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TABLE 3. Causes of non-MAC-related deaths (n = 13)

e at Outcome of MAC Change in Extent of
Case Serotype Agdeg:lz Cause of death® treatment radiograph?c findings lesions
1 4 73 Lung cancer Cured None Minimal
2 4 84 Liver cirrhosis Relapsed Worsened Moderate
3 4 67 Liver cirrhosis Cured None Minimal
4 6 81 Cured Improved Minimal
5 8 72 IPF Nonresponsive Worsened Moderate
6 9 76 IPF Nonresponsive None Minimal
7 14 76 IHD Nonresponsive Worsened Far
8 16 .73 Stomach cancer Nonresponsive Improved Far
9 16 - 87 Cerebral infarct Relapsed ’ Worsened Minimal
10 16 91 Cerebral infarct Relapsed . ‘Worsened Moderate. .
11 16 83 Parkinson’s discase Cured Improved Minimal
12 1 84 Sudden death at home Relapsed Worsened Far
13- 1 65 RA, pneumonia Nonresponsive None Moderate

< IHD, ischemic heart disease; IPF, idiopathic pulmonary fibrosis; RA, rheumatoid arthritis.

probably not known that there were some pulmonary MAC
patients with poor prognosis among immunocompetent pa-
tients. The evaluation of prognostic predictors and treatment
outcomes for pulmonary MAC disease requires long-term fol-
low-up of many patients. In this study, we have been able to
follow 68 patients on a monthly basis for more than 5 years.
Most of the patients had undergone multidrug antituberculosis
chemotherapy, which was conventionally used before the
American Thoracic Society recommendation of 1997 (1, 2).
Half of the patients had also been treated with CAM in addi-
tion to being treated with multidrug antituberculosis chemo-
therapy. Consequently, the rate of sputum-negative conversion
was similar to that in the previous reports (15, 22, 26, 30). At
least 21 (30.9%) of 68 patients with pulmonary MAC disease
experienced progression or aggravation of the disease and
died, excluding non-MAC-related deaths, because the subjects
were older. In considering the prognosis of MAC disease in the
HIV-negative patient, the progression or aggravation of pul-
monary MAC disease that was not due to an opportunistic
infection was a direct cause of death.

The ratio of deaths unrelated to MAC was high in the group
with serovars other than serovar 4. This was especially true for
the serovar 16 patients, who were significantly older than the
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FIG. 5. Kaplan-Meier survival analysis of MAC patients with sero-

var 4 and those with other serovars. Log rank (Mantel-Cox) test, P <
0.05.
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patients with serovar 4. The 13 cases of deaths unrelated to
MAC, including six patients with worsening findings on radio-
grams, were excluded from the survival prognosis analysis in
order to achieve accurate evaluation. Although the number of
cured patients was also small, the population in our study
seemed to be appropriate to evaluate the prognostic predictors
in patients with pulmonary MAC disease.

Regarding the correlation between treatment outcomes and
survival prognosis, it is first very important that all cured pa-
tients, including one with serovar 8 who underwent surgical
therapy, were alive at the end of this study. Second, it is
important that the relapsed patients had a significantly better
prognosis than the nonresponders to treatment. The extent of
radiographic lesions was also significantly correlated with the
prognosis of survival. These results reveal that the outcomes of
chemotherapy are closely associated with the survival time for
patients with pulmonary MAC disease. The severity of disease
and the outcome of chemotherapy could also be prognostic
factors for survival in pulmonary MAC patients.

We also studied the relationship between the serotypes of
MAC isolates and the long-term survival of patients with pul-
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FIG. 6. Kaplan-Meier survival analysis of MAC patients with sero-
var 4 from the onset of disease.
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FIG. 7. Kaplan-Meier survival analysis of patients with pulmonary MAC disease divided by (a) bacteriological outcome and (b) the extent of
radiographic lesions. (a) Log rank test, P < 0.05 (#); (b) log rank (Mantel-Cox) test, P < 0.01.

monary MAC disease. It was more difficult to convert sputum
to negative when the disease was caused by serovar 4 than for
other serovars. The serovar 4 isolates were more resistant to
RFP and CAM, and the patients with serovar 4 were more
frequently nonresponders to the multidrug chemotherapy than
patients with other serovars. However, the sputa of most pa-
tients with pulmonary MAC disease became positive on cul-
ture during the follow-up period, and the rates were nearly
equal between the serovar 4 and the other-serovar groups. This
might be due to the factors involved in long-term follow-up and
the higher relapse rate in the population of patients being
retreated with chemotherapy than in those receiving initial
treatment. The patients also may acquire subsequent infections
from the living environment, and we have begun a study to

investigate MAC organisms from the houses where the pa-
tients live.

The radiographic findings for the serovar 4 group had also
become significantly worse in the follow-up periods compared
with those in the other-serovar group. In cases of death, the
radiographic findings for patients with upper-lobe cavitary dis-
ease or with nodular bronchiectasis at enrollment had pro-
gressed to bilateral cavitary lesions with sclerofibrotic and em-
physematous changes (Fig. 2 to 4). Although radiographic
findings alone, whether cavitary or bronchiectasis, cannot be a
prognostic tool, the progress of the disease should be closely
observed by means of radiographic changes.

In conclusion, the survival time of the serovar 4 group was
significantly shorter than that of the other-serovar group. At an

TABLE 4. Susceptibilities of patient isolates to ethambutol, rifampin, clarithromycin, and sparofioxacin

No. of isolates with MIC (ug/ml) of:

Drug, species, and serovar

=0.78 1.56 3.13 625 12.5 25 50 =100
Ethambutol
M. avium serovar 4 1 1 8 11 7 2
M. avium serovars 1, 6, 8, 9 1 3 3 2
M. intracellulare serovars 14, 16 1 2 4 1
Rifampin
M. avium serovar 4 3 4 6 9 4 4
M. avium serovars 1, 6, 8, 9 1 2 1 2 2 1
M. intracellulare serovars 14, 16 1 5 2
Clarithromycin
M. avium serovar 4 6 5 4 10 1 4
M. avium serovars 1, 6, 8, 9 2 1 3 1 1
M. intracellulare serovars 14, 16 3 5
Sparofioxacin
M. avium serovar 4 15 7 3 3 1 1
M. avium serovars 1, 6, 8, 9 4 1 2 1
M. intracellulare serovars 14, 16 5 3
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early stage of infection, it is difficult to judge the prognosis of
patients with pulmonary MAC diseasc. Although further stud-
ies with large numbers of patients are required, the identifica-
tion of serotype-specific GPLs may be helpful for prognosis.
However, there were MAC-related deaths in patients with
pulmonary MAC disease caused by serovar 8 or serovar 14.
The importance of other serovars as prognostic predictors will
be analyzed when the number of cases with each serovar in-
creases to a level sufficient for statistical evaluation. There
were also a number of nonserotypeable patients, including
some of the cases with poor prognoses. Thus, it ‘could be

argued that the sensitivity of serotyping should be improved. -

Also, the laborious and time-consuming serotype identification
of isolates used in this study needs to be replaced with simple
and rapid diagnostic methods, and serotyping is not routinely
performed. We have developed enzyme-linked immunosor-
bent assay serodiagnostic tests that use various serotypes of
glycopeptidolipids as antigens and a new serotyping method
which uses high-performance liquid chromatography/mass
spectrometry analyses with a small-scale preparation of GPLs
from MAC isolates for 2 days (21, 27).

The number of serovars identified was lower than in previ-
ous reports (4, 9, 13, 35). This might be due to either the effects
of the preceding multidrug chemotherapy or to problems of
identification, because only 14 serovar-specific polar GPLs
from MAC have been structurally characterized at this time (5,
8, 24). Also, neither the GPL antigen-based enzyme-linked
immunosorbent assay nor the original type-specific rabbit an-
tisera were available during our study. However, the serotype
specificity could be accurately identified using TLC and
FAB-MS analyses. M. avium and serotype 4 predominated in
this study because of the high geographical distribution of M.
avium in the Kinki area, in which our institute is located (32).
The skewed distribution may also relate to the previous mul-
tidrug chemotherapy that most of the enrolled patients had
undergone, because the disease caused by M. avium was more
difficult to cure than M. intracellulare-related disease (37). Fur-
thermore, in cases where the serotypes were analyzed twice,
both isolates were identified as serovar 4.

The mechanisms underlying resistance to MAC organisms
are likely to be highly informative in regard to both host de-
fense against these infections and the basis of the more virulent
MAC relatives. It was recognized early in the HIV pandemic
that the decline of CD4* T lymphocyte levels to below 100
cellsymm?® was a profound risk for the development of dissem-
inated MAC (7, 17). Since the CD4* T lymphocyte is a major
producer of gamma interferon as well as other cytokines, it was
speculated that gamma interferon might be important in the
control of MAC disease. Despite the wealth of information
regarding disseminated infections with MAC, the underlying
immune defects have yet to be convincingly demonstrated for
pulmonary MAC infections, except in the case of HIV infec-
tion. Specific serotypes such as 1, 4, and 8 can be frequently
isolated from humans infected with HIV, and the prognosis
after infection differs depending on the serotype. Serovar 4
shows an unfavorable prognosis, whereas serovar 16 is associ-
ated with rapid recovery (8, 13).

No information dealing on the virulence factor of MAC that
is directly related to the intracellular bactericidal activity has
been available to date. We have previously reported effects of
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(i) various GPLs purified from MAC on the phagocytic pro-
cesses of human polymorphonuclear leukocytes, (ii) GPL-
coated heat-killed staphylococcal cells that were phagocytosed
by polymorphonuclear leukocytes, and (jii) the phagosome-
lysosome (P-L) fusion (34). Phagocytosis was strongly pro-
moted and the P-L fusion was markedly inhibited by serovar 4,
but not serovar 16, GPLs. Serotype 8 GPLs showed concomi-
tant stimulation of both phagocytosis and P-L fusion. These
effects may be due to an unknown interaction between specific
carbohydrate chains and host phagocytic cell membranes.
The pulmonary MAC disease caused by serovar 4 had a poor
long-term survival prognosis. For the treatment of pulmonary

- MAC disease, including surgery, diagnosis and treatment at an

early stage are important. In cases of patients with pulmonary
MAC disease caused by serovar 4, it was argued that mul-
tichemotherapy including CAM (one of the newer macrolides)
and sparofloxacin (one of the newer fluoroquinolones) should
be prescribed, because the results of MIC determinations
showed that CAM and sparofloxacin were more effective
against serovar 4 than EB or RFP. Furthermore, lung resec-
tions should be performed in patients with adequate pulmo-
nary reserve for whom medical therapy has been unsuccessful.
In addition to the defense mechanism in the patient’s lung, the
virulence of the organism, and resistance to chemotherapy, a
problem regarding the worsening of pulmonary MAC disease
that also needs to be addressed is patient compliance issues,
which may include a lack of knowledge of the gravity of the
disease on the part of both the patient and the physician.
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Abstract: The inflammatory process is usually tightly lated, i

4

ing both signals that initiate and maintain inflammation and signals that

shut the process down. An imbalance between the two slgnals leaves inflammation unchecked, resulting in cellular and tissue damage.

Macrophages are a major

P

p of the gocyte sy

that ists of closely related cells of bone marrow origin,

g blood ytes, and tissue macrophages. From the blood, monocytes migrate into various tissues and transform macrophages. In

inﬂammaﬁon, macrophages have three major function; antigen presentation, phagocytosis, and immunomodulation through production of
various cytokines and growth factors. Macrophages play a critical role in the initiation, rmaintenance, and resolution of inflammation. They are
activated and deactivated in the inflarnmatory process. Activation signals include cytokines (interferon v, granulocyte-monocyte colony
stimulating factor, and tumor necrosis factor o), bacterial lipopolysaccharide, extracellular matrix proteins, and other chemical mediators.
Inhibition of inflarmmation by removal or d i y effector cells permits the bost to repair damages tissues.

ion of medi and infl
Activated macrophages are deactivated by anti-inflammatory cytokines (interleukin 10 and transforming growth factor B) and cytokine
nntagomsts that are mainly produced by macrophages. Macrophages participate in the autoregulatory loop in the mﬂmnatory process.
macrophages produce a wide range of biologically active molecules participated in both beneficial detri in
inflammation, therapeutic interventions targeted macrophages and their products may open new avenues for controlling inflammatory diseases.

INTRODUCTION

Inflammation is a complex, highly regulated sequence of events that
can be provoked by a variety of stimuli including pathogens, noxious
mechanical and chemical agents, and autoimmune responses. The
subsequent cascade of events is characterized by the signs and symptoms
of redness, swelling, heat, and pain. The inflammatory response occurs in
the vascularized connective tissue, including plasma, circulating cells,
blood vessels, and cellular and extracellular components. This corresponds
with increased microvascular caliber, enhanced vascular permeability,
leukocyte recruitment, and release of inflammatory mediators [1].
Inflammation is the primary process through which the body repairs tissue
damage and defends itsclf against stimuli. In the physiologic condition, the
regulated response protects against further injury and clears-damaged
tissue. In pathologic situation, inflammation can result in tissue destruction
and lead to organ dysfunction.

The process of inflammation is divided into acute and chronic
patterns. Acute inflammation is of relatively short duration, lasting for
minutes, several hours, or a few days, and its main features arc the
exudation of fluid and plasma proteins (edema) and the emigration of
leukocytes, predominantly neutrophils. Chronic inflammation is of longer
duration and is associated histologically with the presence of lymphocytes
and macrophages, the proliferation of blood vessels, fibrosis, and tissue
necrosis. Many factors participate in the course and histologic features of
both acute and chronic inflammation. In inflammation, macrophages have
three major function; antigen presentation, phagocytosis, and
immunomodulation through production of various cytokines and growth
factors {2, 3]. No human has been identified as having congenital absence
of this cell line, probably becanse macrophages are required to remove
primitive tissues during fetal development as new tissues develop to
replace them. In this article, we will review the role of macrophages in
inflammation.

DEVELOPMENT OF MACROPHAGES

The mononuclear phagocyte system consists of cells that have a
common lineage whose primary function is phagocytosis. Monocytes and
tissue macrophages in their various forms make up the system [4]. These
cells are a system because of their common origin, similar morphology,
and common functions, particularly phagocytosis. The cells of the
mononuclear phagocyte system originate in the bone marrow, circulate in

the blood, and mature and become activated in various tissues (Fig. 1). The
first cell type that enters the peripheral blood after leaving the marrow is
incompletely differentiated and is called monocytes. When the monocyte
reaches the extravascular tissue, it undergoes transformation into a larger
phagocytic cell, the macrophage. In addition to augmenting phagocytotic
activity, macrophages have the potential of being activated, a process that
results in increased cell size, increased production of lysosomal enzymes,
more active metabolism, and greater ability to phagocytose and kill
ingested microbes. Once they settle in the tissues, these cells mature and
become macrophages. Macrophages may exhibit different morphology
and functional propertics after activation by external stimuli, including
microorganisms. Some develop abundant cytoplasm and are called
epithelioid cells because the morphologic similarity to epithelial cells of the
gkin, Activated macrophages can fuse to form multinucleated giant cells.
Epitheliod cells and multinucleated giant cells are the major cellular
component of granulomas, a typical phenotype of chronic inflammation
[5]. Macrophages are found in all organs and connective tissues and
named to designate their location, such as microglial cells in the central
nervous system, Kupffer cells in the liver, alveolar macrophages in the
lung, and osteoclasts in the bone.

FUNCTIONS OF MACROPHAGES

Macrophages have at least three major functions: antigen
presentation, phagocytosis, and immunomodulation {2, 3]. The functional
responses of macrophages in host defensc consist of sequential steps;
active recruitment of the cells to the site of infection, recognition of
microbes, phagacytosis, and destruction of ingested microbes. In addition,
macrophages produce biological active melecules that serve many
important roles in innate and adaptive immune responses.

Antigen Presentation

Antigen-presenting cells function to display antigens for recognition
by lymphocytes and to promote the activation of lymphocytes. Antigen-
presenting cells include dendritic cells and monocytes/macrophages.
Macrophages containing ingested microbes present microbial antigens to
differentiated effector T lymphocytes. The effector T cells then activate
macrophages to kill microbes in association with cytokines. The
macrophage-cytokine-T lymphocyte axis plays a critical role in
development of cell-mediated immunity against intracellular pathogens,
including Mycobacterium tuberculosis, Salmonella typhi, and Listeria
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togenes. Ingested macrophages play a role in activate/differentiate
naive T lymphocytes to induce primary responses to microbial antigens,
although it is likely that dendritic cells act as more effective inducers of
the response.

Phagocytesis

Macrophages ingest materials to climinate waste and debris
(scavenging) and to kill invading pathogens. The microbicidal mechanisms
of phagocytes are largely confined to intracellular vesicles (lysosomes and
phagolysosomes) to protect the cells themselves from injury. Therefore,

© 2005 Bentham Sci Publishers Ltd.
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Fig. (1). Maturation of menonuclear phagocytes.

ingestion of microbes into these vesicles is a necessary prelude to
microbial killing, and the first step in ingestion is recognition of the
microbes by cell surface receptors [6). Macrophages also express
receptors that activate the cells to produce cytokines and microbicidal
substances and receptors that stimulate the migration/chemotaxis of the
cells to sites of infection. These include mannose receptors, scavenger
receptors, receptors for opsonins, seven o-helical transmembrane/G
protein-coupled receptors, and Toll-like receptors (TLRs).

The mannose receptors and scavenger receptors function to bind and
ingest microbes. The mannose receptor is a macrophage lectin that binds
terminal mannose and fucose residucs of glycoproteins and glycolipids on
microbial cell walls. Because glycoproteins and glycolipids contain
terminal sialic acid or N-acetylegalactosamine, the macrophage mannose
receptor recognizes microbes but not host cells. Macrophage scavenger
receptors bind a variety of microbes as well as modified low-density
lipoprotein particles that cannot interact the conventional LDL receptors.

Receptors for opsonins promote phagocytosis of microbes coated with
various proteins, including antibodics, complement proteins, and lectins. Fc
receptors and complement receptors of macrophages contribute to the
opsonin-mediated process. Seven o-helical transmembrane/G protein-
coupled receptors are expressed on leukocytes, recognize microbes and
certain mediators that are produced in response to infections, and function
mainly migration/chemotaxis of leukocytes to sites of infection [7]. These
receptors are found on polymorphonuclear neutrophils (PMNs),
macrophages, and most other types of leukocytes. The receptors
recognize short peptides containing N-formylmethionyl residues. Because
all bacterial proteins and few mammalian proteins (only those synthesized
within mitochondria) arc initiated by N-formylmethionine, this receptor
allows leukocytes to detect and respond to bacterial proteins. PMNs and
macrophages also express seven o-helical transmembrane receptors for
chemokines, proteolytic products of complement proteins, lipid mediators
such as platelet-activating factor, prostaglandin E, and leukotriene B4.

Macrophages
Dendritic calls

N

Biding of ligands to the receptors induces migration/chemotaxis of cells
from the blood through endothelium and production microbicidal
substances, including reactive oxygen/nitrogen intermediates (ROIs/RNIs).
TLRs are a family of membrane proteins that serve as pattern
recognition receptors for a variety of microbe-derived molecules and
stimulate inflammatory/innate immune responses to the microbes
expressing pathogen associated molecular patterns (PAMPs) [8]. To date,
10 mammalian TLRs have been identified and are involved in responses to
widely divergent types of molecules that are commonly expressed by
microbes but not mammalian cells. The innate immune response to one
specieg of microbe may reflect an integration of the responses of several
TLRs to different molecules produced by the microbe. The microbial
products that stimulate TLRs include lipopolysaccharide (LPS) of gram-
negative bacteria (TLR4), peptidoglycan, lipoteichoic acid, and
lipoarabinomannan of gram-positive bacteria (TLR2), flagellin (TLRS),
and unmethylated CpG motifs (TLR9). Specificities of the TLRs are
influenced by non-TLR adapter molecules. For example, LPS first binds to
soluble LPS-binding protein (LBP) in the blood or extracellular fluid, and
this complex serves to facilitate LPS binding to CD14, which exists as both
a plasma protein and a glycophosphatidylinositol-linked membrane protein
on most cells except endothelial cells. Once LPS binds to CD14, LBP
dissociates, and the LPS-CD14 complex physically associated with TLR4.
The predominant signaling pathway used by TLRs results in the activation
of nuclear factor (NF)-xB. The genes that are expressed in response to
TLR signaling encode proteins important in components of innate immune
responses. These include proinflammatory cytokines [interleukin (IL)-1,
IL-12, and tumor necrosis factor o (TNF-a)], endothelial adhesion
molecules, and proteins involved in microbicidal mechanisms (inducible
nitric oxide synthase).
Immunomodulation

Activated macrophages release cytokines such as IL-1, IL-6, TNF-o,
interferon (IFN)-oo/B, IL-10, IL-12, and IL-18 that participate in the
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Fig. (2). The system of Thl and Th2 lymphocytes.
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regulation of immune/inflammatory responses. IL-12 is a heterodimeric
cytokine produced primarily by antigen-presenting cells that has important
activities in the regulation of various aspects of the immune response. IL-
12 stimulates proliferation of activated T and natural killer (NK) cells,
enhances NK and lytic activity of cytotoxic T lymphocytes, and induces
IFN-y production by T and NK cells. IL-12 plays a central role in
promoting type 1 helper T (Th1) immune responses and thus cell-mediated
immunity (Fig. 2) [9]. IL-12 represents a functional bridge between the
early nonspecific innate resistance and the subscquent antigen-specific
adaptive immunity [10]. In addition, they produce chemokines that
stimulate leukocyte movement and regulation of migration leukocytes from
the blood to tissues [7].

INITIATION OF INFLAMMATION

The inflammatory response is a tightly ordered sequence of events.
After the initial stimulus, a2 massive influx of inflammatory cells to the site
of injury begins. The process begins with relcase of chemokines and
soluble mediators from locally residing cells, including vascular
endothelial cells, dendritic cells, macrophages, and interstitial fibroblasts.
Signals from these events alter the local adhesion molecule profile and
create a chemotactic gradient that recruits cells from the circulation.
PMNs are the first inflammatory cells to extravasate and arrive at the site
of injury. Specialized mononuclear cells, such a8 monocytes/macrophages
and lymphocytes, arc then recruited by further downstream signals.
Macrophages participate in the production, mobilization, activation, and
regulation of inflammatory/immune effector cells.

‘When inflammation is triggered by a pathogen, resident macrophages
are stimulated by pattern recognition receptors expressed on macrophages
as the innate immune responge. These receptors include the TLR family
and can recognize molecular structures on microbial pathogens, but not on
mammalian cells. TLR-mediated responses lead to the activation of NF-xB
in association with a battery of proinflammatory cytokine genes, including
IL-1 and TNF-o.. Because activated macrophages are the main producers
of such inflammatory cytokines, the cells play a key role in the initiation of
inflammation (Fig. 3). In addition to the innate immune response mediated
by TLRs, microbes arc opsonized by specific antibodics and complement
pathways.

ACTIVATION OF MACROPHAGES

The important step in the functional maturation and inflammation of
macrophages is the conversion from a resting to an activated macrophage.
The term activated macrophage indicates that the cell has an augmented
capacity to kill microbes or tumor cclls. Activation signals include T
lymphocyte-derived cytokines [IFN-y, granulocyte-monocyte colony
stimulating factor (GM-CSF), and TNF-ot}, microbial products (cg. LPS),
immune complexes, chemical mediators, and extracellular matrix proteins
such as fibronectin. Activated macrophages exhibit an enhanced capacity

to kill microbes and tumor cells. They are larger, with more pseudopods
and pronounced ruffling of the plasma membrane, and they produce a
wide variety of biologically active products that, if unchecked, result in the
tissue damage and fibrosis in chronic inflammation (Table 1). In ghort-
lived inflammation, if the cliciting agent is climinated, macrophages
cventually disappear. In chronic inflammation, macrophage accumulation
persists.
Table 1.

Upregulated Functions of Activated Macroph
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Cytokines and chemokines
IL-1, IL-6, IL-10, IL-12, IL-15, 1L-18, TNF-a, IFN-o, TGF-8
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1L-8, MCP-1, MIP-10t/B regulated on activation normal T expressed
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Growth factors

Platelet-derived growth factor, endothelial growth factor, fibroblast growth
factor

Lipid mediators

Eicosanoids
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Macrophage activation is accomplished during infection through the
release of macrophage-activating cytokines from T lymphocytes
specifically sensitized to antigens of the infecting microbe (Fig. 4). The
macrophage-cytokine-T lymphocyte axis plays a critical role in the
development of cell-mediated immunity. In the process, IFN-y produced
by NK cells (innate immune response) and Thl cells (adaptive immune
response) is the most powerful macrophage-activating cytokine and is
currently used for preventing/treating opportunistic infections in patients
with immunodeficiency [11], for treating malignant melanoma {12], and
for treating the decreased bonme resorption of osteopetrosis, which is
caused by impaired function of osteoclasts (bone macrophages) [13].

Activated Tzells

Cytokines (IFN-y, GM.CSF, TNF-a)

MonbdoytestMacrephages

Fig. (4). Two stimuli for macrophage activation. The products by activated
macrophages mediate tissue injury and fibrosis.

Macrophages exposed to bacterial LPS and/or other inflammatory
stimuli release TNF-o, which itself can activate macrophages. As
macrophages become activated, they express greater numbers of TNF-o
receptors. Macrophages at sites of inflammation have the potential to
activate themselves and express augmented function more rapidly than
through the development of cell-mediated immunity, which requires
recruitment of antigen-specific Thl lymphocytes. Following surface and
endocytic stimulation, macrophages can secrete a wide range of products.
These include enzymes involved in antimicrobial resistance, proteinases,
eicosanoids/arachidonate metabolites that contribute to inflammation and

Fujiwara and Kobayashi

tissue repair, cytokines such as IL-1 and TNF-o¢ that modulate the
activitics of leukocytes and endothelial cells, and RNIs/ROIs in host
defense. Ligation of specific receptors induces various signaling pathways
and is able to alter gene expression in macrophages. Transcription factors,
including NF-xB [14] and PU.1 [15] families contribute to macrophage-
restricted or activation dependent changes of gene expression. Expression
of products depends further on translational regulation, post-translational
modification such as proteolytic processing, and expression of inhibitory
cytokines, IL-10 and transforming growth factor (TGF)-8, which are
produced by macrophages, fibroblasts, and T lymphocytes. Macrophage
products are labile and act close to the cell surface, and overproduction
results in tissue catabolism/damage and systemic effects associated with
widespread infection or chronic inflammation, often as a result of an
immunologically mediated disease process. o

RESOLUTION OF INFLAMMATION

Inflammation is the physiologic response to damaging influences, but
when allowed to continue unopposed, the subsequent.cascade of events
can lead to serious host injury. Inhibition of inflammation by removal or
deactivation of mediators and inflammatory effector cells permits the host
to repair damages tissues (Fig. 5). Although the precisc mechanisms
controlling the switch form proinflammatory pathways to anti-
inflammatory are not fully clarified, components of resolution include a
cellular response (apoptosis), formation of soluble mediators (such as anti-
inflammatory cytokines and antioxidants), and production of direct
effectors (such as protease inhibitors). Importantly, macrophages play a
key role in the down-regulation process.

Apoptosis

Apoptosis is a conserved “program” in cukaryotic cells that leads to
cell death and marks their surfaces for rapid removal by phagocytes [16].
The process fails to induce an inflammatory response, although cell death
by necrosis results in the release of intracellular contents into the
microenvironment provokes inflammation. Apoptosis is the normal process
by which inflammatory cells are removed from healing sites. Defective
apoptosis or persistence of apoptotic cells that escape clearance may
contribute to chronic inflammation and autoimmune disease. Commitment
to apoptosis can be provoked by various factors, including ROIs in the
microenvironment and signals from death receptor pathways, FasL/Fas.
Removal of apoptotic bodies and/or the remnants of packaged apoptotic
cells is rapid and can be achieved by macrophages, dendritic cells,
fibroblasts, epithelia, endothelia, and myocytes. The surface receptors
used in recognition and engulfient of apoptotic cells include integrins,
lectins, scavenger receptors, ATP-binding cassette transporter, LPS
receptor, CD14, and complement receptors CR3 and CR4, although some
of these molecules can be used in both proinflammatory and apoptotic
pathways, the diversity may be based on distinct ligands and accessory
molecules. Apoptotic cells exhibit a series of apoptotic cell associated
molecular patterns distinct from PAMPs.
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Macrophages in Inflammation

Soluble Mediators
Antiinflammatory Cytokines

There are cytokines that initiate and induce the inflammatory
response. By contrast, an array of cytokines, such as TGF-8, IL-4, and IL-
10, acts as down-regulators in the inflammatory response. The anti-
inflammatory cytokines, TGF-B and IL-10, are produced by macrophages,
fibroblasts, and T lymphocytes, although IL-4 is produced by NKT and
Th2 cells. TGF-B is a potent stimulator of mesenchymal cell proliferation,
which is essential for wound healing. TGF-B suppresses collagenase
production, increase collagen deposition, and decreases metalloproteinase
(MMP) activity by inducing production of the tissue inhibitors of
metalloproteinases (TIMPs). Although it is obvious that wound healing is
necessary, the resolution of inflammation is abnormal in discases that
fibrosis represents a major pathologic feature, including systemic sclerosis,

which shows a marked diffuse fibrosis associated with high levels of TGF- -

8 and increased extracclular matrix production {17].

IL-4 inhibits the activation of Thl lymphocytes, and this, in tum,
decreases the production of IL-1 and TNF-x and exerts anti-inflammatory
activity. IL-4 also inhibits the production of IL-6 and IL-8, but increases
the expression of IL-1 receptor antagonist (IL-1ra) [18].

IL-10 modulates expression of cytokines, chemokines, soluble
mediators and cell surface molecules by celis. The effects of IL-10 on
cytokine production and function of macrophages are generally similar to
those on monocytes. IL-10 potently inhibits production of IL-1, IL-6, IL-10
itself, IL-12, IL-18, GM-CSF, G-CSF, M-CSF, TNF-u, leukemia inhibitory
factor and platelet-activating factor (PAF) by activated
monocytes/macrophages. The inhibitory effects of IL-10 on production of
IL-1, TL-6, and TNF-a are crucial to its anti-inflammatory activitics,
because these cytokines have synergistic activitics on inflammatory
pathways and processes, and amplify these responses by induction of
secondary mediators, including chemokines, prostaglandins, and PAF. IL-
10 algo inhibits production of both CC (monocyte chemoattractant protein;
MCP1, MCP5, macrophage inflammatory protein; MIP-1a/8, MIP-3ct/8,
regulated on activation normal T expressed and secreted; RANTES) and
CXC (IL-8, interferon-inducible protein; IP-10, MIP-2, GRO-u)
chemokines by activated macrophages. IL.-10 not only inhibits production
of these effectors, but also enhances expression of their patural
antagonists, including IL-1 receptor antagonist and soluble p55 (type 1)
and p75 (type 2) TNF receptors, and it inhibits expression of IL-1
receptors by activated macrophages, indicating that IL-10 not only
deactivates macrophages but also induces production of anti-inflammatory
molecules. IL-10 inhibited production of prostaglandin E2 (PGE2), through
down-regulation of cyclooxygenase 2 (COX-2) expression. Certain T
lymphocyte-derived cytokines, including IL-4, IL-10, and IL-13, suppress
the expression of matrix MMPs by cells stimulated with proinflammatory
cytokines, such ag IL.-1 and TNF-« [19].

To regulate/limit the action of proinflammatory cytokines, it is known
decoy receptors that recognize inflammatory cytokines with high affinity
and specificity [20]. These include IL-1 and TNF-o receptors, and are
structurally incapable of signaling or presenting the agonist. In rheumatoid
arthritis, insufficient production of the inhibitors and may contribute to
discase, and administration of exogenous antagomist has therapeutic
benefit. The activity of IL-1 is regulated by two different mechanisms
involving an IL-1 decoy receptor and a natural receptor antagonist
protein, IL-1ra that binds to functional IL-1 receptors and competes with
IL-1. IL-1ra does not transduce a signal to the cell and can block the
biologic function of IL-1. Soluble cytokine receptors (cg. TNF-o
receptors) can be released from cells after proteolytic cleavage of the
transmembrane domain to remove the cytokine from the environment. IL-
18 binding proteins capture and neutratize 1.-18 activity.

Suppressors of Cytokine Signaling Proteins

The suppressor of cytokine signaling (SOCS) family of cytoplasmic
proteins functions as a negative feedback loop to attenuate signal
transduction from cytokines [21]. The phagocytes of the innate immune
system are regulated by cytokines that are controlled by SOCS proteins,
including IL-12 and interferons.

Eicosanids

COX-2 induced by inflammatory mediators contributes to the
carly/induction phase of inflammatory response, although COX-2 plays a
role in the late/resolution {22]. In the process, cyclopentenone
prostaglanding are formed and may be anti-inflammatory by inhibition of
proinflammatory gene transcription. Cyclopentenone prostaglanding bind
to peroxisome proliferator-activated receptor y (PPARY), which is present
in monocytes/macrophages and inhibits the activation of macrophages and
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the production of proinflammatory cytokines (IL-1, IL-6, and TNF-c) by
the suppresgsion of AP-1 and STAT transcriptional pathways. Because
cyclopentenone prostaglandins suppress inhibitor of NF-xB kinase (IKK)-
catalyzed phosphorylation that is an essential step in the signal-induced
activation of NF-xB, and consequently they inhibit NF-xB activation.

Inhibitors of Direct Inhibitors
Antioxidants

In the process of inflammation, ROIs are produced and contribute to
host defense. Excessive production of then can also lead to tissuc damage
by reacting indiscriminately. To protect host cells and avoid tissue damage,
an array of antioxidants cxists. These include antioxidant enzymes, chain-
breaking antioxidants, and metal-binding proteins [23].- - -

The antioxidant enzymes include catalase and superoxide dismutase.
Catalase is a peroxisomal enzyme that catalyzes the conversion of
hydrogen peroxide to water and oxygen. Superoxide dismutases exhibit the
dismutation of superoxide radicals to form dioxygen and hydrogen
peroxide. Because ROIs are the product of activated macrophages,
antioxidant enzymes indirectly inhibit the macrophage function.

Interactions of ROIs with surrounding molecules gencrate secondary
radical species in a sclf-propagating chain reaction. Chain-breaking
antioxidants are small molecules that receive or donate an electron and
thus form a stable by-product with a radical. These antioxidants can be
divided into aqueous (vitamin C, albumin, and reduced glutathionc) and
lipid (vitamin E, carotenoids, and flavonoids) substances. Metal-binding
proteins function as antioxidants by scquestering cationic iron and copper
and consequently inhibiting hydroxyl radical propagation.

Protease Inhibitors

Tissue destruction mediated by proteases is a feature of inflammation.
Mechanisms to protect the host and prevent uncontrolled tissue damage
using protease inhibitors have developed in the process of
repair/resolution. Protease inhibitors regulate the function of endogenous
proteases and reduce tissuc damage. These are categorized into a2-
macroglobulins and active site inhibitors. o2-macroglobulins act by
covalently linking the protease to the «2-macroglobulin chain and
inhibiting binding to substrates. As the active site inhibitors, inhibitors of
serine proteases (SERPINS) are the most abundant and play a role in
regulation of blood clot regulation and inflammation. In addition to
inactivation by protease inhibitors, scrine proteases are inactivated by
oxidation.

Inhibition of MMP functions can be induced during the
repairing/resolution phase of inflammation. A family of TIMPs suppresses
most of MMPs [24]. The TIMPs bind to activated MMPs and irreversibly
block their catalytic sites. Although IL-1 and TNF-o induce MMPs, TGF-8
and certain growth factors suppress MMPs and increase TIMPs and
production of matrix proteins. When proinflammatory cytokines
predominate, the balance favors matrix destruction. By contrast,
production of matrix protein increases and MMPs are inhibited by TIMPs
in the presence of inhibitors of proinflammatory cytokines and growth
factors.

THERAPEUTIC INTERVENTIONS

Development of an effective inflammatory response can play an
important role in the host defense. But the response can sometimes be
detrimental, for example allergics, autoimmune diseases, and microbial
infections may be initiate chronic inflammatory response. It is available to
therapeutic approach for reducing long-term inflammatory responses.

Glucocorticosteroids

The initial subcellular events are triggered by glucocorticoid binding
to cytoplasmic receptor, glucocorticoid receptor (GR). Glucocorticoids
play a role in anti-inflammation/immunocsuppression through their inhibition
of NF-kB, which is 2 major factor involved in the regulation of cytokine
expression {25]. NF-xB i3 normally located in the cytoplasm associated
with the inhibitor protein IxB. There have been two mechanisms involving
GR-mediated suppression of NF-xB. Onc ig that glucecorticoids via GR
induces the expression of IkB that then sequesters NF-xB in the cytoplasm
and prevent it from translocating to the nuclens and inducing gene
activation. The suppression mechanism of NF-kB by GR may be limited to
certain cell types, particularly monocytes/macrophages and lymphocytes.
On the other hand, there is a physical interaction or cross-talk between
NF-kB and GR that prevents gene expression.
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Glucocorticoids modulate cytokine expression, adhesion molecule
expression and cell trafficking, expression of chemokines, and production
of inflammatory mediators. Glucocorticoids suppress the expression of
proinflammatory cytokines, including IL-1, IL-2, IL-6, IL-8, IL-11, JL-12,
TNF-a, IFN-y, and GM-CSF, whercas upregulating anti-inflammatory
cytokines, IL-4 and IL-10 by high doses of glucocorticoids. They reduce
the trafficking of leukocytes to the site of inflammation. This is mediated
by the down-regulation of protein molecules involved in the attraction and
adhesion of leukocytes into the site. They inhibit the expression of
intercellular adhesion molecule 1 (JCAM-1), E-selection (ELAM-1), and
vascular cell adhesion molecule 1 (VCAM-1). Glucocorticoids down-
regulate the expression of CXC (IL-8, GRO-) and CC (MCP1-3,
RANTES, cotaxin). Glucocorticoids also suppress the production of
inflammatory mediators such as nitric oxide by the inhibition of nitric oxide
synthase and prostaglanding by the inhibition of phospholipase A2 and
COX-2. Glucocorticoids_interfere with the protective and defense
mechanisms of activated macrophages and induce apoptosis in
monocytes/macrophages. Consequently glucocorticoids reduce the number
- of circulating monocytes, and thus decrease synthesis of macrophage-
derived inflammatory enzymes, including collagenases and clastases.
They induce a shift from a Thl to a Th2 pattern of adaptive immunity,
because glucocorticoids down-regulate Thl cytokines and thus result in
the dominant expression of Th2 cytokines. IL-12, an initiation cytokine of
Thl response produced mainly by macrophages and dendritic cells, is
down-regulated via inhibition of STAT4 phosphorylation in the signaling
cascade downstream of IL-12.

INF-a Antagenists

TNF-o, a proinflammatory cytokine that is released by activated
monocytes/macrophages and T lymphocytes, promotes inflammatory
responses. It binds two receptors, type 1 and type 2 TNF-u receptors. In
addition, the biologic activity of TNF-« can be attenuated by soluble TNF-
o receptors. TNF-o-based strategics are being explored for the treatment
of inflammatory diseases. These include the neutralization of TNF-a by
soluble receptors (ctanercept) or monoclonal antibodies (adalimumab and
infliximab). TNF-o antagonists are currently used for the treatment of
theumatoid arthritis, Crohn’s discase, psoriasis, ankylosing spondylitis,
juvenile arthritis, Still’s discase, uveitis, and vasculitis [20]. It has been
found the adverse cffects of therapy with TNF-ot, including infections,
cancer, vasculitis, lupus-like-autoimmune disease, multiple sclerosis-like
disorders, aplastic anemia and lymphoma., although the relationship
between anti-TNF-o therapy and these adverse events are unknown.

IL-Ira

IL-1, produced by monocytes/macrophages, has proinflammatory
activitics. The action is down-regulated by IL-1re, a natural inhibitor that
competes for the binding to IL-1 receptors. Anakinre is a recombinant
form of human IL-1ra that targets the type 1 IL-1 receptors and is used for
treatment of rheumatoid arthritis [26]. Similar to the situation with TNF-o.
antagonists, the risk of infection appears to be increased.

L6 Antagonist

Humanized antibody against IL-6 receptor has shown that inhibition of
IL-6 significantly improves the signs and symptoms of RA and normalized
the acute-phase reactants [27].

Fujiwara and Kobayashi

CONCLUSIONS

The inflammatory process is usually tightly regulated, involving both
signals that initiate and maintain inflammation and signals that shut the
process down. An imbalance between the two signals leaves inflammation
unchecked, resulting in cellular and tissue damage. Because macrophages
produce a wide range of biologically active molecules participated in both
beneficial and detrimental outcomes in inflammation, therapeutic
interventions targeted macrophages and their products may open new
avenues for controlling inflammatory diseases.
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VIZREESHML2Y RERTH B Z EFBHLH
Elol,

2. VREQBEOEEMEZE
MEOBRPERIERISICEERRHER-TUR
FHE L TRERRB DG TFELINRDD Y REHD,
IL-12 #5838 LS RERISICES LTy
LI ENHEISNTNEY
BIEFHEABRZICL D REBETHEBRLZLpKIZ
DWTR FEERD S DOIL-12FEiFEE 2T LR
# BIL-12FFET AEEEZA LTV &
bhtlhol, L7728 TLpKIEAEMAKBHHRIGIZ
FEIEELTWwE I nLEZLRL, S5(C
LpKDfE A4 DMARZ ERZ KGR TERL (™
1)\ IL-12FEoEERLERE L2 (K
2) o FRE DKL 72LpK, LpK-a TIZFEF 2
EMEDDH 0 IBE % K { LpK-t, LpK-b TiZ Z 0iF
8§ <. CRWMLpK-elZidiFHA v 2 & A58
Lrkol: (M2) o L7230 TLpKODIL-128

—211—



CEEWICIIEE ENRREROZEB BSOS A
PVETHD I EPRBRINT,

LpK Oc: 777777777777 coox

22 83 180 371
LpK-t  NorlTen  ESS77777777770Coon

22 83 180 371
LpK-a @c=—-coon

22 83
LpK-b nNetILen — coon

22 83

O  mmam

LpK-c 22 83 180 COOH
LpK-d e TLeu — IEEENNER-Co0H

22 B3 180
LpK-e

®:Lipid

1 UREALPKS & UTruncated LpK D8
LpK $ &£ UTruncated LpKid 5 WED S/ LADNA%
HEILTI/BENEREL. BEFHEABRAICE
WXRBRTERBEEE A, B¥(dpro LpKONEKIED 5
D7/ BESERLTWVWS,

1500,

LpK .
E l.;K-l ke

1 r I ] Lk
i 1000
= %
g 1 B E N 3
S0 L & I 3
& £ 1
3 B
= Is

”
E
I

o ' A
0.1 02 05 1.0 25 50 10 20 30aM 0 20 50 oM

2 UREALpKS L UTruncated LpKRIBIC L 3 & FBL
BHh 5 DIL-125F 8T
b hEMmMBEE (1 x 105 cells) #LpKERUTrun-
cated LpKT37°C. 24BFRIRIE L. EE L =1L-
12p40 #ELISAE TRIE L =0

3. URERETLR

FHE, REAOBHEY AT ATHSERBESR
WCBWTTLR 77 3 —OBEPHLL L o T
&7 A2 ORBEAEROBRES T 5 TLROME
LB RE SN TV LA, VRRTF NIz
¥4 MHAVOFEICEHLTLTLR2 DBEE5D
MEPHH2 , LWHOYREHLpKIZBWT
TLR2 D5 B LA, BEZETS
LpK, LpK-aTTLR 2 o5 EDH Lz (K
3) o LpKIETLR2 24 L CTIL- 122 FHEL T2
bDEEZOLND, ZOZ LIZLpKASERGES
RIETLWEDVEDTH Y., 77 F ¥ DEHEY
BHiZh) ) BHEEEEZREL TV,

Jpn.J.Leprosy 74, 3-22(2005)

NF- & B-dependent Luciferase Activity
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bHBHY , LerLids, 0L ORI N
LURERELRVNT Y VDY 2T HIFEASE W
ENTIbRZEEEEHRLY 2, LD
WHEBREICL D REMEREE LR T 2 0 HES
NTVWBYNVIZERL, YVERS 27 V#lla%n
B L7,

1. YIVAEKD 27 0SB

NI AFVOFERB LORETFVIY, &
BAEHB L ULEMEEZ Ty F—EL MY T
PUTHEL, Mlar oSy, IRAEERfTo
2o TOHRDNAAKMEER THHAra-C
(cytosine-b-D-arabinofuranoside) %f{EfH &+
T ¥ a7 A OEHE % 15\ 5 A % B
FE L7 EHIZ, WK TheregulinfF (LT 2 ~
SBEEEEL, a7 V0GR T

2. Va7 MlRkE Y — h — DEER

T OBHBAEE., LEMERRNAEER
Fi. B X UBMEHIIE, S100B8 LU I = VHE
R PR IV Z-FACSIRMT, ¥ 512,
RIEREIZEI 2T VI TH A ERERRLT:

5-100

None

BT

B8 a) ¥IOI1T7#EEES100. SIZHEICH
TAHARATHRERERELLECA. BETH- -,
b) FACSEEAR : S 100K U T I = VA THE
L. &5 hifitk. MUvIX-FITCTHHBZ &IC
UL BBETHE I ERREL

10

(8) o« MMEEY— 5 —%F~5 EMHC
SR ITHEIRRBL T, 75 A DHEILE
ﬁT&Of:o

3. Va7 MRS WERBSH
SVWHEICHT A 27 VHIBBORSIMEBREL
7oo FITCAE#HLAOWHEZ Y 27 YHilBEIRE
BETHLE, 2~ 3HBHUAICLVEIEY 27~
ML DESBICHYAThERMEZRL:
(F9) o 52, LVWHOBEERICNT AR
7U—F VPR T, HVREEREY 27 CHlERE
PRETLEBETH e DT LS, Y
7M. DVEBEE DT A L L WE BRI
B ZOREIEIRT 5 WEEEIRIE S/,
FIUVHFEO Y 27 VHBESVERSEEE
L. SVENEZZORBEICERT LI L0 b,
N VIRICBIT DR EREORTICE
HThsI EIRBEEINT,

ANFEXNRE

FITC-5 (1 i

B9 FITCSANILAESWEHE Y AT -MBEREESE
L. 3EEEANFI P TRELE L, BXIEMET
HETHE. SVENF Y17 HBRICERYAERT
\:\6: t %%%bf:o

VI 5UVEOH LVEETFERNE

1. LAMP&E &I

LVWHOBLRTHREIL BRETRENES R
EPHPCREVILSFHAIN TS, L2 L.
BIEOEMME, SRV ESMTH L I LAREL
HoTwh, Bit, PCREEL - BEHICED
,HRCTEMNERTEZHEIET A AT A, loop-
mediated isothermal amplification (LAMPE) 28
FEEh/Az® , LAMPER., BEEHHEELZLE
LY, HEIrORRICEETERETE S
B, BALZSFIIBWTHESRL2Od %,
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2. LAMPZEDSE
1) RISHEL
BOSHE, fRER. SHERBDNARY 25—+
(Bst polymerase) . #&E (ANTP) BX U7
A= OBEEINE, 7914 v—i. ENEE
FEHO 6 BHEEZHA W/ 24 BEDT T [ <~ —
(Forward Inner Primer [FIP] , Backward In-
ner Primer [BIP] ,F3,B3) #Hw5 (¥
10) o

BatEE

5 - H F2 —— i B c———m—— 3’
5

3 Fic/immmmmmm—— B2 H B3 =

FIP:[F1cH F2] F3: F3 ]
BIP:B1cH B2 ] B3:| B3]

10 LAMPEICRAWS 54 ?—@?ﬁﬁi

2) —TERBEICLBRIG

FOSHASY T VEMZ,. 60CH565C DR
—EIREIZ300~ 1 BERG S5 Lick D&
BFEBIET 2, 2 D BERLEEHEELZ O
Bidd, —EBREZRTIEELD TG H
HHETH 5, FROBETHIEAREIZBWTDNA
A, LoopZ L5 Z & X 1. loop-mediated iso-
thermal amplification & FEIEIL 5, FE40 7 BE IR TE
HEIZ SELRICER LA —L =V 25
Shizn,

3) BVFEM S g

BUBIZ 6 B O b 4O TS/ < —%Hn
570, HIROREEIIED THVs LAMPED
BIZFHEEED L. BWEETOHEBNLES O
MOBLEEICLOEA YA XTEESNDST:
O, FENLERKIEIC R DL, T, BIEESR
WICHE—THET HHIBREEREY 1 POMAIZLY
EMIEHL., FEWHEIEIHEETEZ2 (K
11) - BEEELE L, 1 FLALOENEETIC
BT E—LUTORBETFH» HEIENTETDH
5o PCREEICBWTHEWHE L LTHIGN A/
M S B A S 2 LI X Y LAMPE:
WEALES,

Jpn.J.Leprosy 74, 3-22(2005)

M 1 2

T00bp—

11 LAMPEIC L BM. lepraeDiBiE. M: 9F 8~ —
B—. 1! M. leprac DNADIEWEEY). 2 : Ben &
FUIBIC L DEY

4) EmSwHE

PCREZEDFERFIE L, BWIBEW O 4 XL HE
He B REEOEZESLETH A, LAMPE
fuﬁﬁﬁ##akmwbt#%\%hﬁwmﬁ
BIZLDRBHENTERTDH 5, HIEEYES
g&iPCR{?ﬂ WRIFEILLZETHLHD, 3%T
H U — ZAEREKENELIMN, = F Vv aTavA
F=>, SYBR Green I 5 ® 2 AEHDNAIZA >~ ¥ —
AL—bTAHREZRML. EYOWHILICL S
HEDLTRETH B, T2 WIRBKISDOBIEYTH
AU VEBERBEFORT AT I LA T D
BWEPLELAEDY VBT A YT LDORE:
BRI LAABRICL 5D ITEETH S, L.
BERMEZISALZY 7IVY 4 AESEATHE X
NTnsb,

3. LAMPENDIGH

ME. YA NVA, FERL KA LHREBEAORKR
HIIBHADBRA LN T B, HEREIRERE T,
WHHE., MAC® | M. paratuberculosis 2 ~DJ&
APb#HESN, GVERHEOY AT AL LD
Db hHo LAMPEIZ, Bl - R 2 A5
7o, RERLEECBAREEZHZLIVES
295 LHIREE D,

11
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K. SVLVEORBERT

SVWHETNKRD Y ) 2% 4 X13#33Mb T,
WH37RvRD44Mb & B L T/ L, Pefafk b
LEBOBRETFHFET AT . BREF LI,
Bie 2 HOo&ETOEERN L HEEOB WIERE
g% Fo0s, EEOBEER, RELLICLYERE
F L LTo#EE% ko -DNARTIOZ & TH b,
W, SWVWETNERD &/ L2, 16040 & EF
ELII6DBEETF DD B L Enizht. 20044E7H
WAV ¥Ea—¥ 70 s S5 a0EREIZE HI0ODEE
FL1TOBBEETFIFH 2B MS iz,

1. BUVH katG $B3,

EH 513 katGODNAEERG % 5 WEOBE
EZFELTHDTHRE LD , katGRIZFIZT T
LEEME, BEEILSSHTAEEFT, 4%

A furA - katG

1 211 421 e “1 :mnnnnxmxmnumwxaam&xnan

Frame 1 ,Tt LLIJLJU.[EM IIEJJT __JU]

— —_—

Frame 2 11T ML TN lﬂ'l"T"l“
%JU}JJ_Z_A"I'H LH ] 1 L Ll U L

Frame 3

B furA katG

1 286 571 856 3141 1426 1711 1996 2291 2546 ﬂl 3136 3421 3N

—terrve x ww.R. WV

EIRIRYR W, wmre

Frame 1 : :
RN IRE RN | AT N RS

Fame2 [T i m!‘u‘ Il 1 mmmé

. :.....JL... LS &

L.’L...x’

SRV w1

12 SVEEBEBEDKAGEREDF ~T > U~F 12y
PAVEINAS
50VHE (A) | BEZE (B) DkatGERFIZhFNIZD
WT. 3202 N 0BBR7L—LICE T34
ORL (V) QR () ORBE 714y
FEICE~TEEREINEF—-T L) —-F 2207
—L (BHEER) ERL7, BEETRIL -4
2,223 Bt DkatGRIEF. 7 L — 4 324531854
DUrABIZFDA -T2 U—F 4 LTI —LHFR
5hd (KIFEES) o —A. 5VWHEDkalG FEEIC I
furA. katGe HIIBWHRAMERTENIIEET S
HON, TASBEFIABETEIA T —F
LT L—-LRREShEW, AuvEHkatGEFINIC
3. ZL—L4L1. 2. 3ICZhFh27, 15, 248D
BIED R PEET 3,

12

S5—BLN—FF V¥ —¥HMEDEN,ZHOBE
YRy ERaI—-FLTBY, HBELR SHRERN
FEHOENV LV Y ARFO—D2EEZHRTY
%o DVWHDkatGEFIIHBHELEERMLEL, £
DEBRAHRF T 5 urAEFIO T RICHEEL.
FERERDOBEZFRELIZIZFR L TH HH, 5K
WA OFEIBIC100EENEEORKPZ RS

- Nbo ZOWFPBEEFTHLI L ZRTRA

DEFRIIZZDBEFIFICETD 7 L—LIZBnTH
LI FyPEHRONLETHE (HI2) o —
BRIZ, EYOAEFICEELRIETFEBICEENE
UTHEEDEEI R 5 &, ZOREIXBIKRESL
HI:DERIZERIN VY, AFICLETRZN
FIIIEARH & EDIEREPEE TS, LVLHOD
BEZEFIZZCDIDIEEDF vV AER%
Fob0»HE L, SVWHEOBETFHRENEI D
DTHLEICRVEB EEL TWw5b I & 2Rk
LTwb,

2. Z0MOBEEIET & GBEETETIDMEEE
HWHORFE TR I E UTEEEE ATH
HTONENEETHL ZEXDITFONILH, &
NHOWHEEBEZETFOROS 3T L CTERR
TRBZWEZEZLNS, BEREL OVWROEETF
oy bELET S L, EARPRBHCEDL L4
BRBIZOVTHVWETIZE L ODBERETIEE
THH, BEENSEICL ABERTFORY IS T
DROhTD | ThoDERE 2 HRENLER
FRIEEELMICR > TRV,
BT 4 Z%/hE8LLES E
THNML 720, BRER Ko 7-DNAFEBIZEE
EOLRETAHEANICH 5P, SVEEEATIE
30%i < DEBHAERIZFOEFI THD LT W
bo 77 MBBIZT & HEBNS FomEME
EWFBEBICBITAEETR. BAZTFEEZE]
R L7229 | ZOHTHLVWEIIEE ) DI EE

#®1 BERTFHOBEETH

E: ] BEFH BREFHY
Mycobacterium leprae 1604 1116
(LS
Rickettsia prowazekii 834 241
(REBFIRNTIFT)

Yersinia pestis 4061 160
(RRH)

Saccharomyces cerevisiae 6340 241
(HEFRE)
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