�n� �o�f� �M�a�c� �a�n�t�i�g�e�n�s� �a�n�d� �c�h�a�n�g�e�s� �t�h�a�t� �o�c�c�u�r�r�e�d� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�u�m�o�r� �g�r�o�w�t�h� 

�(�T�a�b�l�e� �3�)�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �M�a�c�-�1�*� �M�o� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n�c�r�e�a�s�e�d� �d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h� �f�r�o�m� �4�0�%� 

�t�o� �7�6�%� �(�a� �9�0�%� �i�n�c�r�e�a�s�e�)�.� �T�h�e� �n�u�m�b�e�r� �o�f� �M�a�c�-�2�*� �M�¢� �(�f�r�o�m� �4�0�%� �t�o� �5�9�%�)� �a�n�d� �M�a�c�-�3�*� �M�¢� �(�f�r�o�m� 

�4�8�%� �t�o� �6�7�%�)� �a�l�s�o� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n�c�r�e�a�s�e�d� �(�p� �<�0�.�0�5�)� �d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h�.� 

�S�p�l�e�n�i�c� �M�¢� �s�h�o�w�e�d� �d�i�f�f�e�r�e�n�t� �s�i�z�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �t�h�a�n� �p�e�r�i�t�o�n�e�a�l� �M�d�@�.� �I�n�s�t�e�a�d� �o�f� �t�h�r�e�e� �d�i�s�t�i�n�c�t� 
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�t�i�v�e�l�y� �l�a�b�e�l�e�d� �(�c�o�m�p�a�r�e�d� �t�o� �t�h�e� �N�R�I�g�G� �o�r� �a�n�t�i�-�I�a �� �c�o�n�t�r�o�l�)�;� �f�o�r� �e�x�a�m�p�l�e�,� �4�0�%� �o�f� �t�h�e� �d�a�y�-�0� 
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�d�e�t�e�c�t�a�b�l�e� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �s�e�e�n� �i�n� �t�h�e� �n�u�m�b�e�r�s� �o�f� �c�e�l�l�s� �i�n� �d�i�f�f�e�r�e�n�t� �s�i�z�e�d� �p�o�p�u�l�a�t�i�o�n�s� �(�d�a�t�a� �n�o�t� 

�s�h�o�w�n�)�.� �T�h�e� �g�a�t�e�d� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �s�p�l�e�n�i�c� �M�¢� �s�h�o�w�e�d� �<�4�%� �B� �a�n�d�/�o�r� �T� �c�e�l�l� �c�o�n�t�a�m�i�n�a�t�i�o�n�.� 
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�S�p�l�e�n�i�c� �M�¢� �I�a� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n�,� �u�n�l�i�k�e� �a�n�y� �o�f� �t�h�e� �o�t�h�e�r� �a�n�t�i�g�e�n�s� �e�x�a�m�i�n�e�d�,� �d�e�c�r�e�a�s�e�d� �i�n� 

�b�o�t�h� �t�h�e� �d�e�n�s�i�t�y� �p�e�r� �c�e�l�l� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f� �p�o�s�i�t�i�v�e� �c�e�l�l�s� �p�e�r� �p�o�p�u�l�a�t�i�o�n� �(�F�i�g�u�r�e� �4�C�,� �D�,� �a�n�d� 

�T�a�b�l�e� �3�)�.� �T�h�e� �n�u�m�b�e�r� �o�f� �I�a�*� �M�¢� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�e�c�r�e�a�s�e�d� �(�p� �<�0�.�0�5�)� �f�r�o�m� �5�6�%� �i�n� �t�h�e� �n�o�r�m�a�l� �h�o�s�t� 

�t�o� �4�0�%� �i�n� �t�h�e� �d�a�y�-�2�1� �T�B�H� �(�a� �2�9�%� �d�e�c�r�e�a�s�e�)�.� �T�h�e� �d�e�n�s�i�t�y� �o�f� �I�a� �a�n�t�i�g�e�n� �p�e�r� �c�e�l�l� �a�l�s�o� �d�e�c�r�e�a�s�e�d�.� 

�T�w�o� �d�i�s�t�i�n�c�t� �T�B�H� �I�a�*� �M�¢� �w�e�r�e� �s�e�e�n� �(�F�i�g�u�r�e� �4�)�.� �B�o�t�h� �o�f� �t�h�e�s�e� �p�o�p�u�l�a�t�i�o�n�s� �h�a�d� �a� �l�o�w�e�r� �I�a� �a�n�t�i�g�e�n� 

�d�e�n�s�i�t�y� �t�h�a�n� �n�o�r�m�a�l� �h�o�s�t� �I�a�*� �M�@�.� �T�h�e� �p�o�p�u�l�a�t�i�o�n� �o�f� �T�B�H� �I�a�*� �M�¢� �w�i�t�h� �t�h�e� �h�i�g�h�e�r� �a�n�t�i�g�e�n� �d�e�n�-� 

�s�i�t�y� �s�h�o�w�e�d� �a� �1�0�-�2�0�%� �d�e�c�r�e�a�s�e� �i�n� �a�n�t�i�g�e�n� �p�e�r� �c�e�l�l�,� �w�h�i�l�e� �t�h�e� �o�t�h�e�r� �p�o�p�u�l�a�t�i�o�n� �h�a�d� �a� �>�5�0�%� �d�e�c�r�e�a�s�e� 

�i�n� �a�n�t�i�g�e�n� �d�e�n�s�i�t�y�.� �A� �s�i�g�n�i�f�i�c�a�n�t� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �T�B�H� �M�g� �s�t�a�i�n�i�n�g� �w�i�t�h� �l�o�w� �i�n�t�e�n�s�i�t�y� 

�(�n�e�a�r�l�y� �a� �4� �f�o�l�d� �i�n�c�r�e�a�s�e� �o�v�e�r� �t�h�e�i�r� �n�o�r�m�a�l� �h�o�s�t� �c�o�u�n�t�e�r�p�a�r�t�s�)� �o�c�c�u�r�r�e�d� �w�i�t�h� �a� �c�o�n�c�o�m�i�t�a�n�t� �d�e�c�r�e�a�s�e� 

�(�4�0�%�)� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �I�a�*� �M�o� �s�t�a�i�n�i�n�g� �w�i�t�h� �a� �g�r�e�a�t�e�r� �f�l�u�o�r�e�s�c�e�n�t� �i�n�t�e�n�s�i�t�y� �(�F�i�g�u�r�e� �3� �a�n�d� 

�F�i�g�u�r�e� �4�)�.� �F�c� �r�e�c�e�p�t�o�r� �i�n�t�e�r�a�c�t�i�o�n� �p�l�a�y�e�d� �n�o� �r�o�l�e� �i�n� �a�n�t�i�-�I�a� �a�n�t�i�b�o�d�y� �b�i�n�d�i�n�g� �t�o� �M�¢�,� �a�s� �b�l�o�c�k�i�n�g� 

�w�i�t�h� �N�R�I�g�G� �d�i�d� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �c�h�a�n�g�e� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �c�e�l�l�s� �l�a�b�e�l�i�n�g� �p�o�s�i�t�i�v�e� �w�i�t�h� �t�h�e� �a�n�t�i�-�I�a�?� 

�m�A�b�.� 
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�D�I�S�C�U�S�S�I�O�N� 

�O�u�r� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �M�¢� �s�u�b�p�o�p�u�l�a�t�i�o�n�s� �u�s�i�n�g� �t�h�e� �f�l�o�w� �c�y�t�o�m�e�t�e�r� �s�u�p�p�o�r�t�e�d� �t�h�e� �h�y�p�o�t�h�e�s�i�s� 

�t�h�a�t� �M�¢�,� �l�i�k�e� �l�y�m�p�h�o�c�y�t�e�s�,� �a�r�e� �c�o�m�p�o�s�e�d� �o�f� �s�u�b�p�o�p�u�l�a�t�i�o�n�s� �(�7�2�-�7�4�,� �1�3�7�,�2�4�9�,�2�5�1�,�2�5�3�)�.� �T�h�e�s�e� �s�u�b�-� 

�p�o�p�u�l�a�t�i�o�n�s� �c�a�n� �b�e� �s�e�p�a�r�a�t�e�d� �o�n� �t�h�e� �b�a�s�i�s� �o�f� �t�h�e�i�r� �s�i�z�e� �v�e�r�s�u�s� �e�x�p�r�e�s�s�i�o�n� �o�f� �t�h�e� �a�n�t�i�g�e�n�s� �M�a�c�-�1�,� �-�2�,� 

�-�3�,� �a�n�d� �I�a�.� �B�y� �a�n�a�l�y�z�i�n�g� �M�¢�@� �b�a�s�e�d� �o�n� �t�h�e�s�e� �m�a�r�k�e�r�s�,� �a� �b�e�t�t�e�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �M�¢� �d�i�v�e�r�s�i�t�y� �c�a�n� 

�b�e� �g�a�i�n�e�d�.� �W�h�e�n� �t�h�e� �s�i�z�e� �o�f� �m�A�b�-�d�e�f�i�n�e�d� �p�e�r�i�t�o�n�e�a�l� �M�¢� �w�a�s� �m�e�a�s�u�r�e�d� �b�y� �f�l�o�w� �c�y�t�o�m�e�t�r�y�,� �t�h�r�e�e� 

�d�i�s�t�i�n�c�t� �M�¢� �p�o�p�u�l�a�t�i�o�n�s� �w�e�r�e� �s�e�e�n�:� �1�0�-�1�6�,� �1�7�-�2�2�,� �a�n�d� �2�3�-�2�7� �m�i�c�r�o�n� �s�i�z�e�d� �p�o�p�u�l�a�t�i�o�n�s�.� �B�y� �f�o�l�-� 

�l�o�w�i�n�g� �t�h�e�s�e� �M�@�¢� �p�o�p�u�l�a�t�i�o�n�s� �a�s� �t�h�e� �t�u�m�o�r� �d�e�v�e�l�o�p�e�d�,� �w�e� �n�o�t�i�c�e�d� �a� �s�h�i�f�t� �i�n� �T�B�H� �M�¢� �a�n�t�i�g�e�n� �e�x�-� 

�p�r�e�s�s�i�o�n� �w�h�i�c�h� �e�x�t�e�n�d�s� �o�u�r� �e�a�r�l�i�e�r� �d�a�t�a� �(�7�2�-�7�4�,�1�3�7�)�,� �s�u�g�g�e�s�t�i�n�g� �t�u�m�o�r�-�i�n�d�u�c�e�d� �p�h�e�n�o�t�y�p�i�c� 

�a�l�t�e�r�a�t�i�o�n�s� �i�n� �p�e�r�i�t�o�n�e�a�l� �M�¢�.� �T�o�t�a�l� �n�u�m�b�e�r�s� �o�f� �M�a�c�-�2�*� �a�n�d� �-�3�*� �p�e�r�i�t�o�n�e�a�l� �M�¢� �d�e�c�r�e�a�s�e�d� �d�u�r�i�n�g� 

�t�u�m�o�r� �g�r�o�w�t�h�,� �w�h�i�l�e� �M�a�c�-�1�*� �M�d�@� �n�u�m�b�e�r�s� �r�e�m�a�i�n� �c�o�n�s�t�a�n�t�.� �T�h�e�s�e� �t�r�e�n�d�s� �c�o�n�f�i�r�m�e�d� �o�u�r� �p�r�e�v�i�o�u�s� 

�f�l�u�o�r�e�s�c�e�n�t� �m�i�c�r�o�s�c�o�p�y� �r�e�s�u�l�t�s� �(�7�4�)�.� �W�e� �a�l�s�o� �s�h�o�w�e�d� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� 

�o�f� �t�h�i�o�g�l�y�c�o�l�l�a�t�e�-�e�l�i�c�i�t�e�d� �n�o�r�m�a�l� �o�r� �T�B�H� �M�¢� �c�o�l�l�e�c�t�e�d�,� �y�e�t� �t�h�e�r�e� �w�a�s� �a� �2�.�2� �f�o�l�d� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� 

�n�u�m�b�e�r� �o�f� �p�e�r�o�x�i�d�a�s�e�-�p�o�s�i�t�i�v�e� �T�B�H� �M�¢� �(�t�h�a�t� �i�s� �i�m�m�a�t�u�r�e� �M�¢� �[�4�7�]�)�.� �I�f� �M�a�c�-�2� �a�n�d� �-�3� �a�r�e� �d�i�f�f�e�r�-� 

�e�n�t�i�a�t�i�o�n� �a�n�t�i�g�e�n�s� �d�e�v�e�l�o�p�i�n�g� �l�a�t�e� �i�n� �M�@� �m�a�t�u�r�a�t�i�o�n� �a�n�d� �M�a�c�-�]� �i�s� �a�n� �e�a�r�l�y� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �a�n�t�i�g�e�n�,� 

�t�h�e�n� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� �M�a�c�-�2�*� �a�n�d� �3�*� �M�¢�@� �a�n�d� �t�h�e� �c�o�n�s�t�a�n�t� �n�u�m�b�e�r� �o�f� �M�a�c�-�1�*� �M�¢� �d�u�r�i�n�g� �t�u�m�o�r� 

�g�r�o�w�t�h� �c�o�u�l�d� �b�e� �e�x�p�l�a�i�n�e�d�.� �B�e�c�a�u�s�e� �m�o�r�e� �i�m�m�a�t�u�r�e� �M�¢� �w�e�r�e� �a�v�a�i�l�a�b�l�e� �1�n� �t�h�e� �T�B�H� �(�o�v�e�r� �2� �t�i�m�e�s� 

�m�o�r�e�)�,� �m�o�r�e� �i�m�m�a�t�u�r�e� �M�¢� �t�r�a�v�e�l�l�e�d� �t�o� �t�h�e� �p�e�r�i�t�o�n�e�a�l� �c�a�v�i�t�y� �a�n�d� �c�o�n�s�e�q�u�e�n�t�l�y�,� �d�u�e� �t�o� �t�h�e�i�r� �e�a�r�l�i�e�r� 

�s�t�a�g�e� �o�f� �d�e�v�e�l�o�p�m�e�n�t�/�m�a�t�u�r�a�t�i�o�n�,� �l�o�w�e�r� �p�e�r�c�e�n�t�a�g�e�s� �o�f� �M�a�c�-�2�*� �a�n�d� �-�3�*� �M�d� �w�e�r�e� �f�o�u�n�d�.� 

�T�u�m�o�r�-�i�n�d�u�c�e�d� �c�h�a�n�g�e�s� �i�n� �t�h�e� �p�e�r�i�t�o�n�e�u�m�,� �a� �s�i�t�e� �r�e�m�o�v�e�d� �f�r�o�m� �t�u�m�o�r� �g�r�o�w�t�h�,� �1�s� �n�o�t� �s�u�r�p�r�i�s�i�n�g� 

�s�i�n�c�e� �t�u�m�o�r� �g�r�o�w�t�h� �c�a�u�s�e�s� �a� �g�e�n�e�r�a�l�i�z�e�d� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�v�e� �s�t�a�t�e� �r�e�g�a�r�d�l�e�s�s� �o�f� �t�u�m�o�r� �l�o�c�a�t�i�o�n� �o�r� 

�e�t�i�o�l�o�g�y� �(�1�0�4�)�.� �T�h�i�s� �i�s� �e�s�p�e�c�i�a�l�l�y� �i�m�p�o�r�t�a�n�t� �i�n� �l�i�g�h�t� �o�f� �r�e�c�e�n�t� �r�e�p�o�r�t�s� �s�h�o�w�i�n�g� �t�u�m�o�r�-�p�r�o�d�u�c�e�d� 

�f�a�c�t�o�r�s� �r�e�l�e�a�s�e�d� �i�n�t�o� �c�i�r�c�u�l�a�t�i�o�n� �t�h�a�t� �c�a�n� �i�n�h�i�b�i�t� �l�y�m�p�h�o�c�y�t�e� �p�r�o�l�i�f�e�r�a�t�i�o�n�,� �M�¢� �p�r�o�d�u�c�t�i�o�n� �o�f� �f�a�c�t�o�r�s�,� 

�a�s� �w�e�l�l� �a�s� �i�n�d�u�c�e� �s�u�p�p�r�e�s�s�o�r� �c�e�l�l�s� �(�3�9�,� �1�0�3�,�2�3�6�,�2�6�9�)�.� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �e�x�a�m�i�n�i�n�g� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �M�a�c�*� �c�e�l�l�s�,� �w�e� �w�e�r�e� �a�l�s�o� �i�n�t�e�r�e�s�t�e�d� �i�n� �h�o�w� �s�i�z�e� 

�v�e�r�s�u�s� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �M�@� �p�o�p�u�l�a�t�i�o�n�s� �c�h�a�n�g�e�d� �i�n� �t�h�e� �T�B�H�.� �T�B�H� �M�¢� �a�p�p�e�a�r�e�d� �(�1�)� �t�o� �b�e� �a� 

�C�H�A�P�T�E�R� �|� �4�0



�m�o�r�e� �h�o�m�o�g�e�n�e�o�u�s� �p�o�p�u�l�a�t�i�o�n� �s�h�o�w�i�n�g� �a� �s�i�n�g�l�e� �b�r�o�a�d� �p�o�p�u�l�a�t�i�o�n� �t�h�a�t� �m�a�s�k�s� �t�h�e� �d�i�f�f�e�r�e�n�t� �s�i�z�e�d� 

�p�o�p�u�l�a�t�i�o�n�s� �s�e�e�n� �i�n� �t�h�e� �n�o�r�m�a�l� �h�o�s�t� �a�n�d� �(�i�i�)� �t�o� �s�h�i�f�t� �i�n� �o�v�e�r�a�l�l� �c�e�l�l� �n�u�m�b�e�r�s� �t�o�w�a�r�d� �a� �s�m�a�l�l�e�r� �c�e�l�l�.� 

�T�h�e� �n�u�m�b�e�r� �o�f� �l�a�r�g�e�-�s�i�z�e�d� �M�d�@� �b�e�a�r�i�n�g� �M�a�c�-�1� �a�n�d� �-�2� �a�l�o�n�g� �w�i�t�h� �t�h�e� �n�u�m�b�e�r� �o�f� �m�e�d�i�u�m�-�s�i�z�e�d� 

�M�@�¢� �b�e�a�r�i�n�g� �M�a�c�-�3� �m�a�r�k�e�r�s� �d�e�c�r�e�a�s�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y�.� �A� �s�t�r�u�c�t�u�r�e�-�f�u�n�c�t�i�o�n� �r�e�l�a�t�i�o�n�s�h�i�p� �w�a�s� �s�e�e�n� 

�w�h�e�n� �c�o�m�p�a�r�i�n�g� �s�i�z�e� �a�n�d� �M�a�c�-�1�*� �M�@�¢�.� �P�r�e�v�i�o�u�s�l�y�,� �w�e� �s�h�o�w�e�d� �a� �d�i�s�a�p�p�e�a�r�a�n�c�e� �i�n� �a� �T�B�H� �M�a�c�-�1�*� 

�M�¢� �f�u�n�c�t�i�o�n�a�l� �r�e�g�u�l�a�t�o�r�y� �m�e�c�h�a�n�i�s�m� �(�7�4�,�1�3�7�)�,� �t�h�a�t� �i�n� �t�h�e� �n�o�r�m�a�l� �h�o�s�t� �w�a�s� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �d�o�w�n� 

�r�e�g�u�l�a�t�i�n�g� �P�G�E�,� �p�r�o�d�u�c�t�i�o�n�.� �D�e�c�r�e�a�s�e�d� �n�u�m�b�e�r�s� �o�f� �l�a�r�g�e�-�s�i�z�e�d� �M�a�c�-�1�*� �M�d� �m�a�y� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �©� 

�r�e�d�u�c�t�i�o�n� �i�n� �M�a�c�-�1�*� �M�@�-�m�e�d�i�a�t�e�d� �r�e�g�u�l�a�t�i�o�n�.� �C�o�n�c�o�m�i�t�a�n�t� �w�i�t�h� �t�h�i�s� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �l�a�r�g�e�-�s�i�z�e�d� 

�M�a�c�-�1�*� �M�@� �w�a�s� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �s�m�a�l�l�-�s�i�z�e�d� �M�¢�.� �T�h�i�s� �i�n�c�r�e�a�s�e� �i�n� �s�m�a�l�l�e�r� �s�i�z�e�d� 

�M�a�c�-�1�*� �a�n�d� �M�a�c�-�1�~� �M�d� �i�n� �t�h�e� �T�B�H� �i�s� �p�r�o�b�a�b�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �i�n�c�r�e�a�s�e�d� �i�n�f�l�u�x� �i�n�t�o� �t�h�e� �p�e�r�i�t�o�n�e�a�l� 

�c�a�v�i�t�y� �o�f� �s�m�a�l�l�e�r� �i�m�m�a�t�u�r�e� �M�¢�,� �a� �m�o�r�e� �p�r�e�d�o�m�i�n�a�n�t� �c�e�l�l� �t�y�p�e� �t�h�a�n� �i�n� �t�h�e� �n�o�r�m�a�l� �h�o�s�t�.� �A� �r�e�-� 

�l�a�t�i�o�n�s�h�i�p� �e�x�i�s�t�s� �b�e�t�w�e�e�n� �T�B�H� �M�a�c�-�1�*� �M�é�¢� �a�n�d� �p�e�r�o�x�i�d�a�s�e�-�p�o�s�i�t�i�v�e� �M�@� �(�7�4�)�.� �T�h�e� �i�n�c�r�e�a�s�e� �i�n� 

�M�a�c�-�1�*� �M�d�,� �s�m�a�l�l�-�s�i�z�e�d� �M�¢�,� �a�n�d� �i�m�m�a�t�u�r�e� �p�e�r�o�x�i�d�a�s�e�-�p�o�s�i�t�i�v�e� �M�d�@� �c�o�u�l�d� �b�e� �o�n�e� �a�n�d� �t�h�e� �s�a�m�e�.� 

�I�a� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �b�y� �p�e�r�i�t�o�n�e�a�l� �M�@� �w�a�s� �a�l�s�o� �e�x�a�m�i�n�e�d�.� �O�v�e�r�a�l�l�,� �m�o�s�t� �I�a�*� �M�¢� �d�i�s�a�p�-� 

�p�e�a�r�e�d� �b�y� �d�a�y� �2�1� �o�f� �t�u�m�o�r� �g�r�o�w�t�h� �(�a� �5�8�%� �d�e�c�r�e�a�s�e� �i�n� �I�a�*� �c�e�l�l�s�)�.� �T�h�e� �s�u�r�p�r�i�s�i�n�g� �i�n�c�r�e�a�s�e� �i�n� �a�n�t�i�g�e�n� 

�e�x�p�r�e�s�s�i�o�n� �s�e�e�n� �a�t� �d�a�y� �7� �s�e�e�m�e�d� �t�o� �b�e� �a� �r�e�c�u�r�r�e�n�t� �p�h�e�n�o�m�e�n�a� �s�i�n�c�e� �i�t� �w�a�s� �r�e�p�r�o�d�u�c�i�b�l�e� �a�s� �w�e�l�l� �a�s� 

�v�e�r�i�f�i�a�b�l�e� �b�y� �S�M�L�R� �e�x�p�e�r�i�m�e�n�t�s� �(�C�H�A�P�T�E�R� �I�I�I�)�.� �T�h�i�s� �i�n�c�r�e�a�s�e� �i�n� �J�a� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �m�a�y� 

�r�e�p�r�e�s�e�n�t� �t�h�e� �h�o�s�t�s� �e�a�r�l�y� �h�y�p�e�r�r�e�s�p�o�n�s�i�v�e�n�e�s�s� �t�o� �t�h�e� �t�u�m�o�r� �o�c�c�u�r�r�i�n�g� �b�e�f�o�r�e� �t�h�e� �o�n�s�e�t� �o�f� �t�u�m�o�r�-� 

�i�n�d�u�c�e�d� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�o�n�,� �I�a� �a�n�t�i�g�e�n� �r�e�d�u�c�t�i�o�n�,� �a�n�d� �a� �s�h�i�f�t� �t�o�w�a�r�d�s� �I�a�~� �M�@�.� �I�a� �a�n�t�i�g�e�n� �w�a�s� 

�e�x�c�l�u�s�i�v�e�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �s�m�a�l�l�-�s�i�z�e�d� �c�e�l�l�s� �i�n� �t�h�e� �p�e�r�i�t�o�n�e�a�l� �M�¢� �p�o�p�u�l�a�t�i�o�n�s�.� �T�h�e� �d�e�c�r�e�a�s�e� �i�n� 

�I�a� �a�n�t�i�g�e�n� �w�a�s� �o�b�s�e�r�v�e�d� �b�y� �u�s� �b�e�f�o�r�e� �a�n�d� �m�a�y� �p�l�a�y� �a� �r�o�l�e� �i�n� �t�h�e� �d�e�c�r�e�a�s�e�d� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �i�n� �t�h�e� 

�T�B�H�,� �i�n�c�l�u�d�i�n�g� �d�e�c�r�e�a�s�e�d� �M�L�R� �(�7�3�)� �a�n�d� �S�M�L�R� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� �(�C�H�A�P�T�E�R� �I�I�I�)�.� �I�n� �t�h�e� �n�o�r�m�a�l� 

�h�o�s�t�,� �t�h�e�r�e� �i�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �f�e�w�e�r� �l�a�*� �M�o�d� �i�n� �t�h�e� �p�e�r�i�t�o�n�e�a�l� �c�a�v�i�t�y� �t�h�e�n� �i�n� �t�h�e� �s�p�l�e�e�n� �a�n�d� �m�o�r�e� �i�m�-� 

�p�o�r�t�a�n�t�l�y� �t�h�e�r�e� �i�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �a�m�o�u�n�t� �o�f� �I�a� �a�n�t�i�g�e�n� �p�e�r� �p�e�r�i�t�o�n�e�a�l� �M�@�.� �T�h�e�s�e� 

�c�h�a�n�g�e�s� �a�r�e� �e�v�e�n� �m�o�r�e� �d�r�a�m�a�t�i�c� �i�n� �t�h�e� �T�B�H�.� 

�F�u�n�c�t�i�o�n�a�l�l�y�,� �a�t� �l�e�a�s�t� �i�n� �t�h�e� �S�M�L�R�,� �a�n� �a�s�s�a�y� �d�r�i�v�e�n� �b�y� �t�h�e� �p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �s�e�l�f�-�I�a� �b�y� �M�¢� �t�o� 

�a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �(�1�6�8�,�2�6�0�)�,� �t�w�o� �p�o�i�n�t�s� �c�a�n� �b�e� �d�i�s�c�u�s�s�e�d�;� �(�1�)� �p�e�r�i�t�o�n�e�a�l� �M�¢� �c�o�m�p�a�r�e�d� �t�o� �s�p�l�e�n�i�c� 

�M�4�,� �e�s�p�e�c�i�a�l�l�y� �i�n� �t�h�e� �n�o�r�m�a�l� �h�o�s�t�,� �a�r�e� �p�o�o�r� �s�t�i�m�u�l�a�t�o�r�s� �o�f� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �b�e�c�a�u�s�e� �o�f� �t�h�e�i�r� �l�o�w� 

�C�H�A�P�T�E�R� �I� �4�1



�I�a� �a�n�t�i�g�e�n� �c�o�n�t�e�n�t� �(�u�n�p�u�b�l�i�s�h�e�d� �d�a�t�a�)� �a�n�d� �(�i�i�)� �T�B�H� �p�e�r�i�t�o�n�e�a�l� �a�n�d� �s�p�l�e�n�i�c� �M�¢� �c�o�m�p�a�r�e�d� �t�o� �t�h�e�i�r� 

�n�o�r�m�a�l� �c�o�u�n�t�e�r�p�a�r�t�s� �a�r�e� �a�l�s�o� �p�o�o�r� �s�t�i�m�u�l�a�t�o�r�s� �o�f� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �b�e�c�a�u�s�e� �o�f� �t�h�e�i�r� �l�o�w� �I�a� �a�n�t�i�g�e�n� 

�c�o�n�t�e�n�t� �(�u�n�p�u�b�l�i�s�h�e�d� �d�a�t�a�)�.� �F�o�r� �e�x�a�m�p�l�e�,� �n�o�r�m�a�l� �h�o�s�t� �s�p�l�e�n�i�c� �M�¢�-�s�t�i�m�u�l�a�t�e�d� �S�M�L�R� �v�a�l�u�e�s� �w�e�r�e� 

�2�6�,�9�0�9� �+� �2�4�2�6� �c�o�u�n�t�s� �p�e�r� �m�i�n�u�t�e� �(�c�p�m�)�,� �w�h�i�l�e� �n�o�r�m�a�l� �h�o�s�t� �p�e�r�i�t�o�n�e�a�l� �M�¢�-�s�t�i�m�u�l�a�t�e�d� �S�M�L�R� �v�a�l�-� 

�u�e�s� �w�e�r�e� �3�2�1�5� �+� �1�5�2� �c�p�m�,� �w�h�e�n� �T�B�H� �s�p�l�e�n�i�c� �a�n�d� �p�e�r�i�t�o�n�e�a�l� �M�¢�@� �w�e�r�e� �u�s�e�d� �t�h�e�r�e� �w�a�s� �a� �r�e�d�u�c�t�i�o�n� 

�t�o� �5�7�8�3� �+� �3�3�0� �a�n�d� �2�8�4�7� �+� �7�7�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �i�n� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l� �p�r�o�l�i�f�e�r�a�t�i�o�n�.� �A�n�a�t�o�m�i�c�a�l� �l�o�c�a�t�i�o�n� 

�o�f� �M�¢� �a�n�d� �t�u�m�o�r� �g�r�o�w�t�h� �c�o�n�t�r�i�b�u�t�e�d� �t�o� �d�e�c�r�e�a�s�e�d� �I�a� �e�x�p�r�e�s�s�i�o�n�.� �H�o�w� �d�o�e�s� �t�h�e� �t�u�m�o�r� �d�o�w�n�-� 

�r�e�g�u�l�a�t�e� �I�a� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n�?� �T�h�i�s� �c�a�n� �o�n�l�y� �b�e� �s�p�e�c�u�l�a�t�e�d� �o�n�.� �H�o�w�e�v�e�r�,� �w�e� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� 

�T�B�H� �M�d� �h�a�v�e� �i�n�c�r�e�a�s�e�d� �P�G�E�,� �p�r�o�d�u�c�t�i�o�n�,� �a� �p�o�t�e�n�t� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�v�e� �a�g�e�n�t� �(�7�4�,�1�3�7�,�1�6�3�)�.� �M�o�r�e� 

�i�m�p�o�r�t�a�n�t�l�y�,� �w�e� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �M�a�c�-�2�*� �M�¢� �a�r�e� �a� �p�r�i�n�c�i�p�l�e� �P�G�E�,� �p�r�o�d�u�c�e�r� �i�n� �t�h�e� �T�B�H� 

�(�7�4�,�1�3�7�)�,� �a�n�d� �a� �p�e�r�i�t�o�n�e�a�l� �M�a�c�-�1�*� �P�G�E�,� �r�e�g�u�l�a�t�i�n�g� �M�¢� �i�s� �a�b�s�e�n�t� �i�n� �t�h�e� �T�B�H� �(�7�4�)�.� �S�i�n�c�e� �P�G�E�2� 

�c�a�n� �a�c�t� �a�s� �a�n� �a�u�t�o�c�r�i�n�e� �a�g�e�n�t� �a�n�d� �d�o�w�n�-�m�o�d�u�l�a�t�e� �J�a� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n�,� �o�n�e� �p�o�t�e�n�t�i�a�l� �m�e�t�h�o�d� �o�f� 

�t�u�m�o�r�-�i�n�d�u�c�e�d� �c�o�n�t�r�o�l� �o�f� �I�a� �a�n�t�i�g�e�n� �b�e�c�o�m�e�s� �e�v�i�d�e�n�t� �(�2�0�7�)�.� �T�h�e� �d�e�p�e�n�d�e�n�c�e� �o�f� �I�a� �a�n�t�i�g�e�n� �e�x�-� 

�p�r�e�s�s�i�o�n� �f�o�r� �M�¢� �p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �a�n�t�i�g�e�n� �t�o� �T� �c�e�l�l�s� �(�2�4�0�-�2�4�2�)� �s�u�g�g�e�s�t�s� �c�h�a�n�g�e�s� �i�n� �I�a� �e�x�p�r�e�s�s�i�o�n� �m�a�y� 

�p�l�a�y� �a� �v�i�t�a�l� �r�o�l�e� �i�n� �d�e�c�r�e�a�s�e�d� �m�a�j�o�r� �h�i�s�t�o�c�o�m�p�a�t�i�b�i�l�i�t�y� �(�M�H�C�)�-�r�e�s�t�r�i�c�t�e�d� �i�m�m�u�n�e� �r�e�a�c�t�i�v�i�t�y� �d�u�r�i�n�g� 

�t�u�m�o�r� �g�r�o�w�t�h� �(�7�3�,�1�3�2�,�1�5�6�,�1�7�6�,�1�7�7�)�.� 

�S�p�l�e�n�i�c� �M�@�¢� �a�l�s�o� �d�e�m�o�n�s�t�r�a�t�e�d� �a� �t�u�m�o�r�-�i�n�d�u�c�e�d� �s�h�i�f�t� �i�n� �M�¢� �p�h�e�n�o�t�y�p�e�.� �C�e�l�l�s� �b�e�a�r�i�n�g� �M�a�c�-�1�,� 

�-�2�,� �a�n�d� �-�3� �a�l�l� �i�n�c�r�e�a�s�e�d�,� �9�0�%�,� �4�8�%�,� �a�n�d� �4�0�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� 

�M�a�c�-�1�*� �a�n�d� �-�2�+� �M�¢� �w�a�s� �a�l�s�o� �d�e�m�o�n�s�t�r�a�t�e�d� �u�s�i�n�g� �i�n�d�i�r�e�c�t� �f�l�u�o�r�e�s�c�e�n�t� �m�i�c�r�o�s�c�o�p�y� �(�7�2�)�.� �T�h�e� �i�n�-� 

�c�r�e�a�s�e� �i�n� �M�a�c�-�1�*� �M�¢� �i�n� �t�h�e� �T�B�H� �f�o�l�l�o�w�s� �a� �s�h�i�f�t� �i�n� �t�h�e� �p�h�e�n�o�t�y�p�e� �o�f� �t�h�e� �s�p�l�e�n�i�c� �a�c�c�e�s�s�o�r�y� �M�¢� 

�f�r�o�m� �M�a�c�-�1�~� �i�n� �t�h�e� �n�o�r�m�a�l� �h�o�s�t� �t�o� �M�a�c�-�1�*� �i�n� �t�h�e� �T�B�H� �(�7�2�)�.� �W�h�i�l�e� �M�a�c�-�3�*� �M�é�¢� �w�e�r�e� �p�r�e�v�i�o�u�s�l�y� 

�s�h�o�w�n� �t�o� �d�e�c�r�e�a�s�e� �s�l�i�g�h�t�l�y�,� �t�h�i�s� �a�p�p�a�r�e�n�t� �c�o�n�t�r�a�d�i�c�t�i�o�n� �c�a�n� �b�e� �e�x�p�l�a�i�n�e�d� �b�y� �t�h�e� �i�n�c�r�e�a�s�e�d� �s�e�n�s�i�t�i�v�i�t�y� 

�o�f� �t�h�e� �f�l�o�w� �c�y�t�o�m�e�t�e�r�.� 

�R�e�c�e�n�t�l�y�,� �T�s�u�c�h�i�y�a� �e�t� �a�l�.� �r�e�p�o�r�t�e�d� �t�h�a�t� �a� �n�u�m�b�e�r� �o�f� �d�i�f�f�e�r�e�n�t� �t�u�m�o�r�s� �p�r�o�d�u�c�e�d� �a� �C�S�F� �i�n�d�u�c�i�n�g� 

�a� �l�a�r�g�e� �p�o�p�u�l�a�t�i�o�n� �o�f� �M�a�c�-�1�*� �a�n�d� �-�2�*� �s�p�l�e�n�i�c� �s�u�p�p�r�e�s�s�o�r� �M�¢� �(�2�3�6�)�.� �T�h�e�s�e� �M�a�c�-�1�*� �a�n�d� �-�2�*� �M�¢� 

�s�u�p�p�r�e�s�s�e�d� �t�h�e� �i�n� �v�i�t�r�o� �m�i�t�o�g�e�n�-�i�n�d�u�c�e�d� �p�r�o�l�i�f�e�r�a�t�i�o�n� �o�f� �T� �a�n�d� �B� �c�e�l�l�s�.� �T�h�e� �i�n�d�u�c�t�i�o�n� �o�f� �s�u�p�p�r�e�s�s�o�r� 

�c�e�l�l�s� �a�p�p�e�a�r�e�d� �t�o� �c�o�r�r�e�l�a�t�e� �w�i�t�h� �i�n� �v�i�v�o� �p�r�o�d�u�c�t�i�o�n� �o�f� �f�a�c�t�o�r�s� �b�y� �t�h�e� �t�u�m�o�r�s�.� �T�h�e�i�r� �r�e�s�u�l�t�s� �m�a�y� �h�e�l�p� 

�e�x�p�l�a�i�n� �t�h�e� �c�h�a�n�g�e�s� �t�h�a�t� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �s�p�l�e�e�n�s� �o�f� �o�u�r� �T�B�H�.� �I�n� �t�h�e� �s�p�l�e�e�n�s� �o�f� �o�u�r� �T�B�H� �t�h�e�r�e� �i�s� 

�C�H�A�P�T�E�R� �I� �4�2



�a� �4�-�5� �f�o�l�d� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �M�é�¢� �(�5�1�)�,� �t�h�i�s�,� �a�l�o�n�g� �w�i�t�h� �o�u�r� �f�l�o�w� �c�y�t�o�m�e�t�r�y� �d�a�t�a� �s�h�o�w�i�n�g� �a� 

�9�0�%� �a�n�d� �4�8�%� �(�o�r� �1�.�9� �f�o�l�d� �a�n�d� �1�.�4�8� �f�o�l�d�,� �r�e�s�p�e�c�t�i�v�e�l�y�)� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �T�B�H� �M�a�c�-�1�*� 

�a�n�d� �-�2�*� �M�4�,� �t�r�a�n�s�l�a�t�e�s� �i�n�t�o� �6�-�9� �t�i�m�e�s� �m�o�r�e� �M�a�c�-�1�*� �a�n�d� �-�2�*� �M�d� �i�n� �t�h�e� �s�p�l�e�e�n�.� �A� �s�i�g�n�i�f�i�c�a�n�t� �i�n�-� 

�c�r�e�a�s�e� �o�f� �t�h�e�s�e� �s�u�p�p�r�e�s�s�o�r� �M�¢� �w�o�u�l�d� �e�x�p�l�a�i�n� �w�h�y� �w�e� �f�i�n�d� �T�B�H� �s�p�l�e�n�i�c� �M�¢� �t�o� �b�e� �s�u�p�p�r�e�s�s�o�r�s� �o�f� 

�m�i�t�o�g�e�n�-�i�n�d�u�c�e�d�,� �a�l�l�o�g�e�n�e�i�c�,� �a�n�d� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l� �r�e�s�p�o�n�s�e�s� �(�5�0�,�5�1�,�7�2�,�7�3�,�;� �C�H�A�P�T�E�R� �I�I�I�)�.� �O�t�h�-� 

�e�r�s�,� �a�l�s�o� �r�e�p�o�r�t� �t�h�a�t� �t�u�m�o�r� �g�r�o�w�t�h� �i�n�d�u�c�e�s� �c�h�a�n�g�e�s� �i�n� �M�¢� �f�u�n�c�t�i�o�n� �(�9�3�,� �1�0�3�,�2�3�1�,�2�3�2�,�2�3�6�,�2�4�6�)�.� 

�S�p�l�e�n�i�c� �M�¢�,� �h�o�w�e�v�e�r�,� �d�i�d� �n�o�t� �s�h�o�w� �m�u�l�t�i�p�l�e� �d�i�s�t�i�n�c�t� �s�i�z�e� �v�e�r�s�u�s� �s�u�r�f�a�c�e� �p�h�e�n�o�t�y�p�e� �s�u�b�p�o�p�u�-� 

�l�a�t�i�o�n�s�.� �T�h�i�s� �i�s� �n�o�t� �u�n�e�x�p�e�c�t�e�d�,� �s�i�n�c�e� �M�¢� �f�r�o�m� �d�i�f�f�e�r�e�n�t� �a�n�a�t�o�m�i�c�a�l� �s�i�t�e�s� �a�r�e� �t�h�o�u�g�h�t� �t�o� �h�a�v�e� �d�i�s�-� 

�t�i�n�c�t� �p�h�e�n�o�t�y�p�i�c� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �(�2�5�0�,�2�5�3�)�.� �I�n�s�t�e�a�d�,� �T�B�H� �s�p�l�e�n�i�c� �M�¢� �s�h�o�w�e�d� �a� �d�e�c�r�e�a�s�e� �i�n� �t�h�e�i�r� 

�a�v�e�r�a�g�e� �s�i�z�e�.� �N�o�r�m�a�l� �h�o�s�t� �s�p�l�e�n�i�c� �M�¢�@� �w�e�r�e� �m�o�r�e� �h�e�t�e�r�o�g�e�n�e�o�u�s� �i�n� �t�h�e�i�r� �s�i�z�e� �d�i�s�t�r�i�b�u�t�i�o�n� �(�8�-�2�0� 

�m�i�c�r�o�n�s�)� �t�h�a�n� �w�e�r�e� �T�B�H� �M�¢� �(�8�-�1�3� �m�i�c�r�o�n�s�)�.� �T�h�e� �s�h�i�f�t� �t�o� �s�m�a�l�l�e�r� �s�i�z�e�d� �T�B�H� �M�¢� �m�a�y� �b�e� �d�u�e� �t�o� 

�t�h�e� �i�n�f�l�u�x� �o�f� �s�m�a�l�l�e�r� �i�m�m�a�t�u�r�e� �M�¢� �i�n�t�o� �t�h�e� �s�p�l�e�e�n� �(�4�-�5� �f�o�l�d� �i�n�c�r�e�a�s�e�)�.� �S�p�l�e�n�i�c� �I�a�*� �M�d�¢�@� �n�u�m�b�e�r�s� 

�d�e�c�r�e�a�s�e�d� �b�y� �2�9�%� �d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h�.� �I�a� �a�n�t�i�g�e�n� �d�e�n�s�i�t�y� �p�e�r� �c�e�l�l� �a�l�s�o� �d�e�c�r�e�a�s�e�d�.� �T�w�o� �d�i�f�f�e�r�e�n�t� 

�a�n�t�i�g�e�n� �d�e�n�s�i�t�y� �p�o�p�u�l�a�t�i�o�n�s� �w�e�r�e� �s�e�e�n� �i�n� �t�h�e� �T�B�H� �I�a�*� �M�d�,� �b�u�t� �b�o�t�h� �p�o�p�u�l�a�t�i�o�n�s� �s�h�o�w�e�d� �d�e�c�r�e�a�s�e�d� 

�I�a� �e�x�p�r�e�s�s�i�o�n� �p�e�r� �c�e�l�l� �(�F�i�g�.� �4�)�.� �O�n�e� �p�o�p�u�l�a�t�i�o�n� �s�h�o�w�e�d� �a� �1�0�-�2�0�%� �d�e�c�r�e�a�s�e�,� �w�h�i�l�e� �t�h�e� �o�t�h�e�r� �s�h�o�w�e�d� 

�a� �>�5�0�%� �d�e�c�r�e�a�s�e� �i�n� �I�a� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �p�e�r� �c�e�l�l�.� �T�h�e� �d�e�c�r�e�a�s�e� �i�n� �s�p�l�e�n�i�c� �I�a�*� �M�d� �i�s� �s�u�p�p�o�r�t�e�d� 

�b�y� �o�u�r� �e�a�r�l�i�e�r� �w�o�r�k� �(�7�3�)�.� �I�n� �t�r�a�n�s�l�a�t�i�n�g� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �t�h�e� �n�u�m�b�e�r� �o�f� �I�l�a�*� �M�¢� �t�o� �a�b�s�o�l�u�t�e� �i�n� �v�i�v�o� 

�n�u�m�b�e�r�s�,� �w�e� �s�a�w� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �T�B�H� �I�a�*� �s�p�l�e�n�i�c� �M�@�.� �T�h�i�s� �i�n�c�r�e�a�s�e� �i�n� �J�a�*� 

�M�g�¢�,� �a�s� �w�i�t�h� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �M�a�c�*� �M�4�,� �i�s� �d�u�e� �t�o� �t�h�e� �i�n�f�l�u�x� �o�f� �p�e�r�i�p�h�e�r�a�l� �M�¢�@� �i�n�t�o� �t�h�e� �T�B�H� 

�s�p�l�e�e�n�,� �w�h�i�c�h� �w�e�i�g�h�s� �3�-�5� �t�i�m�e�s� �m�o�r�e� �t�h�a�n� �t�h�e� �n�o�r�m�a�l� �h�o�s�t� �s�p�l�e�e�n� �(�5�1�)�.� �B�e�c�a�u�s�e� �m�o�r�e� �T�B�H� �I�a�*� 

�M�d�@� �a�r�e� �f�o�u�n�d�,� �i�t� �c�o�u�l�d� �b�e� �a�r�g�u�e�d� �t�h�e� �i�n�c�r�e�a�s�e�d� �n�u�m�b�e�r�s� �w�o�u�l�d� �m�o�r�e� �t�h�a�n� �c�o�m�p�e�n�s�a�t�e� �f�o�r� �t�h�e� �d�e�-� 

�c�r�e�a�s�e�d� �p�e�r�c�e�n�t�a�g�e�.� �H�o�w�e�v�e�r�,� �s�e�v�e�r�a�l� �l�i�n�e�s� �o�f� �e�v�i�d�e�n�c�e� �a�r�g�u�e� �a�g�a�i�n�s�t� �t�h�i�s�.� �F�i�r�s�t�,� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� 

�t�h�e�s�e� �T�B�H� �I�a�*� �M�é�¢� �h�a�v�e� �<�5�0�%� �t�h�e� �a�m�o�u�n�t� �o�f� �I�a� �o�n� �t�h�e�i�r� �s�u�r�f�a�c�e� �a�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e�i�r� �n�o�r�m�a�l� 

�c�o�u�n�t�e�r�p�a�r�t�s�.� �S�e�c�o�n�d�,� �w�e� �s�h�o�w�e�d� �i�n� �t�h�e� �S�M�L�R�,� �T�B�H� �s�p�l�e�n�i�c� �M�¢� �d�r�a�m�a�t�i�c�a�l�l�y� �i�n�c�r�e�a�s�e� �t�h�e�i�r� 

�p�r�o�d�u�c�t�i�o�n� �o�f� �s�u�p�p�r�e�s�s�i�v�e� �m�o�n�o�k�i�n�e�s�,� �i�n�c�l�u�d�i�n�g� �p�r�o�s�t�a�g�l�a�n�d�i�n�s� �(�C�H�A�P�T�E�R� �I�I�I�)�.� �A�t� �t�h�e� �v�e�r�y� �l�e�a�s�t�,� 

�i�n�c�r�e�a�s�e�d� �P�G�E�,� �p�r�o�d�u�c�t�i�o�n�,� �w�h�i�c�h� �a�u�t�o�r�e�g�u�l�a�t�e�s� �I�a� �e�x�p�r�e�s�s�i�o�n� �(�2�0�7�)� �a�n�d� �s�u�p�p�r�e�s�s�e�s� �T� �c�e�l�l� �p�r�o�l�i�f�-� 

�e�r�a�t�i�o�n� �(�1�6�3�)�,� �w�o�u�l�d� �e�x�p�l�a�i�n� �m�u�c�h� �o�f� �s�u�p�p�r�e�s�s�i�o�n� �i�n� �T� �c�e�l�l� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� �s�e�e�n� �i�n� �t�h�e� �T�B�H�.� �A�s� 

�C�H�A�P�T�E�R� �I� �4�3



�w�i�t�h� �p�e�r�i�t�o�n�e�a�l� �M�¢�,� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� �I�a� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �m�a�y� �b�e� �o�n�e� �o�f� �t�h�e� �c�a�u�s�e�s�/�e�f�f�e�c�t�s� �o�f� 

�t�u�m�o�r�-�i�n�d�u�c�e�d� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�o�n�.� 

�O�v�e�r�a�l�l�,� �t�h�e� �d�a�t�a� �s�u�g�g�e�s�t�e�d� �M�@� �s�u�b�p�o�p�u�l�a�t�i�o�n�s� �e�x�i�s�t� �i�n� �b�o�t�h� �t�h�e� �s�a�m�e� �a�n�a�t�o�m�i�c�a�l� �s�i�t�e� �i�n� �t�h�e� 

�h�o�s�t� �a�n�d� �d�i�f�f�e�r�e�n�t� �s�i�t�e�s� �(�s�p�l�e�e�n� �v�e�r�s�u�s� �p�e�r�i�t�o�n�e�a�l� �c�a�v�i�t�y�)� �a�n�d� �t�u�m�o�r� �g�r�o�w�t�h� �a�l�t�e�r�e�d� �t�h�e�s�e� �p�o�p�u�l�a�t�i�o�n�s�.� 

�T�h�i�s� �e�x�t�e�n�d�s� �p�r�e�v�i�o�u�s� �w�o�r�k� �b�y� �o�u�r�s�e�l�v�e�s� �(�5�0�,�5�1�,�7�2�-�7�4�,�1�3�7�)� �a�n�d� �o�t�h�e�r�s� �(�9�3�,�1�0�3�,�2�3�1�,�2�3�2�,�2�3�6�,�2�4�6�)� 

�s�h�o�w�i�n�g� �T�B�H� �M�¢� �t�o� �b�e� �i�m�p�o�r�t�a�n�t� �c�o�n�t�r�i�b�u�t�o�r�s� �t�o� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�o�n�.� �A�l�t�h�o�u�g�h� �w�e� �c�a�n�n�o�t� �s�a�y� 

�c�o�n�c�l�u�s�i�v�e�l�y� �w�h�e�t�h�e�r� �t�h�e�s�e� �s�u�b�p�o�p�u�l�a�t�i�o�n�s� �r�e�p�r�e�s�e�n�t� �s�t�a�b�l�e� �p�h�e�n�o�t�y�p�i�c� �s�u�b�p�o�p�u�l�a�t�i�o�n�s� �o�r� �t�r�a�n�s�i�e�n�t� 

�p�o�p�u�l�a�t�i�o�n�s�,� �w�e� �c�a�n� �s�a�y� �t�u�m�o�r� �g�r�o�w�t�h� �c�h�a�n�g�e�s� �t�h�e� �p�h�e�n�o�t�y�p�i�c� �m�a�k�e�u�p� �o�f� �T�B�H� �M�¢� �s�u�b�p�o�p�u�-� 

�l�a�t�i�o�n�s�.� �T�w�o�-�c�o�l�o�r� �a�n�a�l�y�s�e�s� �s�u�p�p�o�r�t� �t�h�e� �o�n�e�-�c�o�l�o�r� �d�a�t�a� �s�h�o�w�i�n�g� �t�h�a�t� �p�h�e�n�o�t�y�p�i�c� �c�h�a�n�g�e�s� �i�n� �M�¢� 

�o�c�c�u�r� �d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h� �(�C�H�A�P�T�E�R� �I�I�)�.� �T�h�i�s� �w�i�l�l� �a�l�l�o�w� �u�s� �t�o� �m�a�k�e� �s�u�b�s�t�a�n�t�i�v�e� �c�o�m�m�e�n�t�s� 

�a�b�o�u�t� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �o�f� �t�h�e� �v�a�r�i�o�u�s� �M�a�c�*� �p�o�p�u�l�a�t�i�o�n�s�,� �t�h�e� �e�x�p�r�e�s�s�i�o�n� �o�f� �M�a�c�-�a�n�t�i�g�e�n�s� �o�n� �I�a�*� 

�v�e�r�s�u�s� �J�a�~� �p�o�p�u�l�a�t�i�o�n�s� �a�n�d� �I�a� �e�x�p�r�e�s�s�i�o�n� �o�n� �v�a�r�i�o�u�s� �M�a�c!"� �c�e�l�l�s�.� �W�e� �c�o�n�t�i�n�u�e� �t�o� �r�e�l�a�t�e� �M�¢� 

�p�h�e�n�o�t�y�p�e� �t�o� �f�u�n�c�t�i�o�n� �a�n�d� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� �c�h�a�n�g�e�s� �i�n� �M�¢� �s�u�b�p�o�p�u�l�a�t�i�o�n�s� �a�r�e� �c�a�u�s�e�d� �b�y� �t�u�m�o�r�-� 

�a�l�t�e�r�e�d� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e�s�.� �T�o� �d�e�f�i�n�i�t�i�v�e�l�y� �p�r�o�v�e� �t�h�i�s� �s�t�r�u�c�t�u�r�a�l�-�f�u�n�c�t�i�o�n�a�l� �r�e�l�a�t�i�o�n�s�h�i�p�,� �s�o�r�t�i�n�g� �a�n�d� 

�t�e�s�t�i�n�g� �o�f� �t�h�e�s�e� �s�u�b�p�o�p�u�l�a�t�i�o�n�s� �i�s� �n�e�e�d�e�d�.� �T�h�e� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n�,� �i�s�o�l�a�t�i�o�n�,� �a�n�d� �u�s�e� �o�f� �t�h�e�s�e� �M�¢� 

�s�u�b�p�o�p�u�l�a�t�i�o�n�s� �w�i�l�l� �a�l�l�o�w� �f�o�r� �f�u�r�t�h�e�r� �d�e�l�i�n�e�a�t�i�o�n� �o�f� �t�h�e� �p�h�e�n�o�t�y�p�e� �t�o� �f�u�n�c�t�i�o�n� �r�e�l�a�t�i�o�n�s�h�i�p�,� �e�s�p�e�-� 

�c�i�a�l�l�y� �i�n� �t�h�e� �T�B�H�,� �o�f� �t�h�e� �h�e�t�e�r�o�g�e�n�e�o�u�s� �g�r�o�u�p� �o�f� �c�e�l�l�s� �k�n�o�w�n� �a�s� �M�@�.� 
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�C�H�A�P�T�E�R� �I�I� 

�T�W�O�-�C�O�L�O�R� �F�L�O�W� �C�Y�T�O�M�E�T�R�I�C� �A�N�A�L�Y�S�I�S� �O�F� 

�T�H�E� �E�X�P�R�E�S�S�I�O�N� �O�F� �M�A�C� �A�N�D� �M�H�C� �C�L�A�S�S� �I�T� 

�A�N�T�I�G�E�N�S� �O�N� �M�A�C�R�O�P�H�A�G�E�S� �D�U�R�I�N�G� �T�U�M�O�R� 

�G�R�O�W�T�H� 

�I�N�T�R�O�D�U�C�T�I�O�N� 

�M�¢� �h�a�v�e� �d�i�v�e�r�s�e� �f�u�n�c�t�i�o�n�s� �t�h�a�t� �m�a�y� �r�e�f�l�e�c�t� �t�h�e� �e�x�i�s�t�e�n�c�e� �o�f� �d�i�s�t�i�n�c�t� �s�u�b�p�o�p�u�l�a�t�i�o�n�s� �o�f� �M�¢� 

�(�6�2�-�7�4�,� �1�3�7�,�2�4�9�-�2�5�1�,�2�5�3�)�.� �T�o� �u�n�d�e�r�s�t�a�n�d� �M�¢� �f�u�n�c�t�i�o�n�s� �d�u�r�i�n�g� �t�h�e� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e�,� �t�h�e�s�e� �s�u�b�-� 

�p�o�p�u�l�a�t�i�o�n�s� �n�e�e�d� �t�o� �b�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �a�n�d� �t�h�e�i�r� �f�u�n�c�t�i�o�n�a�l� �r�e�l�a�t�i�o�n�s�h�i�p�s� �e�s�t�a�b�l�i�s�h�e�d�.� �S�u�b�p�o�p�u�l�a�t�i�o�n� 

�d�e�l�i�n�e�a�t�i�o�n� �i�s� �c�r�i�t�i�c�a�l� �i�n� �s�t�u�d�i�e�s� �i�n�v�o�l�v�i�n�g� �T�B�H�,� �b�e�c�a�u�s�e� �t�u�m�o�r� �g�r�o�w�t�h� �c�h�a�n�g�e�s� �t�h�e� 

�i�m�m�u�n�o�r�e�g�u�l�a�t�o�r�y� �p�r�o�p�e�r�t�i�e�s� �o�f� �M�¢� �(�5�0�,�5�1�,�7�2�,�7�4�,� �1�0�3�,�1�3�7�,�1�3�8�,� �1�4�9�,�2�3�1�,�2�3�6�,�2�4�6�,�2�6�9�)�.� �D�u�r�i�n�g� �t�u�m�o�r� 

�g�r�o�w�t�h�,� �c�h�a�n�g�e�s� �o�c�c�u�r� �i�n� �M�¢� �p�h�e�n�o�t�y�p�e� �a�n�d� �f�u�n�c�t�i�o�n�.� �P�h�e�n�o�t�y�p�i�c� �c�h�a�n�g�e�s� �i�n� �T�B�H� �M�¢� �i�n�c�l�u�d�e� 
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�c�h�a�n�g�e�s� �i�n� �s�u�r�f�a�c�e� �a�n�t�i�g�e�n� �(�M�a�c�-�1�,� �M�a�c�-�2�,� �M�a�c�-�3�,� �a�n�d� �I�a�)� �e�x�p�r�e�s�s�i�o�n� �(�7�2�-�7�4�,�1�3�7�,�1�5�6�,�2�3�6�)�,� �s�i�z�e� 

�d�i�s�t�r�i�b�u�t�i�o�n� �(�C�H�A�P�T�E�R� �J�)�,� �a�n�d� �p�e�r�o�x�i�d�a�s�e� �s�t�a�i�n�i�n�g� �(�7�4�)�.� �C�o�n�c�o�m�i�t�a�n�t� �f�u�n�c�t�i�o�n�a�l� �c�h�a�n�g�e�s� �i�n� �T�B�H� 

�M�@�¢� �i�n�c�l�u�d�e� �d�e�c�r�e�a�s�e�d� �a�c�c�e�s�s�o�r�y� �c�e�l�l� �f�u�n�c�t�i�o�n� �i�n� �t�h�e� �M�L�R� �(�5�0�,�7�3�,�7�4�,� �1�3�6�,�2�3�1�)�,� �t�h�e� �S�M�L�R� �(�5�6�)�,� �a�n�d� 

�m�i�t�o�g�e�n�-�i�n�d�u�c�e�d� �T� �c�e�l�l� �p�r�o�l�i�f�e�r�a�t�i�o�n� �(�5�1�,�7�2�,�7�3�,�2�3�6�,�2�6�9�)�.� �T�h�e�s�e� �f�u�n�c�t�i�o�n�a�l� �c�h�a�n�g�e�s� �r�e�s�u�l�t� �f�r�o�m� �a�n� 

�a�l�t�e�r�e�d� �s�u�p�p�r�e�s�s�o�r� �M�¢� �p�o�p�u�l�a�t�i�o�n� �(�7�2�,�7�4�,�1�3�7�,�2�3�6�)� �a�n�d� �a� �d�e�c�r�e�a�s�e�d� �p�r�o�d�u�c�t�i�o�n� �o�f� �e�n�h�a�n�c�i�n�g� �f�a�c�t�o�r�s� 

�(�1�4�9�,�2�4�6�)�.� �I�f� �t�h�e� �p�h�e�n�o�t�y�p�e� �o�f� �t�h�e� �s�u�p�p�r�e�s�s�o�r� �M�@� �c�o�u�l�d� �b�e� �i�d�e�n�t�i�f�i�e�d� �(�r�e�p�o�r�t�e�d� �h�e�r�e�)� �a�n�d� �t�h�e�n� 

�c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �i�t�s� �s�p�e�c�i�f�i�c� �f�u�n�c�t�i�o�n�,� �a� �g�r�e�a�t�e�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �m�e�c�h�a�n�i�s�m� �o�f� �T�B�H� 

�M�¢�-�m�e�d�i�a�t�e�d� �c�o�n�t�r�o�l� �o�f� �i�m�m�u�n�e� �r�e�a�c�t�i�v�i�t�y� �w�o�u�l�d� �e�m�e�r�g�e�.� 

�T�h�i�s� �s�t�u�d�y� �c�o�n�t�i�n�u�e�s� �o�u�r� �e�a�r�l�i�e�r� �w�o�r�k� �o�n� �p�h�e�n�o�t�y�p�i�c� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �M�¢�@� �s�u�b�p�o�p�u�l�a�t�i�o�n�s� 

�(�7�2�-�7�4�)�.� �M�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�i�e�s� �(�m�A�b�)� �t�o� �t�h�e� �M�¢� �s�u�r�f�a�c�e� �a�n�t�i�g�e�n�s� �M�a�c�-�1�,� �-�2�,� �-�3� �a�n�d� �I�a� �w�e�r�e� �u�s�e�d�.� 

�M�a�c�-�1� �(�C�D�1�1�b�)� �i�s� �f�o�u�n�d� �o�n� �M�¢�,� �m�o�n�o�c�y�t�e�s�,� �g�r�a�n�u�l�o�c�y�t�e�s�,� �s�o�m�e� �N�K� �c�e�l�l�s�,� �a�n�d� �b�o�n�e� �m�a�r�r�o�w� �c�e�l�l�s� 

�a�n�d� �i�s� �a� �r�e�c�e�p�t�o�r� �f�o�r� �t�h�e� �c�o�m�p�l�e�m�e�n�t� �c�o�m�p�o�n�e�n�t�,� �C�3�b� �(�4�8�,�9�6�,�2�0�8�)�.� �T�h�e� �c�o�n�t�i�n�u�o�u�s� �e�x�p�r�e�s�s�i�o�n� �o�f� 

�M�a�c�-�1� �s�u�g�g�e�s�t�s� �t�h�a�t� �i�t� �i�s� �a�n� �e�a�r�l�y� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �a�n�t�i�g�e�n�;� �M�a�c�-�1� �e�x�p�r�e�s�s�i�o�n� �i�n�c�r�e�a�s�e�s� �a�s� �m�o�n�o�c�y�t�e�s� 

�m�a�t�u�r�e� �(�2�0�8�)�.� �M�a�c�-�2� �i�s� �v�a�r�i�a�b�l�y� �e�x�p�r�e�s�s�e�d� �o�n� �M�@� �f�r�o�m� �d�i�f�f�e�r�e�n�t� �t�i�s�s�u�e�s� �a�n�d� �o�n� �M�d� �e�l�i�c�i�t�e�d� �b�y� 

�d�i�f�f�e�r�e�n�t� �s�t�i�m�u�l�a�t�o�r�y� �a�g�e�n�t�s�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �M�a�c�-�2� �m�a�y� �r�e�p�r�e�s�e�n�t� �a� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �a�n�d�/�o�r� �a�c�t�i�v�a�t�i�o�n� 

�m�a�r�k�e�r� �(�9�5�)�.� �M�a�c�-�2� �i�s� �n�o�w� �t�h�o�u�g�h�t� �t�o� �b�e� �a�n� �I�g�E� �r�e�c�e�p�t�o�r� �w�i�t�h� �l�e�c�t�i�n�-�l�i�k�e� �p�r�o�p�e�r�t�i�e�s� �t�h�a�t� �m�a�y� �f�a�-� 

�c�i�l�i�t�a�t�e� �p�a�r�a�s�i�t�e�-�M�¢� �b�i�n�d�i�n�g� �(�3�2�)�.� �M�a�c�-�3� �i�s� �f�o�u�n�d� �o�n� �M�¢� �a�n�d� �i�s� �a� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �a�n�t�i�g�e�n� �w�i�t�h� 

�v�a�r�i�a�b�l�e� �e�x�p�r�e�s�s�i�o�n� �(�9�7�,�2�4�9�)�.� �J�a� �a�n�t�i�g�e�n� �i�s� �t�h�e� �c�l�a�s�s� �I�I� �m�a�j�o�r� �h�i�s�t�o�c�o�m�p�a�t�i�b�i�l�i�t�y� �c�o�m�p�l�e�x� �m�a�r�k�e�r� �a�n�d� 

�i�s� �n�e�e�d�e�d� �f�o�r� �e�f�f�e�c�t�i�v�e� �M�@� �a�n�t�i�g�e�n� �p�r�e�s�e�n�t�a�t�i�o�n� �t�o� �T� �c�e�l�l�s� �(�2�4�0�-�2�4�2�)�.� �I�n� �t�h�i�s� �s�t�u�d�y�,� �w�e� �i�n�v�e�s�t�i�g�a�t�e�d� 

�t�h�e� �d�u�a�l� �e�x�p�r�e�s�s�i�o�n� �o�f� �M�@� �s�u�r�f�a�c�e� �m�a�r�k�e�r�s� �b�y� �f�l�o�w� �c�y�t�o�m�e�t�r�y�.� �C�h�a�n�g�e�s� �i�n� �T�B�H� �M�¢� �p�h�e�n�o�t�y�p�e� 

�w�e�r�e� �n�o�t� �c�a�u�s�e�d� �b�y� �a� �g�e�n�e�r�a�l�i�z�e�d� �i�n�f�l�a�m�m�a�t�o�r�y� �r�e�s�p�o�n�s�e� �b�u�t� �b�y� �t�u�m�o�r� �g�r�o�w�t�h�.� �T�u�m�o�r� �g�r�o�w�t�h� �l�e�d� 

�t�o� �p�h�e�n�o�t�y�p�i�c� �c�h�a�n�g�e�s� �i�n� �p�e�r�i�t�o�n�e�a�l� �a�n�d� �s�p�l�e�n�i�c� �M�¢� �p�o�p�u�l�a�t�i�o�n�s� �r�e�s�u�l�t�i�n�g� �i�n� �a� �s�h�i�f�t� �i�n� �M�¢� �s�u�b�-� 

�p�o�p�u�l�a�t�i�o�n�s�.� �C�o�m�b�i�n�e�d� �w�i�t�h� �o�u�r� �p�r�e�v�i�o�u�s� �w�o�r�k�,� �a� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �T�B�H� �M�¢� �p�h�e�n�o�t�y�p�e� �a�n�d� 

�i�m�m�u�n�e� �d�y�s�f�u�n�c�t�i�o�n� �i�s� �s�u�g�g�e�s�t�e�d�.� 
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�M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� 

�A�n�i�m�a�l�s� 

�E�i�g�h�t� �t�o� �1�2� �w�e�e�k�-�o�l�d� �m�a�l�e� �B�A�L�B�/�c� �m�i�c�e� �(�H�-�2�4�;� �D�o�m�i�n�i�o�n� �L�a�b�s�)� �w�e�r�e� �u�s�e�d�.� �T�B�H� �m�i�c�e� �r�e�-� 

�c�e�i�v�e�d� �i�n�t�r�a�m�u�s�c�u�l�a�r� �i�n�j�e�c�t�i�o�n�s� �o�f� �4� �x� �1�0�°� �c�e�l�l�s� �f�r�o�m� �a� �m�e�t�h�y�l�c�h�o�l�a�n�t�h�r�e�n�e�-�i�n�d�u�c�e�d�,� �n�o�n�-�m�e�t�a�s�t�a�t�i�c�,� 

�t�r�a�n�s�p�l�a�n�t�a�b�l�e� �f�i�b�r�o�s�a�r�c�o�m�a� �i�n�t�o� �t�h�e� �l�e�f�t� �h�i�n�d� �l�e�g�.� �T�h�e�s�e� �i�n�j�e�c�t�i�o�n�s� �l�e�d� �t�o� �p�a�l�p�a�b�l�e� �t�u�m�o�r�s� �b�y� �d�a�y�s� 

�1�0�-�1�4� �a�n�d� �d�e�a�t�h� �b�y� �d�a�y�s� �2�8�-�3�5� �(�5�0�.�5�1�)�.� �B�y� �d�a�y�s� �1�0�-�1�4�,� �t�h�e�r�e� �i�s� �s�i�g�n�i�f�i�c�a�n�t� �s�u�p�p�r�e�s�s�i�o�n� �o�f� �C�o�n� �A�,� 

�P�H�A�,� �M�L�R�,� �a�n�d� �S�M�L�R� �r�e�a�c�t�i�v�i�t�y� �a�n�d� �s�u�p�p�r�e�s�s�i�o�n� �i�n�c�r�e�a�s�e�s� �a�s� �t�u�m�o�r� �g�r�o�w�t�h� �p�r�o�g�r�e�s�s�e�s� 

�(�5�1�,�7�2�,�7�3�,�2�6�1�)�.� �M�i�c�e� �w�i�t�h� �2�1�-�d�a�y� �o�l�d� �t�u�m�o�r�s� �w�e�r�e� �u�s�e�d� �t�h�r�o�u�g�h�o�u�t�.� �F�u�n�c�t�i�o�n�a�l� �o�r� �p�h�e�n�o�t�y�p�i�c� 

�c�h�a�n�g�e�s� �i�n� �t�h�e� �T�B�H� �w�e�r�e� �n�o�t� �c�a�u�s�e�d� �b�y� �a� �g�e�n�e�r�a�l� �i�n�f�l�a�m�m�a�t�o�r�y� �r�e�s�p�o�n�s�e� �t�o� �t�h�e� �t�u�m�o�r�,� �b�e�c�a�u�s�e� 

�m�i�c�e� �(�B�A�L�B�/�c� �n�o�r�m�a�l� �m�i�c�e�)� �i�n�j�e�c�t�e�d� �w�i�t�h� �t�h�e�i�r� �o�w�n� �t�i�s�s�u�e� �o�r� �C�3�H� �n�o�n�t�u�m�o�r� �t�i�s�s�u�e� �s�h�o�w�e�d� �n�o� 

�s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �f�r�o�m� �n�o�r�m�a�l� �u�n�e�x�p�o�s�e�d� �m�i�c�e� �i�n� �t�h�e�i�r� �M�@� �s�u�r�f�a�c�e� �a�n�t�i�g�e�n� �p�h�e�n�o�t�y�p�e�s�.� �P�r�e�-� 

�v�i�o�u�s� �r�e�s�u�l�t�s� �a�l�s�o� �s�h�o�w�e�d� �t�h�a�t� �s�u�p�p�r�e�s�s�i�o�n� �w�a�s� �n�o�t� �c�a�u�s�e�d� �b�y� �a�n� �i�n�f�l�a�m�m�a�t�o�r�y� �r�e�s�p�o�n�s�e� �(�7�4�)�.� 

�T�h�e�r�e�f�o�r�e�,� �n�o�r�m�a�l� �u�n�m�a�n�i�p�u�l�a�t�e�d� �m�i�c�e� �s�e�r�v�e�d� �a�s� �t�h�e� �s�o�u�r�c�e� �o�f� �n�o�r�m�a�l� �h�o�s�t� �M�¢�.� 

�P�e�r�i�t�o�n�e�a�l� �M�o� �P�r�e�p�a�r�a�t�i�o�n� 

�P�E�C�)� �w�e�r�e� �o�b�t�a�i�n�e�d� �b�y� �l�a�v�a�g�e� �f�r�o�m� �n�o�r�m�a�l� �a�n�d� �T�B�H� �m�i�c�e� �4� �d�a�y�s� �a�f�t�e�r� �i�n�t�r�a�p�e�r�i�t�o�n�e�a�l� �i�n�-� 

�j�e�c�t�i�o�n� �o�f� �2�.�0� �m�l� �o�f� �s�t�e�r�i�l�e� �t�h�i�o�g�l�y�c�o�l�l�a�t�e�.� �N�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �a�r�e� �s�e�e�n� �b�e�t�w�e�e�n� �t�h�e� �n�u�m�b�e�r� 

�o�f� �p�e�r�i�t�o�n�e�a�l� �M�¢� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �u�n�t�r�e�a�t�e�d� �n�o�r�m�a�l�,� �i�n�f�l�a�m�m�a�t�o�r�y� �c�o�n�t�r�o�l�,� �o�r� �T�B�H� �m�i�c�e� �(�7�4�;� �d�a�t�a� 

�n�o�t� �s�h�o�w�n�)�.� �M�d� �w�e�r�e� �s�e�l�e�c�t�e�d� �b�y� �g�a�t�i�n�g� �t�h�e� �f�l�o�w� �c�y�t�o�m�e�t�e�r� �o�n� �t�h�e� �F�A�L�S� �a�n�d� �9�0�L�S� �p�a�t�t�e�r�n� �t�o� 

�e�x�c�l�u�d�e� �l�y�m�p�h�o�c�y�t�e�s� �a�n�d� �g�r�a�n�u�l�o�c�y�t�e�s�.� �P�E�C� �w�e�r�e� �a�l�s�o� �p�l�a�t�e�d� �f�o�r� �3� �h�r� �o�n� �1�5�0� �x� �1�5� �m�m� �t�i�s�s�u�e� �c�u�l�-� 

�t�u�r�e� �p�l�a�t�e�s� �(�L�U�X�/�M�i�l�e�s� �S�c�i�e�n�t�i�f�i�c�)�,� �w�a�s�h�e�d�,� �a�n�d� �r�e�c�o�v�e�r�e�d�.� �A�d�h�e�r�e�n�c�e� �a�n�d� �s�u�b�s�e�q�u�e�n�t� �s�p�r�e�a�d�i�n�g� 

�d�i�d� �n�o�t� �l�e�a�d� �t�o� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �l�i�g�h�t� �s�c�a�t�t�e�r� �p�a�t�t�e�r�n�s� �f�r�o�m� �u�n�p�l�a�t�e�d� �w�h�o�l�e� �P�E�C� �(�d�a�t�a� �n�o�t� 
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�s�h�o�w�n�)�.� �A�d�h�e�r�e�n�t� �P�E�C� �o�r� �w�h�o�l�e� �P�E�C� �t�r�e�a�t�e�d� �w�i�t�h� �p�r�o�p�i�d�i�u�m� �i�o�d�i�d�e�,� �a� �v�i�t�a�l� �s�t�a�i�n�,� �a�n�d� �s�u�b�s�e�-� 

�q�u�e�n�t�l�y� �a�n�a�l�y�z�e�d� �b�y� �f�l�o�w� �c�y�t�o�m�e�t�r�y� �w�e�r�e� �>�9�3�%� �v�i�a�b�l�e�.� �T�h�e�s�e� �a�d�h�e�r�e�n�t� �c�e�l�l�s� �(�>�9�7�%� �e�s�t�e�r�a�s�e� �p�o�s�-� 

�i�t�i�v�e�)� �w�e�r�e� �u�s�e�d� �t�o� �s�e�t� �t�h�e� �F�A�L�S� �a�n�d� �9�0�L�S� �g�a�t�e�s�,� �w�h�i�c�h� �w�e�r�e� �t�h�e�n� �u�s�e�d� �f�o�r� �s�e�l�e�c�t�i�n�g� �M�d�.� �U�s�i�n�g� 

�F�I�T�C�-�l�a�b�e�l�e�d� �a�n�t�i�-�T�h�y�-�1� �a�n�d� �a�n�t�i�-�I�g�G�,� �-�I�g�M�,� �a�n�d� �-�I�g�A� �(�C�a�p�p�e�l�)�,� �w�e� �s�h�o�w�e�d� �t�h�a�t� �t�h�e� �T� �a�n�d�/�o�r� �B� 

�c�e�l�l� �c�o�n�t�a�m�i�n�a�t�i�o�n� �w�a�s� �<�3�%� �o�f� �t�h�e� �t�o�t�a�l� �o�f� �n�o�r�m�a�l� �o�r� �T�B�H� �M�d� �p�r�e�p�a�r�a�t�i�o�n�s�.� 

�S�p�l�e�n�i�c� �M�d� �P�r�e�p�a�r�a�t�i�o�n� 

�W�S�C� �w�e�r�e� �h�a�r�v�e�s�t�e�d� �f�r�o�m� �u�n�t�r�e�a�t�e�d� �n�o�r�m�a�l� �a�n�d� �T�B�H� �a�n�i�m�a�l�s� �(�n�o� �t�h�i�o�g�l�y�c�o�l�l�a�t�e�)�.� �N�o� �s�i�g�-� 

�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �s�e�e�n� �b�e�t�w�e�e�n� �t�h�e� �n�u�m�b�e�r� �o�f� �s�p�l�e�n�i�c� �M�¢� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �u�n�t�r�e�a�t�e�d� �n�o�r�m�a�l� 

�o�r� �i�n�f�l�a�m�m�a�t�o�r�y� �c�o�n�t�r�o�l� �m�i�c�e� �(�d�a�t�a� �n�o�t� �s�h�o�w�n�)�.� �T�h�e�r�e� �w�a�s�,� �h�o�w�e�v�e�r�,� �a� �3�-�5� �f�o�l�d� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� 

�n�u�m�b�e�r� �o�f� �T�B�H� �s�p�l�e�n�i�c� �M�¢� �(�5�1�)�.� �S�p�l�e�n�i�c� �M�¢�@� �w�e�r�e� �s�e�l�e�c�t�e�d� �b�y� �f�l�o�w� �c�y�t�o�m�e�t�r�y�,� �g�a�t�i�n�g� �o�n� �F�A�L�S� 

�a�n�d� �9�0�L�S� �f�o�r� �t�h�e� �d�e�s�i�r�e�d� �c�e�l�l� �p�o�p�u�l�a�t�i�o�n�.� �S�p�l�e�n�i�c� �M�¢� �o�b�t�a�i�n�e�d� �b�y� �p�l�a�t�i�n�g� �f�o�r� �3� �h�r� �w�e�r�e� �u�s�e�d� �t�o� 

�s�e�l�e�c�t� �t�h�e� �F�A�L�S� �a�n�d� �9�0�L�S� �g�a�t�i�n�g� �p�a�r�a�m�e�t�e�r�s�.� �P�l�a�t�e�d� �M�d� �(�>�9�6�%� �e�s�t�e�r�a�s�e� �p�o�s�i�t�i�v�e�)� �s�h�o�w�e�d� �n�o� 

�s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e�s� �f�r�o�m� �u�n�p�l�a�t�e�d� �s�p�l�e�n�i�c� �M�¢� �i�n� �t�h�e�i�r� �l�i�g�h�t� �s�c�a�t�t�e�r� �p�a�t�t�e�r�n�s� �(�d�a�t�a� �n�o�t� �s�h�o�w�n�)�.� �T� 

�a�n�d�/�o�r� �B� �c�e�l�l� �c�o�n�t�a�m�i�n�a�t�i�o�n� �w�a�s� �<�3�%� �o�f� �t�h�e� �t�o�t�a�l� �o�f� �n�o�r�m�a�l� �o�r� �T�B�H� �s�p�l�e�n�i�c� �c�e�l�l�s� �m�e�a�s�u�r�e�d�.� 

�C�e�l�l� �L�i�n�e�s� 

�T�h�e� �h�y�b�r�i�d�o�m�a� �c�e�l�l� �l�i�n�e�s� �(�A�T�C�C�)� �w�e�r�e� �c�u�l�t�u�r�e�d� �i�n� �r�o�l�l�e�r� �b�o�t�t�l�e�s� �i�n� �R�P�M�I�-�1�6�4�0� �m�e�d�i�u�m� 

�(�H�a�z�e�l�t�o�n� �R�e�s�e�a�r�c�h� �P�r�o�d�u�c�t�s�)� �s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �1�0�%� �h�e�a�t�-�i�n�a�c�t�i�v�a�t�e�d� �F�C�S� �(�F�l�o�w� �L�a�b�o�r�a�t�o�r�i�e�s�)� 

�a�n�d� �4� �x� �1�0�7�°� �M� �2�-�m�e�r�c�a�p�t�o�e�t�h�a�n�o�l�.� �S�u�p�e�r�n�a�t�a�n�t�s� �w�e�r�e� �h�a�r�v�e�s�t�e�d� �e�v�e�r�y� �3� �d�a�y�s� �a�n�d� �t�h�e� �c�e�l�l�-�f�r�e�e� 

�s�u�p�e�r�n�a�t�a�n�t�s� �w�e�r�e� �s�t�o�r�e�d� �a�t� �-�7�0�°�C�.� �A�l�l� �m�e�d�i�a� �c�o�n�t�a�i�n�e�d� �5�0� �m�g�/�1� �G�e�n�t�a�m�i�c�i�n� �(�G�I�B�C�O�)�,� �2� �g�/�l� 

�N�a�H�C�O�s�,� �a�n�d� �2�5� �m�M� �H�E�P�E�S� �(�R�e�s�e�a�r�c�h� �O�r�g�a�n�i�c�s�)�.� 
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�M�o�n�o�c�l�o�n�a�l� �A�n�t�i�b�o�d�y� �P�u�r�i�f�i�c�a�t�i�o�n� 

�B�r�i�e�f�l�y�,� �a� �p�H� �_�7�.�4� �a�m�m�o�n�i�u�m� �s�u�l�f�a�t�e� �s�o�l�u�t�i�o�n� �w�a�s� �a�d�d�e�d� �t�o� �h�y�b�r�i�d�o�m�a� �s�u�p�e�r�n�a�t�a�n�t�s� �t�o� �y�i�e�l�d� 

�a� �s�a�t�u�r�a�t�e�d� �s�o�l�u�t�i�o�n�.� �A�f�t�e�r� �s�t�a�n�d�i�n�g� �o�v�e�r�n�i�g�h�t�,� �p�r�e�c�i�p�i�t�a�t�e�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �b�y� �c�e�n�t�r�i�f�u�g�a�t�i�o�n�,� �r�e�s�u�s�-� 

�p�e�n�d�e�d� �a�s� �a� �2�0�X� �c�o�n�c�e�n�t�r�a�t�e� �i�n� �P�B�S�,� �d�i�a�l�y�z�e�d� �a�g�a�i�n�s�t� �P�B�S�,� �a�n�d� �a�p�p�l�i�e�d� �t�o� �a�n� �a�f�f�i�n�i�t�y� �c�o�l�u�m�n�.� �T�h�e� 

�c�o�l�u�m�n� �w�a�s� �w�a�s�h�e�d� �w�i�t�h� �P�B�S� �t�o� �r�e�m�o�v�e� �a�n�y� �u�n�b�o�u�n�d� �p�r�o�t�e�i�n�.� �T�h�e� �m�A�b� �f�r�a�c�t�i�o�n� �w�a�s� �t�h�e�n� �e�l�u�t�e�d� 

�w�i�t�h� �a� �g�l�y�c�i�n�e� �b�u�f�f�e�r�.� �G�l�y�c�i�n�e�-�e�l�u�t�e�d� �c�o�l�u�m�n� �f�r�a�c�t�i�o�n�s� �w�e�r�e� �i�m�m�e�d�i�a�t�e�l�y� �d�i�a�l�y�s�e�d� �t�o� �P�B�S�.� �C�o�l�u�m�n� 

�f�r�a�c�t�i�o�n�s� �a�r�e� �a�s�s�a�y�e�d� �f�o�r� �m�A�b� �u�s�i�n�g� �g�o�a�t�-�a�n�t�i�-�r�a�t� �a�n�t�i�b�o�d�y�,� �h�e�a�v�y�-� �a�n�d� �l�i�g�h�t�-�c�h�a�i�n� �s�p�e�c�i�f�i�c� �(�C�a�p�p�e�l�)� 

�i�n� �a�n� �O�u�c�h�t�e�r�l�o�n�y� �i�m�m�u�n�o�d�i�f�f�u�s�i�o�n� �t�e�s�t�.� �P�o�s�i�t�i�v�e� �f�r�a�c�t�i�o�n�s� �w�e�r�e� �p�o�o�l�e�d�,� �a�s�s�a�y�e�d� �f�o�r� �a�n�t�i�b�o�d�y� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�,� �d�i�l�u�t�e�d� �t�o� �1�.�0� �m�g�/�m�l�,� �s�t�e�r�i�l�e� �f�i�l�t�e�r�e�d�,� �a�n�d� �s�t�o�r�e�d� �a�t� �-�7�0�°�C�.� 

�B�i�o�t�i�n� �L�a�b�e�l�i�n�g� �o�f� �m�A�b� 

�A�n�t�i�-�M�a�c�-�1�,� �-�M�a�c�-�2�,� �a�n�d� �-�M�a�c�-�3� �a�n�t�i�b�o�d�i�e�s� �w�e�r�e� �l�a�b�e�l�e�d� �w�i�t�h� �b�i�o�t�i�n� �(�R�e�s�e�a�r�c�h� �O�r�g�a�n�i�c�s�)�.� 

�A�f�f�i�n�i�t�y� �p�u�r�i�f�i�e�d� �m�A�b�,� �w�h�e�n� �u�s�e�d� �f�o�r� �b�i�o�t�i�n� �l�a�b�e�l�i�n�g�,� �w�e�r�e� �d�i�a�l�y�z�e�d� �i�n�t�o� �a� �0�.�1� �M�@� �N�a�H�C�O�s� �b�u�f�f�e�r� 

�(�p�H� �8�.�2�-�8�.�6�)�.� �T�w�e�n�t�y�-�f�i�v�e� �t�o� �5�0� �m�g� �o�f� �b�i�o�t�i�n� �w�a�s� �d�i�s�s�o�l�v�e�d� �i�n� �1�.�0� �m�l� �o�f� �a� �D�M�S�O� �s�o�l�u�t�i�o�n� �(�S�i�g�m�a�)�.� 

�D�i�a�l�y�z�e�d� �m�A�b� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �2� �h�r� �i�n� �a� �1�/�1�0� �w�/�v� �b�i�o�t�i�n�/�m�A�b�,� �d�i�a�l�y�z�e�d� �t�o� 

�3� �c�h�a�n�g�e�s� �o�f� �P�B�S�,� �a�n�d� �s�t�o�r�e�d� �a�t� �-�7�0�°�C�.� �m�A�b� �w�e�r�e� �a�s�s�a�y�e�d� �f�o�r� �b�i�o�t�i�n� �b�i�n�d�i�n�g� �b�y� �c�o�m�p�a�r�i�n�g� �t�h�e� 

�f�l�u�o�r�e�s�c�e�n�t� �e�f�f�i�c�i�e�n�c�y� �b�e�t�w�e�e�n� �c�e�l�l�s� �l�a�b�e�l�e�d� �w�i�t�h� �b�i�o�t�i�n�-�m�A�b� �a�n�d� �f�o�l�l�o�w�e�d� �b�y� �R�-�P�E� �(�R�-� 

�p�h�y�c�o�e�r�y�t�h�r�i�n�)�-�a�v�i�d�i�n� �D� �(�V�e�c�t�o�r� �L�a�b�o�r�a�t�o�r�i�e�s�,� �B�u�r�l�i�n�g�a�m�e�,� �C�A�)� �a�n�d� �c�e�l�l�s� �l�a�b�e�l�e�d� �w�i�t�h� �m�A�b� �a�n�d� 

�f�o�l�l�o�w�e�d� �b�y� �g�o�a�t� �a�n�t�i�-�r�a�t�-�F�I�T�C�.� 
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�F�l�u�o�r�e�s�c�e�n�t� �A�n�t�i�b�o�d�y� �L�a�b�e�l�i�n�g� 

�C�e�l�l� �s�a�m�p�l�e�s� �f�r�o�m� �n�o�r�m�a�l� �a�n�d� �T�B�H� �m�i�c�e� �c�o�n�s�i�s�t�e�d� �o�f� �w�h�o�l�e� �P�E�C� �a�t� �4� �x� �1�0�°� �c�e�l�l�s�/�m�l� �o�r� �W�S�C� 

�a�t� �8� �x� �1�0�°� �c�e�l�l�s�/�m�l�.� �T�o� �1�.�0� �m�l� �a�l�i�q�u�o�t�s� �o�f� �t�h�e�s�e� �c�e�l�l�s�,� �t�h�e� �f�i�r�s�t� �a�n�t�i�b�o�d�y� �w�a�s� �a�d�d�e�d� �(�a�n�t�i�-�M�a�c�-�1�,� �-�2�,� 

�-�3�,� �-�I�a� �o�r� �N�R�I�g�G� �o�r� �n�o�r�m�a�l� �m�o�u�s�e� �i�m�m�u�n�o�g�l�o�b�u�l�i�n� �G� �[�N�M�I�g�G�]�)� �(�C�a�p�p�e�l�)� �a�n�d� �i�n�c�u�b�a�t�e�d� �f�o�r� �3�5�-�4�5� 

�m�i�n�.� �T�h�i�s� �t�r�e�a�t�m�e�n�t� �w�a�s� �f�o�l�l�o�w�e�d� �b�y� �t�h�r�e�e� �w�a�s�h�e�s� �w�i�t�h� �c�o�l�d� �m�e�d�i�u�m�.� �C�e�l�l�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �i�n� 

�F�I�T�C�-�l�a�b�e�l�e�d� �s�e�c�o�n�d�a�r�y� �a�n�t�i�b�o�d�y� �f�o�r� �3�5�-�4�5� �m�i�n� �a�n�d� �w�a�s�h�e�d� �3� �t�i�m�e�s� �i�n� �P�B�S�.� �T�h�e� �s�e�c�o�n�d�a�r�y� �a�n�t�i�-� 

�b�o�d�i�e�s� �w�e�r�e� �a�f�f�i�n�i�t�y� �p�u�r�i�f�i�e�d� �g�o�a�t�-�a�n�t�i�-�r�a�t� �F�(�a�b ��)�.� �f�r�a�g�m�e�n�t� �F�I�T�C�-�l�a�b�e�l�e�d� �a�n�t�i�b�o�d�y� �(�C�a�p�p�e�l�)� �f�o�r� 

�a�n�t�i�-�M�a�c�-�1�,� �-�2�,� �-�3�,� �a�n�d� �N�R�I�g�G� �a�n�d� �a�f�f�i�n�i�t�y� �p�u�r�i�f�i�e�d� �g�o�a�t�-�a�n�t�i�-�m�o�u�s�e� �F�(�a�b ��)�.� �f�r�a�g�m�e�n�t� 

�F�I�T�C�-�l�a�b�e�l�e�d� �a�n�t�i�b�o�d�y� �(�C�a�p�p�e�l�)� �f�o�r� �a�n�t�i�-�I�a �� �a�n�d� �N�M�I�g�G� �a�n�t�i�b�o�d�i�e�s�.� �N�R�I�g�G� �w�a�s� �t�h�e� �c�o�n�t�r�o�l� 

�a�n�t�i�b�o�d�y� �f�o�r� �t�h�e� �a�n�t�i�-�M�a�c� �m�A�b� �a�n�d� �N�M�I�g�G� �w�a�s� �t�h�e� �c�o�n�t�r�o�l� �a�n�t�i�b�o�d�y� �f�o�r� �t�h�e� �a�n�t�i�-�l�a� �m�A�b�.� �A�f�t�e�r� 

�l�a�b�e�l�i�n�g� �M�@� �w�i�t�h� �t�h�e� �f�i�r�s�t� �a�n�t�i�b�o�d�y� �(�a�n�t�i�-�M�a�c�-�1�,� �-�2�,� �-�3�,� �I�a�)� �N�R�I�g�G� �o�r� �N�M�I�g�G�)� �p�l�u�s� �t�h�e� �c�o�r�r�e�-� 

�s�p�o�n�d�i�n�g� �F�I�T�C�-�l�a�b�e�l�e�d� �s�e�c�o�n�d�a�r�y� �a�n�t�i�b�o�d�y�,� �M�d�¢� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �w�i�t�h� �t�h�e� �s�e�c�o�n�d� �s�u�r�f�a�c�e� �t�a�r�g�e�t� 

�a�n�t�i�b�o�d�y� �(�b�i�o�t�i�n�-�l�a�b�e�l�e�d� �a�n�t�i�-�M�a�c�-�1�,� �-�2�,� �-�3�,� �N�R�I�g�G� �o�r� �N�M�I�g�G�)� �f�o�r� �3�5�-�4�5� �m�i�n�,� �w�a�s�h�e�d� �3� �t�i�m�e�s� �i�n� 

�P�B�S�,� �i�n�c�u�b�a�t�e�d� �w�i�t�h� �R�-�P�E� �f�o�r� �3�5�-�4�5� �m�i�n�,� �a�n�d� �w�a�s�h�e�d� �3� �t�i�m�e�s�.� �T�h�i�s� �t�r�e�a�t�m�e�n�t� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �a�t� 

�4�°�C�.� �T�h�e�s�e� �c�o�n�d�i�t�i�o�n�s� �a�l�l�o�w� �e�f�f�e�c�t�i�v�e� �a�n�t�i�b�o�d�y� �b�i�n�d�i�n�g� �a�n�d� �m�a�i�n�t�a�i�n� �c�e�l�l� �v�i�a�b�i�l�i�t�y� �w�h�i�l�e� �m�i�n�i�m�i�z�i�n�g� 

�m�e�m�b�r�a�n�e� �t�u�r�n�o�v�e�r� �a�n�d� �a�n�t�i�b�o�d�y� �i�n�t�e�r�n�a�l�i�z�a�t�i�o�n�.� �B�e�c�a�u�s�e� �t�h�i�s� �p�r�o�c�e�d�u�r�e� �m�a�y� �c�a�u�s�e� �a�r�t�i�f�a�c�t�u�a�l� 

�d�o�u�b�l�e� �l�a�b�e�l�i�n�g�,� �w�e� �r�a�n� �s�e�v�e�r�a�l� �a�d�d�i�t�i�o�n�a�l� �c�o�n�t�r�o�l�s�.� �I�n�c�l�u�d�i�n�g�,� �b�l�o�c�k�i�n�g� �s�t�u�d�i�e�s�,� �i�n� �w�h�i�c�h� �w�e� �a�d�d�e�d� 

�a�n� �e�x�c�e�s�s� �o�f� �N�R�I�g�G� �o�r� �N�M�I�g�G� �t�o� �b�l�o�c�k� �t�h�e� �f�r�e�e�-�b�i�n�d�i�n�g� �s�i�t�e�s� �o�n� �t�h�e� �s�e�c�o�n�d� �s�t�e�p� �F�I�T�C�-�l�a�b�e�l�e�d� 

�a�n�t�i�b�o�d�y�.� �T�h�i�s� �p�r�o�c�e�d�u�r�e� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �<�5�%� �o�f� �t�h�e� �r�e�d� �f�l�u�o�r�e�s�c�e�n�t� �i�n�t�e�n�s�i�t�y� �w�a�s� �c�a�u�s�e�d� �b�y� 

�t�h�e� �b�i�o�t�i�n�-�l�a�b�e�l�e�d� �m�A�b� �b�i�n�d�i�n�g� �t�o� �t�h�e� �s�e�c�o�n�d� �a�n�t�i�g�e�n� �b�i�n�d�i�n�g� �s�i�t�e� �o�f� �t�h�e� �d�i�v�a�l�e�n�t� �F�I�T�C�-�l�a�b�e�l�e�d� 

�s�e�c�o�n�d�a�r�y� �a�n�t�i�b�o�d�y�.� �F�u�r�t�h�e�r�m�o�r�e�,� �w�e� �a�d�d�e�d� �b�i�o�t�i�n�-�l�a�b�e�l�e�d� �r�a�t�-�a�n�t�i�-�m�o�u�s�e� �(�A�c�c�u�r�a�t�e� �C�h�e�m�i�c�a�l� �&� 

�S�c�i�e�n�t�i�f�i�c� �C�o�r�p�.�,� �W�e�s�t�b�u�r�y�,� �N�Y�)� �(�p�l�u�s� �R�-�P�E�)� �t�o� �M�¢� �l�a�b�e�l�e�d� �w�i�t�h� �a� �p�r�i�m�a�r�y� �M�¢�@� �m�A�b� �f�o�l�l�o�w�e�d� 

�b�y� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �F�I�T�C�-�c�o�n�j�u�g�a�t�e�d� �a�n�t�i�b�o�d�y�.� �T�h�i�s� �p�r�o�c�e�d�u�r�e� �a�l�l�o�w�e�d� �u�s� �t�o� �e�x�a�m�i�n�e� �t�h�e� 

�a�m�o�u�n�t� �o�f� �r�e�d� �f�l�u�o�r�e�s�c�e�n�c�e� �t�h�a�t� �w�a�s� �d�u�e� �t�o� �n�o�n�s�p�e�c�i�f�i�c� �b�i�n�d�i�n�g� �o�f� �t�h�e� �b�i�o�t�i�n�-�l�a�b�e�l�e�d� �a�n�t�i�b�o�d�y� �t�o� 

�t�h�e� �F�I�T�C�-�c�o�n�j�u�g�a�t�e�d� �s�e�c�o�n�d� �s�t�e�p� �a�n�t�i�b�o�d�y�.� �T�h�i�s� �c�o�n�t�r�o�l� �s�h�o�w�e�d� �t�h�a�t� �<�3�%� �o�f� �a�l�l� �M�¢�@� �w�e�r�e� �l�a�b�e�l�e�d� 

�w�i�t�h� �t�h�e� �b�i�o�t�i�n�-�t�a�g�g�e�d� �a�n�t�i�b�o�d�y�.� 

�C�H�A�P�T�E�R� �I�I� �5�0



�F�l�o�w� �C�y�t�o�m�e�t�r�y� 

�F�l�o�w� �c�y�t�o�m�e�t�r�i�c� �a�n�a�l�y�s�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� �a�n� �E�P�I�C�S� �V�,� �M�o�d�e�l� �7�5�2� �(�C�o�u�l�t�e�r� �E�l�e�c�t�r�o�n�i�c�s�)� 

�l�a�s�e�r� �f�l�o�w� �c�y�t�o�m�e�t�e�r� �a�n�d� �c�e�l�l� �s�o�r�t�e�r�)�.� �T�h�e� �i�n�s�t�r�u�m�e�n�t� �w�a�s� �c�a�l�i�b�r�a�t�e�d� �w�i�t�h� �f�l�u�o�r�e�s�c�e�n�t� �1�0� �m�i�c�r�o�n�-� 

�s�i�z�e�d� �m�i�c�r�o�s�p�h�e�r�e� �s�t�a�n�d�a�r�d�s� �b�e�f�o�r�e� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �M�@� �s�a�m�p�l�e�s�.� �L�a�s�e�r� �e�x�c�i�t�a�t�i�o�n� �w�a�s� �3�0�0� �m�W� �a�t� 

�4�8�8� �n�m� �u�s�i�n�g� �a� �5� �W� �a�r�g�o�n� �l�a�s�e�r� �(�C�o�h�e�r�e�n�t� �I�n�c�.�)�.� �A�l�l� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n� �w�a�s� �d�o�n�e� �w�i�t�h� �t�h�e� �M�D�A�D�S� 

�(�C�o�u�l�t�e�r� �E�l�e�c�t�r�o�n�i�c�s�)�.� �F�I�T�C�-�l�a�b�e�l�e�d� �m�A�b� �w�a�s� �m�e�a�s�u�r�e�d� �a�s� �t�h�e� �l�o�g� �o�f� �t�h�e� �g�r�e�e�n� �f�l�u�o�r�e�s�c�e�n�c�e� �a�n�d� 

�R�-�P�E�-�l�a�b�e�l�e�d� �m�A�b� �w�a�s� �m�e�a�s�u�r�e�d� �a�s� �t�h�e� �l�o�g� �o�f� �t�h�e� �r�e�d� �f�l�u�o�r�e�s�c�e�n�c�e�.� �T�h�e� �t�w�o� �p�a�r�a�m�e�t�e�r� �h�i�s�t�o�g�r�a�m�s� 

�(�g�r�e�e�n� �f�l�u�o�r�e�s�c�e�n�c�e� �v�e�r�s�u�s� �r�e�d� �f�l�u�o�r�e�s�c�e�n�c�e�)� �u�s�e�d� �f�o�r� �e�x�p�r�e�s�s�i�n�g� �t�h�e� �r�e�s�u�l�t�s� �a�r�e� �s�h�o�w�n� �a�s� �a� �6�4� �x� �6�4� 

�c�h�a�n�n�e�l� �r�e�s�o�l�u�t�i�o�n� �h�i�s�t�o�g�r�a�m�.� �F�o�r� �t�h�e� �t�w�o�-�c�o�l�o�r� �a�n�a�l�y�s�i�s�,� �t�h�e� �h�i�s�t�o�g�r�a�m�s� �w�e�r�e� �d�i�v�i�d�e�d� �i�n�t�o� �f�o�u�r� 

�q�u�a�d�r�a�n�t�s� �b�a�s�e�d� �o�n� �t�h�e� �c�o�n�t�r�o�l� �s�a�m�p�l�e�s�.� �T�h�e� �f�i�g�u�r�e�s� �r�e�p�r�e�s�e�n�t� �r�a�w� �d�a�t�a�.� �D�a�t�a� �i�n� �t�h�e� �t�a�b�l�e�s� �s�h�o�w� 

�t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �M�¢� �i�n� �e�a�c�h� �q�u�a�d�r�a�n�t�.� �T�h�e�s�e� �c�a�l�c�u�l�a�t�i�o�n�s� �w�e�r�e� �d�o�n�e� �b�y� �t�h�e� �M�D�A�D�S� �c�o�m�p�u�t�e�r� 

�u�s�i�n�g� �t�h�e� �M�D�A�D�S�  ��q�u�a�d�s�t�a�t �� �s�o�f�t�w�a�r�e�.� 

�C�a�l�c�u�l�a�t�i�o�n� �o�f� �R�e�s�u�l�t�s� 

�S�p�l�e�n�i�c� �o�r� �p�e�r�i�t�o�n�e�a�l� �M�¢� �w�e�r�e� �p�o�o�l�e�d� �f�r�o�m� �3�-�6� �m�i�c�e� �a�n�d� �e�a�c�h� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �r�e�p�e�a�t�e�d� �3�-�4� 

�t�i�m�e�s�.� �A�l�l� �p�e�r�c�e�n�t�a�g�e�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �M�D�A�D�S� �c�o�m�p�u�t�e�r� �a�n�d� �r�e�p�r�e�s�e�n�t� �t�h�e� �p�e�r�c�e�n�t�a�g�e� 

�o�f� �1�0�,�0�0�0� �c�e�l�l�s� �p�r�e�s�e�n�t� �i�n� �e�a�c�h� �q�u�a�d�r�a�n�t�.� �N�u�m�b�e�r�s� �i�n� �t�h�e� �t�a�b�l�e�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �m�e�a�n� �o�f� �t�r�i�p�l�i�c�a�t�e� 

�e�x�p�e�r�i�m�e�n�t�s�.� �T�h�e� �n�u�m�b�e�r� �o�f� �T�B�H� �M�d� �b�e�a�r�i�n�g� �a� �p�a�r�t�i�c�u�l�a�r� �a�n�t�i�g�e�n� �w�a�s� �c�o�n�s�i�d�e�r�e�d� �d�e�c�r�e�a�s�e�d� �o�r� 

�i�n�c�r�e�a�s�e�d� �b�y� �c�o�m�p�a�r�i�s�o�n� �w�i�t�h� �n�o�r�m�a�l� �h�o�s�t� �M�¢� �n�u�m�b�e�r�s� �w�h�i�c�h� �w�e�r�e� �u�s�e�d� �a�s� �a� �m�a�x�i�m�u�m�.� �S�i�g�n�i�f�-� 

�i�c�a�n�c�e� �w�a�s� �c�h�e�c�k�e�d� �u�s�i�n�g� �S�t�u�d�e�n�t ��s� �p�a�i�r�e�d� �¢� �t�e�s�t� �(�p� �<�0�.�0�5�)�.� 

�C�H�A�P�T�E�R� �I� �5�1



�R�E�S�U�L�T�S� 

�S�u�r�f�a�c�e� �M�a�r�k�e�r� �E�x�p�r�e�s�s�i�o�n� �o�f� �N�o�n�t�u�m�o�r� �T�i�s�s�u�e� �U�n�e�x�p�o�s�e�d� �o�r� �E�x�p�o�s�e�d� �N�o�r�m�a�l� 

�H�o�s�t� �M�o� 

�T�o� �s�h�o�w� �w�h�e�t�h�e�r� �c�h�a�n�g�e�s� �i�n� �T�B�H� �M�¢� �p�h�e�n�o�t�y�p�e� �w�e�r�e� �d�u�e� �t�o� �t�u�m�o�r� �g�r�o�w�t�h� �o�r� �a� �g�e�n�e�r�a�l�i�z�e�d� 

�o�r� �s�p�e�c�i�f�i�c� �i�n�f�l�a�m�m�a�t�o�r�y� �r�e�s�p�o�n�s�e� �t�o� �a� �s�t�i�m�u�l�u�s� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�e� �t�u�m�o�r�,� �w�e� �f�i�r�s�t� �a�s�s�e�s�s�e�d� �w�h�e�t�h�e�r� 

�c�h�a�n�g�e�s� �i�n� �M�@� �p�h�e�n�o�t�y�p�e� �c�a�n� �b�e� �c�a�u�s�e�d� �b�y� �a�n� �i�n�f�l�a�m�m�a�t�o�r�y� �r�e�s�p�o�n�s�e� �t�o� �n�o�n�t�u�m�o�r� �t�i�s�s�u�e�.� 

�B�A�L�B�/�c� �m�i�c�e� �w�e�r�e� �i�n�j�e�c�t�e�d� �i�n�t�o� �t�h�e� �l�e�f�t� �h�i�n�d� �l�e�g� �w�i�t�h� �4� �x� �1�0�°� �c�e�l�l�s� �(�t�h�i�s� �m�i�m�i�c ��s� �t�h�e� �t�r�e�a�t�m�e�n�t� �T�B�H� 

�m�i�c�e� �r�e�c�e�i�v�e�d�)� �o�f� �t�h�e�i�r� �o�w�n� �n�o�n�t�u�m�o�r� �t�i�s�s�u�e� �o�r� �C�3�H� �n�o�n�t�u�m�o�r� �t�i�s�s�u�e� �a�n�d� �u�s�e�d� �2�1� �d�a�y�s� �l�a�t�e�r�.� �T�h�e�s�e� 

�m�i�c�e� �w�e�r�e� �u�s�e�d� �t�o� �t�e�s�t� �w�h�e�t�h�e�r� �a� �g�e�n�e�r�a�l� �i�n�f�l�a�m�m�a�t�o�r�y� �r�e�s�p�o�n�s�e� �c�a�u�s�e�s� �t�h�e� �c�h�a�n�g�e�s� �i�n� �M�d� 

�p�h�e�n�o�t�y�p�e�?� �T�h�e� �d�a�t�a� �s�h�o�w�e�d� �t�h�a�t� �t�h�e�r�e� �w�e�r�e� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �n�o�r�m�a�l� �u�n�e�x�-� 

�p�o�s�e�d� �m�i�c�e� �a�n�d� �t�h�e� �2�1�-�d�a�y� �i�n�f�l�a�m�m�a�t�o�r�y� �m�i�c�e� �(�T�a�b�l�e� �4�)�.� �T�h�e�s�e� �d�a�t�a� �a�r�e� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �o�u�r� �p�r�e�-� 

�v�i�o�u�s� �r�e�s�u�l�t�s� �(�7�4�)� �d�e�m�o�n�s�t�r�a�t�i�n�g� �t�h�e� �l�a�c�k� �o�f� �s�u�p�p�r�e�s�s�i�o�n� �o�r� �c�h�a�n�g�e�s� �i�n� �M�¢� �p�h�e�n�o�t�y�p�e� �d�u�e� �t�o� �a�n� 

�i�n�f�l�a�m�m�a�t�o�r�y� �r�e�s�p�o�n�s�e� �a�n�d� �p�o�i�n�t�s� �t�o� �t�h�e� �c�a�u�s�e� �o�f� �c�h�a�n�g�e�s� �i�n� �T�B�H� �m�i�c�e� �a�s� �b�e�i�n�g� �t�u�m�o�r�-�i�n�d�u�c�e�d�.� 

�D�u�a�l� �A�n�t�i�g�e�n� �E�x�p�r�e�s�s�i�o�n� �o�n� �P�e�r�i�t�o�n�e�a�l� �M�d� 

�T�o� �e�x�a�m�i�n�e� �t�h�e� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �i�n� �n�o�r�m�a�l� �a�n�d� �T�B�H� �p�e�r�i�t�o�n�e�a�l� �M�d�,� �m�A�b� �a�g�a�i�n�s�t� �t�h�e� �r�e�-� 

�s�p�e�c�t�i�v�e� �a�n�t�i�g�e�n�s� �w�e�r�e� �u�s�e�d� �(�F�i�g�u�r�e� �5� �a�n�d� �F�i�g�u�r�e� �6�)�.� �B�y� �c�o�m�p�a�r�i�n�g� �t�h�e� �t�e�s�t� �g�r�o�u�p�s� �(�d�u�a�l�-�l�a�b�e�l�e�d� 

�M�a�c�-�l�,� �-�2�,� �-�3�,� �a�n�d� �I�a�)� �t�o� �t�h�e� �c�o�n�t�r�o�l� �(�N�R�I�g�G� �a�n�d�/�o�r� �N�M�I�g�G�)�,� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �l�a�b�e�l�e�d� �c�e�l�l�s� �p�e�r� 

�1�0�,�0�0�0� �c�o�u�n�t�e�d� �c�o�u�l�d� �b�e� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �e�a�c�h� �q�u�a�d�r�a�n�t� �(�T�a�b�l�e� �5�)�.� �D�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h�,� �t�h�e� �p�e�r�-� 

�c�e�n�t�a�g�e� �o�f� �d�o�u�b�l�e�-�l�a�b�e�l�e�d� �M�a�c�-�1�*�2�*�,� �M�a�c�-�1�*�3�*�,� �a�n�d� �M�a�c�-�2�*�3�*� �M�¢�@� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�e�c�r�e�a�s�e�d�.� 

�M�a�c�-�1�*�2�*� �M�@� �d�e�c�r�e�a�s�e�d� �1�2�%�,� �M�a�c�-�1�*�3�*� �M�d� �d�e�c�r�e�a�s�e�d� �1�5�%�,� �a�n�d� �M�a�c�-�2�*�3�*� �M�@�¢�@� �d�e�c�r�e�a�s�e�d� 

�2�4�%�.� �T�h�e� �d�o�u�b�l�e�-�l�a�b�e�l�i�n�g� �p�r�o�c�e�d�u�r�e� �d�e�t�e�c�t�e�d� �a� �u�n�i�q�u�e� �p�o�p�u�l�a�t�i�o�n� �o�f� �n�o�r�m�a�l� �a�n�d� �T�B�H� 
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�¢� �P�e�r�c�e�n�t�a�g�e� �i�s� �t�h�e� �n�u�m�b�e�r� �o�f� �c�e�l�l�s� �p�e�r� �1�0�,�0�0�0� �c�o�u�n�t�e�d� �t�h�a�t� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �p�o�s�i�t�i�v�e�l�y� �l�a�b�e�l�e�d� 
�(�c�o�m�p�a�r�e�d� �t�o� �t�h�e� �c�o�n�t�r�o�l�)�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e�s� �a�r�e� �m�e�a�n�s� �o�f� �t�r�i�p�l�i�c�a�t�e� �e�x�p�e�r�i�m�e�n�t�s�.� �S�i�g�n�i�f�i�c�a�n�c�e� 
�w�a�s� �c�h�e�c�k�e�d� �b�y� �u�s�i�n�g� �S�t�u�d�e�n�t ��s� �p�a�i�r�e�d� �¢� �t�e�s�t� �(�p� �<�0�.�0�5�)�.� 

 �� �I�n�f�l�a�m�m�a�t�o�r�y� �(�S�e�l�f�)� �r�e�p�r�e�s�e�n�t�s� �n�o�r�m�a�l� �B�A�L�B�/�c� �m�i�c�e� �i�n�j�e�c�t�e�d� �w�i�t�h� �4� �x� �1�0�°� �B�A�L�B�/�c� �n�o�n�t�u�-� 
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�u�m�n� �|� �i�s� �t�h�e� �t�w�o�-�c�o�l�o�r� �f�l�u�o�r�e�s�c�e�n�c�e� �p�a�t�t�e�r�n� �o�f� �n�o�r�m�a�l� �h�o�s�t� �p�e�r�i�t�o�n�e�a�l� �M�@� �a�n�d� �c�o�l�u�m�n� �2� �i�s� 
�t�h�e� �t�w�o�-�c�o�l�o�r� �f�l�u�o�r�e�s�c�e�n�c�e� �p�a�t�t�e�r�n� �o�f� �T�B�H� �p�e�r�i�t�o�n�e�a�l� �M�d�.� �T�h�e� �s�y�m�b�o�l�s� �t�o� �t�h�e� �l�e�f�t� �a�n�d� 
�u�n�d�e�r�n�e�a�t�h� �e�a�c�h� �p�a�i�r� �o�f� �h�i�s�t�o�g�r�a�m�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �t�w�o� �s�u�r�f�a�c�e� �a�n�t�i�g�e�n�s� �m�e�a�s�u�r�e�d� �i�n� �e�a�c�h� 
�h�i�s�t�o�g�r�a�m�.� �T�h�e� �b�a�r�s�/�q�u�a�d�r�a�n�t�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e� �c�o�n�t�r�o�l� �s�a�m�p�l�e� �a�n�d� �t�h�e�n� �s�e�t� �s�o� 
�t�h�e�y� �r�e�m�a�i�n�e�d� �t�h�e� �s�a�m�e� �t�h�r�o�u�g�h�o�u�t� �a�l�l� �t�h�e� �t�e�s�t� �s�a�m�p�l�e�s�.� �M�@� �w�e�r�e� �l�a�b�e�l�e�d� �w�i�t�h� �a�n�t�i�-�M�a�c�-�l�,� 
�-�2�,� �-�3�,� �o�r� �l�a� �m�A�b�.� �S�e�e� �T�a�b�l�e� �5� �f�o�r� �p�e�r�c�e�n�t�a�g�e�s� �o�f� �c�e�l�l�s� �i�n� �e�a�c�h� �q�u�a�d�r�a�n�t�.� 
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�u�n�d�e�r�n�e�a�t�h� �e�a�c�h� �p�a�i�r� �o�f� �h�i�s�t�o�g�r�a�m�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �t�w�o� �s�u�r�f�a�c�e� �a�n�t�i�g�e�n�s� �m�e�a�s�u�r�e�d� �i�n� �e�a�c�h� 
�h�i�s�t�o�g�r�a�m�.� �T�h�e� �b�a�r�s�/�q�u�a�d�r�a�n�t�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e� �c�o�n�t�r�o�l� �s�a�m�p�l�e� �a�n�d� �t�h�e�n� �s�e�t� �s�o� 
�t�h�e�y� �r�e�m�a�i�n�e�d� �t�h�e� �s�a�m�e� �t�h�r�o�u�g�h�o�u�t� �a�l�l� �t�h�e� �t�e�s�t� �s�a�m�p�l�e�s�.� �M�¢�@� �w�e�r�e� �l�a�b�e�l�e�d� �w�i�t�h� �a�n�t�i�-�M�a�c�-�l�,� 
�-�2�,� �-�3�,� �o�r� �l�a� �m�A�b�.� �S�e�e� �T�a�b�l�e� �5� �f�o�r� �p�e�r�c�e�n�t�a�g�e�s� �o�f� �c�e�l�l�s� �i�n� �e�a�c�h� �q�u�a�d�r�a�n�t�.� 
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�T�a�b�l�e� �5�.� �T�w�o�-�C�o�l�o�r� �A�n�a�l�y�s�i�s� �o�f� �P�E�R�I�T�O�N�E�A�L� �M�@� 

� � 

�P�e�r�c�e�n�t�a�g�e� �o�f� �N�o�r�m�a�l� �M�¢�@� �E�x�p�r�e�s�s�i�n�g� �M�a�c�/�I�a� �A�n�t�i�g�e�n�s �� 

� � 

� � 

� � 

�Q�u�a�d�r�a�n�t�s� 

�C�e�l�l� �S�u�r�f�a�c�e� �1� �2� �3� �4� 

�(�A�g�/�A�g�)� �(�A�g�*�/�A�g ��)�  �� �(�A�g�*�/�A�g�*�)�  �� �(�A�g ��/�A�g�7�)�  �� �(�A�g�7�/�A�g�*�)� 

�M�a�c�-�2�/�M�a�c�-� �1� �0� �7�4�*� �1�6� �1�0� 
�M�a�c�-�1�/�M�a�c�-�3� �8� �7�1�*� �7� �1�4� 
�M�a�c�-�1�/�I�a� �6�]� �1�6�*� �2�3� �0� 
�M�a�c�-�2�/�M�a�c�-�3� �0� �7�9�*� �9� �1�2� 
�M�a�c�-�2�/�I�a� �6�0�*� �1�3�*� �2�7� �0� 
�M�a�c�-�3�/�l�a� �7�7�*� �1�3�*� �1�0� �0� 

� � 

�P�e�r�c�e�n�t�a�g�e� �o�f� �T�B�H� �M�¢� �E�x�p�r�e�s�s�i�n�g� �M�a�c�/�I�a� �A�n�t�i�g�e�n�s �� 

� � 

�M�a�c�-�2�/�M�a�c�-�1� �0� �6�4�*�*� �2�4� �1�2� 
�M�a�c�-�1�/�M�a�c�-�3� �9� �6�0�*�*� �1�4� �1�7� 
�M�a�c�-�1�/�I�a� �5�8� �g�t� �3�3� �0� 
�M�a�c�-�2�/�M�a�c�-�3� �0� �6�3�*�*� �2�7� �1�0� 
�M�a�c�-�2�/�l�a� �5�0�*�*� �g�r�e� �4�2� �0� 
�M�a�c�-�3�/�I�a� �6�6�*�*� �6�*�*� �2�8� �0� 

� � 

�P�e�r�c�e�n�t�a�g�e� �i�s� �t�h�e� �n�u�m�b�e�r� �o�f� �c�e�l�l�s� �p�e�r� �1�0�,�0�0�0� �c�o�u�n�t�e�d� �t�h�a�t� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �p�o�s�i�t�i�v�e�l�y� �l�a�b�e�l�e�d� 
�(�c�o�m�p�a�r�e�d� �t�o� �t�h�e� �c�o�n�t�r�o�l�)� �i�n� �e�a�c�h� �q�u�a�d�r�a�n�t� �o�f� �t�h�e� �t�w�o�-�c�o�l�o�r� �a�n�a�l�y�s�i�s�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e�s� �a�r�e� 
�m�e�a�n�s� �o�f� �t�r�i�p�l�i�c�a�t�e� �e�x�p�e�r�i�m�e�n�t�s�.� �S�i�g�n�i�f�i�c�a�n�c�e� �w�a�s� �c�h�e�c�k�e�d� �b�y� �u�s�i�n�g� �S�t�u�d�e�n�t ��s� �p�a�i�r�e�d� �¢� �t�e�s�t� �(�p� 
�<�0�.�0�5�)�.� �N�o�r�m�a�l� �h�o�s�t� �p�e�r�c�e�n�t�a�g�e�s� �m�a�r�k�e�d� �w�i�t�h� �*� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�e�i�r� �T�B�H� 
�c�o�u�n�t�e�r�p�a�r�t�s� �m�a�r�k�e�d� �w�i�t�h� �*�*�.� 
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�M�a�c�-�1�*�2�~�3�~� �a�n�d� �M�a�c�-�1�~�2�~�3�*� �M�d�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �t�h�e�s�e� �M�@� �p�o�p�u�l�a�t�i�o�n�s� �d�i�d� �n�o�t� �c�h�a�n�g�e� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h�.� �T�h�e�r�e� �w�e�r�e� �n�o� �d�e�t�e�c�t�a�b�l�e� �s�i�n�g�l�e�-�l�a�b�e�l�e�d� �M�a�c�-�2�*� �o�r� �I�a�t� 

�p�e�r�i�t�o�n�e�a�l� �M�d�.� �I�n� �f�a�c�t�,� �T�B�H� �M�a�c�-�2�-�I�a�~� �M�¢� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n�c�r�e�a�s�e�d� �f�r�o�m� �2�7�%� �t�o� �4�2�%�.� �T�h�e� 

�n�u�m�b�e�r� �o�f� �M�a�c�-�1�~�*�I�a�*�,� �M�a�c�-�2�*�]�a�*�,� �a�n�d� �M�a�c�-�3�*�I�a�*� �M�¢� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�e�c�r�e�a�s�e�d� �(�4�0�%�,� �3�8�%�,� �a�n�d� 

�3�8�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�)� �d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h�.� �T�h�e� �n�u�m�b�e�r� �o�f� �M�a�c�-�1�*�I�a�~� �M�é�¢� �d�i�d� �n�o�t� �c�h�a�n�g�e� �d�u�r�i�n�g� 

�t�u�m�o�r� �g�r�o�w�t�h�.� �M�a�c�-�2�*�I�]�a�~� �M�d� �d�e�c�r�e�a�s�e�d� �1�7�%� �d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h� �a�n�d� �T�B�H� �M�a�c�-�3�*�I�a�~� �d�e�-� 

�c�r�e�a�s�e�d� �1�4�%�.� �A�l�t�h�o�u�g�h� �t�h�e�r�e� �s�e�e�m�s� �t�o� �b�e� �a� �c�o�n�t�r�a�d�i�c�t�i�o�n� �i�n� �s�o�m�e� �p�a�n�e�l�s� �o�f� �F�i�g�u�r�e� �5� �b�e�t�w�e�e�n� �t�h�e� 

�n�u�m�b�e�r� �o�f� �c�e�l�l�s� �t�h�a�t� �a�p�p�e�a�r� �i�n� �F�i�g�u�r�e� �5� �a�n�d� �t�h�e� �n�u�m�b�e�r� �s�h�o�w�n� �i�n� �T�a�b�l�e� �5�,� �t�h�e�r�e� �i�s� �n�o�t�.� �I�n� �t�h�e� 

�M�a�c�/�l�a� �t�e�s�t�s� �(�p�a�n�e�l� �2� �a�n�d� �4�)�,� �a� �s�i�g�n�i�f�i�c�a�n�t� �n�u�m�b�e�r� �o�f� �c�e�l�l�s� �a�r�e� �M�a�c�~�I�a�~� �a�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �5�;� 

�h�o�w�e�v�e�r�,� �t�h�e�y� �a�r�e� �h�a�r�d� �t�o� �s�e�e� �i�n� �F�i�g�u�r�e� �5� �b�e�c�a�u�s�e� �t�h�e�y� �f�o�r�m� �a� �t�i�g�h�t� �p�e�a�k� �i�n� �q�u�a�d�r�a�n�t� �3�.� �A�d�d�i�-� 

�t�i�o�n�a�l�l�y�,� �s�o�m�e� �s�t�e�r�i�c� �i�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� �t�h�e� �d�i�f�f�e�r�e�n�t� �a�n�t�i�-�M�a�c� �m�A�b� �m�a�y� �o�c�c�u�r�.� �B�u�t� �t�h�e� �r�e�v�e�r�s�e� 

�r�e�a�c�t�i�o�n�s� �w�e�r�e� �a�l�s�o� �d�o�n�e�;� �t�h�a�t� �i�s�,� �c�e�l�l�s� �t�r�e�a�t�e�d� �w�i�t�h� �a�n�t�i�-�M�a�c�-�1� �m�A�b� �f�i�r�s�t� �t�h�e�n� �a�n�t�i�-�M�a�c�-�2� �m�A�b�,� �o�r� 

�a�n�t�i�-�M�a�c�-�2� �m�A�b� �t�h�e�n� �a�n�t�i�-�M�a�c�-�1� �m�A�b�,� �s�h�o�w�e�d� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �p�e�r�c�e�n�t�a�g�e�s�.� �T�h�e�s�e� 

�r�e�s�u�l�t�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �a�l�t�h�o�u�g�h� �t�h�e�r�e� �m�a�y� �b�e� �i�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� �t�h�e� �m�A�b�,� �t�h�e� �p�e�r�c�e�n�t�a�g�e�s� �o�f� �c�e�l�l�s� 

�l�a�b�e�l�e�d� �w�a�s� �n�o�t� �a�r�t�i�f�a�c�t�u�a�l�.� �T�h�e� �M�d�¢�-�g�a�t�e�d� �p�o�p�u�l�a�t�i�o�n�s�,� �a�s� �t�e�s�t�e�d� �b�y� �F�I�T�C�-�l�a�b�e�l�e�d� �a�n�t�i�-�I�g� �a�n�d� 

�a�n�t�i�-�T�h�y�-�1� �a�n�t�i�b�o�d�i�e�s�,� �h�a�d� �<�3�%� �B� �a�n�d�/�o�r� �T� �c�e�l�l� �c�o�n�t�a�m�i�n�a�t�i�o�n�.� �T�h�e�s�e� �c�e�l�l�s� �e�x�p�r�e�s�s�e�d� �h�i�g�h� �p�e�r�-� 

�c�e�n�t�a�g�e�s� �o�f� �M�a�c� �a�n�t�i�g�e�n�s�,� �s�u�b�s�t�a�n�t�i�a�t�i�n�g� �t�h�a�t� �t�h�e� �c�e�l�l�s� �w�e�r�e� �M�d�.� 

�D�u�a�l� �A�n�t�i�g�e�n� �E�x�p�r�e�s�s�i�o�n� �o�n� �S�p�l�e�n�i�c� �M�o� 

�T�o� �e�x�a�m�i�n�e� �t�h�e� �d�u�a�l� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �o�f� �n�o�r�m�a�l� �a�n�d� �T�B�H� �s�p�l�e�n�i�c� �M�d�,� �t�h�e�y� �w�e�r�e� �l�a�b�e�l�e�d� 

�w�i�t�h� �a�n�t�i�-�M�a�c� �a�n�d� �-�J�a �� �m�A�b� �(�F�i�g�u�r�e� �7� �a�n�d� �F�i�g�u�r�e� �8�)�.� �I�n� �c�o�m�p�a�r�i�n�g� �t�h�e� �t�e�s�t� �g�r�o�u�p�s� �(�d�u�a�l�-�l�a�b�e�l�e�d�)� 

�t�o� �t�h�e� �c�o�n�t�r�o�l�s� �(�N�R�I�g�G� �a�n�d�/�o�r� �N�M�I�g�G�)�,� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �c�e�l�l�s� �p�e�r� �1�0�,�0�0�0� �c�o�u�n�t�e�d� �w�a�s� �d�e�t�e�r�m�i�n�e�d� 

�f�o�r� �e�a�c�h� �q�u�a�d�r�a�n�t� �(�T�a�b�l�e� �6�)�.� �T�h�e� �n�u�m�b�e�r� �o�f� �M�a�c�-�1�*�2�*�3�*� �M�é�¢� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n�c�r�e�a�s�e�d� �d�u�r�i�n�g� �t�u�-� 

�m�o�r� �g�r�o�w�t�h�.� �M�a�c�-�1�*�2�+�*� �T�B�H� �M�o�d� �i�n�c�r�e�a�s�e�d� �2�6�%�,� �M�a�c�-�1�*�3�*� �T�B�H� �M�¢� �i�n�c�r�e�a�s�e�d� �3�8�%�,� �a�n�d� 

�M�a�c�-�2�*�3�*� �T�B�H� �M�o�d� �i�n�c�r�e�a�s�e�d� �3�0�%�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �M�a�c�*�I�a�~� �T�B�H� �M�g� �a�l�s�o� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n�-� 
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�F�i�g�u�r�e� �7�.� �D�u�a�l�-�L�a�b�e�l� �A�n�a�l�y�s�i�s� �o�f� �N�o�r�m�a�l� �a�n�d� �T�B�H� �S�P�L�E�N�I�C� �M�é�¢� �A�n�t�i�g�e�n� �E�x�p�r�e�s�s�i�o�n�:� 
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�5�3� �|� �E�S� �=� �2� 
�7� �F� �2� �E� �3� �t� 
�e�j� �|� �C�e� �e�o� �b�e� 
�=�4� �p�e� �=� �f�s� 

�.� 

�+�5�)� �:� �3� �S�e� 
�w�e� �o�e� �Z�e� �i�e� �a�e� �3�0�8�  ��e�o� �1�6� �e� �3�6� �s�e� �e�o� �e� 

�C�O�N�T�R�O�L�.� 
�o�n� �n�e�e� �P�e� �e�e�e� �e�e� �P�e� �f�°�,� 

�1�s� �t�e� �2� �i�s� �b�e� 
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�c�o�u�n�t�e�r�p�a�r�t�s� �m�a�r�k�e�d� �w�i�t�h� �*�*�.� 

�C�H�A�P�T�E�R� �I�l� �6�0



�c�r�e�a�s�e�d�:� �M�a�c�-�l�*�]�I�a�~�,� �M�a�c�-�2�*�I�a�~�,� �a�n�d� �M�a�c�-�3�*�]�a�~� �M�¢� �i�n�c�r�e�a�s�e�d� �1�4�7�%�,� �1�7�1�%�,� �a�n�d� �1�3�5�%�,� �r�e�-� 

�s�p�e�c�t�i�v�e�l�y�.� �I�n� �c�o�n�t�r�a�s�t�,� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �I�a�*� �M�d� �d�e�c�r�e�a�s�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n� �t�h�e� �T�B�H�,� �a�n�d� �t�h�e�r�e� 

�w�a�s� �a�l�s�o� �a� �d�e�c�r�e�a�s�e� �i�n� �I�a� �d�e�n�s�i�t�y� �p�e�r� �M�d�.� �M�a�c�-�1�*�l�a�*� �T�B�H� �M�¢� �d�e�c�r�e�a�s�e�d� �6�0�%�,� �M�a�c�-�2�*� �I�a�*� �T�B�H� 

�M�¢� �d�e�c�r�e�a�s�e�d� �6�5�%�,� �a�n�d� �M�a�c�-�3�*�J�a�*� �d�e�c�r�e�a�s�e�d� �6�1�%�.� �T�B�H� �s�p�l�e�n�i�c� �M�¢� �h�a�d� �a� �m�o�r�e� �h�o�m�o�g�e�n�o�u�s� 

�f�l�u�o�r�e�s�c�e�n�c�e� �p�a�t�t�e�r�n� �t�h�a�n� �d�i�d� �n�o�r�m�a�l� �h�o�s�t� �s�p�l�e�n�i�c� �M�d�.� �T�h�e� �g�a�t�e�d� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �s�p�l�e�n�i�c� �M�¢� 

�s�h�o�w�e�d� �<�4�%� �B� �a�n�d�/�o�r� �T� �c�e�l�l� �c�o�n�t�a�m�i�n�a�t�i�o�n�.� 

�C�H�A�P�T�E�R� �I�I� �6�1



�D�I�S�C�U�S�S�I�O�N� 

�M�4�,� �l�i�k�e� �l�y�m�p�h�o�c�y�t�e�s�,� �a�r�e� �t�h�o�u�g�h�t� �t�o� �h�a�v�e� �d�i�s�t�i�n�c�t� �s�u�b�p�o�p�u�l�a�t�i�o�n�s�.� �P�r�e�v�i�o�u�s�l�y�,� �w�e� �u�s�e�d� 

�s�i�n�g�l�e�-�l�a�b�e�l� �a�n�a�l�y�s�i�s� �t�o� �c�h�a�r�a�c�t�e�r�i�z�e� �M�¢�@� �p�h�e�n�o�t�y�p�e� �(�C�H�A�P�T�E�R� �I�)�.� �B�e�c�a�u�s�e� �s�i�n�g�l�e�-�l�a�b�e�l� �a�n�a�l�y�s�i�s� 

�d�o�e�s� �n�o�t� �s�h�o�w� �m�u�l�t�i�p�l�e� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �p�e�r� �c�e�l�l�,� �w�e� �t�u�r�n�e�d� �t�o� �d�o�u�b�l�e�-�l�a�b�e�l�i�n�g� �m�e�t�h�o�d�s�.� �W�e� 

�d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �t�u�m�o�r� �g�r�o�w�t�h� �a�f�f�e�c�t�e�d� �t�h�e� �p�h�e�n�o�t�y�p�e� �(�d�o�u�b�l�e�-�l�a�b�e�l�e�d� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n�)� �o�f� 

�M�¢� �i�n� �t�h�e� �p�e�r�i�t�o�n�e�a�l� �c�a�v�i�t�y� �a�n�d� �t�h�e� �s�p�l�e�e�n�.� 

�D�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h�,� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �M�a�c�-�1�*�2�*�,� �M�a�c�-�1�*�3�*�,� �a�n�d� �M�a�c�-�2�*�3�*� �p�e�r�i�t�o�n�e�a�l� 

�M�é�¢� �d�e�c�r�e�a�s�e�d�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �M�a�c�-�2�*�I�a�~� �a�n�d� �M�a�c�-�3�*�I�a�~� �T�B�H� �M�g�¢� �a�l�s�o� �d�e�c�r�e�a�s�e�d�.� �T�h�e�r�e� 

�w�a�s� �n�o� �c�h�a�n�g�e� �i�n� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �M�a�c�-�1�*�I�a�~� �M�d�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �t�h�e� �o�v�e�r�a�l�l� �p�e�r�c�e�n�t�a�g�e� �o�f� �T�B�H� 

�M�@� �e�x�p�r�e�s�s�i�n�g� �M�a�c�-�1� �d�i�d� �n�o�t� �c�h�a�n�g�e�.� �W�h�a�t� �c�h�a�n�g�e�d� �w�a�s� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �T�B�H� �M�d� �e�x�p�r�e�s�s�i�n�g� 

�d�i�f�f�e�r�e�n�t� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �M�a�c�-�1�,� �M�a�c�-�2�,� �a�n�d� �M�a�c�-�3� �a�n�t�i�g�e�n�s�.� �T�h�e� �r�e�s�u�l�t�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e�r�e� �w�a�s� 

�a� �s�h�i�f�t� �t�o�w�a�r�d�s� �T�B�H� �M�a�c�-�1�*�2�~�3�~� �M�@�.� �T�h�e�s�e� �c�h�a�n�g�e�s� �w�e�r�e� �n�o�t� �d�u�e� �t�o� �a�n� �i�n�f�l�a�m�m�a�t�o�r�y� �r�e�s�p�o�n�s�e� 

�t�o� �t�h�e� �t�u�m�o�r� �a�s� �e�x�p�e�r�i�m�e�n�t�s� �w�i�t�h� �m�i�c�e� �i�n�j�e�c�t�e�d� �w�i�t�h� �n�o�n�t�u�m�o�r� �t�i�s�s�u�e� �s�h�o�w�e�d� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e�s� 

�i�n� �M�¢� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n�.� �T�h�u�s�,� �c�h�a�n�g�e�s� �i�n� �T�B�H� �M�¢� �w�e�r�e� �d�u�e� �t�o� �t�h�e� �e�f�f�e�c�t�s� �o�f� �t�u�m�o�r� �g�r�o�w�t�h�.� 

�T�h�e�s�e� �d�a�t�a� �a�r�e� �s�u�p�p�o�r�t�e�d� �b�y� �o�u�r� �s�i�n�g�l�e�-�l�a�b�e�l� �a�n�a�l�y�s�i�s� �(�C�H�A�P�T�E�R� �I�)�.� �T�h�e�s�e� �M�a�c�-�1�*�2�~�3�~� �T�B�H� 

�M�¢� �w�o�u�l�d� �b�e� �e�x�p�e�c�t�e�d� �t�o� �b�e� �i�m�m�a�t�u�r�e� �M�d�¢� �b�e�c�a�u�s�e� �M�a�c�-�2� �a�n�d� �-�3� �a�r�e� �l�a�t�e� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �a�n�t�i�g�e�n�s�,� 

�w�h�i�l�e� �M�a�c�-�1� �i�s� �a�n� �e�a�r�l�y� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �a�n�t�i�g�e�n� �(�9�5�-�9�7�,�2�0�8�,�2�4�9�)�.� �A�n� �i�n�c�r�e�a�s�e� �i�n� �i�m�m�a�t�u�r�e� 

�M�a�c�-�1�*�2�~�3�~� �T�B�H� �M�o� �i�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �p�r�e�v�i�o�u�s� �w�o�r�k� �s�h�o�w�i�n�g� �a� �s�i�g�n�i�f�i�c�a�n�t� �i�n�c�r�e�a�s�e� �i�n� �i�m�m�a�t�u�r�e� 

�p�e�r�o�x�i�d�a�s�e� �p�o�s�i�t�i�v�e� �M�@� �(�7�4�)�.� �A�n� �i�n�c�r�e�a�s�e�d� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�h�e�n�o�t�y�p�i�c�a�l�l�y� �(�a�n�d� �f�u�n�c�t�i�o�n�a�l�l�y�)� �i�m�m�a�-� 

�t�u�r�e� �p�e�r�o�x�i�d�a�s�e�-�p�o�s�i�t�i�v�e� �M�a�c�-�2�~�3�~� �T�B�H� �M�é�¢� �m�a�y� �e�x�p�l�a�i�n� �w�h�y� �T�B�H� �M�¢� �h�a�v�e� �a� �d�e�c�r�e�a�s�e�d� �a�c�c�e�s�-� 

�s�o�r�y� �c�e�l�l� �a�b�i�l�i�t�y� �a�n�d� �a�n� �i�n�c�r�e�a�s�e�d� �s�u�p�p�r�e�s�s�i�v�e� �n�a�t�u�r�e� �(�5�0�,�5�1�,�7�2�,�7�4�,� �1�0�3�,�1�3�7�,�1�3�8�,� �1�4�9�,�2�3�1�,�2�3�6�,�2�4�6�,�2�6�9�)�.� 

�P�r�e�v�i�o�u�s�l�y�,� �w�e� �s�h�o�w�e�d� �n�o�r�m�a�l� �h�o�s�t� �M�a�c�-�1�*� �M�¢� �w�e�r�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �d�o�w�n� �r�e�g�u�l�a�t�i�n�g� �P�G�E�2� 

�p�r�o�d�u�c�t�i�o�n� �a�n�d� �t�h�a�t� �t�h�i�s� �p�o�p�u�l�a�t�i�o�n� �w�a�s� �a�b�s�e�n�t� �i�n� �t�h�e� �T�B�H� �(�7�4�)�.� �A� �s�h�i�f�t� �i�n� �t�h�e� �s�u�p�p�r�e�s�s�o�r� �M�¢� 

�f�r�o�m� �a� �M�a�c�-�3�*� �M�¢� �i�n� �t�h�e� �n�o�r�m�a�l� �h�o�s�t� �t�o� �a� �M�a�c�-�2�*� �M�d� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �T�B�H� �(�7�4�,�1�3�7�)�.� �A� �d�e�c�r�e�a�s�e� 

�i�n� �M�@�¢�@� �e�x�p�r�e�s�s�i�n�g� �M�a�c�-�1� �o�r� �M�a�c�-�3� �(�d�e�c�r�e�a�s�e�d� �M�a�c�-�1�*�2�*�,� �M�a�c�-�2�*�3�*�,� �a�n�d� �M�a�c�-�1�*�3�*� �M�@�)� �c�o�u�l�d� 

�a�c�c�o�u�n�t� �f�o�r� �t�h�e� �l�o�s�s� �o�f� �t�h�e� �n�o�r�m�a�l� �h�o�s�t� �M�a�c�-�1�*� �M�@�-�m�e�d�i�a�t�e�d� �P�G�E�,� �c�o�n�t�r�o�l� �a�n�d� �M�a�c�-�3�*� 

�C�H�A�P�T�E�R� �I�I� �6�2



�M�¢�-�m�e�d�i�a�t�e�d� �s�u�p�p�r�e�s�s�i�o�n�.� �A�l�t�h�o�u�g�h� �t�h�e�r�e� �i�s� �n�o� �c�h�a�n�g�e� �i�n� �M�a�c�-�1�*� �T�B�H� �M�¢� �p�h�e�n�o�t�y�p�e�,� �t�h�e�r�e� �i�s� 

�a� �f�u�n�c�t�i�o�n�a�l� �a�b�e�r�r�a�t�i�o�n� �i�n� �t�h�i�s� �M�¢� �s�u�b�p�o�p�u�l�a�t�i�o�n� �(�7�4�)�.� �M�a�c�-�2�*� �M�@� �m�a�y� �b�e� �t�h�e� �p�r�i�m�a�r�y� �P�G�E�,� 

�p�r�o�d�u�c�e�r�s� �i�n� �t�h�e� �T�B�H� �(�7�4�,�1�3�7�)�.� �T�h�e� �l�o�s�s� �o�f� �t�h�e� �M�¢� �p�o�p�u�l�a�t�i�o�n� �t�h�a�t� �c�o�n�t�r�o�l�s� �P�G�E�,� �p�r�o�d�u�c�t�i�o�n� 

�c�o�u�l�d� �m�o�r�e� �t�h�a�n� �o�v�e�r�c�o�m�e� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� �M�a�c�-�2�*� �M�d�.� �B�e�c�a�u�s�e� �t�h�e�r�e� �i�s� �a� �2� �f�o�l�d� �i�n�c�r�e�a�s�e� �i�n� 

�P�G�E�?� �p�r�o�d�u�c�t�i�o�n� �i�n� �p�e�r�i�t�o�n�e�a�l� �T�B�H� �M�é�¢� �(�4�5�,�1�3�8�)�,� �a� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �M�a�c�-�2�*� �M�@� 

�d�i�d� �n�o�t� �s�e�e�m� �t�o� �a�f�f�e�c�t� �P�G�E�,� �p�r�o�d�u�c�t�i�o�n� �o�r� �T�B�H� �s�u�p�p�r�e�s�s�o�r� �M�¢� �a�c�t�i�v�i�t�y�.� �E�l�s�e�w�h�e�r�e�,� �w�e� �h�a�v�e� �a�d�-� 

�d�r�e�s�s�e�d� �t�h�e� �f�u�n�c�t�i�o�n�a�l� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �v�a�r�i�o�u�s� �M�¢� �p�o�p�u�l�a�t�i�o�n�s� �b�y� �u�s�i�n�g� �t�h�e� �f�l�o�w� �c�y�t�o�m�e�t�e�r� �t�o� �s�o�r�t� 

�t�h�e� �v�a�r�i�o�u�s� �M�a�c�*� �p�o�p�u�l�a�t�i�o�n�s� �(�8�)�.� 

�T�h�e� �d�o�u�b�l�e�-�l�a�b�e�l�i�n�g� �p�r�o�c�e�d�u�r�e� �d�e�t�e�c�t�e�d� �a� �u�n�i�q�u�e� �p�o�p�u�l�a�t�i�o�n� �o�f� �n�o�r�m�a�l� �a�n�d� �T�B�H� 

�M�a�c�-�1�*�2�~�3�-� �a�n�d� �M�a�c�-�1�~�2�~�3�*� �M�d�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �M�¢� �i�n� �t�h�e�s�e� �p�o�p�u�l�a�t�i�o�n�s� �d�i�d� �n�o�t� �c�h�a�n�g�e� 

�d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h� �a�n�d� �t�h�e�r�e� �a�r�e� �n�o� �f�u�n�c�t�i�o�n�s� �c�u�r�r�e�n�t�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e�m�.� �O�u�r� �f�u�n�c�t�i�o�n�a�l� 

�s�t�u�d�i�e�s� �u�s�i�n�g� �s�o�r�t�e�d� �M�¢� �p�o�p�u�l�a�t�i�o�n�s� �i�s� �a�n�s�w�e�r�i�n�g� �s�o�m�e� �o�f� �t�h�e� �f�u�n�c�t�i�o�n�a�l� �q�u�e�s�t�i�o�n�s� �o�f� �t�h�e� �d�i�f�f�e�r�e�n�t� 

�p�o�p�u�l�a�t�i�o�n�s� �o�f� �M�¢� �(�8�)�.� �T�h�e� �n�u�m�b�e�r� �o�f� �M�a�c�-�1�*�I�a�*�,� �M�a�c�-�2�*�I�a�*�,� �a�n�d� �M�a�c�-�3�*�I�a�*� �M�6� �s�i�g�n�i�f�i�c�a�n�t�l�y� 

�d�e�c�r�e�a�s�e�d� �d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h�.� �T�h�e�s�e� �d�a�t�a� �a�r�e� �s�u�p�p�o�r�t�e�d� �b�y� �p�r�e�v�i�o�u�s� �d�a�t�a� �f�r�o�m� �u�s� 

�(�7�3�,�C�H�A�P�T�E�R� �I�)� �a�n�d� �o�t�h�e�r�s� �(�1�5�6�)�.� �D�e�c�r�e�a�s�e�d� �I�a� �e�x�p�r�e�s�s�i�o�n� �o�n� �T�B�H� �M�¢� �l�i�m�i�t�s� �t�h�e�i�r� �a�b�i�l�i�t�y� �t�o� 

�a�c�t� �a�s� �a�n�t�i�g�e�n� �p�r�e�s�e�n�t�i�n�g� �c�e�l�l�s� �(�2�4�0�-�2�4�2�)� �a�n�d� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s� �i�n� �I�a�-�d�e�p�e�n�d�e�n�t� �r�e�a�c�t�i�o�n�s�,� �s�u�c�h� �a�s� �t�h�e� 

�S�M�L�R� �(�1�5�7�,�1�6�8�)�.� 

�I�n� �t�h�e� �s�p�l�e�e�n�,� �t�h�e� �n�u�m�b�e�r� �a�n�d� �p�e�r�c�e�n�t�a�g�e� �o�f� �M�a�c�-�1�*�2�*�,� �M�a�c�-�1�*�3�*�,� �a�n�d� �M�a�c�-�2�*�3�*� �M�¢� �s�i�g�-� 

�n�i�f�i�c�a�n�t�l�y� �i�n�c�r�e�a�s�e�d� �d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h�.� �T�h�e� �i�n�c�r�e�a�s�e� �i�n� �M�a�c�-�1�*� �M�¢� �i�n� �t�h�e� �T�B�H� �f�o�l�l�o�w�s� �a� �s�h�i�f�t� 

�i�n� �t�h�e� �p�h�e�n�o�t�y�p�e� �o�f� �t�h�e� �s�p�l�e�n�i�c� �a�c�c�e�s�s�o�r�y� �M�¢� �f�r�o�m� �M�a�c�-�1�~� �i�n� �t�h�e� �n�o�r�m�a�l� �h�o�s�t� �t�o� �M�a�c�-�1�*� �i�n� �t�h�e� 

�T�B�H� �(�7�2�)�.� �A� �r�e�c�e�n�t� �r�e�p�o�r�t� �(�2�3�6�)� �s�u�g�g�e�s�t�s� �t�h�a�t� �d�i�f�f�e�r�e�n�t� �t�u�m�o�r�s� �p�r�o�d�u�c�e�d� �a� �c�o�l�o�n�y� �s�t�i�m�u�l�a�t�i�n�g� 

�f�a�c�t�o�r� �t�h�a�t� �i�n�d�u�c�e�d� �M�a�c�-�1�*� �a�n�d� �-�2�*� �s�p�l�e�n�i�c� �M�d�,� �w�h�i�c�h� �w�o�u�l�d� �s�u�p�p�r�e�s�s� �t�h�e� �i�n� �v�i�t�r�o� �m�i�t�o�g�e�n�-� 

�i�n�d�u�c�e�d� �p�r�o�l�i�f�e�r�a�t�i�o�n� �o�f� �T� �a�n�d� �B� �c�e�l�l�s�.� �S�u�p�p�r�e�s�s�o�r� �c�e�l�l� �i�n�d�u�c�t�i�o�n� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �i�n� �v�i�v�o� �p�r�o�d�u�c�t�i�o�n� 

�o�f� �f�a�c�t�o�r�s� �b�y� �t�h�e�s�e� �t�u�m�o�r�s�.� �I�n� �o�u�r� �m�o�d�e�l�,� �t�h�e�r�e� �i�s� �a� �4�-�5� �f�o�l�d� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �T�B�H� �s�p�l�e�n�i�c� 

�M�@�¢� �(�5�1�)�.� �F�l�o�w� �c�y�t�o�m�e�t�r�y� �d�a�t�a� �s�h�o�w�e�d� �a� �3�0�%� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �T�B�H� �M�a�c�-�1�*�2�*� 

�M�@�¢�.� �T�h�i�s� �p�e�r�c�e�n�t�a�g�e� �i�n�c�r�e�a�s�e� �t�r�a�n�s�l�a�t�e�s� �i�n�t�o� �2�-�3� �t�i�m�e�s� �m�o�r�e� �M�a�c�-�1�*�2�*� �M�g� �i�n� �t�h�e� �s�p�l�e�e�n�.� �A� �s�i�g�-� 

�n�i�f�i�c�a�n�t� �i�n�c�r�e�a�s�e� �o�f� �t�h�e�s�e� �s�u�p�p�r�e�s�s�o�r� �M�@� �w�o�u�l�d� �e�x�p�l�a�i�n� �w�h�y� �T�B�H� �s�p�l�e�n�i�c� �M�@� �s�u�p�p�r�e�s�s� �m�i�t�o�g�e�n�-� 

�i�n�d�u�c�e�d�,� �a�l�l�o�g�e�n�e�i�c�,� �a�n�d� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l� �r�e�s�p�o�n�s�e�s�.� �R�e�c�e�n�t�l�y�,� �i�t� �w�a�s� �a�l�s�o� �s�h�o�w�n� �t�h�a�t� 

�C�H�A�P�T�E�R� �I�I� �6�3



�L�a�c�t�o�b�a�c�i�l�l�u�s� �c�a�s�e�i� �c�a�n� �i�n�d�u�c�e� �M�a�c�-�1�~� �a�n�d� �-�2�*� �M�@� �p�o�p�u�l�a�t�i�o�n�s� �i�n� �t�h�e� �s�p�l�e�e�n� �(�1�6�2�)�.� �H�o�w�e�v�e�r�,� 

�t�h�e�s�e� �M�@� �w�e�r�e� �M�a�c�-�3�~� �a�n�d� �s�h�o�w�e�d� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y�.� �P�e�r�h�a�p�s� �t�h�a�t� �i�s� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� 

�T�B�H� �a�n�d� �b�a�c�t�e�r�i�a�l� �s�y�s�t�e�m�s�,� �M�a�c�-�1�*�2�*�3�*� �M�@� �a�r�e� �s�u�p�p�r�e�s�s�o�r� �M�d�¢�@� �a�n�d� �M�a�c�-�1�+�2�*�3�-� �M�é� �a�r�e� 

�c�y�t�o�t�o�x�i�c� �M�@�¢�.� 

�T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �s�p�l�e�n�i�c� �l�a�*� �M�¢� �d�e�c�r�e�a�s�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n� �t�h�e� �T�B�H�,� �a�n�d� �t�h�e�r�e� �w�a�s� �a�l�s�o� �a� 

�d�e�c�r�e�a�s�e� �i�n� �I�a� �a�n�t�i�g�e�n� �d�e�n�s�i�t�y� �p�e�r� �M�d�.� �M�¢� �p�r�e�s�e�n�t�a�t�i�o�n� �t�o� �a�n�t�i�g�e�n�-�s�p�e�c�i�f�i�c� �a�n�d� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� 

�d�e�p�e�n�d�s� �o�n� �I�a� �e�x�p�r�e�s�s�i�o�n� �(�1�5�7�,�1�6�8�,�2�4�0�-�2�4�2�)�,� �s�o� �c�h�a�n�g�e�s� �i�n� �I�a� �e�x�p�r�e�s�s�i�o�n� �w�o�u�l�d� �p�l�a�y� �a� �v�i�t�a�l� �r�o�l�e� �i�n� 

�d�e�c�r�e�a�s�e�d� �M�H�C�-�r�e�s�t�r�i�c�t�e�d� �i�m�m�u�n�e� �r�e�a�c�t�i�v�i�t�y� �d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h�.� �B�e�c�a�u�s�e� �M�¢� �w�i�t�h� �t�h�e� �I�a�~� 

�p�h�e�n�o�t�y�p�e� �a�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �s�u�p�p�r�e�s�s�o�r� �a�c�t�i�v�i�t�y� �(�3�4�)�,� �a� �2� �f�o�l�d� �i�n�c�r�e�a�s�e� �i�n� �T�B�H� �I�a�~� �M�¢� �p�l�u�s� �t�h�e� 

�f�o�u�r�-� �t�o� �f�i�v�e�-�f�o�l�d� �i�n�c�r�e�a�s�e� �i�n� �T�B�H� �s�p�l�e�n�i�c� �M�¢� �(�5�1�)�,� �c�o�u�l�d� �e�x�p�l�a�i�n� �t�h�e� �i�n�c�r�e�a�s�e�d� �s�u�p�p�r�e�s�s�o�r� �a�c�t�i�v�i�t�y� 

�s�e�e�n� �i�n� �T�B�H� �M�¢�.� �T�h�e� �d�a�t�a� �t�h�a�t� �t�h�e� �s�u�g�g�e�s�t�e�d� �s�p�l�e�n�i�c� �M�@� �s�h�i�f�t� �f�r�o�m� �a� �M�a�c�-�1�*�2�*�3�*�I�a�*� �n�o�r�m�a�l� 

�h�o�s�t� �h�e�l�p�e�r�/�a�c�c�e�s�s�o�r�y� �M�¢� �t�o� �a� �M�a�c�-�1�*�2�+�3�*�I�a�~� �T�B�H� �s�u�p�p�r�e�s�s�o�r� �M�¢�.� �T�h�i�s� �s�h�i�f�t� �p�a�r�t�i�a�l�l�y� �e�x�p�l�a�i�n�s� 

�w�h�y� �t�h�e� �T�B�H� �i�s� �i�n� �a� �s�t�a�t�e� �o�f� �t�u�m�o�r�-�i�n�d�u�c�e�d� �s�u�p�p�r�e�s�s�i�o�n� �a�n�d� �w�h�y� �i�m�m�u�n�e� �r�e�a�c�t�i�v�i�t�y� �i�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� 

�s�u�p�p�r�e�s�s�e�d� �b�y� �T�B�H� �M�¢�@�.� 

�I�n� �c�o�n�t�r�a�s�t� �t�o� �T�B�H� �p�e�r�i�t�o�n�e�a�l� �M�d�,� �T�B�H� �s�p�l�e�n�i�c� �M�d� �s�h�o�w�e�d� �a� �m�o�r�e� �h�o�m�o�g�e�n�o�u�s� 

�f�l�u�o�r�e�s�c�e�n�c�e� �p�a�t�t�e�r�n� �t�h�a�n� �d�i�d� �n�o�r�m�a�l� �h�o�s�t� �s�p�l�e�n�i�c� �M�¢�.� �T�B�H� �s�p�l�e�n�i�c� �M�¢� �w�e�r�e� �m�o�r�e� �h�o�m�o�g�e�n�o�u�s� 

�i�n� �s�i�z�e� �a�n�d� �b�e�c�a�u�s�e� �c�e�l�l� �s�i�z�e� �c�o�r�r�e�l�a�t�e�s� �w�i�t�h� �a�n�t�i�g�e�n� �d�e�n�s�i�t�y�,� �t�h�e�y� �w�o�u�l�d� �b�e� �e�x�p�e�c�t�e�d� �t�o� �h�a�v�e� �a� �m�o�r�e� 

�u�n�i�f�o�r�m� �s�u�r�f�a�c�e� �m�a�r�k�e�r� �e�x�p�r�e�s�s�i�o�n�.� �T�h�e� �s�h�i�f�t� �t�o� �s�m�a�l�l�e�r�-�s�i�z�e�d� �T�B�H� �M�¢� �m�a�y� �b�e� �b�e�c�a�u�s�e� �o�f� �t�h�e� 

�i�n�f�l�u�x� �o�f� �s�m�a�l�l�e�r� �i�m�m�a�t�u�r�e� �M�d� �i�n�t�o� �t�h�e� �s�p�l�e�e�n�,� �t�h�e�r�e� �a�r�e� �4�-�5� �f�o�l�d� �m�o�r�e� �M�d� �i�n� �t�h�e� �T�B�H� �s�p�l�e�e�n� �t�h�a�n� 

�i�n� �t�h�e� �n�o�r�m�a�l� �h�o�s�t� �s�p�l�e�e�n� �(�5�1�)�.� 

�I�n� �c�o�n�c�l�u�s�i�o�n�,� �t�h�e� �d�a�t�a� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�u�m�o�r� �g�r�o�w�t�h� �c�h�a�n�g�e�d� �t�h�e� �s�u�r�f�a�c�e� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� 

�o�f� �M�@�¢� �a�n�d� �t�h�a�t� �s�u�b�p�o�p�u�l�a�t�i�o�n�s� �o�f� �M�¢� �m�a�y� �e�x�i�s�t� �i�n� �t�h�e� �s�p�l�e�e�n� �a�n�d� �t�h�e� �p�e�r�i�t�o�n�e�a�l� �c�a�v�i�t�y�.� �F�u�r�-� 

�t�h�e�r�m�o�r�e�,� �t�h�e� �d�a�t�a� �s�h�o�w�e�d� �t�h�a�t� �M�@� �f�r�o�m� �d�i�f�f�e�r�e�n�t� �s�i�t�e�s� �w�e�r�e� �p�h�e�n�o�t�y�p�i�c�a�l�l�y� �d�i�s�t�i�n�c�t�,� �c�o�r�r�e�l�a�t�i�n�g� 

�w�i�t�h� �t�h�e� �d�i�s�t�i�n�c�t� �f�u�n�c�t�i�o�n�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �e�a�c�h�.� �T�h�i�s� �w�o�r�k� �e�x�t�e�n�d�s� �p�r�e�v�i�o�u�s� �w�o�r�k� �b�y� �o�u�r�s�e�l�v�e�s� 

�(�5�0�,�7�2�-�7�4�,�1�3�7�,�1�3�8�)� �a�n�d� �o�t�h�e�r�s� �(�5�6�,�1�0�3�,� �1�4�9�,�2�3�1�,�2�3�6�,�2�4�6�,�1�6�9�)� �s�h�o�w�i�n�g� �t�h�a�t� �t�u�m�o�r� �g�r�o�w�t�h� �c�h�a�n�g�e�s� 

�M�¢�@� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �l�e�a�d�i�n�g� �t�o� �t�u�m�o�r�-�i�n�d�u�c�e�d� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�o�n�.� �A�l�t�h�o�u�g�h� �t�h�e�s�e� �M�¢� �p�o�p�u�l�a�t�i�o�n�s� 

�m�a�y� �r�e�p�r�e�s�e�n�t� �e�i�t�h�e�r� �s�t�a�b�l�e� �p�h�e�n�o�t�y�p�i�c� �s�u�b�p�o�p�u�l�a�t�i�o�n�s� �o�r� �t�r�a�n�s�i�e�n�t� �p�o�p�u�l�a�t�i�o�n�s�,� �w�e� �c�a�n� �s�a�y� �t�h�a�t� 

�t�u�m�o�r� �g�r�o�w�t�h� �c�h�a�n�g�e�s� �t�h�e� �s�u�r�f�a�c�e� �m�a�r�k�e�r� �e�x�p�r�e�s�s�i�o�n� �o�f� �T�B�H� �M�¢�@�.� �H�o�w� �t�h�e�s�e� �c�h�a�n�g�e�s� �c�o�r�r�e�l�a�t�e� 
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�w�i�t�h� �f�u�n�c�t�i�o�n� �w�i�l�l� �b�e� �t�h�e� �n�e�x�t� �m�a�j�o�r� �i�s�s�u�e� �a�d�d�r�e�s�s�e�d�.� �A�s� �w�e� �c�h�a�r�a�c�t�e�r�i�z�e� �M�¢� �p�h�e�n�o�t�y�p�i�c�a�l�l�y� �a�n�d� 

�f�u�n�c�t�i�o�n�a�l�l�y�,� �w�e� �h�o�p�e� �t�o� �f�u�r�t�h�e�r� �d�e�l�i�n�e�a�t�e� �t�h�e� �r�o�l�e� �o�f� �M�¢� �i�n� �t�h�e� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �a�n�d� �h�o�w� �t�u�m�o�r� 

�g�r�o�w�t�h� �u�p�s�e�t�s� �t�h�i�s� �b�a�l�a�n�c�e�.� 
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�C�H�A�P�T�E�R� �I�I�I� 

�T�U�M�O�R�-�I�N�D�U�C�E�D� �A�L�T�E�R�A�T�I�O�N� �I�N� 

�M�A�C�R�O�P�H�A�G�E� �A�C�C�E�S�S�O�R�Y� �C�E�L�L� �A�C�T�I�V�I�T�Y� �O�N� 

�A�U�T�O�R�E�A�C�T�I�V�E� �T� �C�E�L�L�S� 

�I�N�T�R�O�D�U�C�T�I�O�N� 

�M�¢� �a�r�e� �i�m�p�o�r�t�a�n�t� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s� �i�n� �t�h�e� �f�u�n�c�t�i�o�n�i�n�g� �o�f� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e�s�.� �I�n� �t�h�e� �S�M�L�R�,� �a�n� 

�a�s�s�a�y� �d�r�i�v�e�n� �b�y� �t�h�e� �p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �s�e�l�f�-�I�a� �a�n�t�i�g�e�n�s� �b�y� �n�o�n�-�T� �c�e�l�l�s� �t�o� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s�,� �M�¢� �s�e�r�v�e� 

�a�s� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s� �b�y� �v�i�r�t�u�e� �o�f� �t�h�e�i�r� �a�b�i�l�i�t�y� �t�o� �e�x�p�r�e�s�s� �a�n�d� �p�r�e�s�e�n�t� �s�e�l�f�-�I�a� �a�n�t�i�g�e�n�s� �t�o� �a�u�t�o�r�e�a�c�t�i�v�e� �T� 

�c�e�l�l�s� �(�1�4�)�.� �T�h�i�s� �M�¢� �(�I�a�)�-�T� �c�e�l�l� �i�n�t�e�r�a�c�t�i�o�n� �i�s� �t�h�e� �f�i�r�s�t� �s�i�g�n�a�l� �i�n� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l� �r�e�g�u�l�a�t�i�o�n� �(�1�6�8�)�.� 

�T�h�e� �r�e�s�p�o�n�d�e�r� �c�e�l�l� �i�n� �t�h�e� �m�o�u�s�e� �S�M�L�R� �i�s� �a�n� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�,� �a� �L�3�T�4�*�,� �T�h�y�-�1�*�,� �I�a�~�,� �a�n�d� 

�L�y�t�-�2�~� �c�e�l�l� �(�1�4�,�2�2�4�)�,� �c�a�p�a�b�l�e� �o�f� �r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e� �p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �s�e�l�f�-�I�a� �m�o�l�e�c�u�l�e�s� �a�l�o�n�e� �f�r�o�m� 

�a�u�t�o�l�o�g�o�u�s� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s� �(�3�6�,�1�5�7�,�1�5�8�)� �b�u�t� �n�o�t� �J�a� �p�l�u�s� �a�n�t�i�g�e�n� �(�1�5�9�)�.� �T�h�i�s� �i�s� �n�o�t� �u�n�u�s�u�a�l� �s�i�n�c�e� �t�h�e� 
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�i�m�m�u�n�e� �s�y�s�t�e�m� �i�s� �s�e�l�f�-�c�e�n�t�e�r�e�d� �a�n�d� �r�e�g�u�l�a�t�e�s� �i�t�s�e�l�f� �b�y� �l�o�o�k�i�n�g� �i�n�w�a�r�d� �(�1�0�1�)�.� �A�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� 

�p�e�r�f�o�r�m� �s�e�v�e�r�a�l� �r�e�g�u�l�a�t�o�r�y� �f�u�n�c�t�i�o�n�s� �i�n� �v�i�t�r�o� �s�u�c�h� �a�s� �h�e�l�p�/�a�m�p�l�i�f�i�c�a�t�i�o�n� �(�3�6�,�1�1�7�,�1�5�7�,�1�5�8�,�2�6�4�)�,� �s�u�p�-� 

�p�r�e�s�s�i�o�n� �(�3�6�,�1�0�0�,�2�0�1�)�,� �c�y�t�o�t�o�x�i�c�i�t�y� �(�2�3�5�)�,� �a�n�d� �a�n�t�i�-�t�u�m�o�r� �r�e�s�p�o�n�s�e�s� �(�2�3�8�)�.� �R�e�c�e�n�t�l�y�,� �a�u�t�o�r�e�a�c�t�i�v�e� 

�T� �c�e�l�l� �c�l�o�n�e�s� �h�a�v�e� �b�e�e�n� �s�h�o�w�n� �t�o� �s�t�i�m�u�l�a�t�e� �n�a�i�v�e� �L�3�T�4�*� �T� �c�e�l�l�s� �a�n�d� �p�a�r�t�i�c�i�p�a�t�e� �i�n� �a� �T�-�T� �n�e�t�w�o�r�k� 

�i�n� �v�i�t�r�o� �a�n�d� �i�n� �v�i�v�o� �(�1�1�1�,�1�5�7�,�1�5�9�,�2�2�2�)�.� �A�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �h�a�v�e� �a�l�s�o� �b�e�e�n� �e�x�t�e�n�s�i�v�e�l�y� �s�t�u�d�i�e�d� �i�n� 

�d�i�s�e�a�s�e�d� �h�o�s�t�s�.� �P�a�t�i�e�n�t�s� �w�i�t�h� �l�y�m�p�h�o�p�r�o�l�i�f�e�r�a�t�i�v�e� �d�i�s�e�a�s�e�s� �s�u�c�h� �a�s� �c�h�r�o�n�i�c� �l�y�m�p�h�o�c�y�t�e� �l�e�u�k�e�m�i�a� 

�(�8�8�)� �o�r� �H�o�d�g�k�i�n ��s� �d�i�s�e�a�s�e� �(�5�6�)� �h�a�v�e� �d�e�f�e�c�t�i�v�e� �S�M�L�R� �r�e�s�p�o�n�s�e�s�.� �A�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �h�a�v�e� �i�m�p�o�r�-� 

�t�a�n�t� �i�m�m�u�n�o�r�e�g�u�l�a�t�o�r�y� �f�u�n�c�t�i�o�n�s� �a�n�d� �a�r�e� �e�s�s�e�n�t�i�a�l� �f�o�r� �i�m�m�u�n�e� �h�o�m�e�o�s�t�a�s�i�s�.� 

�T�u�m�o�r� �g�r�o�w�t�h� �a�l�t�e�r�s� �M�¢� �p�h�e�n�o�t�y�p�i�c� �a�n�d� �f�u�n�c�t�i�o�n�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �T�h�i�s� �i�n�c�l�u�d�e�s� �d�e�c�r�e�a�s�e�d� 

�c�o�n�t�r�o�l� �o�f� �P�G�E�2� �p�r�o�d�u�c�t�i�o�n� �(�7�4�,�1�3�7�)�,� �a� �d�e�c�r�e�a�s�e� �i�n� �M�¢�@� �r�e�g�u�l�a�t�o�r�y� �c�a�p�a�b�i�l�i�t�i�e�s�,� �a�s� �w�e�l�l� �a�s� �a� �s�h�i�f�t� �i�n� 

�t�h�e� �M�@� �s�u�r�f�a�c�e� �a�n�t�i�g�e�n�s�,� �M�a�c�-�1�,� �-�2�,� �-�3�,� �a�n�d� �I�a� �(�7�2�-�7�4�,�1�3�7�)�.� �T�u�m�o�r� �g�r�o�w�t�h� �s�u�p�p�r�e�s�s�e�s� �m�i�t�o�g�e�n�-� 

�i�n�d�u�c�e�d� �p�r�o�l�i�f�e�r�a�t�i�o�n� �a�n�d� �M�L�R� �r�e�a�c�t�i�v�i�t�y� �b�y� �a�l�t�e�r�i�n�g� �M�¢� �a�c�c�e�s�s�o�r�y� �f�u�n�c�t�i�o�n�s� �(�5�1�,�7�3�,�7�4�)�.� �S�i�n�c�e� 

�t�u�m�o�r� �g�r�o�w�t�h� �c�h�a�n�g�e�s� �t�h�e� �M�¢� �a�b�i�l�i�t�y� �t�o� �i�n�t�e�r�a�c�t� �i�n� �t�h�e� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �a�n�d� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� �i�s� �a�l�-� 

�t�e�r�e�d� �b�y� �d�i�s�e�a�s�e�d� �s�t�a�t�e�s�,� �w�e� �w�e�r�e� �i�n�t�e�r�e�s�t�e�d� �i�n� �k�n�o�w�i�n�g� �w�h�a�t� �e�f�f�e�c�t� �t�u�m�o�r� �g�r�o�w�t�h� �h�a�d� �o�n� �t�h�e� �M�@� 

�a�b�i�l�i�t�y� �t�o� �a�c�t� �a�s� �a�n� �a�c�c�e�s�s�o�r�y� �c�e�l�l� �t�o� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s�.� 

�I�n� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y� �w�e� �o�b�s�e�r�v�e�d� �t�h�a�t� �M�¢� �f�r�o�m� �B�A�L�B�/�c� �m�i�c�e� �b�e�a�r�i�n�g� �a� �t�r�a�n�s�p�l�a�n�t�a�b�l�e� 

�m�e�t�h�y�l�c�h�o�l�a�n�t�h�r�e�n�e�-�i�n�d�u�c�e�d� �t�u�m�o�r�,� �i�n�h�i�b�i�t�e�d� �a�u�t�o�r�e�a�c�t�i�v�i�t�y�.� �T�h�e� �s�u�p�p�r�e�s�s�i�o�n� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �a�s�-� 

�s�o�c�i�a�t�e�d� �w�i�t�h� �d�e�c�r�e�a�s�e�d� �J�a� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �o�n� �T�B�H� �M�d� �a�n�d� �i�n�c�r�e�a�s�e�d� �s�u�p�p�r�e�s�s�o�r� �a�c�t�i�v�i�t�y� �b�y� 

�t�h�e�s�e� �M�¢� �w�h�i�c�h� �w�a�s� �p�a�r�t�l�y� �c�a�u�s�e�d� �b�y� �i�n�c�r�e�a�s�e�d� �P�G� �p�r�o�d�u�c�t�i�o�n�.� 
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�M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� 

�A�n�i�m�a�l�s� 

�E�i�g�h�t� �t�o� �1�2� �w�e�e�k�-�o�l�d� �m�a�l�e� �B�A�L�B�/�c� �m�i�c�e� �(�D�o�m�i�n�i�o�n� �L�a�b�s�)� �w�e�r�e� �u�s�e�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �e�x�p�e�r�-� 

�i�m�e�n�t�s�.� �M�i�c�e�,� �d�e�s�i�g�n�a�t�e�d� �T�B�H�,� �r�e�c�e�i�v�e�d� �i�n�t�r�a�m�u�s�c�u�l�a�r� �i�n�j�e�c�t�i�o�n�s� �o�f� �a� �s�i�n�g�l�e�-�c�e�l�l� �s�u�s�p�e�n�s�i�o�n� �o�f� �4� �x� 

�1�0�°� �c�e�l�l�s� �f�r�o�m� �a� �m�e�t�h�y�l�c�h�o�l�a�n�t�h�r�e�n�e�-�i�n�d�u�c�e�d� �n�o�n�m�e�t�a�s�t�a�t�i�c� �t�r�a�n�s�p�l�a�n�t�a�b�l�e� �f�i�b�r�o�s�a�r�c�o�m�a� �i�n�t�o� �t�h�e� 

�l�e�f�t� �h�i�n�d� �l�e�g�.� �T�h�i�s� �r�e�s�u�l�t�e�d� �i�n� �p�a�l�p�a�b�l�e� �t�u�m�o�r�s� �b�y� �d�a�y�s� �1�0�-�1�4� �a�n�d� �d�e�a�t�h� �b�y� �d�a�y�s� �2�8�-�3�5� �(�5�1�)�.� �A�f�t�e�r� 

�t�h�e� �t�u�m�o�r� �b�e�c�o�m�e�s� �p�a�l�p�a�b�l�e�,� �s�i�g�n�i�f�i�c�a�n�t� �s�u�p�p�r�e�s�s�i�o�n� �o�f� �C�o�n� �A�,� �P�H�A�,� �a�n�d� �M�L�R� �r�e�a�c�t�i�v�i�t�y� �f�o�l�l�o�w�s� 

�a�n�d� �t�h�i�s� �s�u�p�p�r�e�s�s�i�o�n� �i�n�c�r�e�a�s�e�s� �a�s� �t�u�m�o�r� �g�r�o�w�t�h� �p�r�o�g�r�e�s�s�e�s� �(�5�1�,�7�2�,�7�3�,�2�6�1�)�.� �I�n� �t�h�e�s�e� �k�i�n�e�t�i�c� �s�t�u�d�i�e�s�,� 

�t�h�e� �i�n�c�r�e�a�s�i�n�g� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�o�n� �w�a�s� �d�u�e� �t�o� �t�h�e� �t�i�m�e� �o�f� �t�u�m�o�r�-�b�e�a�r�i�n�g� �a�s� �w�e�l�l� �a�s� �t�h�e� �s�i�z�e� �o�f� �t�h�e� 

�t�u�m�o�r� �(�5�1�,�2�6�1�)�.� �M�i�c�e� �w�e�r�e� �L�D�H� �v�i�r�u�s� �n�e�g�a�t�i�v�e� �(�M�i�c�r�o�b�i�o�l�o�g�i�c�a�l� �A�s�s�o�c�i�a�t�e�s�)�.� �M�i�c�e� �w�i�t�h� �n�o� �t�u�m�o�r�s� 

�(�d�a�y� �0�/�n�o�r�m�a�l�)� �o�r� �w�i�t�h� �t�u�m�o�r�s� �(�7�,� �1�4�,� �o�r� �2�1� �d�a�y�s� �a�f�t�e�r� �t�u�m�o�r� �c�e�l�l� �i�n�j�e�c�t�i�o�n�)� �w�e�r�e� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� 

�T�o� �c�o�n�f�i�r�m� �t�h�e� �u�s�e� �o�f� �u�n�t�r�e�a�t�e�d� �m�i�c�e� �f�o�r� �c�o�n�t�r�o�l�s� �a�s� �o�p�p�o�s�e�d� �t�o� �o�n�e�s� �w�i�t�h� �l�a�r�g�e� �n�o�n�s�p�e�c�i�f�i�c� �i�n�-� 

�f�l�a�m�m�a�t�o�r�y� �r�e�s�p�o�n�s�e�s�,� �B�A�L�B�/�c� �m�i�c�e� �i�n�j�e�c�t�e�d� �w�i�t�h� �4� �x� �1�0�°� �a�l�l�o�g�e�n�e�i�c�,� �n�o�n�t�u�m�o�r� �C�3�H� �m�u�s�c�l�e� �c�e�l�l�s� 

�w�e�r�e� �a�l�s�o� �r�u�n� �a�s� �c�o�n�t�r�o�l�s� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�o�n� �w�a�s� �d�u�e� �t�o� �a�n� �i�n�f�l�a�m�m�a�t�o�r�y� 

�r�e�s�p�o�n�s�e� �o�r� �t�h�e� �t�u�m�o�r�.� 

�M�e�d�i�u�m� 

�A�l�l� �c�e�l�l�s� �w�e�r�e� �g�r�o�w�n� �i�n� �R�P�M�I�-�1�6�4�0� �(�H�a�z�e�l�t�o�n�)� �m�e�d�i�u�m� �w�i�t�h� �1�0�%� �h�e�a�t�-�i�n�a�c�t�i�v�a�t�e�d� �F�C�S� 

�(�G�i�b�c�o�)� �a�n�d� �4� �x� �1�0�7�°� �M� �2�-�m�e�r�c�a�p�t�o�e�t�h�a�n�o�l� �(�S�i�g�m�a�)�.� �A�l�l� �m�e�d�i�a� �c�o�n�t�a�i�n�e�d� �5�0� �m�g�/�l� �g�e�n�t�a�m�i�c�i�n� 

�(�G�i�b�c�o�)�,� �2� �g�/�l� �N�a�H�C�O�;� �a�n�d� �2�5� �m�M� �H�E�P�E�S� �(�R�e�s�e�a�r�c�h� �O�r�g�a�n�i�c�s�)�.� 
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�S�M�L�R� 

�S�p�l�e�e�n�s� �w�e�r�e� �r�e�m�o�v�e�d� �a�n�d� �p�l�a�c�e�d� �i�n� �a� �w�i�r�e� �s�i�e�v�e�.� �T�h�e� �c�o�l�l�e�c�t�e�d� �W�S�C� �s�u�s�p�e�n�s�i�o�n�s� �w�e�r�e� �r�e�-� 

�s�u�s�p�e�n�d�e�d� �i�n� �m�e�d�i�u�m� �w�i�t�h� �1�0�%� �F�C�S� �a�n�d� �t�h�e�n� �p�l�a�t�e�d� �o�r� �s�e�p�a�r�a�t�e�d� �o�n� �a� �n�y�l�o�n� �w�o�o�l� �c�o�l�u�m�n� �a�n�d� 

�f�u�r�t�h�e�r� �p�u�r�i�f�i�e�d� �b�y� �a�n�t�i�b�o�d�y� �p�l�u�s� �c�o�m�p�l�e�m�e�n�t� �(�C�)� �t�r�e�a�t�m�e�n�t�.� �T�h�e� �p�l�a�t�e�d� �p�r�e�p�a�r�a�t�i�o�n� �p�r�o�v�i�d�e�d� �t�h�e� 

�s�o�u�r�c�e� �o�f� �M�@�,� �w�h�i�c�h� �w�e�r�e� �t�h�e� �s�t�i�m�u�l�a�t�o�r� �c�e�l�l�s� �i�n� �t�h�e� �S�M�L�R�.� �T�h�e� �n�y�l�o�n� �w�o�o�l� �c�o�l�u�m�n� �a�n�d� �a�n�t�i�b�o�d�y� 

�p�l�u�s� �C�-�t�r�e�a�t�e�d� �p�r�e�p�a�r�a�t�i�o�n� �p�r�o�v�i�d�e�d� �t�h�e� �s�o�u�r�c�e� �o�f� �L�3�T�4�*� �T� �c�e�l�l�s�,� �w�h�i�c�h� �w�e�r�e� �t�h�e� �r�e�s�p�o�n�d�e�r� �c�e�l�l�s� 

�i�n� �t�h�e� �S�M�L�R�.� �T�h�e� �s�o�u�r�c�e� �o�f� �T� �c�e�l�l�s� �w�e�r�e� �n�o�r�m�a�l� �m�i�c�e�.� �T� �c�e�l�l�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �b�y� �i�n�c�u�b�a�t�i�n�g� �W�S�C� 

�o�n� �a� �n�y�l�o�n� �w�o�o�l� �c�o�l�u�m�n� �f�o�r� �3�0� �m�i�n� �a�t� �3�7�°�C�.� �N�o�n�a�d�h�e�r�e�n�t� �c�e�l�l�s� �w�e�r�e� �e�l�u�t�e�d� �f�r�o�m� �t�h�e� �c�o�l�u�m�n� �a�n�d� 

�c�e�n�t�r�i�f�u�g�e�d�.� �T�h�e� �r�e�s�u�l�t�i�n�g� �n�o�n�a�d�h�e�r�e�n�t� �c�e�l�l�s� �w�e�r�e� �f�u�r�t�h�e�r� �d�e�p�l�e�t�e�d� �o�f� �I�a�*� �B� �c�e�l�l�s�,� �M�d�,� �a�n�d� �o�t�h�e�r� 

�c�o�n�t�a�m�i�n�a�t�i�n�g� �c�e�l�l�s� �b�y� �r�e�s�u�s�p�e�n�d�i�n�g� �i�n� �s�u�p�e�r�n�a�t�a�n�t�s� �c�o�n�t�a�i�n�i�n�g� �m�A�b� �a�n�t�i�-�L�y�t�-�2� �(�3�.�1�5�5�)�,� �a�n�t�i�-�I�A�?� 

�(�M�K�-�D�6�)�,� �a�n�t�i�-�i�m�m�a�t�u�r�e� �T� �c�e�l�l� �a�n�d� �B� �c�e�l�l� �(�J�1�1�d�)�,� �a�n�d� �a�n�t�i�-�I�E�¢� �(�1�4�-�4�-�4�)� �f�o�r� �3�0� �m�i�n� �a�t� �4�°�C�,� �a�n�d� 

�f�o�l�l�o�w�e�d� �b�y� �t�w�o� �w�a�s�h�e�s�.� �T�h�e� �c�e�l�l�s� �w�e�r�e� �t�h�e�n� �i�n�c�u�b�a�t�e�d� �a�t� �3�7�°�C� �f�o�r� �3�0� �m�i�n� �i�n� �a� �1�:�1�2� �d�i�l�u�t�i�o�n� �o�f� 

�l�o�w�-�t�o�x�-�M� �r�a�b�b�i�t� �C� �(�C�e�d�a�r�l�a�n�e� �L�a�b�o�r�a�t�o�r�i�e�s� �L�t�d�.�,� �H�o�r�n�b�y�,� �C�a�n�a�d�a�)�.� �A�f�t�e�r� �t�h�r�e�e� �w�a�s�h�e�s�,� �t�h�e� 

�L�3�T�4�*� �T� �c�e�l�l�s� �w�e�r�e� �r�e�s�u�s�p�e�n�d�e�d� �t�o� �4� �x� �1�0�°� �c�e�l�l�s�/�m�l� �i�n� �m�e�d�i�u�m� �c�o�n�t�a�i�n�i�n�g� �1�0�%� �F�C�S� �a�n�d� �4� �x� �1�0�°� 

�c�e�l�l�s� �w�e�r�e� �a�d�d�e�d� �p�e�r� �w�e�l�l� �o�f� �a�  ��U �� �b�o�t�t�o�m� �9�6�-�w�e�l�l� �p�l�a�t�e� �(�F�l�o�w� �L�a�b�o�r�a�t�o�r�i�e�s�)�.� �S�p�l�e�n�i�c� �M�d� �(�>�9�6�%� 

�e�s�t�e�r�a�s�e� �p�o�s�i�t�i�v�e�)� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �b�y� �p�l�a�t�i�n�g� �t�h�e� �W�S�C� �o�n� �p�l�a�s�t�i�c� �1�5�0� �x� �1�5� �m�m� �p�l�a�s�t�i�c� �p�l�a�t�e�s� 

�(�L�u�x�/�M�i�l�e�s� �S�c�i�e�n�t�i�f�i�c�)� �f�o�r� �3� �h�r�,� �w�a�s�h�i�n�g� �v�i�g�o�r�o�u�s�l�y� �t�o� �r�e�m�o�v�e� �t�h�e� �n�o�n�a�d�h�e�r�e�n�t� �c�e�l�l�s�,� �s�c�r�a�p�i�n�g� �w�i�t�h� 

�a� �r�u�b�b�e�r� �p�o�l�i�c�e�m�a�n� �t�o� �r�e�m�o�v�e� �t�h�e� �a�d�h�e�r�e�n�t� �c�e�l�l�s� �(�M�d�)�,� �a�n�d� �c�e�n�t�r�i�f�u�g�e�d� �a�t� �5�0�0� �x� �g�.� �A�f�t�e�r� 

�c�e�n�t�r�i�f�u�g�a�t�i�o�n�,� �M�d�@� �w�e�r�e� �c�o�u�n�t�e�d� �a�n�d� �r�e�s�u�s�p�e�n�d�e�d� �t�o� �4� �x� �1�0�°� �c�e�l�l�s�/�m�l�.� �M�d� �w�e�r�e� �X�-�i�r�r�a�d�i�a�t�e�d� �f�o�r� 

�4� �m�i�n� �a�t� �5�0� �k�V� �(�2�0�0�0� �r�a�d�s�)� �(�T�F�I� �M�i�n�i�s�h�o�t� �I�I� �X�-�i�r�r�a�d�i�a�t�o�r�,� �N�e�w� �H�a�v�e�n�,� �C�T�)�.� �F�o�u�r� �x� �1�0�°� �c�e�l�l�s� �w�e�r�e� 

�a�d�d�e�d� �p�e�r� �w�e�l�l� �(�g�r�e�a�t�e�r� �o�r� �l�e�s�s�e�r� �c�e�l�l� �n�u�m�b�e�r�s� �r�e�s�u�l�t�e�d� �i�n� �d�e�c�r�e�a�s�e�d� �r�e�s�p�o�n�s�e�,� �s�e�e� �r�e�s�u�l�t�s�)�,� �e�x�c�e�p�t� 

�w�h�e�n� �t�i�t�r�a�t�i�o�n�s� �w�e�r�e� �d�o�n�e�.� �T�h�e�n�,� �4� �x� �1�0�°� �d�a�y�-�0� �M�@� �w�e�r�e� �a�d�d�e�d� �t�o� �e�a�c�h� �w�e�l�l� �a�l�o�n�g� �w�i�t�h� �v�a�r�y�i�n�g� 

�d�o�s�e�s� �(�f�r�o�m� �4� �x� �1�0�°� �t�o� �5� �x� �1�0�°� �c�e�l�l�s�/�w�e�l�l�)� �o�f� �d�a�y�-�0� �(�c�o�n�t�r�o�l�)�,� �-�7�,� �-�1�4�,� �a�n�d� �-�2�1� �T�B�H� �M�@�¢�.� �F�o�r� 

�i�n�d�o�m�e�t�h�a�c�i�n� �t�r�e�a�t�m�e�n�t�,� �i�n�d�o�m�e�t�h�a�c�i�n� �a�t� �1�0�7�7� �M� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �S�M�L�R�.� �T�h�i�s� �c�o�n�c�e�n�t�r�a�t�i�o�n� 

�w�a�s� �p�r�e�v�i�o�u�s�l�y� �s�h�o�w�n� �t�o� �b�e� �e�f�f�e�c�t�i�v�e� �a�n�d� �n�o�n�t�o�x�i�c� �(�1�3�7�)�.� �T�h�e� �p�l�a�t�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �f�o�r� �4� �d�a�y�s� �a�t� 

�3�7�°�C�.� �S�i�x� �h�r� �b�e�f�o�r�e� �t�e�r�m�i�n�a�t�i�o�n� �a�n�d� �h�a�r�v�e�s�t� �o�f� �t�h�e� �c�e�l�l�s�,� �e�a�c�h� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �w�a�s� �p�u�l�s�e�d� �w�i�t�h� �1� 

�p�C�i� �o�f� �t�r�i�t�i�a�t�e�d� �t�h�y�m�i�d�i�n�e� �(�*�H�-�T�d�R�;� �s�p�e�c�i�f�i�c� �a�c�t�i�v�i�t�y� �6�.�7� �C�i�/�m�M�,� �D�u�p�o�n�t� �N�E�N� �R�e�s�e�a�r�c�h� �P�r�o�d�u�c�t�s�)�.� 
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�C�e�l�l�s� �w�e�r�e� �h�a�r�v�e�s�t�e�d� �o�n�t�o� �g�l�a�s�s� �f�i�b�e�r� �f�i�l�t�e�r�s� �(�W�h�a�t�m�a�n� �9�3�4�-�A�H�,� �T�h�o�m�a�s�,� �P�A�)� �a�n�d� �c�o�u�n�t�e�d� �i�n� �a� �6�8�9�5� 

�b�e�t�a�t�r�a�c� �l�i�q�u�i�d� �s�c�i�n�t�i�l�l�a�t�i�o�n� �c�o�u�n�t�e�r� �(�T�m� �A�n�a�l�y�t�i�c�,� �E�l�k� �G�r�o�v�e� �V�i�l�l�a�g�e�,� �I�L�)�.� 

�F�l�u�o�r�e�s�c�e�n�t� �A�n�t�i�b�o�d�y� �L�a�b�e�l�i�n�g� 

�M�o�u�s�e� �s�p�l�e�e�n�s� �w�e�r�e� �e�x�c�i�s�e�d� �a�n�d� �p�u�t� �t�h�r�o�u�g�h� �a� �w�i�r�e� �s�i�e�v�e�.� �T�h�e� �s�i�n�g�l�e� �s�u�s�p�e�n�s�i�o�n� �w�a�s� 

�c�e�n�t�r�i�f�u�g�e�d� �a�t� �5�0�0� �x� �g� �a�n�d� �s�u�s�p�e�n�d�e�d� �t�o� �8� �x� �1�0�°� �c�e�l�l�s�/�m�l�.� �C�e�l�l� �s�a�m�p�l�e�s� �o�f� �d�a�y�-�0�,� �-�7�,� �-�1�4�,� �a�n�d� �-�2�1� 

�T�B�H� �W�S�C� �a�t� �8� �x� �1�0�°� �c�e�l�l�s�/�m�l�,� �w�e�r�e� �d�i�s�p�e�n�s�e�d� �i�n� �1�.�0� �m�l� �a�l�i�q�u�o�t�s�.� �T�o� �t�h�e�s�e� �1�.�0� �m�l� �r�e�a�c�t�i�o�n� �m�i�x�-� 

�t�u�r�e�s�,� �1�0� �w�l� �o�f� �m�A�b�,� �a�n�t�i�-�I�A�?� �(�M�K�-�D�6�)� �o�r� �a�n�t�i�-�I�A�?� �(�2�5�-�9�-�3�S�)� �w�e�r�e� �a�d�d�e�d� �a�n�d� �a�l�l�o�w�e�d� �t�o� �i�n�c�u�b�a�t�e� 

�f�o�r� �3�5�-�4�5� �m�i�n� �a�t� �4�°�C�.� �T�h�i�s� �w�a�s� �f�o�l�l�o�w�e�d� �b�y� �t�w�o� �w�a�s�h�e�s� �w�i�t�h� �c�o�l�d� �m�e�d�i�a�.� �T�h�e� �c�e�l�l�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� 

�i�n� �a� �1�:�5�0�0� �d�i�l�u�t�i�o�n� �o�f� �F�I�T�C�-�l�a�b�e�l�e�d� �I�g�G� �F�(�a�b ��)�,� �f�r�a�g�m�e�n�t� �g�o�a�t�-�a�n�t�i�-�m�o�u�s�e� �a�n�t�i�b�o�d�y� �(�C�a�p�p�e�l� �L�a�b�-� 

�o�r�a�t�o�r�i�e�s�)� �f�o�r� �3�5�-�4�5� �m�i�n� �a�t� �0�°�C�,� �a�n�d� �f�i�n�a�l�l�y� �w�a�s�h�e�d� �t�w�i�c�e�.� �S�p�l�e�n�i�c� �M�@�¢� �w�e�r�e� �s�e�l�e�c�t�e�d� �b�y� �f�l�o�w� 

�c�y�t�o�m�e�t�r�y� �b�y� �g�a�t�i�n�g� �o�n� �t�h�e� �u�n�i�q�u�e� �M�¢� �F�A�L�S� �a�n�d� �9�0�L�S� �p�a�t�t�e�r�n�.� 

�F�l�o�w� �C�y�t�o�m�e�t�r�y� 

�F�l�o�w� �c�y�t�o�m�e�t�r�i�c� �a�n�a�l�y�s�i�s� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �a�n� �E�P�I�C�S� �V�,� �M�o�d�e�l� �7�5�2� �(�C�o�u�l�t�e�r� �E�l�e�c�t�r�o�n�i�c�s�)� 

�l�a�s�e�r� �f�l�o�w� �c�y�t�o�m�e�t�e�r� �a�n�d� �c�e�l�l� �s�o�r�t�e�r�.� �T�h�e� �i�n�s�t�r�u�m�e�n�t� �w�a�s� �c�a�l�i�b�r�a�t�e�d� �w�i�t�h� �f�l�u�o�r�e�s�c�e�n�t� �m�i�c�r�o�s�p�h�e�r�e� 

�s�t�a�n�d�a�r�d�s� �p�r�i�o�r� �t�o� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �M�¢� �s�a�m�p�l�e�s�.� �T�h�r�e�e� �p�a�r�a�m�e�t�e�r�s� �p�e�r� �c�e�l�l� �w�e�r�e� �s�t�u�d�i�e�d�:� �F�A�L�S�,� 

�9�0�L�S�,� �a�n�d� �G�F�L�.� �L�a�s�e�r� �e�x�c�i�t�a�t�i�o�n� �w�a�s� �n�o�r�m�a�l�l�y� �3�0�0� �m�W� �a�t� �4�8�8� �n�m� �u�s�i�n�g� �a� �5� �W� �a�r�g�o�n� �l�a�s�e�r� �(�C�o�-� 

�h�e�r�e�n�t� �I�n�c�.�)�.� �A�l�l� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n� �w�a�s� �d�o�n�e� �w�i�t�h� �t�h�e� �M�D�A�D�S� �f�r�o�m� �C�o�u�l�t�e�r� �E�l�e�c�t�r�o�n�i�c�s� �I�n�c�.� �F�A�L�S� 

�w�a�s� �c�o�l�l�e�c�t�e�d� �u�s�i�n�g� �a� �l�i�n�e�a�r� �i�n�t�e�g�r�a�l� �a�n�d� �9�0�L�S� �a�n�d� �G�F�L� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �u�s�i�n�g� �t�h�e� �l�o�g� �i�n�t�e�g�r�a�l�.� 

�H�i�s�t�o�g�r�a�m�s� �s�h�o�w�i�n�g� �c�e�l�l� �n�u�m�b�e�r� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �f�l�u�o�r�e�s�c�e�n�c�e� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �a�t� �a� �r�e�s�o�l�u�t�i�o�n� �o�f� �2�5�6� 

�c�h�a�n�n�e�l�s� �a�n�d� �g�a�t�e�d� �o�n� �F�A�L�S� �a�n�d� �9�0�L�S� �d�u�a�l� �p�a�r�a�m�e�t�e�r� �h�i�s�t�o�g�r�a�m� �6�4� �x� �6�4� �c�h�a�n�n�e�l�s� �r�e�s�o�l�u�t�i�o�n� �d�e�-� 

�f�i�n�i�n�g� �t�h�e� �c�e�l�l� �p�o�p�u�l�a�t�i�o�n� �o�f� �i�n�t�e�r�e�s�t�.� �T�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �c�e�l�l�s� �c�o�u�n�t�e�d� �p�e�r� �s�a�m�p�l�e� �w�e�r�e� �1�0�,�0�0�0�.� 
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�S�t�a�t�i�s�t�i�c�s� 

�S�p�l�e�n�i�c� �M�¢� �f�o�r� �f�l�o�w� �c�y�t�o�m�e�t�r�y� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �3�-�6� �m�i�c�e� �a�n�d� �e�a�c�h� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �r�e�-� 

�p�e�a�t�e�d� �3�-�4� �t�i�m�e�s�.� �A�l�l� �p�e�r�c�e�n�t�a�g�e�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �t�h�e� �M�D�A�D�S� �c�o�m�p�u�t�e�r�.� �T�h�r�e�e� �t�o� �s�i�x� �m�i�c�e� 

�w�e�r�e� �u�s�e�d� �f�o�r� �e�a�c�h� �t�i�m�e� �p�o�i�n�t� �i�n� �t�h�e� �S�M�L�R�.� �F�o�u�r� �d�u�p�l�i�c�a�t�e� �w�e�l�l�s� �w�e�r�e� �r�u�n� �f�o�r� �e�a�c�h� �t�e�s�t� �a�n�d� �e�a�c�h� 

�e�x�p�e�r�i�m�e�n�t� �w�a�s� �r�e�p�e�a�t�e�d� �3� �t�i�m�e�s�.� �A�l�l� �n�u�m�b�e�r�s� �o�n� �g�r�a�p�h�s� �w�e�r�e� �s�t�a�t�i�s�t�i�c�a�l�l�y� �t�e�s�t�e�d� �f�o�r� �s�i�g�n�i�f�i�c�a�n�c�e� 

�b�y� �t�h�e� �s�t�u�d�e�n�t�s� �¢� �t�e�s�t� �(�p� �<�0�.�0�5�)�.� 

�C�H�A�P�T�E�R� �I�I�I� �7�1



�R�E�S�U�L�T�S� 

�K�i�n�e�t�i�c� �A�n�a�l�y�s�i�s� �o�f� �N�o�r�m�a�l� �a�n�d� �T�B�H� �M�@�¢� �S�t�i�m�u�l�a�t�o�r�y� �C�a�p�a�c�i�t�y� 

�T�o� �e�x�a�m�i�n�e� �i�f� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �n�o�r�m�a�l� �a�n�d� �T�B�H� �M�g� �s�t�i�m�u�l�a�t�o�r�y� �c�a�p�a�b�i�l�i�t�i�e�s� �w�e�r�e� �d�u�e� 

�t�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �t�i�m�e� �o�f� �i�n�c�u�b�a�t�i�o�n� �o�r� �c�e�l�l� �n�u�m�b�e�r�s�,� �a� �c�o�n�c�o�m�i�t�a�n�t� �k�i�n�e�t�i�c� �s�t�u�d�y� �(�3�,� �4�,� �a�n�d� �5� 

�d�a�y�s�)� �a�n�d� �a� �t�i�t�r�a�t�i�o�n� �o�f� �c�e�l�l�s� �(�2� �x� �1�0�°� �t�o� �8� �x� �1�0�°� �c�e�l�l�s�/�w�e�l�l�)� �w�a�s� �d�o�n�e�.� �A� �4�-�d�a�y� �i�n�c�u�b�a�t�i�o�n� �w�a�s� �o�p�-� 

�t�i�m�a�l� �f�o�r� �n�o�r�m�a�l� �a�n�d� �T�B�H� �M�¢�-�i�n�d�u�c�e�d� �T�-�c�e�l�l� �p�r�o�l�i�f�e�r�a�t�i�o�n� �(�F�i�g�u�r�e� �9�)�.� �F�o�r� �n�o�r�m�a�l� �h�o�s�t� �M�d� 

�(�d�a�y�-�0�)�,� �t�h�e� �o�p�t�i�m�a�l� �n�u�m�b�e�r� �o�f� �s�t�i�m�u�l�a�t�o�r� �c�e�l�l�s� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �4� �x� �1�0�°� �c�e�l�l�s�/�w�e�l�l� �o�n� �a�l�l� �3� �d�a�y�s� �o�f� 

�t�h�e� �a�s�s�a�y�.� �T�i�t�r�a�t�i�o�n� �b�e�y�o�n�d� �8� �x� �1�0�°� �o�r� �l�e�s�s� �t�h�a�n� �2� �x� �1�0�°� �c�e�l�l�s�/�w�e�l�l� �r�e�s�u�l�t�e�d� �i�n� �f�u�r�t�h�e�r� �d�e�c�r�e�a�s�e�s� �i�n� 

�T� �c�e�l�l� �r�e�s�p�o�n�s�e�s� �(�d�a�t�a� �n�o�t� �s�h�o�w�n�)�.� �S�i�m�i�l�a�r� �r�e�s�u�l�t�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�o�r� �d�a�y�-�2�1� �T�B�H� �M�d�,� �e�x�c�e�p�t� �t�h�e�s�e� 

�c�e�l�l�s�,� �i�n� �t�h�e� �r�a�n�g�e� �o�f� �2� �x� �1�0�°� �t�o� �8� �x� �1�0�°� �c�e�l�l�s�/�w�e�l�l�,� �c�a�u�s�e�d� �s�i�g�n�i�f�i�c�a�n�t� �i�n�h�i�b�i�t�i�o�n�.� �T�h�e� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� 

�T�B�H� �M�¢�-�i�n�d�u�c�e�d� �T�-�c�e�l�l� �r�e�a�c�t�i�v�i�t�y� �c�o�u�l�d� �n�o�t� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �a� �g�e�n�e�r�a�l� �i�n�f�l�a�m�m�a�t�o�r�y� �r�e�s�p�o�n�s�e�.� 

�M�i�c�e� �i�n�j�e�c�t�e�d� �w�i�t�h� �a�l�l�o�g�e�n�e�i�c� �C�3�H� �m�u�s�c�l�e� �c�e�l�l�s� �a�n�d� �a�s�s�e�s�s�e�d� �a�t� �2�1� �d�a�y�s� �a�f�t�e�r� �i�n�j�e�c�t�i�o�n� �s�h�o�w�e�d� �n�o� 

�s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �m�i�t�o�g�e�n�,� �M�L�R�,� �a�n�d� �S�M�L�R� �r�e�a�c�t�i�v�i�t�y� �a�s� �w�e�l�l� �a�s� �n�o� �d�e�m�o�n�s�t�r�a�b�l�e� �c�h�a�n�g�e� 

�i�n� �M�a�c�-�]�,� �-�2�,� �-�3�,� �a�n�d� �I�a� �s�u�r�f�a�c�e� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �a�s� �a�s�s�e�s�s�e�d� �b�y� �f�l�o�w� �c�y�t�o�m�e�t�r�y� �(�d�a�t�a� �n�o�t� �s�h�o�w�n�)�.� 

�F�o�r� �i�n�s�t�a�n�c�e� �i�n� �t�h�e� �S�M�L�R�,� �u�n�i�n�j�e�c�t�e�d� �n�o�r�m�a�l� �m�i�c�e� �h�a�d� �c�p�m� �o�f� �4�8�4�9� �+� �5�2�5�,� �n�o�r�m�a�l� �m�i�c�e� �i�n�j�e�c�t�e�d� 

�w�i�t�h� �C�3�H� �m�u�s�c�l�e� �c�e�l�l�s� �2�1� �d�a�y�s� �p�r�e�v�i�o�u�s�l�y� �h�a�d� �c�p�m� �o�f� �5�0�4�5� �+� �7�1�5� �(�n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �b�e�-� 

�t�w�e�e�n� �t�h�e� �t�w�o� �n�o�r�m�a�l�s�)�,� �w�h�i�l�e� �m�i�c�e� �(�T�B�H�)� �i�n�j�e�c�t�e�d� �w�i�t�h� �t�u�m�o�r� �c�e�l�l�s� �2�1� �d�a�y�s� �b�e�f�o�r�e� �h�a�d� �c�p�m� �o�f� 

�1�1�4�5� �+� �8�0� �(�p� �<�0�.�0�5�,� �T�B�H� �c�p�m� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�o�w�e�r� �t�h�a�n� �n�o�r�m�a�l� �u�n�i�n�j�e�c�t�e�d� �o�r� �i�n�j�e�c�t�e�d� �m�i�c�e� 

�c�p�m�)�.� �A�n�d� �p�r�e�v�i�o�u�s� �w�o�r�k� �b�y� �u�s� �s�h�o�w�e�d� �n�o� �d�i�f�f�e�r�e�n�c�e� �i�n� �p�e�r�o�x�i�d�a�s�e� �s�t�a�i�n�i�n�g� �o�f� �M�¢� �f�r�o�m� �n�o�r�m�a�l� 

�u�n�t�r�e�a�t�e�d� �m�i�c�e� �a�n�d� �n�o�r�m�a�l� �m�i�c�e� �i�n�j�e�c�t�e�d� �w�i�t�h� �a�l�l�o�g�e�n�e�i�c�,� �n�o�n�t�u�m�o�r� �t�i�s�s�u�e� �2�1� �d�a�y�s� �b�e�f�o�r�e� �(�7�4�)�.� 
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�M�a�c�r�o�p�h�a�g�e�s� �(�x�1�0�°�}� 

�F�i�g�u�r�e� �9�.� �K�i�n�e�t�i�c� �S�t�u�d�y� �o�f� �S�M�L�R� �R�e�a�c�t�i�v�i�t�y�:� �T�h�e� �X�-�a�x�i�s� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �v�a�r�i�o�u�s� �d�i�l�u�t�i�o�n�s� �o�f� �M�d� �u�s�e�d� 
�i�n� �t�h�e� �t�i�t�r�a�t�i�o�n� �s�t�u�d�y�.� �T�h�e� �Y�-�a�x�i�s� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �c�p�m� �t�h�a�t� �r�e�s�u�l�t� �f�r�o�m� �t�h�e� �°�H�-�T�d�R� �i�n�c�o�r�-� 
�p�o�r�a�t�i�o�n� �b�y� �p�r�o�l�i�f�e�r�a�t�i�n�g� �T� �c�e�l�l�s�.� �S�y�m�b�o�l�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �s�o�u�r�c�e� �o�f� �M�@� �a�n�d� �t�h�e� �l�e�n�g�t�h� �o�f� �t�i�m�e� 
�t�h�e� �S�M�L�R� �w�a�s� �i�n�c�u�b�a�t�e�d�:� �(�0�)� �=� �D�a�y�-�0� �M�d�,� �3�-�d�a�y� �i�n�c�u�b�a�t�i�o�n�;� �(�O�)� �=� �D�a�y�-�0� �M�@�,� �4� �d�a�y� 
�i�n�c�u�b�a�t�i�o�n�;� �(�X�)� �=� �D�a�y�-�0� �M�@�,� �5�-�d�a�y� �i�n�c�u�b�a�t�i�o�n�;� �(�A�)� �=� �D�a�y�-�2�1� �T�B�H� �M�4�@�,� �3�-�d�a�y� �i�n�c�u�-� 
�b�a�t�i�o�n�;� �(�O�)� �=� �D�a�y�-�2�1� �T�B�H� �M�g�@�,� �4�-�d�a�y� �i�n�c�u�b�a�t�i�o�n�;� �(�+�)� �=� �D�a�y�-�2�1� �T�B�H� �M�¢�,� �5�-�d�a�y� �i�n�-� 
�c�u�b�a�t�i�o�n�.� �B�a�c�k�g�r�o�u�n�d� �c�o�u�n�t�s� �f�o�r� �a�l�l� �i�r�r�a�d�i�a�t�e�d� �M�@� �w�e�r�e� �<�6�0�0� �c�p�m� �a�n�d� �f�o�r� �a�l�l� �p�u�r�i�f�i�e�d� 
�L�3�T�4�*� �T� �c�e�l�l�s� �w�e�r�e� �<�3�0�0�0� �c�p�m�.� 
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�K�i�n�e�t�i�c� �S�t�u�d�y� �o�f� �A�u�t�o�r�e�a�c�t�i�v�i�t�y� �U�s�i�n�g� �N�o�r�m�a�l� �a�n�d� �T�B�H� �M�¢� �a�s� �A�c�c�e�s�s�o�r�y� �C�e�l�l�s� 

�D�a�y�-�0� �(�n�o�r�m�a�l�)�,� �-�7�,� �-�1�4�,� �a�n�d� �-�2�1� �T�B�H� �s�p�l�e�n�i�c� �M�d�@� �w�e�r�e� �n�e�x�t� �u�s�e�d� �a�s� �s�t�i�m�u�l�a�t�o�r� �c�e�l�l�s� �a�n�d� 

�n�o�r�m�a�l� �h�o�s�t� �L�3�T�4�*� �T� �c�e�l�l�s� �w�e�r�e� �u�s�e�d� �a�s� �r�e�s�p�o�n�d�e�r� �c�e�l�l�s� �t�o� �e�x�a�m�i�n�e� �t�h�e� �e�f�f�e�c�t� �o�f� �t�u�m�o�r� �g�r�o�w�t�h� �o�n� 

�a�u�t�o�r�e�a�c�t�i�v�i�t�y�.� �N�o� �c�h�a�n�g�e� �i�n� �r�e�a�c�t�i�v�i�t�y� �o�c�c�u�r�r�e�d� �w�h�e�n� �d�a�y�-�0� �M�¢� �a�n�d� �d�a�y�-�7� �T�B�H� �M�¢� �(�2�6�,�9�0�9� �a�n�d� 

�2�7�,�5�1�5� �c�p�m�,� �r�e�s�p�e�c�t�i�v�e�l�y�)� �w�e�r�e� �u�s�e�d� �a�s� �s�t�i�m�u�l�a�t�o�r� �c�e�l�l�s� �(�F�i�g�u�r�e� �1�0�)�.� �B�y� �d�a�y� �1�4�,� �t�h�e� �c�o�u�n�t�s� �h�a�d� 

�d�e�c�r�e�a�s�e�d� �t�o� �1�8�,�3�9�0� �c�p�m� �(�a� �3�2�%� �d�e�c�r�e�a�s�e�)�.� �U�s�i�n�g� �d�a�y�-�2�1� �T�B�H� �M�4�,� �r�e�a�c�t�i�v�i�t�y� �d�e�c�r�e�a�s�e�d� �t�o� �5�7�8�3� 

�c�p�m� �(�a� �7�8�%� �d�e�c�r�e�a�s�e�)�.� �T�h�e� �d�e�c�r�e�a�s�e� �i�n� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� �o�b�s�e�r�v�e�d� �a�t� �1�4� �a�n�d� �2�1� �d�a�y�s� �o�f� �t�u�m�o�r� �g�r�o�w�t�h� 

�w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �(�p� �<�0�.�0�5�)� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�e�i�r� �n�o�r�m�a�l� �c�o�u�n�t�e�r�p�a�r�t�s�.� �T�h�e� �d�e�c�r�e�a�s�e� �i�n� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� 

�c�a�u�s�e�d� �b�y� �d�a�y�-�1�4� �a�n�d� �-�2�1� �T�B�H� �M�¢� �c�a�n� �n�o�t� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �i�n�c�r�e�a�s�e�d� �L�y�t�-�2�*� �s�u�p�p�r�e�s�s�o�r� �T�-�c�e�l�l� 

�a�c�t�i�v�i�t�y�,� �b�e�c�a�u�s�e� �a�n�t�i�-�L�y�t�-�2� �+� �C� �t�r�e�a�t�m�e�n�t� �d�i�d� �n�o�t� �r�e�s�t�o�r�e� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� �(�d�a�t�a� �n�o�t� �s�h�o�w�n�)�.� 

�I�a� �A�n�t�i�g�e�n� �E�x�p�r�e�s�s�i�o�n� �o�f� �S�p�l�e�n�i�c� �M�o� 

�S�p�l�e�n�i�c� �M�@� �I�a� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �w�a�s� �a�s�s�e�s�s�e�d� �d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h� �b�y� �f�l�o�w� �c�y�t�o�m�e�t�r�y�.� 

�S�p�l�e�n�i�c� �M�¢� �I�a� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �d�e�c�r�e�a�s�e�d� �i�n� �b�o�t�h� �t�h�e� �n�u�m�b�e�r� �o�f� �p�o�s�i�t�i�v�e� �c�e�l�l�s� �p�e�r� �p�o�p�u�l�a�t�i�o�n� �a�n�d� 

�d�e�n�s�i�t�y� �p�e�r� �c�e�l�l� �(�F�i�g�u�r�e� �1�1� �a�n�d� �T�a�b�l�e� �7�)�.� �T�h�e� �n�u�m�b�e�r� �o�f� �I�a�*� �M�¢� �d�e�c�r�e�a�s�e�d� �f�r�o�m� �5�9�%� �i�n� �t�h�e� 

�n�o�r�m�a�l� �h�o�s�t� �t�o� �3�8�%� �i�n� �t�h�e� �d�a�y�-�2�1� �T�B�H� �(�a� �3�6�%� �d�e�c�r�e�a�s�e�)�.� �T�h�e� �d�e�n�s�i�t�y� �o�f� �I�a� �a�n�t�i�g�e�n� �p�e�r� �c�e�l�l� �a�l�s�o� 

�d�e�c�r�e�a�s�e�d� �i�n� �d�a�y�-�2�1� �T�B�H� �M�d�¢�.� �T�w�o� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �I�a�*� �M�@� �w�e�r�e� �s�e�e�n� �i�n� �d�a�y�-�1�4� �a�n�d� �-�2�1� �T�B�H�,� 

�o�n�e� �p�o�p�u�l�a�t�i�o�n� �h�a�d� �a� �1�0�-�2�0�%� �d�e�c�r�e�a�s�e� �i�n� �I�a� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �p�e�r� �c�e�l�l�,� �a�n�d� �t�h�e� �o�t�h�e�r� �h�a�d� �a� 

�>�5�0�%� �d�e�c�r�e�a�s�e� �i�n� �J�a� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �p�e�r� �M�¢�@� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �d�a�y�-�0� �M�@�¢�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� 

�n�u�m�b�e�r� �o�f� �c�e�l�l�s� �o�b�s�e�r�v�e�d� �w�i�t�h� �t�h�e� �l�o�w�e�r� �f�l�u�o�r�e�s�c�e�n�t� �i�n�t�e�n�s�i�t�y� �(�l�o�w�e�r� �a�n�t�i�g�e�n� �d�e�n�s�i�t�y�)� �i�n�c�r�e�a�s�e�d� 

�n�e�a�r�l�y� �4� �t�i�m�e�s�,� �w�h�i�l�e� �t�h�e� �n�u�m�b�e�r� �o�f� �c�e�l�l�s� �s�t�a�i�n�i�n�g� �w�i�t�h� �t�h�e� �h�i�g�h�e�r� �f�l�u�o�r�e�s�c�e�n�t� �i�n�t�e�n�s�i�t�y� �d�e�c�r�e�a�s�e�d� �b�y� 

�n�e�a�r�l�y� �4�0�%� �a�s� �t�u�m�o�r� �g�r�o�w�t�h� �p�r�o�g�r�e�s�s�e�d� �f�r�o�m� �d�a�y� �0� �t�o� �d�a�y� �2�1�.� 
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�D�a�y�s� �A�f�t�e�r� �T�u�m�o�r� �C�e�l�l� �I�n�o�c�u�l�a�t�i�o�n� 

�F�i�g�u�r�e� �1�0�.� �M�d� �A�c�c�e�s�s�o�r�y� �A�b�i�l�i�t�y� �i�n� �t�h�e� �S�M�L�R�:� �T�h�e� �X�-�a�x�i�s� �r�e�p�r�e�s�e�n�t�s� �M�@� �f�r�o�m� �h�o�s�t�s� �w�i�t�h� �v�a�r�i�o�u�s� 
�s�t�a�g�e�s� �o�f� �t�u�m�o�r� �g�r�o�w�t�h� �(�0�,� �7�,� �1�4�,� �a�n�d� �2�1� �d�a�y�s� �o�f� �t�u�m�o�r� �g�r�o�w�t�h�)�.� �T�h�e� �Y�-�a�x�i�s� �r�e�p�r�e�s�e�n�t�s� �t�h�e� 
�c�p�m� �t�h�a�t� �r�e�s�u�l�t� �f�r�o�m� �*�H�-�T�d�R� �i�n�c�o�r�p�o�r�a�t�i�o�n� �i�n�t�o� �p�r�o�l�i�f�e�r�a�t�i�n�g� �T� �c�e�l�l�s�.� �B�a�c�k�g�r�o�u�n�d� �c�o�u�n�t�s� 
�f�o�r� �i�r�r�a�d�i�a�t�e�d� �0�-�,� �7�-�,� �1�4�-�,� �a�n�d� �2�1�-�d�a�y� �M�@� �w�e�r�e� �2�7�5�,� �1�2�3�,� �3�0�5�,� �a�n�d� �1�6�0� �c�p�m�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
�B�a�c�k�g�r�o�u�n�d� �c�o�u�n�t�s� �f�o�r� �t�h�e� �p�u�r�i�f�i�e�d� �L�3�T�4 �� �T� �c�e�l�l�s� �w�e�r�e� �1�0�6�3� �c�p�m�.� 
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�1�A�4� �(�l�e�f�t� �c�o�l�u�m�n�)� �a�n�d� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �n�o�n�s�p�e�c�i�f�i�c� �a�n�t�i�b�o�d�y� �c�o�n�t�r�o�l�,� �a�n�t�i�-�I�A�®� �(�r�i�g�h�t� �c�o�l�-� 
�u�m�n�)�.� �T�h�e� �X�-�a�x�i�s� �r�e�p�r�e�s�e�n�t�s� �i�n�c�r�e�a�s�i�n�g� �s�i�z�e� �a�n�d� �t�h�e� �Y�-�a�x�i�s� �i�s� �i�n�c�r�e�a�s�i�n�g� �f�l�u�o�r�e�s�c�e�n�t� �i�n�-� 
�t�e�n�s�i�t�y� �(�a� �m�e�a�s�u�r�e� �o�f� �a�n�t�i�g�e�n� �d�e�n�s�i�t�y�)�.� 
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�«� �P�e�r�c�e�n�t�a�g�e� �I�a�*� �c�e�l�l�s� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �n�u�m�b�e�r� �o�f� �c�e�l�l�s� �l�a�b�e�l�e�d� �w�i�t�h� �t�h�e� �s�p�e�c�i�f�i�c� �m�A�b� �c�o�r�r�e�c�t�e�d� 
�f�o�r� �t�h�e� �n�u�m�b�e�r� �o�f� �c�e�l�l�s� �l�a�b�e�l�e�d� �w�i�t�h� �t�h�e� �n�o�n�s�p�e�c�i�f�i�c� �c�o�n�t�r�o�l� �m�A�b�.� 
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�M�@�¢� �M�o�d�u�l�a�t�i�o�n� �o�f� �A�u�t�o�r�e�a�c�t�i�v�i�t�y� 

�T�o� �d�e�t�e�r�m�i�n�e� �i�f� �t�h�e� �S�M�L�R� �h�y�p�o�r�e�s�p�o�n�s�i�v�e�n�e�s�s� �w�a�s� �d�u�e� �s�o�l�e�l�y� �t�o� �a� �r�e�d�u�c�t�i�o�n� �i�n� �M�d� �I�a� �e�x�-� 

�p�r�e�s�s�i�o�n� �o�r� �i�f� �T�B�H� �M�¢� �w�e�r�e� �a�c�t�i�v�e�l�y� �i�n�v�o�l�v�e�d� �i�n� �m�e�d�i�a�t�i�n�g� �d�e�c�r�e�a�s�e�d� �r�e�a�c�t�i�v�i�t�y�,� �w�e� �a�d�m�i�x�e�d� �d�i�f�-� 

�f�e�r�e�n�t� �d�o�s�e�s� �o�f� �d�a�y�-�0� �(�c�o�n�t�r�o�l�)� �-�7�,� �-�1�4�,� �a�n�d� �-�2�1� �T�B�H� �M�¢� �w�i�t�h� �n�o�r�m�a�l� �h�o�s�t� �M�¢� �(�F�i�g�u�r�e� �1�2�)�.� �F�o�u�r� 

�x� �1�0�°� �n�o�r�m�a�l� �h�o�s�t� �(�d�a�y�-�0�)� �M�d�@� �w�e�r�e� �m�i�x�e�d� �w�i�t�h� �v�a�r�y�i�n�g� �n�u�m�b�e�r�s� �o�f� �n�o�r�m�a�l� �o�r� �T�B�H� �M�¢�.� �N�o� 

�s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �s�e�e�n� �w�h�e�n� �d�i�f�f�e�r�e�n�t� �d�o�s�e�s� �o�f� �d�a�y�-�0�,� �d�a�y�-�7� �o�r� �d�a�y�-�1�4� �T�B�H� �M�¢� �w�e�r�e� 

�m�i�x�e�d� �w�i�t�h� �4� �x� �1�0�°� �n�o�r�m�a�l� �h�o�s�t� �M�¢�.� �H�o�w�e�v�e�r�,� �d�i�f�f�e�r�e�n�t� �d�o�s�e�s� �o�f� �d�a�y�-�2�1� �T�B�H� �M�¢� �w�h�e�n� �m�i�x�e�d� 

�w�i�t�h� �n�o�r�m�a�l� �h�o�s�t� �M�@�,� �s�u�p�p�r�e�s�s�e�d� �t�h�e� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l� �r�e�s�p�o�n�s�e�.� �W�h�e�n� �4� �x� �1�0�°� �d�a�y�-�2�1� �T�B�H� 

�M�@� �w�e�r�e� �a�d�d�e�d� �t�o� �n�o�r�m�a�l� �h�o�s�t� �M�4�,� �r�e�a�c�t�i�v�i�t�y� �d�e�c�r�e�a�s�e�d� �b�y� �9�2�%� �(�f�r�o�m� �3�6�,�6�2�9� �w�i�t�h� �d�a�y�-�0� �M�¢� �t�o� 

�2�9�6�2� �c�p�m� �w�i�t�h� �d�a�y�-�2�1� �T�B�H� �M�@�)�.� �N�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �s�e�e�n� �w�h�e�n� �d�a�y�-�7� �a�n�d� �-�1�4� �T�B�H� 

�M�@�¢� �w�e�r�e� �a�d�d�e�d� �i�n� �a�t� �4� �x� �1�0�°� �c�e�l�l�s�.� �S�u�p�p�r�e�s�s�i�o�n� �w�a�s� �a�l�s�o� �s�e�e�n� �u�s�i�n�g� �4� �x� �1�0�*� �d�a�y�-�2�1� �T�B�H� �M�d�.� 

�H�o�w�e�v�e�r�,� �w�h�e�n� �4� �x� �1�0�°�?� �d�a�y�-�2�1� �T�B�H� �M�¢� �w�e�r�e� �a�d�m�i�x�e�d� �w�i�t�h� �n�o�r�m�a�l� �h�o�s�t� �M�¢� �n�o� �s�u�p�p�r�e�s�s�i�o�n� �w�a�s� 

�o�b�s�e�r�v�e�d� �(�n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s�)�.� �T�h�e�s�e� �d�a�t�a� �t�h�e�r�e�f�o�r�e� �d�e�m�o�n�s�t�r�a�t�e�d� �a� �t�i�t�r�a�t�a�b�l�e� �s�u�p�p�r�e�s�s�i�o�n� 

�b�y� �T�B�H� �M�4�,� �n�o�t� �s�i�m�p�l�y� �a� �r�e�d�u�c�t�i�o�n� �i�n� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� �c�a�u�s�e�d� �b�y� �d�e�c�r�e�a�s�e�d� �T�B�H� �M�¢� �I�a� �e�x�p�r�e�s�s�i�o�n�.� 

�P�G�-�M�e�d�i�a�t�e�d� �S�u�p�p�r�e�s�s�i�o�n� �b�y� �N�o�r�m�a�l� �a�n�d� �T�B�H� �M�o� 

�T�h�e� �c�o�n�t�r�i�b�u�t�i�o�n� �o�f� �P�G� �t�o� �t�h�e� �s�u�p�p�r�e�s�s�i�o�n� �o�f� �t�h�e� �a�u�t�o�r�e�a�c�t�i�v�e� �T�-�c�e�l�l� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� �b�y� �n�o�r�m�a�l� 

�a�n�d� �d�a�y�-�2�1� �T�B�H� �M�¢� �w�a�s� �a�s�s�e�s�s�e�d� �b�y� �a�d�d�i�n�g� �i�n�d�o�m�e�t�h�a�c�i�n� �a�t� �1�0�~ �� �M� �t�o� �t�h�e� �S�M�L�R�.� �P�r�e�v�i�o�u�s�l�y�,� 

�w�e� �s�h�o�w�e�d� �t�h�a�t� �T�B�H� �M�d� �s�e�c�r�e�t�e� �2� �t�i�m�e�s� �m�o�r�e� �P�G�E�,� �t�h�a�n� �t�h�e�i�r� �n�o�r�m�a�l� �c�o�u�n�t�e�r�p�a�r�t�s�.� �I�n� �p�e�r�i�t�o�n�e�a�l� 

�M�d�,� �P�G�E�,� �p�r�o�d�u�c�t�i�o�n� �i�n�c�r�e�a�s�e�s� �f�r�o�m� �4�.�4� �n�M� �i�n� �t�h�e� �n�o�r�m�a�l� �h�o�s�t� �t�o� �7�.�4� �n�M� �i�n� �t�h�e� �T�B�H� �(�4�5�)�.� �I�n� 

�s�p�l�e�n�i�c� �M�¢�,� �P�G�E�2� �p�r�o�d�u�c�t�i�o�n� �i�n�c�r�e�a�s�e�s� �f�r�o�m� �0�.�6� �n�M� �i�n� �t�h�e� �n�o�r�m�a�l� �h�o�s�t� �t�o� �1�.�0� �n�M� �i�n� �t�h�e� �T�B�H� 

�(�1�3�7�)�.� �T�h�e�s�e� �a�m�o�u�n�t�s� �o�f� �P�G�E�,� �a�r�e� �a�b�o�v�e� �t�h�e� �m�i�n�i�m�u�m� �l�e�v�e�l� �t�h�a�t� �w�e� �f�o�u�n�d� �t�o� �s�u�p�p�r�e�s�s� �T� �c�e�l�l� �r�e�-� 

�a�c�t�i�v�i�t�y� �(�4�5�)�.� �U�s�i�n�g� �L�3�T�4�*� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s�,� �w�e� �s�h�o�w�e�d� �P�G�E�,� �s�i�g�n�i�f�i�c�a�n�t�l�y� �s�u�p�p�r�e�s�s�e�s� 

�a�u�t�o�r�e�a�c�t�i�v�i�t�y� �i�n� �a� �d�o�s�e� �d�e�p�e�n�d�e�n�t� �m�a�n�n�e�r� �i�n� �t�h�e� �r�a�n�g�e� �o�f� �0�.�5� �n�M� �t�o� �1�0�0� �n�M� �(�4�5�)� �T�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� 
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�{� �C� �3� �4� �9� 
�N�u�m�b�e�r� �o�f� �M�a�c�r�o�p�h�a�g�e�s� �A�d�d�e�d� 

�F�i�g�u�r�e� �1�2�.� �E�f�f�e�c�t� �o�f� �A�d�m�i�x�i�n�g� �T�B�H� �M�@�¢� �w�i�t�h� �N�o�r�m�a�l� �M�¢� �o�n� �t�h�e� �S�M�L�R�:� �D�i�f�f�e�r�e�n�t� �d�o�s�e�s� �o�f� �T�B�H� 
�M�é�@� �a�r�e� �s�h�o�w�n� �o�n� �t�h�e� �X�-�a�x�i�s� �(�1� �=� �4�x� �1�0�5�,�2� �=� �4�x� �1�0�*�,�3� �=� �4�x� �1�0�°�,� �4� �=� �4�x� �1�0�?�,� �a�n�d� 
�5� �=� �4�x� �1�0�°� �d�a�y�-�0� �M�¢� �o�n�l�y�)�,� �w�e�r�e� �a�d�d�e�d� �t�o� �4� �x� �1�0�°� �d�a�y�-�O� �M�d�.� �T�h�e� �Y�-�a�x�i�s� �r�e�p�r�e�s�e�n�t�s� 
�c�p�m� �a�n�d� �i�s� �a� �m�e�a�s�u�r�e� �o�f� �*�H�-�T�d�R� �i�n�c�o�r�p�o�r�a�t�i�o�n� �i�n�t�o� �p�r�o�l�i�f�e�r�a�t�i�n�g� �T� �c�e�l�l�s�.� �S�y�m�b�o�l�s� �r�e�p�-� 
�r�e�s�e�n�t� �t�h�e� �s�o�u�r�c�e� �o�f� �M�@� �a�d�d�e�d� �t�o� �t�h�e� �S�M�L�R�:� �(�0�1�)� �=� �d�a�y�-�O� �M�¢�,� �(�A�)� �=� �d�a�y�-�7� �M�d�,� 
�(�©�)� �=� �d�a�y�-�1�4� �M�d�,� �(�O�)� �=� �d�a�y�-�2�1� �M�@�,� �a�n�d� �(�X�)� �=� �n�o� �a�d�d�i�t�i�o�n�,� �o�n�l�y� �4� �x� �1�0�°� �d�a�y�-�0� �M�é�.� 
�B�a�c�k�g�r�o�u�n�d� �c�o�u�n�t�s� �f�o�r� �i�r�r�a�d�i�a�t�e�d� �M�d� �w�e�r�e� �5�5�1�,� �8�5�1�,� �1�2�1�5�,� �a�n�d� �1�2�8�3� �c�p�m�,� �r�e�s�p�e�c�t�i�v�e�l�y� �f�o�r� 
�0�-�,� �7�-�,� �1�4�-�,� �a�n�d� �2�1�-� �d�a�y� �M�@�.� �B�a�c�k�g�r�o�u�n�d� �c�o�u�n�t�s� �f�o�r� �t�h�e� �L�3�T�4�*� �T� �c�e�l�l�s� �w�e�r�e� �1�9�0�4� �c�p�m�.� 
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�l�e�v�e�l�s� �o�f� �P�G�E�2� �s�e�c�r�e�t�e�d� �b�y� �M�¢� �c�a�n� �s�u�p�p�r�e�s�s� �T�-�c�e�l�l� �p�r�o�l�i�f�e�r�a�t�i�o�n�.� �P�G� �c�o�n�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �d�o�w�n� 

�r�e�g�u�l�a�t�i�o�n� �o�f� �n�o�r�m�a�l� �a�n�d� �T�B�H� �M�¢�-�s�t�i�m�u�l�a�t�e�d� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� �(�F�i�g�u�r�e� �1�3�)�.� �T�h�e� �a�d�d�i�t�i�o�n� �o�f� 

�i�n�d�o�m�e�t�h�a�c�i�n� �t�o� �t�h�e� �n�o�r�m�a�l� �h�o�s�t� �M�@�¢�-�s�t�i�m�u�l�a�t�e�d� �S�M�L�R� �s�i�g�n�i�f�i�c�a�n�t�l�y� �(�p� �<�0�.�0�5�)� �i�n�c�r�e�a�s�e�d� �t�h�e� �r�e�-� 

�s�p�o�n�s�e� �(�2�4�,�3�7�5� �t�o� �3�8�,�6�8�1� �c�p�m�;� �a� �5�9�%� �i�n�c�r�e�a�s�e�)�.� �T�h�e� �a�d�d�i�t�i�o�n� �o�f� �i�n�d�o�m�e�t�h�a�c�i�n� �t�o� �t�h�e� �S�M�L�R� 

�s�t�i�m�u�l�a�t�e�d� �b�y� �T�B�H� �M�d� �r�e�s�u�l�t�e�d� �i�n� �a� �9�9�%� �i�n�c�r�e�a�s�e� �i�n� �r�e�a�c�t�i�v�i�t�y� �(�7�9�6�3� �t�o� �1�5�,�8�8�3� �c�p�m�)�.� �T�B�H� 

�M�¢�-�s�t�i�m�u�l�a�t�e�d� �a�u�t�o�r�e�a�c�t�i�v�i�t�y�,� �h�o�w�e�v�e�r�,� �o�n�l�y� �r�e�t�u�r�n�e�d� �t�o� �6�5�%� �o�f� �t�h�e� �l�e�v�e�l� �o�f� �t�h�e� �n�o�r�m�a�l� 

�M�@�¢�-�s�t�i�m�u�l�a�t�e�d� �a�u�t�o�r�e�a�c�t�i�v�i�t�y�,� �i�n�d�i�c�a�t�i�n�g� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �o�t�h�e�r� �s�u�p�p�r�e�s�s�o�r� �c�i�r�c�u�i�t�s�.� �T�h�i�s� �s�u�p�p�r�e�s�s�i�o�n� 

�w�a�s� �n�o�t� �d�u�e� �t�o� �c�o�n�t�a�m�i�n�a�t�i�n�g� �L�y�t�-�2�*� �s�u�p�p�r�e�s�s�o�r� �T� �c�e�l�l�s� �w�h�i�c�h� �c�a�n� �d�o�w�n�-�r�e�g�u�l�a�t�e� �a�u�t�o�r�e�a�c�t�i�v�e� �T� 

�c�e�l�l�s� �(�1�0�7�,�1�5�6�,�2�3�1�)�,� �a�n�d� �c�a�n� �b�e� �p�r�e�f�e�r�e�n�t�i�a�l�l�y� �a�c�t�i�v�a�t�e�d� �b�y� �T�B�H� �M�¢� �(�u�n�p�u�b�l�i�s�h�e�d� �d�a�t�a�)�,� �b�e�c�a�u�s�e� 

�p�r�e�t�r�e�a�t�m�e�n�t� �o�f� �n�o�r�m�a�l� �a�n�d� �T�B�H� �M�¢� �w�i�t�h� �a�n�t�i�-�L�y�t�-�2� �p�l�u�s� �C� �d�i�d� �n�o�t� �r�e�s�t�o�r�e� �T�-�c�e�l�l� �r�e�a�c�t�i�v�i�t�y�.� 
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�F�i�g�u�r�e� �1�3�.� 

�C�H�A�P�T�E�R� �I�I� 

�N�O�R� �T�B�H� 

�M�a�c�r�o�p�h�a�g�e�s� 

�E�f�f�e�c�t� �o�f� �I�n�d�o�m�e�t�h�a�c�i�n� �o�n� �t�h�e� �S�M�L�R�:� �T�h�e� �X�-�a�x�i�s� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �M�@� �f�r�o�m� �t�h�e� �n�o�r�m�a�l� 
�h�o�s�t� �(�d�a�y�-�0�)� �a�n�d� �t�h�e� �T�B�H� �(�d�a�y�-�2�1�)�.� �T�h�e� �Y�-�a�x�i�s� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �c�p�m� �t�h�a�t� �r�e�s�u�l�t� �f�r�o�m� 
�°�H�-�T�d�R� �i�n�c�o�r�p�o�r�a�t�i�o�n� �i�n�t�o� �p�r�o�l�i�f�e�r�a�t�i�n�g� �T� �c�e�l�l�s�.� �S�y�m�b�o�l�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �t�r�e�a�t�m�e�n�t� �o�f� �t�h�e� 
�S�M�L�R� �w�i�t�h�/�w�i�t�h�o�u�t� �i�n�d�o�m�e�t�h�a�c�i�n�:� �=� �w�i�t�h�o�u�t� �i�n�d�o�m�e�t�h�a�c�i�n� �(�n�o� �t�r�e�a�t�m�e�n�t�)�,� �a�n�d� 
�=� �w�i�t�h� �1�0�° �� �M� �i�n�d�o�m�e�t�h�a�c�i�n� �a�d�d�e�d�.� �B�a�c�k�g�r�o�u�n�d� �c�o�u�n�t�s� �f�o�r� �i�r�r�a�d�i�a�t�e�d� �0�-�,� �a�n�d� �2�1�-�d�a�y� 
�M�@�¢� �w�e�r�e� �1�0�7�9�,� �a�n�d� �2�3�1�4� �c�p�m�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �B�a�c�k�g�r�o�u�n�d� �c�o�u�n�t�s� �f�o�r� �t�h�e� �p�u�r�i�f�i�e�d� �L�3�T�4�~� 
�T� �c�e�l�l�s� �w�e�r�e� �2�9�0�7� �c�p�m�.� 

�8�1� 

� 



�D�I�S�C�U�S�S�I�O�N� 

�W�e� �a�r�e� �s�t�u�d�y�i�n�g� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �M�d�@� �i�n� �t�u�m�o�r�-�i�n�d�u�c�e�d� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�o�n� 

�(�5�1�,�7�2�-�7�4�,�1�3�7�,�2�6�1�)�.� �I�n� �t�h�i�s� �s�t�u�d�y�,� �w�e� �i�n�v�e�s�t�i�g�a�t�e�d� �t�u�m�o�r� �g�r�o�w�t�h� �e�f�f�e�c�t�s� �o�n� �t�h�e� �a�b�i�l�i�t�y� �o�f� �s�p�l�e�n�i�c� 

�M�¢� �t�o� �s�e�r�v�e� �a�s� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s� �t�o� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s�.� �M�d� �a�r�e� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s� �b�e�c�a�u�s�e� �t�h�e�y� �e�x�p�r�e�s�s� 

�I�a� �a�n�t�i�g�e�n� �a�n�d� �r�e�l�e�a�s�e� �s�o�l�u�b�l�e� �m�o�d�u�l�a�t�o�r�s�.� �M�d� �p�r�o�v�i�d�e� �t�h�e� �f�i�r�s�t� �t�w�o� �s�i�g�n�a�l�s� �t�o� �t�h�e� �T� �c�e�l�l� �(�1�6�8�)�.� 

�A�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �m�a�i�n�t�a�i�n� �i�m�m�u�n�e� �h�o�m�e�o�s�t�a�s�i�s� � �(�h�e�l�p�/�a�m�p�l�i�f�i�c�a�t�i�o�n�/�s�u�p�p�r�e�s�s�i�o�n�)� 

�(�3�6�,�1�0�0�,�1�1�7�,�1�5�7�,�1�5�8�,�2�0�1�,�2�6�4�)�.� �R�e�c�e�n�t�l�y�,� �i�t� �w�a�s� �s�h�o�w�n� �t�h�a�t� �h�u�m�a�n� �C�D�4�*� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� 

�(�L�3�T�4�*� �i�n� �t�h�e� �m�o�u�s�e�)� �c�a�n� �a�c�t�i�v�a�t�e� �t�u�m�o�r� �c�y�t�o�t�o�x�i�c� �C�D�8�*� �T� �c�e�l�l�s� �(�2�3�8�)�.� �A�l�t�e�r�e�d� �S�M�L�R� �r�e�s�p�o�n�s�e�s� 

�a�r�e� �r�e�p�o�r�t�e�d� �i�n� �m�a�n�y� �d�i�s�e�a�s�e�d� �s�t�a�t�e�s� �(�5�6�,�8�8�)�.� �B�e�c�a�u�s�e� �M�¢� �s�e�r�v�e� �a�s� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s� �t�o� �a�u�t�o�r�e�a�c�t�i�v�e� 

�T� �c�e�l�l�s� �a�n�d� �w�e� �(�5�1�,�7�2�-�7�4�,�1�3�7�,�2�6�1�)� �a�n�d� �o�t�h�e�r�s� �(�7�7�,�1�0�3�,�2�0�6�,�2�1�6�,�2�3�1�,�2�6�9�)� �h�a�v�e� �r�e�p�o�r�t�e�d� �t�h�a�t� �M�@� 

�(�p�a�r�t�i�c�u�l�a�r�l�y� �T�B�H� �M�@�)� �a�r�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �i�m�m�u�n�e� �d�y�s�f�u�n�c�t�i�o�n�,� �w�e� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �i�m�p�o�r�t�a�n�c�e� 

�o�f� �T�B�H� �M�¢�@� �i�n� �a�u�t�o�r�e�a�c�t�i�v�e� �T�-�c�e�l�l� �a�c�t�i�v�i�t�y�.� 

�A�s� �t�h�e� �t�u�m�o�r� �g�r�e�w�,� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� �d�e�c�r�e�a�s�e�d� �w�h�e�n� �M�@� �w�e�r�e� �u�s�e�d� �a�s� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s�.� �D�a�y�-�7� 

�T�B�H� �M�é�¢� �d�i�d� �n�o�t� �c�a�u�s�e� �a� �s�i�g�n�i�f�i�c�a�n�t� �d�e�c�r�e�a�s�e� �i�n� �a�u�t�o�r�e�a�c�t�i�v�i�t�y�.� �W�h�e�n� �d�a�y�-�1�4� �a�n�d� �-�2�1� �T�B�H� �M�¢� 

�w�e�r�e� �u�s�e�d� �a�s� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s�,� �t�h�e�r�e� �w�a�s� �a� �3�2�%� �a�n�d� �7�8�%� �d�e�c�r�e�a�s�e�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �i�n� �r�e�a�c�t�i�v�i�t�y�.� �T�h�e� 

�d�i�s�t�i�n�c�t� �r�e�s�p�o�n�s�e�s� �o�f� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �t�o� �n�o�r�m�a�l� �a�n�d� �T�B�H� �M�¢� �w�e�r�e� �n�o�t� �c�a�u�s�e�d� �b�y� �d�i�f�f�e�r�e�n�c�e�s� 

�i�n� �i�n�c�u�b�a�t�i�o�n� �t�i�m�e�s� �o�r� �c�e�l�l�s� �n�u�m�b�e�r�s�.� �T�h�e� �d�e�c�r�e�a�s�e� �i�n� �I�a� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �a�m�o�n�g� �T�B�H� �M�@�¢�@� 

�p�a�r�a�l�l�e�l�e�d� �t�h�e� �l�o�s�s� �i�n� �a�u�t�o�r�e�a�c�t�i�v�i�t�y�.� �D�a�y�-�0� �a�n�d� �d�a�y�-�7� �T�B�H� �h�a�d� �t�h�e� �s�a�m�e� �n�u�m�b�e�r� �o�f� �I�a�*� �M�¢� �a�n�d� 

�I�a� �a�n�t�i�g�e�n� �d�e�n�s�i�t�y� �p�e�r� �M�@�,� �w�h�i�l�e� �d�a�y�-�1�4� �a�n�d� �-�2�1� �T�B�H� �s�h�o�w�e�d� �a� �9�%� �a�n�d� �3�6�%� �d�e�c�r�e�a�s�e�,� �r�e�s�p�e�c�-� 

�t�i�v�e�l�y�,� �i�n� �t�o�t�a�l� �I�a�t� �M�d� �a�n�d� �a� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �d�e�n�s�i�t�y� �o�f� �I�a� �a�n�t�i�g�e�n� �p�e�r� �c�e�l�l�.� �T�u�m�o�r�-�i�n�d�u�c�e�d� �r�e�-� 

�d�u�c�t�i�o�n� �i�n� �I�a� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �w�a�s� �r�e�p�o�r�t�e�d� �b�y� �u�s� �(�7�3�)� �a�n�d� �o�t�h�e�r�s� �(�1�5�6�,�1�7�6�)�.� �D�e�c�r�e�a�s�e�d� �J�a� �a�n�t�i�g�e�n� 

�e�x�p�r�e�s�s�i�o�n� �r�e�f�l�e�c�t�s� �a� �d�e�c�r�e�a�s�e� �i�n� �a�l�l�o�g�e�n�e�i�c� �M�L�R� �r�e�a�c�t�i�v�i�t�y� �(�7�3�)�.� �D�e�c�r�e�a�s�e�d� �I�a� �i�s� �i�m�p�o�r�t�a�n�t� �i�n� �t�h�e� 

�d�o�w�n� �r�e�g�u�l�a�t�i�o�n� �o�f� �t�h�e� �S�M�L�R�,� �s�i�n�c�e� �b�l�o�c�k�i�n�g� �I�a� �w�i�t�h� �s�p�e�c�i�f�i�c� �a�n�t�i�b�o�d�y� �s�u�p�p�r�e�s�s�e�s� �S�M�L�R� �r�e�a�c�t�i�v�i�t�y� 

�i�n� �a� �d�o�s�e� �d�e�p�e�n�d�e�n�t� �f�a�s�h�i�o�n� �(�1�5�7�,�1�5�8�)�,� �a�n�d� �f�u�r�t�h�e�r�m�o�r�e�,� �r�e�s�t�i�n�g� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �n�e�e�d� �t�h�e� �f�i�r�s�t� 

�s�i�g�n�a�l� �(�M�@� �I�a� �a�n�t�i�g�e�n�s�)� �t�o� �b�e�c�o�m�e� �r�e�s�p�o�n�s�i�v�e� �t�o� �I�L� �1� �a�n�d� �I�L� �2� �(�1�6�8�)�.� �B�e�c�a�u�s�e� �I�a� �m�o�l�e�c�u�l�e� �p�r�e�s�-� 

�e�n�t�a�t�i�o�n� �d�r�i�v�e�s� �t�h�e� �S�M�L�R�;� �w�e� �i�n�v�e�s�t�i�g�a�t�e�d� �w�h�e�t�h�e�r� �t�h�e� �r�e�d�u�c�t�i�o�n� �i�n� �r�e�a�c�t�i�v�i�t�y� �w�a�s� �d�u�e� �s�o�l�e�l�y� �t�o� �a� 
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�d�e�c�r�e�a�s�e� �i�n� �M�¢� �I�a� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n�.� �W�h�e�n� �t�h�e� �n�u�m�b�e�r� �o�f� �T�B�H� �M�¢� �i�n�c�r�e�a�s�e�d� �2�-�4� �f�o�l�d� �(�t�h�a�t� �i�s�,� 

�i�n�c�r�e�a�s�i�n�g� �t�h�e� �n�u�m�b�e�r� �o�f� �I�a�*� �s�t�i�m�u�l�a�t�o�r�s�)�,� �a�u�t�o�r�e�a�c�t�i�v�e� �T�-�c�e�l�l� �a�c�t�i�v�i�t�y� �d�i�d� �n�o�t� �i�n�c�r�e�a�s�e�,� �a�s� �m�i�g�h�t� 

�b�e� �e�x�p�e�c�t�e�d� �i�f� �t�h�e� �o�n�l�y� �d�e�f�e�c�t� �i�n� �T�B�H� �M�d� �a�c�c�e�s�s�o�r�y� �c�a�p�a�b�i�l�i�t�i�e�s� �w�a�s� �a� �l�a�c�k� �o�f� �I�a�*� �s�t�i�m�u�l�a�t�o�r�s�.� 

�I�n�c�r�e�a�s�i�n�g� �t�h�e� �n�u�m�b�e�r� �o�f� �T�B�H� �M�¢� �b�y� �2�-�4� �f�o�l�d� �f�u�r�t�h�e�r� �d�e�p�r�e�s�s�e�d� �t�h�e� �a�l�r�e�a�d�y� �l�o�w� �T�B�H� 

�M�¢�-�i�n�d�u�c�e�d� �S�M�L�R� �r�e�a�c�t�i�v�i�t�y�.� �T�h�e� �r�e�d�u�c�t�i�o�n� �i�n� �T�B�H� �J�a�*� �M�¢� �o�n�l�y� �p�a�r�t�l�y� �e�x�p�l�a�i�n�e�d� �t�h�e� �d�e�c�r�e�a�s�e� 

�i�n� �a�u�t�o�r�e�a�c�t�i�v�i�t�y�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �t�h�e� �p�h�e�n�o�t�y�p�i�c� �s�h�i�f�t� �t�o�w�a�r�d�s� �a�n� �l�I�a�~� �T�B�H� �M�¢� 

�i�n� �d�e�c�r�e�a�s�e�d� �M�¢�-�T� �c�e�l�l� �c�o�n�t�a�c�t�,� �i�t� �w�a�s� �r�e�c�e�n�t�l�y� �s�h�o�w�n� �t�h�a�t� �J�a�~� �M�¢� �a�r�e� �f�u�n�c�t�i�o�n�a�l�l�y� �s�u�p�p�r�e�s�s�o�r� 

�M�¢� �(�3�4�)�.� 

�T�u�m�o�r�-�b�e�a�r�i�n�g� �h�o�s�t� �M�¢� �c�a�n� �s�u�p�p�r�e�s�s� �T�-�c�e�l�l� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� �(�5�1�,�7�2�-�7�4�,�1�3�7�,�2�6�1�)�.� �I�s� �t�h�i�s� �t�h�e� 

�c�a�s�e� �w�i�t�h� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� �a�s� �m�e�a�s�u�r�e�d� �b�y� �t�h�e� �S�M�L�R�?� �W�e� �a�d�d�r�e�s�s�e�d� �t�h�i�s� �q�u�e�s�t�i�o�n� �b�y� �a�d�m�i�x�i�n�g� �v�a�r�-� 

�i�o�u�s� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �T�B�H� �M�¢� �i�n�t�o� �a� �c�o�n�s�t�a�n�t� �n�u�m�b�e�r� �o�f� �n�o�r�m�a�l� �h�o�s�t� �M�@�.� �I�f� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� 

�I�a� �a�n�t�i�g�e�n� �o�n� �T�B�H� �M�é�¢� �c�a�u�s�e�d� �a�u�t�o�r�e�a�c�t�i�v�e� �T�-�c�e�l�l� �h�y�p�o�r�e�s�p�o�n�s�i�v�e�n�e�s�s�,� �t�h�e�n� �f�o�l�l�o�w�i�n�g� �t�h�e� �a�d�d�i�t�i�o�n� 

�o�f� �d�a�y�-�2�1� �T�B�H� �M�¢� �t�o� �n�o�r�m�a�l� �h�o�s�t� �(�d�a�y�-�0�)� �M�¢�,� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� �w�o�u�l�d� �b�e� �s�i�m�i�l�a�r� �t�o� �c�o�n�t�r�o�l� �l�e�v�e�l�s�,� 

�s�i�n�c�e� �n�o�r�m�a�l� �h�o�s�t� �M�¢� �w�o�u�l�d� �p�r�e�s�e�n�t� �I�a� �a�n�t�i�g�e�n� �t�o� �t�h�e� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s�.� �B�e�c�a�u�s�e� �o�f� �t�h�e� �p�r�e�s�e�n�c�e� 

�o�f� �o�t�h�e�r� �s�u�p�p�r�e�s�s�o�r� �c�i�r�c�u�i�t�s�,� �T�B�H� �M�¢� �s�u�p�p�r�e�s�s�e�d� �t�h�e� �a�b�i�l�i�t�y� �o�f� �e�v�e�n� �n�o�r�m�a�l� �M�¢� �t�o� �p�r�e�s�e�n�t� �J�a� 

�a�n�t�i�g�e�n�s�.� �W�h�e�n� �d�a�y�-�7� �a�n�d� �-�1�4� �T�B�H� �M�@� �w�e�r�e� �a�d�d�e�d� �t�o� �n�o�r�m�a�l� �h�o�s�t� �s�t�i�m�u�l�a�t�o�r�s�,� �t�h�e�r�e� �w�a�s� �n�o� 

�d�e�c�r�e�a�s�e� �i�n� �r�e�a�c�t�i�v�i�t�y�.� �T�h�i�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �c�h�a�n�g�e�s� �i�n� �t�h�e� �f�u�n�c�t�i�o�n�a�l� �c�a�p�a�b�i�l�i�t�i�e�s� �o�c�c�u�r�r�e�d� �a�f�t�e�r� �d�a�y� 

�1�4�,� �e�v�e�n� �t�h�o�u�g�h� �d�a�y�-�1�4� �T�B�H� �M�o�?� �a�l�r�e�a�d�y� �h�a�v�e� �t�u�m�o�r�-�i�n�d�u�c�e�d� �p�h�e�n�o�t�y�p�i�c� �c�h�a�n�g�e�s� �(�7�3�,�7�4�)�.� 

�F�u�n�c�t�i�o�n�a�l� �c�h�a�n�g�e�s� �f�o�l�l�o�w� �p�h�e�n�o�t�y�p�i�c� �c�h�a�n�g�e�s� �i�n� �t�h�e� �T�B�H�.� �T�h�e� �d�e�c�r�e�a�s�e� �i�n� �r�e�a�c�t�i�v�i�t�y� �w�i�t�h� �d�a�y�-�1�4� 

�T�B�H� �M�g� �o�c�c�u�r�r�e�d� �o�n�l�y� �w�h�e�n� �d�a�y�-�1�4� �T�B�H� �M�¢� �w�e�r�e� �u�s�e�d� �a�l�o�n�e� �a�s� �s�t�i�m�u�l�a�t�o�r�s�,� �b�u�t� �n�o�t� �w�h�e�n� �u�s�e�d� 

�w�i�t�h� �d�a�y�-�O� �M�d�@�.� �T�h�e� �d�e�c�r�e�a�s�e� �i�n� �r�e�a�c�t�i�v�i�t�y� �w�i�t�h� �d�a�y�-�1�4� �T�B�H� �M�@�¢� �s�e�e�m�e�d� �t�o� �b�e� �o�n�l�y� �c�a�u�s�e�d� �b�y� 

�r�e�d�u�c�e�d� �c�e�l�l� �s�u�r�f�a�c�e� �I�a� �a�n�t�i�g�e�n�s� �o�n� �a�c�c�e�s�s�o�r�y� �M�¢�.� �H�o�w�e�v�e�r�,� �d�a�y�-�2�1� �T�B�H� �M�¢� �c�a�u�s�e�d� �d�e�c�r�e�a�s�e�d� 

�a�u�t�o�r�e�a�c�t�i�v�e� �T�-�c�e�l�l� �a�c�t�i�v�i�t�y� �w�h�e�n� �u�s�e�d� �a�s� �s�t�i�m�u�l�a�t�o�r� �c�e�l�l�s� �a�l�o�n�e� �o�r� �w�h�e�n� �a�d�d�e�d� �t�o� �n�o�r�m�a�l� �h�o�s�t� 

�M�®�@�.� �T�h�i�s� �s�u�p�p�r�e�s�s�i�o�n� �w�a�s� �t�i�t�r�a�t�a�b�l�e� �a�n�d� �r�e�t�u�r�n�e�d� �t�o� �n�o�r�m�a�l� �l�e�v�e�l�s� �w�h�e�n� �t�h�e� �n�u�m�b�e�r� �o�f� �d�a�y�-�2�1� 

�T�B�H� �M�¢�@� �w�a�s� �r�e�d�u�c�e�d�.� �A�f�t�e�r� �1�4� �d�a�y�s� �o�f� �t�u�m�o�r� �g�r�o�w�t�h�,� �i�n� �a�d�d�i�t�i�o�n� �t�o� �r�e�d�u�c�e�d� �J�a� �e�x�p�r�e�s�s�i�o�n�,� 

�f�u�n�c�t�i�o�n�a�l� �c�h�a�n�g�e�s� �i�n� �t�h�e� �M�¢� �a�l�s�o� �c�a�u�s�e�d� �r�e�d�u�c�e�d� �a�u�t�o�r�e�a�c�t�i�v�i�t�y�.� 

�T�h�e� �n�a�t�u�r�e� �o�f� �t�h�i�s� �s�u�p�p�r�e�s�s�i�o�n� �i�s� �n�o�t� �k�n�o�w�n�,� �b�u�t� �s�p�e�c�u�l�a�t�i�o�n� �i�s� �p�o�s�s�i�b�l�e�.� �M�@� �p�r�o�d�u�c�e� �m�a�n�y� 

�i�m�m�u�n�o�r�e�g�u�l�a�t�o�r�y� �c�o�m�p�o�u�n�d�s� �(�2�2�3�)� �i�n�c�l�u�d�i�n�g� �P�G�E�2�,� �a� �p�o�w�e�r�f�u�l� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�v�e� �a�g�e�n�t� 
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�(�3�,�7�5�,�8�0�,�1�2�4�,�1�3�8�,�1�6�3�)�.� �T�u�m�o�r� �g�r�o�w�t�h� �r�e�s�u�l�t�s� �i�n� �i�n�c�r�e�a�s�e�d� �P�G�E�,� �p�r�o�d�u�c�t�i�o�n� �b�y� �M�¢� �(�8�3�,�8�5�,�1�3�7�)� �a�n�d� 

�a� �d�i�s�a�p�p�e�a�r�a�n�c�e� �o�f� �a� �M�@�¢� �s�u�b�p�o�p�u�l�a�t�i�o�n� �t�h�a�t� �c�o�n�t�r�o�l�s� �o�r� �r�e�g�u�l�a�t�e�s� �P�G�E�.� �p�r�o�d�u�c�t�i�o�n� �(�7�4�,�1�3�7�)�.� 

�P�G�E�;� �i�s� �a� �s�t�r�o�n�g� �n�e�g�a�t�i�v�e� �m�o�d�u�l�a�t�o�r� �o�f� �l�a� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n�,� �I�L� �2� �r�e�c�e�p�t�o�r� �e�x�p�r�e�s�s�i�o�n�,� �a�n�d� �I�L� �2� 

�s�e�c�r�e�t�i�o�n� �(�2�0�7�,�2�4�7�,�2�7�0�)�.� �I�n�c�r�e�a�s�e�d� �P�G�E�2� �p�r�o�d�u�c�t�i�o�n� �b�y� �T�B�H� �M�¢� �h�a�s� �t�h�e� �p�o�t�e�n�t�i�a�l� �t�o� �c�h�a�n�g�e� �T�-� 

�c�e�l�l� �r�e�a�c�t�i�v�i�t�y�.� �T�o� �e�x�a�m�i�n�e� �t�h�i�s� �P�G� �e�f�f�e�c�t�,� �i�n�d�o�m�e�t�h�a�c�i�n� �w�a�s� �u�s�e�d�.� �I�n�d�o�m�e�t�h�a�c�i�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� 

�S�M�L�R� �s�t�i�m�u�l�a�t�e�d� �b�y� �n�o�r�m�a�l� �o�r� �T�B�H� �M�¢�@� �l�e�a�d� �t�o� �a� �s�i�g�n�i�f�i�c�a�n�t� �i�n�c�r�e�a�s�e� �i�n� �a�u�t�o�r�e�a�c�t�i�v�i�t�y�.� 

�A�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� �i�n�c�r�e�a�s�e�d� �5�9�%� �w�i�t�h� �n�o�r�m�a�l� �h�o�s�t� �M�¢� �a�n�d� �9�9�%� �w�i�t�h� �T�B�H� �M�@�.� 

�M�¢� �n�o�t� �o�n�l�y� �s�t�i�m�u�l�a�t�e� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �b�y� �t�h�e�i�r� �J�a� �p�r�e�s�e�n�t�a�t�i�o�n� �b�u�t� �a�l�s�o� �d�o�w�n� �r�e�g�u�l�a�t�e� 

�a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �b�y� �t�h�e�i�r� �m�o�n�o�k�i�n�e� �s�e�c�r�e�t�i�o�n�.� �S�e�c�r�e�t�i�o�n� �o�f� �P�G� �a�n�d� �o�t�h�e�r� �s�u�p�p�r�e�s�s�i�v�e� �m�o�n�o�k�i�n�e�s� 

�i�n� �t�h�e� �n�o�r�m�a�l� �h�o�s�t� �w�o�u�l�d� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �n�a�t�u�r�a�l� �p�r�e�s�e�n�c�e� �o�f� �s�u�p�p�r�e�s�s�o�r� �M�@� �m�a�i�n�t�a�i�n� �a�n�d� �c�o�n�t�r�o�l� 

 ��n�o�r�m�a�l �� �i�m�m�u�n�e� �h�o�m�e�o�s�t�a�s�i�s� �(�2�0�6�,�2�1�6�,�2�5�7�,�2�6�3�)�.� �T�h�e� �T�B�H� �M�¢�-�s�t�i�m�u�l�a�t�e�d� �S�M�L�R� �r�e�t�u�r�n�e�d� �t�o� 

�o�n�l�y� �6�5�%� �o�f� �t�h�e� �n�o�r�m�a�l� �h�o�s�t� �M�¢�-�s�t�i�m�u�l�a�t�e�d� �S�M�L�R� �l�e�v�e�l� �(�w�i�t�h�o�u�t� �i�n�d�o�m�e�t�h�a�c�i�n�)�,� �s�u�g�g�e�s�t�i�n�g� �o�t�h�e�r� 

�s�u�p�p�r�e�s�s�o�r� �p�a�t�h�w�a�y�s�,� �l�i�k�e� �t�h�e� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �i�n�h�i�b�i�t�o�r� �w�e� �f�o�u�n�d� �i�n� �M�¢� �s�u�p�e�r�n�a�t�a�n�t�s� �(�1�3�8�)�.� 

�T�u�m�o�r�-�i�n�d�u�c�e�d� �f�u�n�c�t�i�o�n�a�l� �c�h�a�n�g�e�s� �i�n� �s�u�p�p�r�e�s�s�o�r� �M�d�¢� �m�i�g�h�t� �i�n�c�l�u�d�e� �q�u�a�n�t�i�t�a�t�i�v�e� �a�n�d� �q�u�a�l�i�t�a�t�i�v�e� 

�c�h�a�n�g�e�s� �i�n� �s�u�p�p�r�e�s�s�i�v�e� �a�g�e�n�t�s� �(�7�2�,�7�4�,�1�3�7�,�1�5�6�,�2�6�9�)�.� 

�D�a�y�-�2�1� �T�B�H� �s�p�l�e�n�i�c� �a�n�d� �p�e�r�i�t�o�n�e�a�l� �M�d�@� �h�a�v�e� �a�l�t�e�r�e�d� �p�h�e�n�o�t�y�p�e�s� �a�n�d� �f�u�n�c�t�i�o�n�s� 

�(�7�4�,�C�H�A�P�T�E�R� �I�,�C�H�A�P�T�E�R� �I�I�)� �t�h�a�t� �c�a�n�n�o�t� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �a�n� �i�n�f�l�a�m�m�a�t�o�r�y� �r�e�s�p�o�n�s�e� �a�g�a�i�n�s�t� �t�h�e� 

�t�u�m�o�r�.� �T�h�e�r�e� �a�r�e� �s�h�i�f�t�s� �i�n� �M�¢� �c�e�l�l� �s�u�r�f�a�c�e� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �a�n�d� �p�h�e�n�o�t�y�p�i�c�a�l�l�y� �d�i�s�t�i�n�c�t� �s�u�b�p�o�p�-� 

�u�l�a�t�i�o�n�s� �d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h� �(�7�2�-�7�4�,�1�3�7�)�,� �a�n�d� �d�e�c�r�e�a�s�e�s� �a�n�d� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �M�¢� �f�u�n�c�t�i�o�n�a�l� �c�a�p�a�-� 

�b�i�l�i�t�i�e�s� �i�n� �t�h�e� �a�l�l�o�g�e�n�e�i�c� �M�L�R� �(�7�2�-�7�4�)�.� �T�h�e� �t�u�m�o�r� �m�i�g�h�t� �i�n�d�u�c�e� �a� �u�n�i�q�u�e� �p�o�p�u�l�a�t�i�o�n� �o�f� �s�u�p�p�r�e�s�s�o�r� 

�M�¢� �o�r� �a�l�t�e�r�  ��n�o�r�m�a�l �� �M�¢� �s�o� �t�h�e�y� �b�e�c�o�m�e� �s�u�p�p�r�e�s�s�o�r� �M�@�.� �O�t�h�e�r�s� �a�l�s�o� �r�e�p�o�r�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �M�¢� 

�a�s� �a� �r�e�s�u�l�t� �o�f� �t�u�m�o�r� �g�r�o�w�t�h� �(�1�0�3�,�2�3�1�,�2�6�9�)�.� 

�I�n� �s�u�m�m�a�r�y�,� �t�h�e�s�e� �f�i�n�d�i�n�g�s� �s�u�g�g�e�s�t� �t�h�a�t� �T�B�H� �M�¢� �s�u�p�p�r�e�s�s�e�d� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� �i�n� �a�t� �l�e�a�s�t� �t�w�o� 

�w�a�y�s� �t�h�a�t� �a�r�e� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �m�u�t�u�a�l�l�y� �e�x�c�l�u�s�i�v�e�:� �(�i�)� �d�e�c�r�e�a�s�e�d� �l�a� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �a�n�d� �(�i�i�)� �a�c�t�i�v�e� 

�s�u�p�p�r�e�s�s�i�o�n� �b�y� �s�o�l�u�b�l�e� �f�a�c�t�o�r�s� �l�i�k�e� �P�G�.� �T�h�e� �e�x�a�c�t� �m�o�d�e� �o�f� �t�h�e� �t�u�m�o�r�-�i�n�d�u�c�e�d� �M�¢�-�m�e�d�i�a�t�e�d� �s�u�p�-� 

�p�r�e�s�s�i�o�n� �i�s� �n�o�t� �k�n�o�w�n� �a�n�d� �f�u�r�t�h�e�r� �i�n�v�e�s�t�i�g�a�t�i�o�n� �i�s� �n�e�e�d�e�d�.� �W�e� �a�r�e� �e�x�a�m�i�n�i�n�g� �t�h�e� �e�f�f�e�c�t� �o�f� �I�a�*� �s�o�r�t�e�d� 

�n�o�r�m�a�l� �a�n�d� �T�B�H� �M�¢� �o�n� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �t�o� �s�e�e� �i�f� �T�B�H� �I�a�*� �M�é�@� �a�r�e� �a�s� �e�f�f�e�c�t�i�v�e� �a�s� �n�o�r�m�a�l� �h�o�s�t� 

�I�a�*� �M�é�¢� �a�n�d� �i�f� �I�a�~� �M�¢� �a�r�e� �i�m�p�o�r�t�a�n�t�.� �T�o� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �s�c�o�p�e� �o�f� �t�u�m�o�r�-�m�e�d�i�a�t�e�d� �c�o�n�t�r�o�l� �o�f� 
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�a�u�t�o�r�e�a�c�t�i�v�i�t�y�,� �T�B�H� �L�3�T�4�*� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �n�e�e�d� �t�o� �b�e� �i�n�v�e�s�t�i�g�a�t�e�d�.� �R�e�c�e�n�t� �e�v�i�d�e�n�c�e� �s�h�o�w�s� 

�t�h�a�t� �T�B�H� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �h�a�v�e� �a� �d�e�c�r�e�a�s�e�d� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� �n�o�t� �c�a�u�s�e�d� �b�y� �d�e�c�r�e�a�s�e�d� �i�n� �v�i�v�o� �c�e�l�l� 

�n�u�m�b�e�r�s�,� �e�v�e�n� �w�h�e�n� �n�o�r�m�a�l� �h�o�s�t� �M�¢� �a�r�e� �u�s�e�d� �a�s� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s� �(�C�H�A�P�T�E�R� �I�V�)�.� �T�h�e�y� �a�l�s�o� �h�a�v�e� 

�a� �d�e�c�r�e�a�s�e�d� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� �t�o� �I�L� �1�,� �I�L� �2�,� �a�n�d� �I�L�-�4� �(�C�H�A�P�T�E�R� �I�V�)�.� �B�y� �i�n�v�e�s�t�i�g�a�t�i�n�g� �a� �s�t�r�u�c�t�u�r�e� 

�t�o� �f�u�n�c�t�i�o�n� �r�e�l�a�t�i�o�n�s�h�i�p�,� �w�e� �h�o�p�e� �t�o� �i�d�e�n�t�i�f�y� �t�h�e� �p�h�e�n�o�t�y�p�e� �o�f� �t�h�e� �c�o�n�t�r�o�l�l�i�n�g� �M�¢�@� �a�n�d� �t�h�e� �c�e�l�l�u�l�a�r� 

�m�e�c�h�a�n�i�s�m�s� �i�n� �t�h�e� �n�o�r�m�a�l� �a�n�d� �T�B�H� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e�s�.� �T�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �w�i�l�l� �a�i�d� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� 

�o�f� �t�r�e�a�t�m�e�n�t� �m�o�d�a�l�i�t�i�e�s� �f�o�r� �h�y�p�o�a�c�t�i�v�e� �(�c�a�n�c�e�r� �a�n�d� �A�I�D�S�)� �a�n�d� �h�y�p�e�r�a�c�t�i�v�e� �(�a�u�t�o�u�m�m�u�n�i�t�y�)� �i�m�m�u�n�e� 

�r�e�s�p�o�n�s�e�s�.� 
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�C�H�A�P�T�E�R� �I�V� 

�T�U�M�O�R� �M�O�D�U�L�A�T�I�O�N� �O�F� �A�U�T�O�R�E�A�C�T�I�V�I�T�Y�:� 

�D�E�C�R�E�A�S�E�D� �M�A�C�R�O�P�H�A�G�E� �A�N�D� 

�A�U�T�O�R�E�A�C�T�I�V�E� �T� �C�E�L�L� �I�N�T�E�R�A�C�T�I�O�N�S� 

�I�N�T�R�O�D�U�C�T�I�O�N� 

�M�¢� �a�r�e� �i�m�p�o�r�t�a�n�t� �r�e�g�u�l�a�t�o�r�y� �c�e�l�l�s� �i�n� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e�s�.� �I�n� �t�h�e� �S�M�L�R�,� �a�n� �i�n� �v�i�t�r�o� �a�s�s�a�y� �o�f� 

�a�u�t�o�r�e�a�c�t�i�v�i�t�y�,� �M�@� �a�r�e� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s� �t�h�a�t� �e�x�p�r�e�s�s� �a�n�d� �p�r�e�s�e�n�t� �s�e�l�f�-�I�a� �a�n�t�i�g�e�n�s� �t�o� �a�u�t�o�r�e�a�c�t�i�v�e� �T� 

�c�e�l�l�s� �(�1�4�,�3�6�,�1�5�7�,�1�5�8�)�.� �A�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �r�e�s�p�o�n�d� �t�o� �M�@�-�l�a� �a�n�t�i�g�e�n�s� �n�o�t� �f�o�r�e�i�g�n� �a�n�t�i�g�e�n� �s�u�c�h� �a�s� 

�t�h�e� �f�e�t�a�l� �c�a�l�f� �s�e�r�u�m� �i�n� �t�h�e� �c�u�l�t�u�r�e� �m�e�d�i�u�m� �(�1�5�8�)�.� �T�h�i�s� �M�¢� �(�I�a�)�-�T� �c�e�l�l� �i�n�t�e�r�a�c�t�i�o�n� �i�s� �t�h�e� �n�e�c�e�s�s�a�r�y� 

�f�i�r�s�t� �s�i�g�n�a�l� �i�n� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l� �r�e�g�u�l�a�t�i�o�n� �(�1�6�8�)�,� �a�s� �a�n�t�i�-�I�a� �a�n�t�i�b�o�d�i�e�s� �b�l�o�c�k� �t�h�i�s� �s�i�g�n�a�l� �(�1�5�7�,�1�5�8�)�.� 

�M�¢�@� �a�l�s�o� �r�e�l�e�a�s�e� �s�o�l�u�b�l�e� �m�o�d�u�l�a�t�o�r�s� �t�h�a�t� �e�i�t�h�e�r� �u�p�-� �o�r� �d�o�w�n�-�r�e�g�u�l�a�t�e� �a�u�t�o�i�m�m�u�n�i�t�y�.� �T�h�e� �r�e�s�p�o�n�d�e�r� 

�c�e�l�l� �i�n� �t�h�e� �S�M�L�R� �i�s� �a� �L�3�T�4�*�,� �T�h�y�-�1�*�,� �I�a�~�,� �L�y�t�-�2�~� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l� �(�1�4�,�2�2�4�)�.� �A�u�t�o�r�e�a�c�t�i�v�e� �T� 
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�c�e�l�l�s� �p�e�r�f�o�r�m� �r�e�g�u�l�a�t�o�r�y� �f�u�n�c�t�i�o�n�s� �i�n� �v�i�t�r�o� �l�i�k�e� �h�e�l�p�/�a�m�p�l�i�f�i�c�a�t�i�o�n� �(�3�6�,�1�1�7�,�1�5�7�,�1�5�8�)�,� �s�u�p�p�r�e�s�s�i�o�n� 

�(�3�6�,�1�0�0�,�1�1�7�,�2�0�1�)�,� �c�y�t�o�t�o�x�i�c�i�t�y� �(�2�3�5�)�,� �a�n�d� �a�n�t�i�-�t�u�m�o�r� �r�e�s�p�o�n�s�e�s� �(�2�3�8�)�.� �A�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l� �c�l�o�n�e�s� 

�s�t�i�m�u�l�a�t�e� �n�a�i�v�e� �L�3�T�4�*� �T� �c�e�l�l�s� �a�n�d� �p�a�r�t�i�c�i�p�a�t�e� �i�n� �a� �T�-�T� �c�e�l�l� �n�e�t�w�o�r�k� �i�n� �v�i�t�r�o� �a�n�d� �i�n� �v�i�v�o� 

�(�1�1�1�,�1�5�9�,�2�2�2�)�.� �A�u�t�o�r�e�a�c�t�i�v�i�t�y� �h�a�s� �a�l�s�o� �b�e�e�n� �e�x�t�e�n�s�i�v�e�l�y� �s�t�u�d�i�e�d� �i�n� �d�i�s�e�a�s�e�d� �h�o�s�t�s� �a�n�d� �s�h�o�w�n� �t�o� �b�e� 

�d�e�f�e�c�t�i�v�e� �(�5�6�,�8�8�)�.� �T�h�e�s�e� �f�a�c�t�s� �s�u�g�g�e�s�t� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �h�a�v�e� �i�m�p�o�r�t�a�n�t� �i�m�m�u�n�o�r�e�g�u�l�a�t�o�r�y� �f�u�n�c�-� 

�t�i�o�n�s� �a�n�d� �a�r�e� �e�s�s�e�n�t�i�a�l� �f�o�r� �i�m�m�u�n�e� �h�o�m�e�o�s�t�a�s�i�s�.� 

�P�r�e�v�i�o�u�s�l�y�,� �w�e� �s�h�o�w�e�d� �t�h�a�t� �M�d� �f�r�o�m� �T�B�H� �s�u�p�p�r�e�s�s�e�d� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �b�y� �a�t� �l�e�a�s�t� �t�w�o� 

�d�i�f�f�e�r�e�n�t� �m�e�c�h�a�n�i�s�m�s�;� �d�e�c�r�e�a�s�e�d� �I�a� �e�x�p�r�e�s�s�i�o�n� �a�n�d� �i�n�c�r�e�a�s�e�d� �s�u�p�p�r�e�s�s�o�r� �m�o�l�e�c�u�l�e� �p�r�o�d�u�c�t�i�o�n� 

�(�C�H�A�P�T�E�R� �I�I�I�)�.� �T�h�i�s� �c�h�a�n�g�e� �i�n� �T�B�H� �M�¢� �p�h�e�n�o�t�y�p�e� �a�n�d� �f�u�n�c�t�i�o�n� �i�s� �o�n�e� �o�f� �m�a�n�y�,� �w�e� �h�a�v�e� �o�b�-� 

�s�e�r�v�e�d� �d�u�r�i�n�g� �o�u�r� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �t�u�m�o�r�-�i�n�d�u�c�e�d� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�o�n�.� �P�h�e�n�o�t�y�p�i�c�a�l�l�y�,� �t�u�m�o�r� 

�g�r�o�w�t�h� �c�a�u�s�e�d� �c�h�a�n�g�e�s� �i�n� �t�h�e� �M�¢� �s�u�r�f�a�c�e� �a�n�t�i�g�e�n� �e�x�p�r�e�s�s�i�o�n� �o�f� �M�a�c�-�l�,� �-�2�,� �-�3� �a�n�d� �I�a� 

�(�7�2�-�7�4�,�C�H�A�P�T�E�R� �I�,�C�H�A�P�T�E�R� �I�I�)�.� �F�u�n�c�t�i�o�n�a�l�l�y�,� �T�B�H� �M�d�@� �s�u�p�p�r�e�s�s� �M�L�R� �r�e�a�c�t�i�v�i�t�y� �(�7�2�-�7�4�)�,� 

�S�M�L�R� �r�e�a�c�t�i�v�i�t�y� �(�C�H�A�P�T�E�R� �I�I�I�)�,� �m�i�t�o�g�e�n� �r�e�a�c�t�i�v�i�t�y� �(�5�1�,�7�3�,�2�6�1�)�,� �a�n�d� �h�a�v�e� �a�n� �i�n�c�r�e�a�s�e�d� �p�r�o�-� 

�d�u�c�t�i�o�n� �o�f� �a�n�d� �a�l�t�e�r�a�t�i�o�n� �i�n� �s�u�p�p�r�e�s�s�i�v�e� �f�a�c�t�o�r�s� �(�7�4�,�1�3�7�,�1�3�8�)�.� �F�u�r�t�h�e�r�m�o�r�e�,� �w�e� �h�a�v�e� �r�e�l�a�t�e�d� 

�p�h�e�n�o�t�y�p�i�c� �c�h�a�n�g�e�s� �i�n� �T�B�H� �M�g� �t�o� �c�e�r�t�a�i�n� �f�u�n�c�t�i�o�n�a�l� �a�b�n�o�r�m�a�l�i�t�i�e�s� �(�7�2�-�7�4�,�1�3�7�,�1�3�8�)�.� �I�n� �a�d�d�i�t�i�o�n� 

�t�o� �c�h�a�n�g�e�s� �i�n� �M�@� �d�u�r�i�n�g� �t�u�m�o�r� �g�r�o�w�t�h�,� �T�B�H� �T� �c�e�l�l�s� �a�r�e� �a�l�s�o� �a�f�f�e�c�t�e�d�;� �t�h�e�y� �a�r�e� �l�e�s�s� �r�e�s�p�o�n�s�i�v�e� �i�n� 

�t�h�e� �M�L�R� �(�3�8�,�4�5�,�2�6�1�)�.� 

�T�o� �c�o�n�t�i�n�u�e� �o�u�r� �s�t�u�d�y� �o�f� �h�o�w� �t�u�m�o�r� �g�r�o�w�t�h� �s�u�p�p�r�e�s�s�e�s� �a�u�t�o�r�e�a�c�t�i�v�i�t�y�,� �w�e� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� 

�c�o�n�t�r�i�b�u�t�i�o�n� �o�f� �T�B�H� �M�¢� �a�n�d� �T�B�H� �T� �c�e�l�l�s� �t�o� �d�e�c�r�e�a�s�e�d� �a�u�t�o�r�e�a�c�t�i�v�i�t�y�.� �T�B�H� �M�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� 

�s�u�p�p�r�e�s�s�e�d� �b�o�t�h� �n�o�r�m�a�l� �a�n�d� �T�B�H� �T�-�c�e�l�l� �r�e�a�c�t�i�v�i�t�y� �b�y� �r�e�l�e�a�s�i�n�g� �P�G� �a�n�d� �o�t�h�e�r� �s�u�p�p�r�e�s�s�i�v�e� �f�a�c�t�o�r�s�.� 

�T�B�H� �T� �c�e�l�l�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�e�s�s� �r�e�s�p�o�n�s�i�v�e� �t�o� �M�¢�@� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e�i�r� �n�o�r�m�a�l� 

�c�o�u�n�t�e�r�p�a�r�t�s�.� �T�B�H� �T� �c�e�l�l�s� �w�e�r�e� �l�e�s�s� �r�e�s�p�o�n�s�i�v�e� �t�o� �I�L�-�1�,� �I�L�-�2�,� �o�r� �I�L�-�4� �t�h�a�n� �w�e�r�e� �n�o�r�m�a�l� �T� �c�e�l�l�s�.� 

�T�h�e� �d�a�t�a� �s�u�g�g�e�s�t� �t�h�a�t� �t�u�m�o�r� �g�r�o�w�t�h� �c�h�a�n�g�e�s� �i�m�m�u�n�e� �r�e�a�c�t�i�v�i�t�y� �b�y� �a�f�f�e�c�t�i�n�g� �t�h�e� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� 

�a�t� �t�h�e� �l�e�v�e�l� �o�f� �t�h�e� �M�¢� �a�n�d� �t�h�e� �T� �c�e�l�l� �a�n�d� �m�a�y� �a�f�f�e�c�t� �T�,�,�1� �a�n�d�/�o�r� �T�,�,�2� �s�u�b�s�e�t�s� �o�f� �T�,� �c�e�l�l�s�.� 

�C�H�A�P�T�E�R� �I�V� �8�7



�M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� 

�A�n�i�m�a�l�s� 

�E�i�g�h�t� �t�o� �1�2� �w�e�e�k�-�o�l�d� �m�a�l�e� �B�A�L�B�/�c� �m�i�c�e� �(�D�o�m�i�n�i�o�n� �L�a�b�s�)� �w�e�r�e� �u�s�e�d�.� �M�i�c�e� �w�e�r�e� �L�D�H� �v�i�r�u�s� 

�n�e�g�a�t�i�v�e� �(�M�i�c�r�o�b�i�o�l�o�g�i�c�a�l� �A�s�s�o�c�i�a�t�e�s�)�.� �A� �s�i�n�g�l�e�-�c�e�l�l� �s�u�s�p�e�n�s�i�o�n� �o�f� �4� �x� �1�0�°� �c�e�l�l�s� �f�r�o�m� �a� 

�m�e�t�h�y�l�c�h�o�l�a�n�t�h�r�e�n�e�-�i�n�d�u�c�e�d� �n�o�n�m�e�t�a�s�t�a�t�i�c� �t�r�a�n�s�p�l�a�n�t�a�b�l�e� �f�i�b�r�o�s�a�r�c�o�m�a� �w�a�s� �i�n�j�e�c�t�e�d� �i�m�.� �i�n�t�o� �t�h�e� 

�l�e�f�t� �h�i�n�d� �l�e�g� �o�f� �t�h�e� �T�B�H� �3� �w�e�e�k�s� �b�e�f�o�r�e� �u�s�e�.� �P�a�l�p�a�b�l�e� �t�u�m�o�r�s� �f�o�r�m� �b�y� �d�a�y�s� �1�0�-�1�4� �a�n�d� �d�e�a�t�h� �o�c�c�u�r�s� 

�b�y� �d�a�y�s� �2�8�-�3�5� �(�5�1�)�.� �T�u�m�o�r� �g�r�o�w�t�h� �s�i�g�n�i�f�i�c�a�n�t�l�y� �s�u�p�p�r�e�s�s�e�s� �m�i�t�o�g�e�n�,� �c�o�n�t�a�c�t� �s�e�n�s�i�t�i�v�i�t�y�,� �M�L�R�,� �a�n�d� 

�S�M�L�R� �r�e�a�c�t�i�v�i�t�y� �(�5�1�,�7�2�,�7�3�,� �C�H�A�P�T�E�R� �I�I�D�,� �b�u�t� �i�m�m�u�n�o�s�u�p�p�r�e�s�s�i�o�n� �i�s� �n�o�t� �c�a�u�s�e�d� �b�y� �a� �g�e�n�e�r�a�l�i�z�e�d� 

�i�n�f�l�a�m�m�a�t�o�r�y� �r�e�s�p�o�n�s�e� �(�7�4�)�.� 

�M�e�d�i�u�m� 

�A�l�l� �c�e�l�l�s� �w�e�r�e� �g�r�o�w�n� �i�n� �R�P�M�I�-�1�6�4�0� �(�H�a�z�e�l�t�o�n�)� �m�e�d�i�u�m� �w�i�t�h� �1�0�%� �h�e�a�t�-�i�n�a�c�t�i�v�a�t�e�d� �F�C�S� 

�(�G�i�b�c�o�)� �a�n�d� �4� �x� �1�0�°�*� �M� �2�-�M�E� �(�S�i�g�m�a�)�.� �A�l�l� �m�e�d�i�a� �c�o�n�t�a�i�n�e�d� �5�0� �m�g�/�l� �g�e�n�t�a�m�i�c�i�n� �(�G�i�b�c�o�)�,� �2� �g�/�l� 

�N�a�H�C�O�;� �a�n�d� �2�5� �m�M� �H�E�P�E�S� �(�R�e�s�e�a�r�c�h� �O�r�g�a�n�i�c�s�)�.� 

�S�M�L�R� 

�B�r�i�e�f�l�y�,� �t�h�e� �c�o�l�l�e�c�t�e�d� �W�S�C� �s�u�s�p�e�n�s�i�o�n�s� �w�e�r�e� �p�l�a�t�e�d� �f�o�r� �2� �h�r� �(�1�5�0� �x� �1�5� �m�m� �p�l�a�s�t�i�c� �p�l�a�t�e�s�:� 

�L�u�x�/�M�i�l�e�s� �S�c�i�e�n�t�i�f�i�c�)�.� �T� �c�e�l�l�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �b�y� �i�n�c�u�b�a�t�i�n�g� �t�h�e� �p�l�a�s�t�i�c� �n�o�n�a�d�h�e�r�e�n�t� �W�S�C� �o�n�a� �n�y�l�o�n� 

�w�o�o�l� �c�o�l�u�m�n�.� �N�y�l�o�n� �w�o�o�l� �n�o�n�a�d�h�e�r�e�n�t� �c�e�l�l�s� �w�e�r�e� �e�l�u�t�e�d� �f�r�o�m� �t�h�e� �c�o�l�u�m�n� �a�n�d� �f�u�r�t�h�e�r� �d�e�p�l�e�t�e�d� 

�o�f� �I�a�*� �B� �c�e�l�l�s�,� �M�d�@�,� �a�n�d� �o�t�h�e�r� �c�o�n�t�a�m�i�n�a�t�i�n�g� �c�e�l�l�s� �b�y� �r�e�s�u�s�p�e�n�d�i�n�g� �i�n� �s�u�p�e�r�n�a�t�a�n�t�s� �c�o�n�t�a�i�n�i�n�g� 
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�m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y� �a�n�t�i�-�L�y�t�-�2� �(�3�.�1�5�5�)�,� �a�n�t�i�-�[�A�?� �(�M�K�-�D�6�)�,� �a�n�t�i�-�i�m�m�a�t�u�r�e� �T� �c�e�l�l� �a�n�d� �B� �c�e�l�l� �(�J�1�1�d�)�,� 

�a�n�d� �a�n�t�i�-�I�E�¢� �(�1�4�-�4�-�4�)�.� �T�h�e� �c�e�l�l�s� �w�e�r�e� �t�h�e�n� �i�n�c�u�b�a�t�e�d� �i�n� �a� �1�:�1�2� �d�i�l�u�t�i�o�n� �o�f� �C� �(�L�o�w�-�T�o�x�-�M� �r�a�b�b�i�t� 

�C�;� �C�e�d�a�r�l�a�n�e� �L�a�b�o�r�a�t�o�r�i�e�s� �L�t�d�.�)� �a�n�d� �w�a�s�h�e�d�.� �T�h�e� �L�3�T�4�*� �T� �c�e�l�l�s� �(�<�1�%� �c�o�n�t�a�m�i�n�a�t�i�n�g� �M�¢� �a�n�d� 

�B� �c�e�l�l�s�)� �w�e�r�e� �r�e�s�u�s�p�e�n�d�e�d� �t�o� �4� �x� �1�0�°� �c�e�l�l�s�/�m�l� �i�n� �m�e�d�i�u�m� �w�i�t�h� �1�0�%� �F�C�S�,� �a�n�d� �4� �x� �1�0�°� �c�e�l�l�s� �w�e�r�e� 

�a�d�d�e�d� �p�e�r� �w�e�l�l� �o�f� �a�  ��U �� �b�o�t�t�o�m� �9�6�-�w�e�l�l� �p�l�a�t�e� �(�F�l�o�w� �L�a�b�o�r�a�t�o�r�i�e�s�)�.� �S�p�l�e�n�i�c� �M�¢� �(�>�9�6�%� �e�s�t�e�r�a�s�e� 

�p�o�s�i�t�i�v�e�)� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �b�y� �w�a�s�h�i�n�g� �t�h�e� �p�l�a�t�e�s� �v�i�g�o�r�o�u�s�l�y� �t�o� �r�e�m�o�v�e� �t�h�e� �n�o�n�a�d�h�e�r�e�n�t� �c�e�l�l�s� �a�n�d� 

�s�c�r�a�p�i�n�g� �w�i�t�h� �a� �r�u�b�b�e�r� �p�o�l�i�c�e�m�a�n� �t�o� �r�e�m�o�v�e� �t�h�e� �a�d�h�e�r�e�n�t� �c�e�l�l�s� �(�M�¢�)�.� �M�d� �w�e�r�e� �c�o�u�n�t�e�d� �a�n�d� �r�e�-� 

�s�u�s�p�e�n�d�e�d� �t�o� �4� �x� �1�0�°� �c�e�l�l�s�/�m�l�.� �M�d�@� �w�e�r�e� �X�-�i�r�r�a�d�i�a�t�e�d� �f�o�r� �4� �m�i�n� �a�t� �5�0� �k�V� �(�2�0�0�0� �r�a�d�s�)� �(�T�F�I� �M�i�n�i�s�h�o�t� 

�I�I� �X�-�i�r�r�a�d�i�a�t�o�r�)�.� �F�o�u�r� �x� �1�0�°� �c�e�l�l�s�,� �i�n� �m�e�d�i�u�m� �c�o�n�t�a�i�n�i�n�g� �1�0�%� �F�C�S�,� �w�e�r�e� �a�d�d�e�d� �p�e�r� �w�e�l�l� �a�n�d� �i�n�-� 

�c�u�b�a�t�e�d� �f�o�r� �4� �d�a�y�s� �a�t� �3�7�°�C�.� �S�i�x� �h�r� �b�e�f�o�r�e� �t�e�r�m�i�n�a�t�i�o�n� �a�n�d� �h�a�r�v�e�s�t� �o�f� �t�h�e� �c�e�l�l�s�,� �e�a�c�h� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� 

�w�a�s� �p�u�l�s�e�d� �w�i�t�h� �1� �C�i� �o�f� �7�H�-�T�d�R� �(�s�p�e�c�i�f�i�c� �a�c�t�i�v�i�t�y� �6�.�7� �C�i�/�m�M�,� �D�u�p�o�n�t� �N�E�N� �R�e�s�e�a�r�c�h� �P�r�o�d�u�c�t�s�)�.� 

�C�e�l�l�s� �w�e�r�e� �h�a�r�v�e�s�t�e�d� �o�n�t�o� �g�l�a�s�s� �f�i�b�e�r� �f�i�l�t�e�r�s� �(�W�h�a�t�m�a�n� �9�3�4�-�A�H�)� �a�n�d� �c�o�u�n�t�e�d� �i�n� �a� �6�8�9�5� �B�e�t�a�t�r�a�c� 

�l�i�q�u�i�d� �s�c�i�n�t�i�l�l�a�t�i�o�n� �c�o�u�n�t�e�r� �(�T�m� �A�n�a�l�y�t�i�c�)�.� 

�I�n�d�o�m�e�t�h�a�c�i�n� �T�r�e�a�t�m�e�n�t� 

�I�n�d�o�m�e�t�h�a�c�i�n� �a�t� �a� �f�i�n�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �1�0�~ �� �M� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �S�M�L�R� �c�u�l�t�u�r�e�s�.� �T�h�i�s� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �i�s� �a�n� �e�f�f�e�c�t�i�v�e� �i�n�h�i�b�i�t�o�r� �o�f� �t�h�e� �a�r�a�c�h�i�d�o�n�i�c� �a�c�i�d� �p�a�t�h�w�a�y� �f�o�r� �P�G� �s�y�n�t�h�e�s�i�s� �a�n�d� �i�s� 

�n�o�n�t�o�x�i�c� �t�o� �i�m�m�u�n�e� �c�e�l�l�s� �(�1�3�7�)�.� �T�h�e� �s�a�m�e� �i�n�d�o�m�e�t�h�a�c�i�n� �d�o�s�e� �w�a�s� �u�s�e�d� �w�h�e�n� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� 

�e�i�t�h�e�r� �i�n�d�o�m�e�t�h�a�c�i�n� �a�n�d� �i�n�t�e�r�l�e�u�k�i�n�s� �o�r� �i�n�d�o�m�e�t�h�a�c�i�n� �a�n�d� �P�G�E�,� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �S�M�L�R�.� 

�I�L�-�1�,� �I�L�-�2�,� �I�L�-�4� �T�r�e�a�t�m�e�n�t� 

�T�h�e� �I�L� �d�o�s�e� �f�o�r� �o�p�t�i�m�u�m� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�i�t�r�a�t�i�o�n� �(�d�a�t�a� �n�o�t� �s�h�o�w�n�)�.� �T�h�i�s� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �w�a�s� �t�h�e�n� �a�d�d�e�d� �t�o� �t�h�e� �S�M�L�R� �a�n�d� �u�s�e�d� �t�h�r�o�u�g�h�o�u�t�.� �T�h�e� �o�p�t�i�m�a�l� �d�o�s�e� �o�f� �I�L�-�1� 
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�(�c�e�l�l�-�l�i�n�e� �d�e�r�i�v�e�d� �I�L�-�1� �[�s�p�e�c�i�f�i�c� �a�c�t�i�v�i�t�y� �1�0�°� �u�n�i�t�s�/�m�g�]�:� �G�e�n�z�y�m�e�,� �B�o�s�t�o�n�,� �M�A�)� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �1� 

�u�n�i�t�/�w�e�l�l�;� �f�o�r� �r�e�c�o�m�b�i�n�a�n�t� �I�L�-�2� �(�[�s�p�e�c�i�f�i�c� �a�c�t�i�v�i�t�y� �3� �x� �1�0�°� �N�I�H� �u�n�i�t�s�/�m�g�]�:� �G�e�n�z�y�m�e�)�,� �t�h�e� �o�p�t�i�m�a�l� 

�d�o�s�e� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �2� �B�R�M�P� �u�n�i�t�s�/�w�e�l�l�;� �a�n�d� �f�o�r� �r�e�c�o�m�b�i�n�a�n�t� �I�L�-�4� �(�[�s�p�e�c�i�f�i�c� �a�c�t�i�v�i�t�y� �1�0�°� 

�u�n�i�t�s�/�m�g�]�:� �G�e�n�z�y�m�e�)�,� �t�h�e� �o�p�t�i�m�a�l� �d�o�s�e� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �2�0� �u�n�i�t�s�/�w�e�l�l�.� �W�h�e�n� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �t�h�e� 

�i�n�t�e�r�l�e�u�k�i�n�s� �w�e�r�e� �a�d�d�e�d� �t�o� �t�h�e� �S�M�L�R�,� �t�h�e� �s�a�m�e� �d�o�s�e�s� �w�e�r�e� �u�s�e�d�.� 

�P�G�E�?� �T�r�e�a�t�m�e�n�t� 

�P�G�E�,� �(�S�i�g�m�a�)� �w�a�s� �a�d�d�e�d� �i�n�t�o� �t�h�e� �S�M�L�R� �a�t� �f�i�n�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �r�a�n�g�i�n�g� �f�r�o�m� �|� �n�M� �t�o� �1�0�0� 

�n�M�.� �T�h�i�s� �r�a�n�g�e� �i�n�c�l�u�d�e�s� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �l�e�v�e�l� �o�f� �P�G�E�.� �r�e�l�e�a�s�e�d� �b�y� �n�o�r�m�a�l� �a�n�d� �T�B�H� �M�d� 

�(�4�5�,�1�3�8�)�.� �T�o� �n�e�g�a�t�e� �t�h�e� �e�f�f�e�c�t� �o�f� �e�n�d�o�g�e�n�o�u�s� �P�G�E�2�,� �i�n�d�o�m�e�t�h�a�c�i�n� �w�a�s� �a�d�d�e�d� �w�i�t�h� �t�h�e� �P�G�E�2�.� 

�S�t�a�t�i�s�t�i�c�s� 

�P�o�o�l�e�d� �c�e�l�l�s� �f�r�o�m� �t�h�r�e�e� �t�o� �s�i�x� �m�i�c�e� �w�e�r�e� �u�s�e�d� �f�o�r� �e�a�c�h� �e�x�p�e�r�i�m�e�n�t�.� �F�o�u�r� �r�e�p�l�i�c�a�t�e� �w�e�l�l�s� �w�e�r�e� 

�r�u�n� �f�o�r� �e�a�c�h� �t�e�s�t� �a�n�d� �e�a�c�h� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �r�e�p�e�a�t�e�d� �3� �t�i�m�e�s�.� �A�l�l� �n�u�m�b�e�r�s� �i�n� �t�a�b�l�e�s� �a�n�d� �d�a�t�a� �p�o�i�n�t�s� 

�o�n� �g�r�a�p�h�s� �w�e�r�e� �t�e�s�t�e�d� �f�o�r� �s�i�g�n�i�f�i�c�a�n�c�e� �b�y� �S�t�u�d�e�n�t ��s� �¢� �t�e�s�t� �(�p� �<�0�.�0�5�)�.� 
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�R�E�S�U�L�T�S� 

�R�e�a�c�t�i�o�n� �a�n�d� �C�e�l�l� �N�u�m�b�e�r� �K�i�n�e�t�i�c�s� �b�e�t�w�e�e�n� �N�o�r�m�a�l� �a�n�d� �T�B�H� �M�¢� �a�n�d� 

�A�u�t�o�r�e�a�c�t�i�v�e� �T� �C�e�l�l�s� 

�E�a�r�l�i�e�r� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �T�B�H� �M�¢� �I�a� �e�x�p�r�e�s�s�i�o�n� �s�h�o�w�e�d� �t�h�a�t� �d�e�c�r�e�a�s�e�d� �I�a� �e�x�p�r�e�s�s�i�o�n� �w�a�s� �o�n�e� 

�w�a�y� �T�B�H� �M�g�é� �c�o�n�t�r�o�l�l�e�d� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� �(�C�H�A�P�T�E�R� �I�I�I�)�.� �T�h�e�r�e�f�o�r�e� �t�o� �a�s�s�e�s�s� �o�t�h�e�r� �w�a�y�s� �t�u�m�o�r� 

�g�r�o�w�t�h� �d�e�c�r�e�a�s�e�s� �a�u�t�o�r�e�a�c�t�i�v�i�t�y�,� �v�a�r�i�o�u�s� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �T�-�c�e�l�l� �r�e�s�p�o�n�d�e�r�s� �a�n�d� �M�¢� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s� 

�w�e�r�e� �u�s�e�d� �(�T�a�b�l�e� �8�)�.� �T�h�e� �d�a�t�a� �s�u�g�g�e�s�t� �T�B�H� �M�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �s�u�p�p�r�e�s�s� �n�o�r�m�a�l� �a�n�d� �T�B�H� 

�a�u�t�o�r�e�a�c�t�i�v�e� �T�-�c�e�l�l� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� �a�n�d� �t�h�a�t� �T�B�H� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�e�s�s� �r�e�s�p�o�n�s�i�v�e� 

�t�h�a�n� �n�o�r�m�a�l� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s�.� �T�o� �e�x�a�m�i�n�e� �w�h�e�t�h�e�r� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �n�o�r�m�a�l� �a�n�d� �T�B�H� 

�M�é�¢� �a�n�d� �L�3�T�4�*� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �w�e�r�e� �d�u�e� �t�o� �v�a�r�i�a�t�i�o�n�s� �i�n� �i�n�c�u�b�a�t�i�o�n� �t�i�m�e�s� �o�r� �c�e�l�l� �n�u�m�b�e�r�s�,� �a� 

�c�o�n�c�o�m�i�t�a�n�t� �k�i�n�e�t�i�c� �s�t�u�d�y� �(�3�,� �4�,� �a�n�d� �5� �d�a�y�s�)� �a�n�d� �a� �c�e�l�l� �t�i�t�r�a�t�i�o�n� �(�1� �x� �1�0�°� �t�o� �1�2� �x� �1�0�°� �c�e�l�l�s�/�w�e�l�l�)� �w�e�r�e� 

�d�o�n�e�.� �A� �4�-�d�a�y� �i�n�c�u�b�a�t�i�o�n� �g�a�v�e� �o�p�t�i�m�a�l� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� �f�o�r� �n�o�r�m�a�l� �a�n�d� �T�B�H� �L�3�T�4�*� �a�u�t�o�r�e�a�c�t�i�v�e� 

�T� �c�e�l�l�s� �w�h�e�n� �u�s�i�n�g� �n�o�r�m�a�l� �h�o�s�t� �M�@� �a�s� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s� �(�F�i�g�u�r�e� �1�4�)�,� �a�l�t�h�o�u�g�h� �T�B�H� �T�-�c�e�l�l� 

�a�u�t�o�r�e�a�c�t�i�v�i�t�y� �w�a�s� �o�n�l�y� �6�2�%� �o�f� �n�o�r�m�a�l� �h�o�s�t� �T�-�c�e�l�l� �p�r�o�l�i�f�e�r�a�t�i�o�n�.� �A�t� �3� �a�n�d� �5� �d�a�y�s�,� �T�-�c�e�l�l� �r�e�a�c�t�i�v�i�t�y� 

�d�e�c�r�e�a�s�e�d�,� �b�u�t� �T�B�H� �a�u�t�o�r�e�a�c�t�i�v�e� �T�-�c�e�l�l� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� �w�a�s� �a�l�w�a�y�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�o�w�e�r� �t�h�a�n� �t�h�e� 

�n�o�r�m�a�l� �c�o�u�n�t�e�r�p�a�r�t�.� �N�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �s�e�e�n� �b�e�t�w�e�e�n� �n�o�r�m�a�l� �a�n�d� �T�B�H� �T�-�c�e�l�l� �r�e�a�c�t�i�v�i�t�y� 

�w�h�e�n� �u�s�i�n�g� �T�B�H� �M�@�.� �T�B�H� �M�g�¢� �s�u�p�p�r�e�s�s�e�d� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� �i�r�r�e�s�p�e�c�t�i�v�e� �o�f� �t�h�e� �T�-�c�e�l�l� �s�o�u�r�c�e� �a�t� �a�l�l� 

�t�i�m�e� �p�o�i�n�t�s�.� �W�h�e�n� �T�B�H� �M�¢� �w�e�r�e� �u�s�e�d� �a�s� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s�,� �t�h�e�y� �s�u�p�p�r�e�s�s�e�d� �n�o�r�m�a�l� �T�-�c�e�l�l� 

�a�u�t�o�r�e�a�c�t�i�v�i�t�y� �b�y� �6�8�%� �a�n�d� �T�B�H� �T�-�c�e�l�l� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� �b�y� �4�9�%�.� �A�s�s�a�y�s� �c�u�l�t�u�r�e�d� �f�o�r� �l�e�s�s� �t�h�a�n� �3� �d�a�y�s� 

�o�r� �l�o�n�g�e�r� �t�h�a�n� �5� �d�a�y�s� �h�a�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�e�p�r�e�s�s�e�d� �r�e�s�p�o�n�s�e�s� �i�n� �a�l�l� �c�e�l�l� �p�o�p�u�l�a�t�i�o�n�s� �(�d�a�t�a� �n�o�t� �s�h�o�w�n�)�.� 

�T�o� �i�n�v�e�s�t�i�g�a�t�e� �w�h�e�t�h�e�r� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �n�o�r�m�a�l� �a�n�d� �T�B�H� �M�¢� �a�c�c�e�s�s�o�r�y� �c�e�l�l� �c�a�p�a�b�i�l�i�t�i�e�s� 

�w�e�r�e� �c�a�u�s�e�d� �b�y� �q�u�a�n�t�i�t�a�t�i�v�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �T�B�H� �M�d�,� �n�o�r�m�a�l� �a�n�d� �T�B�H� �M�d� �w�e�r�e� �t�i�t�r�a�t�e�d� �i�n�t�o� �a� 

�c�o�n�s�t�a�n�t� �n�u�m�b�e�r� �o�f� �n�o�r�m�a�l� �a�n�d� �T�B�H� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �(�F�i�g�u�r�e� �1�5�)�.� �W�h�e�n� �n�o�r�m�a�l� �o�r� �T�B�H� 

�M�é�¢� �w�e�r�e� �a�d�d�e�d� �t�o� �e�i�t�h�e�r� �n�o�r�m�a�l� �o�r� �T�B�H� �T� �c�e�l�l�s�,� �t�h�e� �o�p�t�i�m�a�l� �n�u�m�b�e�r� �o�f� �s�t�i�m�u�l�a�t�o�r� �c�e�l�l�s� �w�a�s� �f�o�u�n�d� 

�t�o� �b�e� �4� �x� �1�0�°� �c�e�l�l�s�/�w�e�l�l�.� �W�h�i�l�e� �F�i�g�u�r�e� �1�5� �s�h�o�w�s� �o�n�l�y� �t�h�e� �4�-�d�a�y� �t�i�t�r�a�t�i�o�n�,� �t�h�i�s� �p�a�t�t�e�r�n� �w�a�s� �s�i�m�i�l�a�r� 
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�N�O�R�M�A�L� �T�B�H� 

�N�O�R�M�A�L� �7�2�,�9�3�8� �+� �5�6�5�°� �2�3�,�2�4�3� �+� �1�6�7�5� 
�T�B�H� �5�9�,�7�1�5� �+� �3�4�8�0� �2�0�,�2�8�9� �+� �1�4�8� 

� � 

�¢� �N�o�r�m�a�l� �o�r� �T�B�H� �L�3�T�4�*� �a�u�t�o�r�e�a�c�t�i�v�e� �T�-�c�e�l�l� �r�e�s�p�o�n�d�e�r�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �a�s� �s�t�a�t�e�d� �i�n� �t�h�e� �M�a�-� 
�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s�.� 

�6� �N�o�r�m�a�l� �o�r� �T�B�H� �M�¢�@� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �a�s� �s�t�a�t�e�d� �i�n� �t�h�e� �M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s�.� 

�¢� �3�H�-�T�d�R� �i�n�c�o�r�p�o�r�a�t�i�o�n� �b�y� �T� �c�e�l�l�s� �i�s� �e�x�p�r�e�s�s�e�d� �a�s� �c�p�m� �+� �S�E�.� 
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�F�i�g�u�r�e� �1�4�.� 

�C�H�A�P�T�E�R� �I�V� 

�3� �4� �5� 
�L�E�N�G�T�H� �O�F� �I�N�C�U�B�A�T�I�O�N� �(�D�A�Y�S�)� 

�T�i�m�e� �C�o�u�r�s�e� �K�i�n�e�t�i�c�s� �o�f� �A�u�t�o�r�e�a�c�t�i�v�e� �T� �C�e�l�l� �P�r�o�l�i�f�e�r�a�t�i�o�n�:� �D�i�f�f�e�r�e�n�t� �c�e�l�l� �c�o�m�b�i�n�a�t�i�o�n�s� 
�w�e�r�e� �i�n�c�u�b�a�t�e�d� �f�o�r� �3�,� �4�,� �o�r� �5� �d�a�y�s�.� �T�h�e� �X�-�a�x�i�s� �r�e�p�r�e�s�e�n�t�s� �i�n�c�u�b�a�t�i�o�n� �t�i�m�e� �a�n�d� �t�h�e� �Y�-�a�x�i�s� 
�r�e�p�r�e�s�e�n�t�s� �>�H�-�T�d�R� �i�n�c�o�r�p�o�r�a�t�i�o�n� �b�y� �p�r�o�l�i�f�e�r�a�t�i�n�g� �T� �c�e�l�l�s�.� �S�y�m�b�o�l�s� �d�e�s�i�g�n�a�t�e� �t�h�e�s�e� �c�o�m�-� 
�b�i�n�a�t�i�o�n�s�:� �(�*�)� �=� �n�o�r�m�a�l� �h�o�s�t� �L�3�T�4�*� �T� �c�e�l�l�s� �p�l�u�s� �n�o�r�m�a�l� �h�o�s�t� �M�d�@�;� �(�+�)� �=� �n�o�r�m�a�l� �h�o�s�t� 
�L�3�T�4�*� �T� �c�e�l�l�s� �p�l�u�s� �T�B�H� �M�¢�;� �(�@�)� �=� �T�B�H� �L�3�T�4�*� �T� �c�e�l�l�s� �p�l�u�s� �n�o�r�m�a�l� �h�o�s�t� �M�@�;� �a�n�d� 
�(�A�)� �=� �T�B�H� �L�3�T�4�*� �T� �c�e�l�l�s� �p�l�u�s� �T�B�H� �M�¢�.� 

� 



�5�0� � � 

�4�5� 
�4�0� 

�2�9� 

�2�0� 

�1�5� 

�1�0� 

�C
�P

�M
� �x� 

�1
�0

�7
�3

� 

� � �4
� 

�P
�+

� 
�0

� � � � � 

�F�i�g�u�r�e� �1�5�.� 

�C�H�A�P�T�E�R� �I�V� 

�2� �4� �6� �8� �1�0� �1� 
�M�A�C�R�O�P�H�A�G�E�S� �A�D�D�E�D� �(�x� �1�0�°�)� 

�m�M
� 

�A�d�m�i�x�t�u�r�e� �o�f� �N�o�r�m�a�l� �a�n�d� �T�B�H� �M�@� �w�i�t�h� �N�o�r�m�a�l� �o�r� �T�B�H� �A�u�t�o�r�e�a�c�t�i�v�e� �T� �C�e�l�l�s�:� �T�h�e� �X�-� 
�a�x�i�s� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �n�u�m�b�e�r� �o�f� �M�@� �a�d�d�e�d� �a�n�d� �t�h�e� �Y�-�a�x�i�s� �r�e�p�r�e�s�e�n�t�s� �>�H�-�T�d�R� �i�n�c�o�r�p�o�r�a�t�i�o�n� 
�b�y� �p�r�o�l�i�f�e�r�a�t�i�n�g� �T� �c�e�l�l�s�.� �S�y�m�b�o�l�s� �d�e�s�i�g�n�a�t�e� �t�h�e�s�e� �c�o�m�b�i�n�a�t�i�o�n�s�:� �(�®�)� �=� �n�o�r�m�a�l� �h�o�s�t� �L�3�T�4�*� 
�T� �c�e�l�l�s� �p�l�u�s� �n�o�r�m�a�l� �h�o�s�t� �M�d�;� �(�+�)� �=� �n�o�r�m�a�l� �h�o�s�t� �L�3�T�4�*� �T� �c�e�l�l�s� �p�l�u�s� �T�B�H� �M�é�¢�;� �(�>�)� �=� 
�T�B�H� �L�3�T�4�*� �T� �c�e�l�l�s� �p�l�u�s� �n�o�r�m�a�l� �h�o�s�t� �M�@�;� �a�n�d� �(�A�)� �=� �T�B�H� �L�3�T�4�*� �T� �c�e�l�l�s� �p�l�u�s� �T�B�H� 
�M�@�¢�.� 

�1�4� 

�9�4



�f�o�r� �d�a�y�s� �3� �a�n�d� �5� �o�f� �t�h�e� �a�s�s�a�y� �(�d�a�t�a� �n�o�t� �s�h�o�w�n�)�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �s�u�p�p�o�r�t� �p�r�e�v�i�o�u�s� �w�o�r�k� �s�h�o�w�i�n�g� �t�h�a�t� 

�T�B�H� �M�@�¢�-�m�e�d�i�a�t�e�d� �s�u�p�p�r�e�s�s�i�o�n� �i�s� �d�u�e� �t�o� �q�u�a�l�i�t�a�t�i�v�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �T�B�H� �M�¢�,� �n�o�t� �q�u�a�n�t�i�t�a�t�i�v�e� �o�r� 

�c�e�l�l� �n�u�m�b�e�r� �d�i�f�f�e�r�e�n�c�e�s� �(�C�H�A�P�T�E�R� �I�I�I�)�.� 

�I�n� �F�i�g�u�r�e� �1�4�,� �w�e� �s�e�e� �t�h�a�t� �T�B�H� �T� �c�e�l�l�s� �a�r�e� �o�n�l�y� �6�2�%� �a�s� �r�e�a�c�t�i�v�e� �a�s� �n�o�r�m�a�l� �T� �c�e�l�l�s�.� �T�o� �a�s�s�e�s�s� 

�w�h�e�t�h�e�r� �t�h�e� �3�8�%� �d�e�c�r�e�a�s�e� �i�n� �T�B�H� �T�-�c�e�l�l� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� �w�a�s� �c�a�u�s�e�d� �b�y� �a� �q�u�a�n�t�i�t�a�t�i�v�e� �d�i�f�f�e�r�e�n�c�e� �i�n� 

�T�B�H� �T� �c�e�l�l�s�,� �v�a�r�i�o�u�s� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �n�o�r�m�a�l� �a�n�d� �T�B�H� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �w�e�r�e� �a�d�d�e�d� �i�n�t�o� �a� 

�c�o�n�s�t�a�n�t� �n�u�m�b�e�r� �o�f� �M�@� �(�F�i�g�u�r�e� �1�6�)�.� �M�a�x�i�m�u�m� �T�-�c�e�l�l� �p�r�o�l�i�f�e�r�a�t�i�o�n� �f�o�r� �e�i�t�h�e�r� �n�o�r�m�a�l� �o�r� �T�B�H� 

�a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �s�t�i�m�u�l�a�t�e�d� �w�i�t�h� �n�o�r�m�a�l� �h�o�s�t� �M�¢� �o�c�c�u�r�r�e�d� �w�i�t�h� �4� �x� �1�0�°� �T� �c�e�l�l�s�/�w�e�l�l�.� �W�h�e�n� 

�T�B�H� �M�é� �w�e�r�e� �u�s�e�d�,� �m�a�x�i�m�u�m� �T�-�c�e�l�l� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� �o�c�c�u�r�r�e�d� �w�i�t�h� �4� �x� �1�0�°� �t�o� �1�2� �x� �1�0�°� �T� �c�e�l�l�s� �(�n�o� 

�s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s�,� �p� �<�0�.�0�5�)�.� �B�e�c�a�u�s�e� �4� �x� �1�0�°� �T� �c�e�l�l�s�/�w�e�l�l� �g�a�v�e� �m�a�x�i�m�u�m� �T�-�c�e�l�l� �r�e�a�c�t�i�v�i�t�y� �w�h�e�n� 

�n�o�r�m�a�l� �h�o�s�t� �M�@� �w�e�r�e� �u�s�e�d�,� �t�h�i�s� �n�u�m�b�e�r� �o�f� �T� �c�e�l�l�s� �w�a�s� �u�s�e�d� �t�h�r�o�u�g�h�o�u�t�.� �T�h�e� �d�e�c�r�e�a�s�e� �i�n� �T�B�H� 

�M�@�¢�-�i�n�d�u�c�e�d� �S�M�L�R� �r�e�a�c�t�i�v�i�t�y� �c�o�u�l�d� �n�o�t� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �a� �g�e�n�e�r�a�l� �i�n�f�l�a�m�m�a�t�o�r�y� �r�e�s�p�o�n�s�e� �(�7�4�)�.� 

�F�u�r�t�h�e�r�m�o�r�e�,� �t�h�i�s� �s�u�p�p�r�e�s�s�i�o�n� �w�a�s� �n�o�t� �d�u�e� �t�o� �c�o�n�t�a�m�i�n�a�t�i�n�g� �L�y�t�-�2�*� �T�,� �c�e�l�l�s� �w�h�i�c�h� �c�a�n� �d�o�w�n�-� 

�r�e�g�u�l�a�t�e� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �(�1�5�9�)�,� �b�e�c�a�u�s�e� �p�r�e�t�r�e�a�t�m�e�n�t� �w�i�t�h� �a�n�t�i�-�L�y�t�-�2� �p�l�u�s� �c�o�m�p�l�e�m�e�n�t� �d�i�d� �n�o�t� 

�r�e�s�t�o�r�e� �T�-�c�e�l�l� �r�e�a�c�t�i�v�i�t�y�.� 

�P�G�-�M�e�d�i�a�t�e�d� �S�u�p�p�r�e�s�s�i�o�n� �o�f� �A�u�t�o�r�e�a�c�t�i�v�i�t�y� 

�B�e�c�a�u�s�e� �T�B�H� �M�¢� �p�r�o�d�u�c�e� �m�o�r�e� �P�G�E�,� �t�h�a�n� �t�h�e�i�r� �n�o�r�m�a�l� �c�o�u�n�t�e�r�p�a�r�t�s� �(�4�5�,�1�3�7�)�,� �t�h�e� �r�o�l�e� �o�f� 

�P�G� �i�n� �t�h�e� �s�u�p�p�r�e�s�s�i�o�n� �o�f� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� �w�a�s� �a�s�s�e�s�s�e�d� �b�y� �a�d�d�i�n�g� �1�0�- �� �M� �i�n�d�o�m�e�t�h�a�c�i�n� �t�o� 

�a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s�.� �P�G� �c�o�n�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �d�o�w�n� �r�e�g�u�l�a�t�i�o�n� �o�f� �b�o�t�h� �n�o�r�m�a�l� �a�n�d� �T�B�H� 

�M�é�¢�-�s�t�i�m�u�l�a�t�e�d� �T�-�c�e�l�l� �p�r�o�l�i�f�e�r�a�t�i�o�n� �(�T�a�b�l�e� �9�)�.� �T�h�e� �a�d�d�i�t�i�o�n� �o�f� �i�n�d�o�m�e�t�h�a�c�i�n� �t�o� �t�h�e� �n�o�r�m�a�l� �h�o�s�t� 

�M�¢�-�s�t�i�m�u�l�a�t�e�d� �c�u�l�t�u�r�e�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n�c�r�e�a�s�e�d� �n�o�r�m�a�l� �h�o�s�t� �T�-�c�e�l�l� �r�e�s�p�o�n�s�e�s� �4�8�%� �a�n�d� �T�B�H� �T�-�c�e�l�l� 

�r�e�s�p�o�n�s�e�s� �5�0�%�.� �T�h�e� �a�d�d�i�t�i�o�n� �o�f� �i�n�d�o�m�e�t�h�a�c�i�n� �t�o� �T�B�H� �M�¢�-�s�t�i�m�u�l�a�t�e�d� �c�u�l�t�u�r�e�s� �i�n�c�r�e�a�s�e�d� �n�o�r�m�a�l� 

�T�-�c�e�l�l� �r�e�a�c�t�i�v�i�t�y� �1�0�4�%� �a�n�d� �T�B�H� �T�-�c�e�l�l� �r�e�a�c�t�i�v�i�t�y� �8�9�%�.� �T�h�e�s�e� �p�e�r�c�e�n�t�a�g�e�s� �a�r�e� �d�e�c�e�i�v�i�n�g� �b�e�c�a�u�s�e� 

�w�i�t�h� �T�B�H� �M�d�,� �n�o�r�m�a�l� �a�n�d� �T�B�H� �T�-�c�e�l�l� �r�e�a�c�t�i�v�i�t�y� �r�e�t�u�r�n�e�d� �t�o� �o�n�l�y� �7�0�%� �a�n�d� �6�3�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� 
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�0� �2� �4� �#�6� �B� �1�0� �1�2� �4�4� 
�T� �C�E�L�L�S� �A�D�D�E�D� �(�x� �1�0�5�)� 
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�F�i�g�u�r�e� �1�6�.� �A�d�m�i�x�t�u�r�e� �o�f� �N�o�r�m�a�l� �a�n�d� �T�B�H� �A�u�t�o�r�e�a�c�t�i�v�e� �T� �C�e�l�l�s� �w�i�t�h� �N�o�r�m�a�l� �o�r� �T�B�H� �M�@�¢�@�:� �T�h�e� �X�-� 
�a�x�i�s� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �n�u�m�b�e�r� �o�f� �T� �c�e�l�l�s� �a�d�d�e�d� �a�n�d� �t�h�e� �Y�-�a�x�i�s� �r�e�p�r�e�s�e�n�t�s� �>�H�-�T�d�R� �i�n�c�o�r�p�o�-� 
�r�a�t�i�o�n� �b�y� �p�r�o�l�i�f�e�r�a�t�i�n�g� �T� �c�e�l�l�s�.� �S�y�m�b�o�l�s� �d�e�s�i�g�n�a�t�e� �t�h�e�s�e� �c�o�m�b�i�n�a�t�i�o�n�s�:� �(�®�)� �=� �n�o�r�m�a�l� �h�o�s�t� 
�L�3�T�4�*� �T� �c�e�l�l�s� �p�l�u�s� �n�o�r�m�a�l� �h�o�s�t� �M�¢�;� �(�+�)� �=� �n�o�r�m�a�l� �h�o�s�t� �L�3�T�4�*� �T� �c�e�l�l�s� �p�l�u�s� �T�B�H� �M�¢�;� 
�(�@�)� �=� �T�B�H� �L�3�T�4�*� �T� �c�e�l�l�s� �p�l�u�s� �n�o�r�m�a�l� �h�o�s�t� �M�@�;� �a�n�d� �(�A�)� �=� �T�B�H� �L�3�T�4�*� �T� �c�e�i�l�s� �p�l�u�s� 
�T�B�H� �M�@�.� 
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�T�a�b�l�e� �9�.� �P�G� �M�o�d�u�l�a�t�i�o�n� �o�f� �S�M�L�R� �R�e�a�c�t�i�v�i�t�y� 

� � 

� � 

� � 

�C�e�l�l� �S�o�u�r�c�e�?� �I�n�d�o�m�e�t�h�a�c�i�n�?� 

�W�I�T�H� �W�I�T�H�O�U�T� 

�N�O�R�-�T�/�N�O�R�-�M�@� �6�5�,�1�5�6� �+� �2�1�0�9�°� �4�4�,�1�1�7� �+� �6�7�0� 
�N�O�R�-�T�/�T�B�H�-�M�¢� �3�0�,�9�8�5� �+� �1�3�5�2� �1�5�,�1�5�2� �+� �7�2�3� 
�T�B�H�-�T�/�N�O�R�-�M�¢� �4�6�,�2�8�6� �+� �3�5�9�0� �3�0�,�9�4�9� �+� �5�2�0� 
�T�B�H�-�T�/�T�B�H�-�M�¢� �2�7�,�9�6�4� �+� �1�5�5�7� �1�4�,�7�6�8� �+� �1�6�2�5� 

� � 

�¢� �C�e�l�l� �s�o�u�r�c�e� �i�s� �t�h�e� �c�e�l�l� �c�o�m�b�i�n�a�t�i�o�n� �u�s�e�d� �i�n� �t�h�e� �a�s�s�a�y�.� �T�h�e�y� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �a�s� �s�t�a�t�e�d� �i�n� �t�h�e� 
�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s�.� �A�b�b�r�e�v�i�a�t�i�o�n�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �f�o�l�l�o�w�i�n�g�:� �N�O�R�-�T� �=� �n�o�r�m�a�l� �h�o�s�t� 
�L�3�T�4�*� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s�;� �T�B�H�-�T� �=� �T�B�H� �L�3�T�4�*� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s�;� �N�O�R�-�M�d�¢�d� �=� 
�n�o�r�m�a�l� �h�o�s�t� �M�@�;� �a�n�d� �T�B�H�-�M�¢�@� �=� �T�B�H� �M�¢�.� 

�+� �1�0�7�-�7� �M� �i�n�d�o�m�e�t�h�a�c�i�n� �w�a�s� �a�d�d�e�d�.� 

�¢� �3�H�-�T�d�R� �i�n�c�o�r�p�o�r�a�t�i�o�n� �b�y� �T� �c�e�l�l�s� �i�s� �e�x�p�r�e�s�s�e�d� �a�s� �c�p�m� �+� �S�E�.� 
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�o�f� �n�o�r�m�a�l� �u�n�s�t�i�m�u�l�a�t�e�d� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� �l�e�v�e�l�s�,� �s�h�o�w�i�n�g� �t�h�a�t� �o�t�h�e�r� �s�u�p�p�r�e�s�s�o�r� �c�i�r�c�u�i�t�s� �e�x�i�s�t� �i�n� �t�h�e� 

�T�B�H� �(�1�3�8�)�.� 

�D�i�r�e�c�t� �R�o�l�e� �o�f� �P�G�E�2�z� �o�n� �A�u�t�o�r�e�a�c�t�i�v�i�t�y� 

�O�u�r� �e�a�r�l�i�e�r� �s�t�u�d�i�e�s� �s�h�o�w�e�d� �t�h�a�t� �t�h�e� �t�i�t�r�a�t�i�o�n� �f�r�o�m� �1�-�1�0�0� �n�M� �i�n�c�l�u�d�e�s� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �l�e�v�e�l� 

�(�1�-�2�0� �n�M�)� �o�f� �P�G�E�z�2� �r�e�l�e�a�s�e�d� �b�y� �M�¢� �(�4�5�,�1�3�8�)� �P�u�r�e� �P�G�E�,� �w�a�s� �a�d�d�e�d� �t�o� �a�s�s�e�s�s� �i�t�s� �e�f�f�e�c�t� �o�n� 

�a�u�t�o�r�e�a�c�t�i�v�i�t�y� �(�F�i�g�u�r�e� �1�7�)�.� �P�G�E�,� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �c�u�l�t�u�r�e�s� �a�t� �1�,� �1�0�,� �2�0�,� �a�n�d� �1�0�0� �n�M�.� �T�o� �e�n�s�u�r�e� 

�t�h�a�t� �e�n�d�o�g�e�n�o�u�s� �P�G� �w�o�u�l�d� �n�o�t� �a�f�f�e�c�t� �t�h�e� �r�e�s�u�l�t�s�,� �i�n�d�o�m�e�t�h�a�c�i�n� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �a�s�s�a�y� 

�c�o�n�c�o�m�i�t�a�n�t�l�y� �w�i�t�h� �t�h�e� �P�G�E�2�.� �I�n� �a� �d�o�s�e� �d�e�p�e�n�d�e�n�t� �m�a�n�n�e�r�,� �P�G�E�2� �s�u�p�p�r�e�s�s�e�d� �b�o�t�h� �n�o�r�m�a�l� �a�n�d� 

�T�B�H� �T�-�c�e�l�l� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� �w�i�t�h� �e�i�t�h�e�r� �n�o�r�m�a�l� �o�r� �T�B�H� �M�g� �a�s� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s�.� �H�o�w�e�v�e�r�,� �u�s�i�n�g� �e�i�t�h�e�r� 

�n�o�r�m�a�l� �o�r� �T�B�H� �M�g�¢�,� �n�o�r�m�a�l� �T� �c�e�l�l�s� �w�e�r�e� �m�o�r�e� �s�u�s�c�e�p�t�i�b�l�e� �t�o� �t�h�e� �s�u�p�p�r�e�s�s�i�v�e� �e�f�f�e�c�t�s� �o�f� �P�G�E�,� �t�h�a�n� 

�T�B�H� �T� �c�e�l�l�s�.� �A� �1�0�0� �n�M� �d�o�s�e� �o�f� �P�G�E�2� �c�a�u�s�e�d� �a� �7�9�%� �d�e�c�r�e�a�s�e� �i�n� �n�o�r�m�a�l� �h�o�s�t� �T�-�c�e�l�l� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� 

�b�u�t� �o�n�l�y� �a� �5�8�%� �d�e�c�r�e�a�s�e� �i�n� �T�B�H� �T�-�c�e�l�l� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� �w�h�e�n� �n�o�r�m�a�l� �h�o�s�t� �M�¢� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s� �w�e�r�e� 

�u�s�e�d�.� �S�i�m�i�l�a�r� �r�e�s�u�l�t�s� �w�e�r�e� �s�e�e�n� �w�i�t�h� �T�B�H� �M�d� �a�t� �1�0�0� �n�M� �P�G�E�;�.� �N�o�r�m�a�l� �h�o�s�t� �T�-�c�e�l�l� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� 

�d�e�c�r�e�a�s�e�d� �b�y� �6�4�%� �a�n�d� �T�B�H� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� �b�y� �3�7�%�.� �T�h�e� �d�e�c�r�e�a�s�e�d� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �o�f� �T�B�H� 

�a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �t�o� �t�h�e� �s�u�p�p�r�e�s�s�i�v�e� �e�f�f�e�c�t�s� �o�f� �P�G�E�,� �m�i�r�r�o�r�s� �p�r�e�v�i�o�u�s� �r�e�s�u�l�t�s� �s�h�o�w�i�n�g� �t�h�a�t� �T�B�H� 

�T� �c�e�l�l�s� �i�n� �t�h�e� �a�l�l�o�g�e�n�e�i�c� �M�L�R� �a�r�e� �l�e�s�s� �s�u�s�c�e�p�t�i�b�l�e� �t�o� �t�h�e� �e�f�f�e�c�t�s� �o�f� �P�G� �(�4�5�)�.� �N�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�-� 

�e�n�c�e�s� �w�e�r�e� �s�e�e�n� �b�e�t�w�e�e�n� �e�x�p�e�r�i�m�e�n�t�s� �r�u�n� �w�i�t�h� �o�r� �w�i�t�h�o�u�t� �i�n�d�o�m�e�t�h�a�c�i�n� �e�x�c�e�p�t� �t�h�a�t� �1� �n�M� �P�G�E�,� 

�s�u�p�p�r�e�s�s�e�d� �T�B�H� �M�é�¢�-�s�t�i�m�u�l�a�t�e�d� �T�-�c�e�l�l� �p�r�o�l�i�f�e�r�a�t�i�o�n� �(�d�a�t�a� �n�o�t� �s�h�o�w�n�)�.� 

�I�L�-�1�,� �I�L�-�2�,� �a�n�d� �I�L�-�4� �M�o�d�u�l�a�t�i�o�n� �o�f� �A�u�t�o�r�e�a�c�t�i�v�e� �T�-�C�e�l�l� �P�r�o�l�i�f�e�r�a�t�i�o�n� 

�I�L�-�1�,� �I�L�-�2�,� �I�L�-�4� �o�r� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �t�h�e�s�e� �w�e�r�e� �m�i�x�e�d� �w�i�t�h� �T�B�H� �M�@�¢� �o�r� �L�3�T�4�*� �a�u�t�o�r�e�a�c�t�i�v�e� 

�T� �c�e�l�l�s� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �d�u�e� �t�o� �a� �d�e�f�e�c�t� �i�n� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f�,� �o�r� �r�e�a�c�t�i�v�i�t�y� �t�o�,� �t�h�e� 
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�F�i�g�u�r�e� �1�7�.� 

�C�H�A�P�T�E�R� �I�V� 

�0� �f� �1�0� �2�0� �1�0�0� 
�P�G�E� �[�n�M�]� 

�E�f�f�e�c�t� �o�f� �P�G� �o�n� �A�u�t�o�r�e�a�c�t�i�v�i�t�y�;� �P�G�E�,� �w�a�s� �a�d�d�e�d� �a�t� �f�i�n�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �r�a�n�g�i�n�g� �f�r�o�m� 
�1�-�1�0�0� �n�M�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�o� �p�r�e�v�e�n�t� �e�n�d�o�g�e�n�o�u�s� �P�G� �p�r�o�d�u�c�t�i�o�n�,� �i�n�d�o�m�e�t�h�a�c�i�n� �w�a�s� �a�d�d�e�d� 
�a�t� �a� �f�i�n�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �1�0�° �� �M�.� �T�h�e� �X�-�a�x�i�s� �s�h�o�w�s� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �P�G�E�,� �a�d�d�e�d� 
�a�n�d� �t�h�e� �Y�-�a�x�i�s� �r�e�p�r�e�s�e�n�t�s� �°�>�H�-�T�d�R� �i�n�c�o�r�p�o�r�a�t�i�o�n� �b�y� �p�r�o�l�i�f�e�r�a�t�i�n�g� �T� �c�e�l�l�s�.� �S�y�m�b�o�l�s� �d�e�s�i�g�-� 
�n�a�t�e� �t�h�e� �f�o�l�l�o�w�i�n�g�:� �(!"�)� �=� �n�o�r�m�a�l� �h�o�s�t� �L�3�T�4�*� �T� �c�e�l�l�s� �p�l�u�s� �n�o�r�m�a�l� �h�o�s�t� �M�@�;� �(�@�)� �=� �n�o�r�m�a�l� 
�h�o�s�t� �L�3�T�4�*� �T� �c�e�l�l�s� �p�l�u�s� �T�B�H� �M�¢�@�;� �(�+�)� �=� �T�B�H� �L�3�T�4�*� �T� �c�e�l�l�s� �p�l�u�s� �n�o�r�m�a�l� �h�o�s�t� �M�@�;� �a�n�d� 
�(�A�)� �=� �T�B�H� �L�3�T�4�*� �T� �c�e�l�l�s� �p�l�u�s� �T�B�H� �M�@�.� 
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� � � � �I�L�2� �I�L�4� 

�I�N�T�E�R�L�E�U�K�I�N�S� �A�D�D�E�D� 

�I�L�A�/�I�L�2� �I�L�4�/�I�L�4� � � 
�F�i�g�u�r�e� �1�8�.� �E�f�f�e�c�t� �o�f� �I�L�-�1�,� �I�L�-�2�,� �a�n�d� �I�L�-�4� �o�n� �A�u�t�o�r�e�a�c�t�i�v�i�t�y�:� �I�L�-�1� �w�a�s� �a�d�d�e�d� �a�t� �1� �u�n�i�t� �p�e�r� �w�e�l�l�,� �I�L�-�2� 

�w�a�s� �a�d�d�e�d� �a�t� �2� �u�n�i�t�s� �p�e�r� �w�e�l�l�,� �a�n�d� �I�L�-�4� �w�a�s� �a�d�d�e�d� �a�t� �2�0� �u�n�i�t�s� �p�e�r� �w�e�l�l�.� �T�h�e� �X�-�a�x�i�s� �r�e�-� 
�p�r�e�s�e�n�t�s� �t�h�e� �i�n�t�e�r�l�e�u�k�i�n�s� �a�d�d�e�d� �(�N�O�N�E�/�n�o� �a�d�d�i�t�i�o�n�,� �I�L�-�1�,� �I�L�-�2�,� �I�L�-�4�,� �o�r� �t�h�e�i�r� �c�o�m�b�i�n�a�-� 
�t�i�o�n�s�)� �a�n�d� �t�h�e� �Y�-�a�x�i�s� �r�e�p�r�e�s�e�n�t�s� �>�H�-�T�d�R� �i�n�c�o�r�p�o�r�a�t�i�o�n� �b�y� �p�r�o�l�i�f�e�r�a�t�i�n�g� �T� �c�e�l�l�s�.� �S�y�m�b�o�l�s� 
�d�e�s�i�g�n�a�t�e� �t�h�e�s�e� �c�o�m�b�i�n�a�t�i�o�n�s�:� �(�2�)� �=� �n�o�r�m�a�l� �h�o�s�t� �L�3�T�4�*� �T� �c�e�l�l�s� �p�l�u�s� �n�o�r�m�a�l� �h�o�s�t� �M�@�;� 
�(�S�)� �=� �n�o�r�m�a�l� �h�o�s�t� �L�3�T�4�*� �T� �c�e�l�l�s� �p�l�u�s� �T�B�H� �M�4�¢�;� �(�3�)� �=� �T�B�H� �L�3�T�4�*� �T� �c�e�l�l�s� �p�l�u�s� �n�o�r�m�a�l� 
�h�o�s�t� �M�@�;� �a�n�d� �(�f�H�)� �=� �T�B�H� �L�3�T�4�*� �T� �c�e�l�l�s� �p�l�u�s� �T�B�H� �M�@�.� 

�C�H�A�P�T�E�R� �I�V� �1�0�0



�c�y�t�o�k�i�n�e�s� �(�F�i�g�u�r�e� �1�8�)�.� �T�h�e� �a�d�d�i�t�i�o�n� �o�f� �I�L�-�1� �l�e�d� �t�o� �a� �s�i�g�n�i�f�i�c�a�n�t� �i�n�c�r�e�a�s�e� �i�n� �b�o�t�h� �n�o�r�m�a�l� �a�n�d� �T�B�H� 

�a�u�t�o�r�e�a�c�t�i�v�e� �T�-�c�e�l�l� �r�e�a�c�t�i�v�i�t�y� �(�1�9�%� �a�n�d� �3�2�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�)� �w�h�e�n� �n�o�r�m�a�l� �h�o�s�t� �M�@� �w�e�r�e� �u�s�e�d�.� �T�B�H� 

�T�-�c�e�l�l� �p�r�o�l�i�f�e�r�a�t�i�o�n� �s�t�i�m�u�l�a�t�e�d� �w�i�t�h� �I�L�-�1� �w�a�s� �s�t�i�l�l� �o�n�l�y� �7�2�%� �a�s� �r�e�a�c�t�i�v�e� �a�s� �n�o�r�m�a�l� �h�o�s�t� �T� �c�e�l�l�s� 

�s�t�i�m�u�l�a�t�e�d� �w�i�t�h� �I�L�-�1�.� �P�r�o�l�i�f�e�r�a�t�i�o�n� �o�f� �n�o�r�m�a�l� �T� �c�e�l�l�s� �d�r�i�v�e�n� �b�y� �T�B�H� �M�¢� �i�n�c�r�e�a�s�e�d� �2�0�%� �w�h�e�n� �I�L�-�1� 

�w�a�s� �a�d�d�e�d�.� �N�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �s�e�e�n� �b�e�t�w�e�e�n� �c�o�n�t�r�o�l� �(�n�o� �I�L�-�1� �a�d�d�i�t�i�o�n�)� �a�n�d� 

�I�L�-�1�-�s�t�i�m�u�l�a�t�e�d� �T�B�H� �T�-�c�e�l�l� �p�r�o�l�i�f�e�r�a�t�i�o�n� �w�h�e�n� �T�B�H� �M�¢� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s� �w�e�r�e� �a�d�d�e�d�.� �A�d�d�i�n�g� �I�L�-�2� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n�c�r�e�a�s�e�d� �t�h�e� �p�r�o�l�i�f�e�r�a�t�i�o�n� �o�f� �a�l�l� �c�e�l�l� �c�o�m�b�i�n�a�t�i�o�n�s�.� �N�o�r�m�a�l� �a�n�d� �T�B�H� �T�-�c�e�l�l� 

�a�u�t�o�r�e�a�c�t�i�v�i�t�y� �i�n�c�r�e�a�s�e�d� �6�2�%� �a�n�d� �8�3�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �w�i�t�h� �n�o�r�m�a�l� �h�o�s�t� �M�¢�@� �a�n�d� �4�6�%� �a�n�d� �2�3�%�,� �r�e�-� 

�s�p�e�c�t�i�v�e�l�y�,� �w�i�t�h� �T�B�H� �M�¢�.� �W�h�e�n� �I�L�-�4� �w�a�s� �a�d�d�e�d�,� �n�o�r�m�a�l� �a�n�d� �T�B�H� �T�-�c�e�l�l� �r�e�a�c�t�i�v�i�t�y� �i�n�c�r�e�a�s�e�d� 

�7�1�%� �a�n�d� �5�8�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �w�i�t�h� �n�o�r�m�a�l� �h�o�s�t� �M�¢�@� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s� �a�n�d� �5�7�%� �a�n�d� �5�3�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� 

�w�h�e�n� �T�B�H� �M�é�¢� �w�e�r�e� �t�h�e� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s�.� �S�i�m�u�l�t�a�n�e�o�u�s� �a�d�d�i�t�i�o�n� �o�f� �I�L�-�1� �a�n�d� �I�L�-�2�,� �I�L�-�1� �a�n�d� �I�L�-�4�,� 

�a�n�d� �I�L�-�2� �a�n�d� �I�L�-�4� �c�a�u�s�e�d� �s�y�n�e�r�g�i�s�t�i�c� �o�r� �a�t� �l�e�a�s�t� �a�d�d�i�t�i�v�e� �r�e�s�p�o�n�s�e�s�,� �s�i�n�c�e� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� �w�a�s� �i�n�-� 

�c�r�e�a�s�e�d� �m�o�r�e� �t�h�a�n� �w�i�t�h� �a�n�y� �c�y�t�o�k�i�n�e� �a�l�o�n�e�.� �T�h�e� �a�d�d�i�t�i�o�n� �o�f� �I�L�-�1� �a�n�d� �I�L�-�2� �i�n�c�r�e�a�s�e�d� �n�o�r�m�a�l� �a�n�d� 

�T�B�H� �T�-�c�e�l�l� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� �1�1�1�%� �a�n�d� �1�3�6�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �w�i�t�h� �n�o�r�m�a�l� �h�o�s�t� �M�@�¢� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s�.� 

�W�h�e�n� �T�B�H� �M�d� �w�e�r�e� �u�s�e�d� �a�s� �a�c�c�e�s�s�o�r�y� �c�e�l�l�s�,� �n�o�r�m�a�l� �a�n�d� �T�B�H� �T�-�c�e�l�l� �p�r�o�l�i�f�e�r�a�t�i�o�n� �i�n�c�r�e�a�s�e�d�,� �b�u�t� 

�o�n�l�y� �8�8�%� �a�n�d� �5�0�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �W�h�e�n� �t�h�e� �I�L�-�1� �a�n�d� �I�L�-�4� �c�o�m�b�i�n�a�t�i�o�n� �w�a�s� �a�d�d�e�d�,� �n�o�r�m�a�l� �a�n�d� 

�T�B�H� �T�-�c�e�l�l� �a�u�t�o�r�e�a�c�t�i�v�i�t�y� �i�n�c�r�e�a�s�e�d� �9�5�%� �a�n�d� �1�0�7�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �w�i�t�h� �n�o�r�m�a�l� �h�o�s�t� �M�¢� �a�n�d� �8�6�%� 

�a�n�d� �8�0�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �w�i�t�h� �T�B�H� �M�@�¢�.� �T�h�e� �a�d�d�i�t�i�o�n� �o�f� �I�L�-�2� �a�n�d� �I�L�-�4� �e�n�h�a�n�c�e�d� �T�-�c�e�l�l� �p�r�o�l�i�f�e�r�a�t�i�o�n� 

�t�o� �a� �g�r�e�a�t�e�r� �e�x�t�e�n�t� �t�h�a�n� �d�i�d� �a�n�y� �o�f� �t�h�e� �o�t�h�e�r� �c�o�m�b�i�n�a�t�i�o�n�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �n�o�r�m�a�l� �a�n�d� �T�B�H� �T�-�c�e�l�l� 

�p�r�o�l�i�f�e�r�a�t�i�o�n� �i�n�c�r�e�a�s�e�d� �1�6�8�%� �a�n�d� �1�4�1�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �w�h�e�n� �I�L�-�2� �a�n�d� �I�L�-�4� �w�e�r�e� �g�i�v�e�n� �i�n� �t�h�e� �p�r�e�s�-� 

�e�n�c�e� �o�f� �n�o�r�m�a�l� �h�o�s�t� �M�@�.� �I�f� �I�L�-�2� �a�n�d� �I�L�-�4� �w�e�r�e� �g�i�v�e�n� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �T�B�H� �M�¢�,� �n�o�r�m�a�l� �a�n�d� 

�T�B�H� �T�-�c�e�l�l� �p�r�o�l�i�f�e�r�a�t�i�o�n� �i�n�c�r�e�a�s�e�d� �9�9�%� �a�n�d� �8�7�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �I�t� �i�s� �i�n�t�e�r�e�s�t�i�n�g� �t�h�a�t� �t�h�e� �c�o�m�b�i�n�a�-� 

�t�i�o�n� �o�f� �T�B�H� �a�u�t�o�r�e�a�c�t�i�v�e� �T� �c�e�l�l�s� �p�l�u�s� �T�B�H� �M�¢� �(�t�h�e� �c�e�l�l� �c�o�m�b�i�n�a�t�i�o�n� �o�c�c�u�r�r�i�n�g� �i�n� �v�i�v�o� �i�n� �t�h�e� �T�B�H�)� 

�r�e�a�c�t�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�e�s�s� �t�o� �t�h�e� �c�y�t�o�k�i�n�e�s� �t�h�a�n� �d�i�d� �t�h�e� �c�e�l�l� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �n�o�r�m�a�l� �h�o�s�t� �T� �c�e�l�l�s� �a�n�d� 

�T�B�H� �M�o�d� �e�v�e�n� �t�h�o�u�g�h� �t�h�e�i�r� �c�o�n�t�r�o�l�s� �(�n�o� �a�d�d�i�t�i�o�n� �o�f� �c�y�t�o�k�i�n�e�s�)� �w�e�r�e� �s�i�m�i�l�a�r�.� �A� �c�y�t�o�k�i�n�e� �d�o�s�e� �r�e�-� 

�s�p�o�n�s�e� �w�a�s� �d�o�n�e� �(�d�a�t�a� �n�o�t� �s�h�o�w�n�)� �t�o� �s�h�o�w� �t�h�a�t� �d�e�c�r�e�a�s�e�d� �T�B�H� �T�-�c�e�l�l� �r�e�a�c�t�i�v�i�t�y� �w�a�s� �n�o�t� �c�a�u�s�e�d� 

�b�y� �a� �s�i�m�p�l�e� �q�u�a�n�t�i�t�a�t�i�v�e� �d�e�f�e�c�t� �i�n� �c�y�t�o�k�i�n�e� �p�r�o�d�u�c�t�i�o�n�.� �A�s� �t�h�e� �i�n�t�e�r�l�e�u�k�i�n� �d�o�s�e� �w�a�s� �i�n�c�r�e�a�s�e�d�,� �T�B�H� 

�T�-�c�e�l�l� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� �i�n�c�r�e�a�s�e�d� �b�u�t� �n�e�v�e�r� �e�q�u�a�l�e�d� �n�o�r�m�a�l� �h�o�s�t� �T�-�c�e�l�l� �r�e�s�p�o�n�s�i�v�e�n�e�s�s�.� 

�C�H�A�P�T�E�R� �I�V� �1�0�1


