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Host Resistance and Immunity *

most pathogens (disease causing microbes)
— must overcome surface barriers and reach underlying
— overcome resistance by host

* nonspecific resistance
e specificimmune response
immune system
— composed of widely distributed cells, tissues, and organs
— recognizes foreign substances or microbes and neutralizes/destroys them
(discrimination between self and non-self/foregin)
immunity and immune response
— ability of host to resist a particular disease or infection
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Immunity

e nonspecific immunity
— aka. innate immunity and natural immunity
— acts as a first-line defense
— resistance to any microbe or foreign material
— thus, lacks specificity and memory

e specific immunity
— aka. acquired immunity, adaptive immunity
— resistance to a particular foreign agent
— thus, has specificity and memory

e the two types of responses usually work
together

Host Defenses

Innate and nonspecific Acquired and specific

oo

oYy

Cells, Physical  Chemical Cells, Memory Discrimination,
tissues barriers mediators  tissues self/nonself

Granulocytes Skin

Macrophages Mucous Lysozyme B cells
Dendritic and membranes Complement

NK cells

A

Defensins T cells

[ Opsonization ‘
Resident responders
Inflammation
Cell cooperation
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Immunity
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Immunity
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Antigens

namely, antibody generators

thus, invoke immune responses

— presence of antigen in body ultimately results in B cell activation
e antibodies bind to specific antigens, inactivating or eliminating them
e other immune cells also become activated
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WBC of Innate and Adaptive Immunity *

e white blood cells (WBCs) play a major role in the innate and specific
responses

 Hematopoesis (CH2HFMHL| 5> 28 H|E > =
development of white blood cells in bone marrow of mammals

— WABCs that mature prior to leaving bone marrow, e.g., macrophages (M®) and
dendritic cells (DCs), become part of innate immune system and will respond to
all antigens

— WABCs that are not fully functional after leaving bone marrow become part of the
adaptive immune response, e.g., B and T cells and could differentiate in
response to specific antigens
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Physical, Chemical, and Anatomical Barriers to Infection

Removal of particles Lysozyme in
including microorganisms tears and other
by rapid passage of secretions
air over cilia in dissolves cell
nasopharynx Mucus, cilia lining ~ Walls
trachea suspend

Skin is a physical and move

barrier, produces microorganisms

antimicrobial fatty out of the body

acids, and its Mucus and

normal flora
inhibit pathogen
colonization

phagocytes in
lungs prevent

Blood and colonization

lymph proteins
inhibit microbial
growth

Stomach acidity
(pH 2) inhibits
microbial growth
Rapid pH
change inhibits
microbial
growth

Normal flora
compete wih
pathogens

Normal flora
compete with
pathogens in
the gut

Flushing of urinary
tract prevents
colonization

\ Laboratory of Bioantibacterials

SOIHES Ol BICIX|A: 1k} WO{M (MBS0 ¢ College of Pharmacy, CHA University

ik
gl
=2
Hl
oot



7|3 = =5

M o)

- —

off 7 - S21H LA

51047 |

SO A A

HE 37 s

B
gt - g2 4
Ho| g HelS Y

os, &5 S0|4= HEIS, Tx| U A =2 =2l H 2

= 0| 2kl opxolnl =52

o|n} Al 84, SN|ME HE|E, /EZo 0| A S20f ofst
HH M

9 SN, 23154, F0|ME HEIS, B UZ0| UK 55

23 2ot J0ld= HEIS, 220 A S5

Che Ael Mizol| ZYst= YEMT S, i ChEiol XY
b=

3 I=XH 3 ), A0l ofet BiS, TR KHAHZ o] ofet HA

HHS, B3 CHAM|AE
| 47| 2Ol BiS, Eo| pH
TRk W HANA: 1Kt HojM (MHHA| HFo| T

g
#Zopiy - el

LHND - FAE WA

A E

SUHA
FESE ]
SYNAE BN
Mo|E7ll 2|
SRNHE

HIO[IA ZRIME AR
CHAME &g}
olE(E|E S|

Y\ Laboratory of Bioantibacterials
College of Pharmacy, CHA University




12

Physical/Mechanical Barriers

e along with host’s secretions (flushing)
these barriers are the first line of defense
against microbes

o effectiveness impacted by:

— direct factors

e nutrition, physiology, fever, age, and
genetics

— indirect factors

e personal hygiene, socioeconomic status, and
living conditions

Bojulg gl HANAL: 1%t ol

Sebaceous
glands (fatty
acids)

Tears
{lysozyme)

Mucus
Saliva
(lysozyma,
lactoferrin,
peroxidase)

Intact o
skin Y

Defecation
Urination
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SKin

strong mechanical barrier to microbial invasion
— keratin produced by keratinocytes in outer layer
inhospitable environment for microbes
— attached organisms removed by shedding of outer skin cells
— pH is slightly acidic
— high NaCl concentration
— subject to periodic drying
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Mucous Membranes

form protective covering that resists penetration and traps many microbes

are often bathed in antimicrobial secretions which contain a variety of
antimicrobial substances
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Antimicrobial Secretions

lysozyme
— hydrolyzes bond connecting sugars in peptidoglycan
lactoferrin
— secreted by activated macrophages and PMNs
— sequesters iron from plasma
lactoperoxidase
— produces superoxide radicals
NAG NAM
B(1—= 4) bond

CH,OH CH,OH

C G
0”1 070”7\
CH, . CH,

\
To cross bridge
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Respiratory System

turbulent air flow deposits microbes onto
mucosal surfaces
mucociliary blanket

— mucous secretions that traps microbes

— once trapped, microbes transported away from
the lungs (mucociliary escalator)

e can be expelled by coughing or sneezing
¢ salivation washes microbes to stomach

alveolar macrophages
— phagocytic cells in alveoli of lungs
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Gastrointestinal Tract

e stomach e intestines

gastric acid -

e intestines

pancreatic enzymes

bile -
intestinal enzymes
GALT (HHHIHA))
peristalsis

N HAH|A|: 1} Lojd

shedding of columnar epithelial
cells

secretory IgA
normal microbiota
Paneth cells

produce lysozyme
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Genitourinary Tract

e unfavorable environment
— low pH of urine and vagina
— vagina has lactobacilli
— urea and other toxic metabolic end products in urine
— hypertonic nature of kidney medulla

e flushing with urine and mucus

e distance barrier of male urethra
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The Eye

mucus secreting epithelial membrane
flushing action of tears
lysozyme, lactoferrin, and secretory IgA in tears
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Chemical Mediators

many already noted (e.g., gastric juices, lysozyme, urea)

a variety of defensive substances such as defensins and other polypeptides are
also found in blood, lymph, and other body fluids
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Antimicrobial Peptides *

cationic peptides
— highly conserved through evolution

— three classes whose biological activity is related to their ability to damage
bacterial plasma membranes

first class: linear, alpha-helical peptides that lack cysteine amino acid
residues

— e.g., cathelicidin, produced by a variety of cells
second class: defensins
— peptides that are open-ended, rich in arginine and cysteine, and disulfide linked
— found in neutrophils, intestinal Paneth cells and intestinal and respiratory
epithelial cells
third class: larger peptides that are enriched for specific amino acids and
exhibit regular structural repeats
— e.g., histatin, present in human saliva and has anti-fungal activity
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Bacteriocins

e peptides produced by normal microbiota

e J|ethal to related species

e produced by gram-positive and gram-negative cells
e e.g., colicins produced by E. coli

e e.g., lantibiotics produced by gram-positive bacteria
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Cells of the Immune System *

e each has specialized role in defending host

e |eukocytes
— aka. white blood cells (WBCs)
— involved in both specific and nonspecific immunity
— all arise from pluripotent stem cells

Table 33.4 Normal Adult Blood Count

Cell Type Cells/mm? Percent WBC

Red blood cells 5,000,000

Platelets 250,000

White blood cells 7,400 100
Neutrophils 4,320 60
Lymphocytes 2,160 30
Monocytes 430 6
Eosinophils 215 3
Basophils 70 1
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/— J Hematopoietic
3tam cell

{in bone marrow)

@

Lymphoid
- progenitor

R\

(NK) cells
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Red blood cells
Carry O, and CO,

HA: HY M=

Involved in blood clotting

and inflammation

Essential blood phagocytes;

active engulfers and killers

of bacteria
Function in inflammatory

Neutrophils
Basophils
events and allergies

Mast cells

Specialized tissue cells
similar to basophils that
trigger local inflammatory
reactions and are responsible
for many allergic symptoms

fungal infections, allergy,
and inflammatory reactions

Active in worm and

Eosinophils

\ Lympheoblasts
| [ White blood -:aﬁs uwkocy!ee)
| Pl L}
Granulocytes Agranulocytes
e & @ ®

Monocytes
Blood phagocytes that Prlmary cells involved in
rapidly leave the circulation; specific immune reactions

mature into macrophages  to foreign matter

and dendnbc cells
T cells
Perform a number of specific
cellular immune rasponses
such as assisting B cells and

killing foreign cells (cell-
madiatad immunity)

B cells

Differentiate into plasma cells
and form antibodies (humoral
immunity)

phagmy‘tas that
ingest and kill foreign cells;
strategic participants in
certain specific immuna
reactions

Dendritic cells

Relatives of macrophages that
reside throughout the tissues;
responsible for processing
foreign matter and presenting
it to lymphocytes
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reside throughout the tissues;
responsible for processing
foreign matter and presenting
it to lymphocytes
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Mast Cells %

bone marrow-derived cells
differentiate in blood and connective tissue

contain granules containing histamine and other pharmacologically active
chemicals

play important role in development of allergies (hypersensitivities)
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fS
Granulocytes

e Irregularly-shaped nuclei with two to five lobes

e cytoplasm has granules with reactive substances
— kill microbes, enhance inflammation

e three types: basophils, eosinophils, neutrophils (PMN)

v Basophils
e stain bluish-black with basic dyes
e nonphagocytic
e release vasoactive mediators
— e.g., histamine, prostaglandins, serotonin, and leukotrienes from granules
e play important role in development of allergies and hypersensitivities

v’ Eosinophils

e stain red with acidic dyes

e defend against protozoan and helminth parasites

e release cationic proteins and reactive oxygen metabolites
e may play a role in allergic reactions
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Granulocytes

v" Neutrophils (= polymorphonuclear leukocytes. PMN)

stain at neutral pH

the most common leukocytes in the blood (60%)

highly phagocytic

circulate in blood then migrate to sites of tissue damage

kill ingested microbes with lytic enzymes and reactive oxygen/nitrogen
species (ROS and RNS) contained in primary and secondary granules

» SHRIHEE|E/MHC class

23E| H2

LHEE 2| HE2| tiE

24 44F(ROS) EMEAZE(RNS)
-027, OH-, H,0,, ClO™ NO, NO,, ONOO™
0,
NADPH
phagosome
oxidase
-02' - 1 - NO
SOD
- H202 -
Cl — = ONOO =

Myeloperoxidase 4

HCIO NO,
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Monocytes and Macrophages

highly phagocytic cells
make up monocyte-macrophage system

Monocytes
are mononuclear phagocytic leukocytes
after circulating for ~8 hours, mature into macrophages

Macrophages (M) TN
larger than monocytes, reside in specific tissues ¥
highly phagocytic
have a variety of surface receptors including PRRs

— recognize pathogen associated molecular patterns (PAMPs)
named according to tissue in which they reside

do
Jp
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Dendritic Cells

heterogeneous group of cells with neuron-
like dendrites

— from lymphoid and myeloid lines
present in small numbers in blood, skin, and

mucous membranes of nose, lungs, and
intestines

— also express PRRs
— contact, phagocytose, and process antigens

— display foreign antigens on their surfaces
(antigen presentation)

S A HAMA: A M=
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Lymphocytes

major cells of the immune system

the second common leukocytes in the blood (30%)

include T, B, and NK (natural killer) cells

B and T cells differentiate in bone

marrow from stem cells

are only activated by binding of
specific antigen onto lymphocyte
surface receptors (BCR and TCR)
after activation, replication continues
as lymphocytes circulate and enter
lymphoid tissue

memory cells are activated
lymphocytes that do not immediately
replicate, but will do so later in host’s
life when antigen is again present
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v

v T cells (T lymphocytes) (HHE)

B and T Lymphocytes

B cells (B lymphocytes) ﬁiﬁ%
mature in bone marrow HERA o

. . / nEms
circulate in blood Q SAEIAZ]
e -

can settle in lymphoid organs

JIHE G, N = SR 243}
after maturation and activation are {ﬁpé G,
called plasma cells and produce y
antibodies O Q G, z}

AZEME G,

S A HAMA: A M=

mature in thymus
can remain in thymus, circulate in blood, or reside in lymphoid tissue

like B cells, require antigen binding to surface receptors for activation and
continuation of replication

activated T cells differentiate into helper T cells (Th) and cytotoxic lymphocytes (T or

CTLs)

secrete cytokines, chemicals that have effects on other cells, are produced and
secreted by activated T cells
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Natural Killer (NK) Cells *

e small population of large non-phagocytic granular lymphocytes
— important role in innate immunity

— kill malignant cells and cells infected with pathogens by releasing granzymes
(cytotoxic enzymes)

e two ways of recognizing target cells

— bind to antibodies which coat infected or malignant cells (antibody-dependent
cell-mediated cytotoxicity (ADCC)

— recognizes cells that have lost their class | major histocompatibility (MHC I)
molecule due to presence of virus or cancer
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Organs and Tissues of the Immune Systerﬁéa

e primary organs and tissues

— sites where lymphocytes mature and differentiate into antigen-sensitive mature
Band T cells

e secondary organs and tissues

— areas where lymphocytes may encounter and bind antigen

e followed by proliferation and differentiation into fully mature effector cells
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(a) Thymus (site of T-cell development)

(b) Bone marrow
(site of B cell development)

Tonsils

Thymus

Axillary lymph node

MALT (mucosal-associated
lymphoid tissue)

Breast, oral, respiratory,

gastrointestinal, and
genitourinary tract tissues

SALT (skin- ,. A Spleen

associated , C. .. : \ .
lymphoid - e € I MALT (Peyer's patches
tissue) il in small intestine)

Inguinal lymph node

Bone marrow

Afferent lymphatic vessels

Efferent lymph vessel

(¢) Lymph node
(important site of T- and B-cell
interaction with antigens and
cells that present antigens)
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Primary Lymphoid Organs and Tissues *

Thymus

precursor cells from bone marrow migrate here and proliferate
thymic deletion removes T cells that recognize self antigens
remaining cells become mature T cells

enter bloodstream and recognize nonself antigens

Bone marrow

site of B cell maturation in mammals
maturation involved removal of nonfunctioning and self-reactive cells

Bursa of Fabricius (LI B 2| A| A & =Hol L

site of B cell maturation in birds
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Secondary Lymphoid Organs and Tissues

v

Spleen JHagnial 7o
most highly organized lymphoid organ e
filters blood B
macrophages and dendritic cells trap microbes STz
and antigens U WA
present antigens to B and T cells e
most common way that lymphocytes become
activated to carry out their immune functions

SO’ ¥ i
Lymph nodes —- W
most highly organized lymphoid tissue =
filter lymph D i

microbes and antigens trapped and phagocytosed
by macrophages and dendritic cells

B cells differentiate into memory and plasma cells
within lymph nodes

T ME $FRIGMHE
S0y A =272l

B MZE 7
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Secondary Lymphoid Organs and Tissues

Lymphoid tissues

located throughout the body
serve as interface between innate and acquired host immunity

act as areas of antigen sampling and processing

some lymphoid cells are found closely associated with specific tissues such as skin-
associated lymphoid tissue (SALT. I| & H H7|) and mucous-associated lymphoid
tissue (MALT. =2 HAA))
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Skin-Associated Lymphoid Tissue (SALT

contains specialized cells

Langerhans cells
dendritic cells that can phagocytose antigens

differentiates into interdigitating DCs that present
Ag to and activates T cells

Intraepidermal lymphocytes
function as T cells

=
olo

sl
i
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+> Antigen
<f Langerhans
~ — Keratinocytes I Epidermis
Cytokines i /
.\ /
Inflammation \ \E
I-.“!J _ - Dermis
- Lymphocytes
Tissue | —— Lymph vessel
macrophage/
Lymphocytes /488
G
SN
Tt F Lymph
Antigen- 2 node
presenting cell % '-—-,\
containing =2y Helper T cell
antigen '
7 -
. " Cytokines released
I Antibody- from T-cell influence

4»  secreting cell B-cell development

P

=
!
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Mucosal-Associated Lymphoid Tissue (MALﬁ

specialized immune barrier LT

* bronchial-associated MALT (= BALT)
e gut-associated MALT (= GALT)
e urogenital system MALT

Antigen <>

&> & Mucous
membrane

/ |
@ Pocket

e
"~ Helper T cell
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The Complement System

e discovered by J. Bodet

e composed of >30 serum proteins
produced in liver

e augments (or “complements”) the
antibacterial activity of antibody
e three major activities:

— defending against bacterial/viral
infections

— bridging innate and adaptive
immunity
— disposing of wastes

HAHLE 3 HAX A 2A|-MHHA| Mo 24

COMPLEMENT ACTIVATION (initiation through

three unique pathways)

Alternative Pathway

Lectin Pathway

Classical Pathway

COMPLEMENT ACTION (common effector

P i@ e point for all
lectin, and classical activation pathways)

Protein

6]

Factor D

Factor B

C3bBb

Properidin

Mannose-binding protein (MBP)

MASP

Antibody (Ab) formed by adaptive

Table33.1 Key Complement Proteins and Their Functions

Function

C3is activated by repeating patterns within microbial
structures and then is spontaneously cleaved into C3a
and C3b; C3b binds to nearby membrane,

Factor D is activated by C3b to become an active enzyme,

which activates Factor B.

Factor B adsorbs to C3b, forming a C3 convertase
(protease).

C3bBb (the active C3 convertase) cleaves additional C3
into its a and b fragments; C3b binds to the nearby
membrane.

Properidin stabilizes the C3 convertase.

MBP binds to mannose on microorganisms, then recruits
and binds plasma esterase to become mannose-
associated serine protease (MASP),

MASF (the active C3 convertase) cleaves C3 into C3a and
C3b; C3b binds to the nearby membrane.

Ab binds to Ag on microorganism, causing three-
di | shift in Ab structure, which reveals cryptic

immune system upon sub it
exposure to antigen (Ag)

C1 (trimer of components g, r, and 5}

Ag-Ab-Clg.rs-(Ca*’) complex

C2a

Cab

Ag-Ab-C1-C2a-Cab

C3b-membrane complex (stabilized
C3b)

C5b

C5b-C6-C7-membrane complex

C5b-Co-C7-C8-C9 complex

amino acids near carboxy-terminus {Fc region); the newly
revealed amino acids attract plasma C1 protein,

C1q binds to Fc region of Ab-Ag complex; Clrs binds
plasma calcium.

Ag-Ab-C1-(Ca*") complex Is an activated enzyme (called
the C2/C4 esterase) that cleaves plasma C2 and C4 into
their a and b fragments, respectively.

C2a binds the Ag-Ab-C1-(Ca”*) complex.

Cab binds the Ag-Ab-C1-(Ca’ ' )-C2a complex, forming a
C3 convertase [protease),

Ag-Ab-C1-C2a-C4b (the active C3 convertase) cleaves
plasma C3 into its a and b fragments; C3b binds to the
nearby membrane,

C3b stabilized in a membrane becomes an active C5
convertase (protease), cleaving plasma C5 into its
respective a and b fragments,

C5b binds plasma €6 and C7, forming a new, membrane-
binding complex,

Membrane-bound C5b-C6-C7 recruits plasma CB and C9,
which insert into the membrane adjacent to C5b-C6-C7.

C5b-C6-C7-C8-C9 complex forms transmembrane pore
known as the membrane attack complex (MAC); MAC
formation leads to cell lysis.

Laboratory of Bioantibacterials
College of Pharmacy, CHA University
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Functions of Complement Proteins *

cytolysis: puncture cell lysis of invading bacteria via MAC
opsonization: opsonize the invading microbes in the circulating system
activation of inflammation: recruit phagocytes / regulate immune cells
immune clearance: remove Ag-Ab complexes to liver and spleen

8l
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L x
Opsonization

e process in which microbes are coated

. ; Degree of ;
by serum components (= opsonins such FAgoEpl et binding Opsont
as Ab, C3b, collectins, and
bacteriotropin etc) in preparation for . p—
recognition/ingestion by phagocytes

cf. opsonins synergistically bind to 4 omplemen

microbial cells, coating them for
phagocyte recognition

(b) : C3b receptor

; Antibody and
: etk complement
C3b

Y\ Laboratory of Bioantibacterials
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Complement Activation

. . . Classical pathway Alternative pathway
produced in inactive forms
activated following enzymatic A oreyes. ||l = S e b o | (W E=moosa siitecss
cleavage Y Y Y
. . Ciq, Cir, Cl1s MBL, MASP-1, MASP-2 Cc3
must be activated in cascade o4 cs Factor B
fashion l : ]
three pathways of activation &% converies
. |
— classical { Y
— alternative mmmenfi?’;”‘ézi',pmn.s
Sb
— lectin C3a, Csa c3b 1 G
Cc8
c9
Peptide mediators Binds to complement C5b6789 membrane
of inflarnmation, receptors on phagocytes _ attack complex,
phagocyte recruitment + lysis of G:r:t::eﬁ?thogens

Opsonization
of pathogens

Removal of
immune complexes
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Complement Activation

#7

IHAE
-S|
l g2as
C1qr,s, w—— G175,
(C1) l c2 JC2b
C4 Céb &z CdbZa C4bZa3b
YEAR _I Caa (C3 convertase) (C5 convertase)
MBL et ey SHASLE C1-FAL SEA|
' MASP 333
= 03 ey (C3h Co CEh wp =mp ==p = C5HETED (MAC)
4= \ C6 CT CB C9
""“E'ﬂ C13a Cha
C3a Ba
C3 'L'GSIJ C3bBb C3bBb3b
] ' (C3 convertase) (C5 convertase)
ojME 2 Factor D
HE2
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Complement Activation

Antigen
Antibody

| ._‘

.l ®ao C2a & C4b fragments

TClassical pathway ® (3 convertase

MBL MASP MBL-MASP l Alternative

D .
pathway C3 hydrolysis
0 \

e ° C3bandC3a fragments
Q

+ W =

Ficolin MASP Ficolin-MASP &> C3b cleaves C5
/\  into C5aand C5b
a
Cell | C5b, C6, C7, C8 and C9
swells . together form the
and - membrane attack
bursts -

... complex
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Classical Complement Pathway *

e usually dependent on antigen-antibody interactions
— this is part of acquired immunity and not as fast as other pathways

e produces cleavage products that participate in opsonization, chemotaxis,
and the membrane attack complex (MAC)

e can also be activated in response to some microbial products

H Laboratory of Bioantibacterials
§ College of Pharmacy, CHA University
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Alternative Complement Pathway *

e involved in nonspecific defenses against intravascular invasion by bacteria
and some fungi

e dependent on interaction of complement with repetitive structures on
pathogen surfaces

e begins with activation of C3
e results in formation of MAC
(membrane attack complex)

Laboratory of Bioantibacterials
§ College of Pharmacy, CHA University
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Lectin Complement Pathway *

e also called the mannan-binding lectin pathway
e begins with activation of C3 and lectin binding

e dependent on interaction of host mannose-binding protein (MBP) with
pathogen surfaces

e enhances phagocytosis

\ Laboratory of Bioantibacterials
%.-.# College of Pharmacy, CHA University
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Cytokines *

e soluble proteins or glycoproteins (~¥25 kDa) that are released by one cell
population that act as intercellular mediators or signaling molecules, whose
production is induced by nonspecific stimuli (infection), inflammation, T cell-
antigen interactions

e four families

chemokines, hematopoietins, interleukins, tumor necrosis factor (TNF) family

Family Examples Functions

Chemokines IL-8, RANTES®, MIP Cytokines that are chemotactic and chemokinetic for leukocytes. They
(macrophage inflammatory  stimulate cell migration and attract phagocytic cells and lymphocytes.
protein) Chemokines play a central role in the inflammatory response.

Hematopoietins Epo (erythropoietin), various Cytokines that stimulate and regulate the growth and differentiation
colony-stimulating factors processes involved in blood cell formation (hematopoiesis)

Interleukins IL-1to IL-18 Cytokines produced by lymphocytes and monocytes that regulate the growth

and differentiation of other cells, primarily lymphocytes and hematopoietic
stem cells. They often also have other biological effects.

Tumor necrosis factor TNF-q, TNE-B, Fas ligand Cytokines that are cytotoxic for tumor cells and have many other effects such
(TNF) family as promoting inflammation, fever, and shock; some can induce apoptosis.

“ RANTES: Regulated on activation, normal T expressed and secreted; also called CCL5; member of the IL-8 cytokine superfamily.

\ Laboratory of Bioantibacterials
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Interferons (IFNs)

e regulatory cytokines produced by some eukaryotic cells in response to viral

infection

— do not prevent virus entry into host cells, but defend against viruses by
preventing viral replication and assembly

e also help to regulate the immune response

HY 3o =F: Mo|EFIRl9| of

Degrades virus
nucleic acid

Blocks virus

Assembly replication

of viruses

Viral
nucleic acid

Virus
infection

Virus release

) —>a /]

Synthesis

Attachment of IFN
of IFN

to special receptor

IFN | X J
2 Jﬂd ) ” s 2 activation of genes
Q
b N o @ @ P 90 o #
2
LA T o
Q
Infected Nearby
cell cell

\ Laboratory of Bioantibacterials

;3

¥ College of Pharmacy, CHA University



Cytokines *

e monokines: released from mononuclear phagocytes

e |lymphokines: released from T lymphocytes

e interleukins: released from one leukocyte and act on another leukocyte

e colony stimulating factors (CSFs): stimulate growth and differentiation of
immature leukocytes in bone marrow

e tumor necrosis factors (TNFs), interferons (IFNs)

e chemokines (8~12 kDa): affects migration of immunce cells

v EgMO| EM: IAX MM &2, £ 2K 512 (pm), CHRA/E 2
e autocrine function: affect same cell responsible for their production

e paracrine function: affect nearby cells

e endocrine function: spread by circulatory system to distant target cells

e high affinity: 1~100 pM cf. 0.01~100 nM for Ag-Ab, 1 uM for MHC

e pleiotropy/redundancy = synergy/antagonism (IFN-y vs IL-10 on M)

, \ Laboratory of Bioantibacterials
%.= & College of Pharmacy, CHA University
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Biological Effects of Cytokines *

e must bind to specific receptors on

Cytokine
target cells e
— R (membrane receptor) / Chemotaxis
. Inhibition of
— JAK (Janus kinase) DrO"fefat'Oﬂ
— TYK (TY kinase) J \
— STAT (singal transducer and activiator —>J(
of transcription) =
Apoptc;sis
. . . . I
many activities S
— differentiation Differentiation ) o
— proliferation/anti-proliferation ; \)
— apoptosis (P ) (
- chemotaxis/chemokinesis Proliferation ;Ac?it\?aa?éf

— metabolic activation

 MHHAZEI|S, HSHYZ TS, ZUEHIIS
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Cytokine'

| Innate Resistance IL-1
IL-6

IL-23

IL-27
IFN-o

TNF-«

HY B3 =F: MO[ETFIY

#6

Cytokines

Source

Macrophages, endothelial and
epithelial cells

Macrophages, T cells, endothelial
cells, and adipocytes

Macrophages and dendritic cells

Macrophages and dendritic cells

All somatic cells, especially
macrophages

Monocytes/Macrophages

Role

Upregulates inflammatory response, including fever

Upregulates acute phase response, including fever; stimulates
neutrophil differentiation

Upregulates inflammatory response via IL-17 from T cells; stimulates
IL-1, IL-6, TNF, and chemokine production; enhances T-cell activation ,
and memory response

Enhances antigen recognition by T and B cells

Upregulates RNase activity to control viral infection and tumor
formation; upregulates inflammatory response, including antigen
presentation

Upregulates inflammatory response, including fever; stimulates
acute-phase protein synthesis; induces tumor regression; mediates septic
shock

Laboratory of Bioantibacterials
College of Pharmacy, CHA University




Cytokines In Innate Immunity *

e TNF-a (cachectin): antitumor cytokines (& =0 [f2f CIEA| AHE)
e IL-1

e |L-12: CTL, NK activation; ThO differentiation into Th1 cf. IL-4

e |L-27

e IFN-a, IFN-B: antiviral cytokines.

v Pro-inflammatory cytokines (mostly, type 1-Th1)

IL-1, IL-12 (APCs); TNF-a, IL-6 / IFN-y, TNF-B (Th1); IL-5 (Th2)
v Anti-inflammatory cytokines (type 11-Th2)

IL-10 / IL-4, IL-13

m‘“ N\ Laboratory of Bioantibacterials
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Cytokines *

Table 33.3 Examples of Cytokines Grouped by Function

Cytokine' Source Role
| Adaptive Immunity  1L-2 T cells (autocrine process) Stimulates growth and differentiation of T cells and NK cells; promotes
antibody secretion from B cells
IL-4 T-cell subset (and putatively Induces differentiation of a T-cell subset; stimulates production of
basophils) antibody, especially antibody associated with allergies; inhibits IL-12
production
IL-5 T-cell subset and mast cells Stimulates growth of B cells; enhances antibody secretion; activates
eosinophils
IL-12 Macrophages, dendritic cells, and Stimulates growth and function of T-cell subsets, stimulates killing
a T-cell subset functions of NK cells and cytotoxic lymphocytes
IL-17 T-cell subset Monocyte and neutrophil chemokine; induces pro-inflammatory
cytokines IL-6, TNF-q, IL-1, chemokines, and prostaglandins from
various cells
IFN-y T-cell subset and NK cells Enhances phagocytic functions of macrophages; upregulates cytolytic
function of NK cells; stimulates antiviral functions
TNF- Numerous somatic cells Upregulates T- and B-cell development; activates neutrophils; lyses
(lymphotoxin) tumor cells; upregulates CSF-2 and CSF-3

Laboratory of Bioantibacterials
College of Pharmacy, CHA University
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Cytokines in Adaptive Immunity *

E.l i1 ?. §I. SkA] gl. = Al

) © M

e |L-2 (TCGF): T cell mitogen, low stability in the blood
e |L-4 (BCGF): Th2 from ThO, inhibitor of TNF and IL-1
e TGF- B: inhibition of M activation

v AE5utE 29} (Pro-inflammatory cytokines)
e |FN-y

e |L-5

e TNF-B (= Lympotoxin alpha LTA)

v" Th1 cytokines (IL-2, IFN-y, TNF) vs. Th2 cytokines (IL-4,-5,-10,-13)

m‘“ N\ Laboratory of Bioantibacterials
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THZ2| Esl/SAl/

x
Virus Ag

Bacterium
Fungus

l
Protozoon

Allergen

Parasite/f

IL-2 ' ?
/

IL-4 .
|' / Type 2 '|
y (pro-inflammatory) \\ (anti-inflammatory) ¥

cytokines cytokines

1L-12 IL-10

TNF-u /_\ |
Th1 response @ '@ Th2 response
- . T -
IFN-y L s _ IL-4
2 ———" T=—-IL-10
TNF-B IL-13

\Macmp hage

Cellular immunity Humoral immunity
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Cytokines

Table 33.3 Examples of Cytokines Grouped by Function

Cytokine' Source
Hematopoiesis IL-3 Basophils and activated T cells

: IL-7 Bone marrow and thymic stromal

: cells, dendritic and epithelial

| cells, and hepatocytes
CSF-1 Osteoblasts
CSF-2 Macrophages, T cells, endothelial

: and mast cells, and fibroblasts
CSF-3 Numerous cells and tissues

| - - - - - — - —

1 Cytokine: IL, interleukin; IFN, interferon; TNF, tumor necrosis factor; CSF, colony-stimulating factor

HY B3 =F: MO[ETFIY

Role

Stimulates pluripotent hematopoietic stem cells to become myeloid
progenitor cells; stimulates myeloid cell proliferation

Stimulates pluripotent hematopoietic stem cells to become lymphoid
progenitor cells; stimulates lymphoid cell proliferation

Induces hematopoietic stem cells to proliferate and differentiate into
monocytes/macrophages; promotes monocyte survival

Induces hematopoietic stem cells to proliferate and differentiate into
granulocytes and monocytes

Induces hematopoietic stem cells to proliferate and differentiate into
neutrophils; stimulates neutrophil function and survival

Laboratory of Bioantibacterials
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e

Cytokines in Hematopoiesis

e IL-3 (multi-CSF)
o IL-7

e M-CSF (CSF-1)
e GM-CSF (CSF-2)
e G-CSF (CSF-3)
e EPO

HY B3 =F: MO[ETFIY
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(erythropoietin)
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Cytokine Signaling

e cytokine receptors and signal transducers

IL-1 IL-1R  MyD88/IRAK TRAF6

IL-2 IL-2R  JAK1/JAK3

IL-6 IL-6R  JAK1

TNF-a TNFR  TRADD TRAF2/FADD
IFN-o/-3 IFNAR  JAK1/TYK2

IFN-y IFNGR  JAK1/JAK2

IFN-y OprF ?7?
Pseudomonas aeruginosa

64

NF-kB/AP-1
STATS

STAT3
NF-kB/AP-1/7??
STAT2

STAT1

Quorum sensing
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Cytokine Signaling: IL-1 and others

cytokine

MAF KK
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>
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Cytokine Signaling: TNF

-

procaspase 8
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TNF and TLR Signaling

W@ TNFR-1 LPS
TNF TLR4 &
h MD2

¢
DD ppDD MAL TRAM
E_,"
CEHAF; E MyD8s | -%vmr
YT IRAKs
‘ \ a® RIP1
K63
B ‘TRAFs
RIP1 TAK1 TAKA1 j ‘
) E"’Em TMTE - \
G‘Kai‘a ,w JJ, TRAF6 TRAFB
¢%e IKK
) #
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NF-kB

|-

Inflammatory cytokines
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INFy-OprF Interaction

Recognition of Host
Immune Activation by
Pseudomonas aeruginosa

Licheng Wu," Oscar Estrada,’ Olga Zaborina,' Manjeet Bains,*
Le Shen,? Jonathan E. Kohler,” Nachiket Patel,” Mark W. Musch,?
Eugene B. Chang,? Yang-Xin Fu,” Michael A. Jacobs,®
Michael I. Nishimura,’ Robert E. W. Hancock,*

Jerrold R. Turner,® John C. Alverdy”

It is generally reasoned that lethal infections caused by opportunistic path-
ogens develop permissively by invading a host that is both physiologically
stressed and immunologically compromised. However, an alternative hypoth-
esis might be that opportunistic pathogens actively sense alterations in host
immune function and respand by enhancing their virulence phenotype. We
demonstrate that interferon-y binds to an outer membrane protein in Pseu-
domonas aeruginosa, OpiF, resulting in the expression of a quorum-sensing de-
pendent virulence determinant, the PA-| lectin. These observations provide
details of the mechanisms by which prokaryotic organisms are directly signaled
by immune activation in their eukaryotic host.

Science 2005
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cytotoxic to epithelial cells (4). Fnally, the
expression of PA-I (lecAd) 1s dependent on the
quonmi-sensing (QS) signaling system (5), a core
system of virulence gene regulation that controls
multiple virulence genes in P. aeruginosa.

We considered that immumne elements might
directly activate the virulence of P. aeruginosa.
As a physiologically relevant in vitro sowrce of
such immune factors, supematants from antigen-
stimulated T cells, which express an amay of
cytokines (6), were evaluated for their ability to
mmcrease PA-1 expression in P. aeruginosa strain
PLL-EGFP/27853, a PA-I-GFP reporter (7) that
was readily available and verified in a previous
report by our laboratory (8). PA-I expression
was increased by supernatant from activated
T cell cultures, as assessed by enhancement of
fluorescence in the PA-I-GFP fusion reporter
strain (Fig. 1A), but not in controls. To determine
whether this effect was due to specific eytokines,
the reporter strain was individually exposed to
human IL-2, IL-4, IL-6, IL-8, IL-10, IL-12,
mterferon gamma (IFN-y), and tumor necrosis
factor alpha (TNF-ag). Of these, only IFN-y
mduced a signmificant increase in PA-I expression

Laboratory of Bioantibacterials
College of Pharmacy, CHA University
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Endogenous Pyrogens

cytokines that elicit fever in the host

fever

— in adults
e oral temperature >98.6°F (37°C)
e rectal temperature >99.5°F (37.5°C)

— most common cause of fever is microbial infection or bacterial toxins
in most cases, directly triggers fever production
— e.g.IL-1, IL-6, TNF-a produced by Mes in response to microbes

after release, pyrogens = hypothalamus and induce production of
prostaglandins which reset hypothalamus to a higher temperature

\ Laboratory of Bioantibacterials
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How Fever Augments Host’s Defenses

stimulation of leukocytes so that they can destroy pathogens
enhances immune system activity

enhances microbiostasis by decreasing available iron to microbes
— hypoferremia — decreased iron availability
— hyperferremia — increased iron availability (enhances virulence)

\ Laboratory of Bioantibacterials
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Liver Response: Acute Phase Proteins X

) . . [ Collectin
e macrophage activation by bacteria Aot cl ,’
(N %

— cytokine release Cell debris
{ % Calreticulin
- acute phase protein production ey C% \)\jf
{:: i S 5C

- liver stimulation

includes C-reactive protein (CRP), mannose-
binding lectin (MBL), surfactant proteins A

a-Chain

and B (SP-A and SP-D) \(’\, g
. . %\ 7 CcDo1
e bind bacterial surfaces and act as =) e
Classical pathway activator: CRP+Clq ( —_—

Lectin pathway activator: MBL
Collectins: SP-A, SP-D, Clqg

Phagocyte

Collectins (= Molecular scavengers with collagen-like motif)

m‘“ N\ Laboratory of Bioantibacterials
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Positive Acute Phase Proteins

Protein

Immune system function

C-reactive protein

Opsonin on microbes

Serum amyloid P component

Opsonin

Serum amyloid A

Recruitment of immune cells to inflammatory sites
Induction of enzymes that degrade extracellular matrix

Complement factors

Opsonization, lysis and clumping of target cells. Chemotaxis

Mannan-binding lectin (MBL)

Mannan-binding lectin pathway of complement activation

Fibrinogen, prothrombin, factor VIlI,
von Willebrand factor

Coagulation factors, trapping invading microbes in blood clots.
Some cause chemotaxis

Plasminogen

Degradation of blood clots

Alpha 2-macroglobulin

Inhibitor of coagulation by inhibiting thrombin.
Inhibitor of fibrinolysis by inhibiting plasmin

Ferritin Binding iron, inhibiting microbe iron uptake
Heocidin Stimulates the internalization of ferroportin, preventing release of iron bound b

y ferritin within intestinal enterocytes and macrophages

Ceruloplasmin

Oxidizes iron, facilitating for ferritin, inhibiting microbe iron uptake

Haptoglobin

Binds hemoglobin, inhibiting microbe iron uptake

Orosomucoid

Steroid carrier (= Alpha-1-acid glycoprotein, AGP)

Alpha 1-antitrypsin

Serpin, downregulates inflammation

Alpha 1-antichymotrypsin

Serpin, downregulates inflammation

‘4 )\ Laboratory of Bioantibacterials
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Phagocytosis

process by which phagocytic cells (monocytes, Mgs, DCs, and PMNs)
recognize, ingest, and eventually kill extracellular microbes

two mechanisms for recognition of microbe by phagocyte
— opsonin-independent (non-opsonic) recognition
— opsonin-dependent (opsonic) recognition

phagocytic efficiency can be greatly increased by opsonization

1 ) Laboratory of Bioantibacterials
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Phagocytosis

Antimicrobial chemicals

Secondary granule
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e opsonin-independent mechanism
[ J
signaling mechanism involved afterwards
e four major types
- hydrophobic interactions
- lectin-carbohydrate interactions
- protein-protein interactions (RGD motif)
- PAMP-PRR interactions
PR by M¢

Pathogen Recognition (PR)

involves nonspecific and specific receptors on phagocytic cells

common pathogen components are nonspecifically recognized to activate phagocytes

RGD receptor
binding RGD
of bacterial

PAMP
binding
by PRR

Flagellar lectin
bound to
carbohydrate
receptor

Hydrophobic
interactions
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Pathogen-Associated Molecular Patterns (PAM P§S

e conserved microbial molecular structures that occur in patterns
e PAMPs are unique to microbes, not present in host

lipopolysaccharide (LPS) of gram-negative bacteria
peptidoglycan of gram-positive bacteria
glucan of fungi

e PAMPs recognized by PRRs on phagocytes such as collectins and TLRs (Toll-
like receptors)

v" TLRs
e aclass of PRRs that function exclusively as signaling receptors
e recognize and bind uniqgue PAMPs of viruses, bacteria, or fungi

the binding triggers an evolutionarily ancient signal and is communicated to the host
cell nucleus which initiates the host response

e TLRs are highly conserved in metazoans

, \ Laboratory of Bioantibacterials
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TLR4 Is the MMTV Receptor?!

Successful Transmission of a Retrovirus
Depends on the Commensal Microbiota

Melissa Kane, Laure K. Cas
Alexander V. Chervonsky,*t

To establish chronic infections,
Many retroviruses, including m
through mucosal surfaces rich |
stimulates a state of unrespons
microbiota, as antibiotic-treate
offspring. MMTV-bound bacteri
interleukin-é (IL-6)—dependent
on the interaction with the mic
reveal the fundamental import;

uceessful pathogens hav
to counteract the immi

to use established immu

tection 18 dependent on the adaptor molecule that
signals downstream of most TLRs, expressed by
myeloid differentiation primary response gene
88 (MyD88) ({-3). Reroviruses employ various
mechanisms of immune evasion (4, 5), however,

Intestinal Microbiota Promote
Enteric Virus Replication and
Systemic Pathogenesis

Sharon K. Kuss,* Gavin T. Best,® Chris A. Etheredge,™ Andrea ]. Pruijssers,®*
Johnna M. Frierson,®* Lora V. Hooper,»*® Terence S. Dermody,®** Julie K. Pfeiffer*t

Intestinal bacteria aid host health and limit bacterial pathogen colonization. However, the influence

of bacteria on enteric viruses is largely unknown. We depleted the intestinal microbiota of mice with
antibiotics before inoculation with poliovirus, an enteric virus. Antibiotic-treated mice were less
susceptible to poliovirus disease and supported minimal viral replication in the intestine. Exposure to
bacteria or their N-acetylglucosamine—containing surface polysaccharides, including lipopolysaccharide
and peptidoglycan, enhanced poliovirus infectivity. We found that poliovirus binds lipopolysaccharide,
and exposure of poliovirus to bacteria enhanced host cell association and infection. The pathogenesis
of reovirus, an unrelated enteric virus, also was more severe in the presence of intestinal microbes.
These results suggest that antibiotic-mediated microbiota depletion diminishes enteric virus infection
and that enteric viruses exploit intestinal microbes for replication and transmission.

nteric viruses encounter up to 10" bacteria
in the mammalian intesting ({). It is un-

clear whether commensal microorzanisms

affect enteric viruses. Poliovins is an enteric hu-
man pathogen transmitted by the fecal-oral routs
and serves as a model for enteric virus infec-

tions (2). Omlly acquired poliovims undergoes a
primary replication cycle in the gastrointestinal
tract before dissemination. Poliovirus occasion-
ally disseminates from the intestine to the central
nervous system, which results in paralytic polio-
myelits days to weeks after initial infection i the
gastrointestinal tract A key question is whether
microbiota influence viral replication in the gastro-
intestinal wact © augment systemic dissemination.

To investigate the effect of intestinal micro-
biota on poliovirus infection, mice susceptible to

'Departrment of Microbiology, University of Texas Southwestem
Medical Center, Dallas, TX 75390, USA. “Department of Pe-
diatrics, Vanderbilt University School of Medicine, Nashville,
TN 37240, USA. “Elizsbeth B. lamb Center for Pediatric
Research, Vanderbilt Universty School of Medidne, Nash-
wville, TH 37240, USA. “Department of Pathology, Micro-
biology, and Immunalogy, Yanderbilt University School of
Medicine, Nashville, TN 37240, USA. “Department of Im-
munology, University of Texas Southwestem Medical Center,
Dallas, T 75390, USA, *Howard Hughes Medical Institute.

*Present address: Neurosciences Department, Medical Univer-
sity of South Caroling, Chareston, SC 29425, USA.

1To whom comespondence should be addressed. E-mail:
julie.pteitter@utsouthwestern.edu
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Terminoclogy

TLR: Toll-like receptor L0 LPS-binding protein
7 Bacterial lipoprotein  LTA: Lipoteichoic acid
LAM: Lipoarabinomannan PEN: Peptidoglycan
LPS: Lipopolysaccharide

Note: TREM-1 and the mannose receptor are

not considerad to be members of the

toll-like receptor family, but they do

share homology in function with the toll-like receptors.

.......

.....

Chemokines and cytokines secreted



TLR Recognizes Structurally Conserved
Pathogen-Associated Molecular Pattern (PAMP)

T (+) Ml
Tl JEH(-) Mz
Gram(+) bacter -pG
Lipoteichoic ac Jacterial DNA
Peptidoglycan /iral DNA

Lipoproteins

Lipoarabinoma
LPS (Leptospira
LPS (P. gingival
Zymosan (yeas

X000

9

Drosophila (9 Tolls), Human (10 TLRs), Murine (11 TLRs), and Nematodes (1 Tol)
Arabidopsis (85 TIR-NB-LRR resistance genes)
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Toll-like Receptors (TLRs)

m Toll-fPAl +2H Foll B% WR(RR)
EF ERI= O oj4E
TLR1 Triacyl lipopeptide Mi?
TLR2 Peptid?:};ﬂb_an JEeEME
GPI-linked protein Ez|uti-4o0}
Lipoprotein ojo|3LtEE (o}
Zymosan 59, A
TLR3 dsRNA o[~
TLR4 LPS JEE UM
F-protein RSV
TLRS Flagellin Mz
TLR6 Diacy! lipopeptide oo | et [0}
Zymosan 82, f
TLRT ssRNA BloA
TLR8 ssRNA Hjol2{A
TLR9 CpG unmethylated dinucleotide Mzt DNA
Dinuclectide
Herpes virus Herpes virus (TIR Soflel)
TLR10,12, 13 0|4 D¢
TLR 11 Profilin Mz P ]
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Cori Bargmann
(Rockefeller University)

Article

Nature 438, 179-184 (10 Movember 2003) | doi:10.1028/nature04216

Pathogenic bacteria induce aversive olfactory learning
in Caenorhabditis elegans

Yun Zhang®, Hang Lu* and Cornelia I. Bargmann®

Food can be hazardous, either through toxicity or through bacterial
infections that follow the ingestion of a tainted food source. Because
learning about food quality enhances survival, one of the most robust
forms of olfactory learning is conditioned avoidance of tastes associated
with visceral malaise. The nematode Caenorhabditis elegans feeds on
bacteria but is susceptible to infection by pathogenic bacteria in its
natural environment. Here we show that C. elegans modifies its
olfactory preferences after exposure to pathogenic bacteria, avoiding
odours from the pathogen and increasing its attraction to odours from
familiar nonpathogenic bacteria. Particular bacteria elicit specific
changes in olfactory preferences that are suggestive of associative
learning. Exposure to pathogenic bacteria increases serotonin in ADF
chemosensory neurons by transcriptional and post-transcriptional
mechanisms. Serotonin functions through MOD-1, a serotonin-gated
chloride channel expressed in sensory interneurons, to promote
aversive learning. An increase in serotonin may represent the negative

reinforcing stimulus in pathogenic infection. -
- Top

1. Howard Hughes Medical Institute, Laboratory of Neural Circuits and Behavior, The
Rockefeller University, New York, New York 10021, USA

Correspondence to: Cornelia 1. Bargmannt Correspondence and requests for materials should
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Bacterial elicitors

PAMP
secreted factors?

Toll/TLR

neural immune
network network

aversive systemic
C. elegans Drosophila
mammals

cf. C. elegans has
PCD/killing system for defense.

Drosophila and mammals have
local/epithelial immunity as well.




Toll and TLR signaling pathway *

e Ligand processing machinery: PAMP generation
involving multiple proteases and protease inhibitors (called serpins)

e PRRs: PAMP recognition
& indirectly by Toll (e.g. via PGRPs) or directly by TLRs

e Receptor adaptor complex : signal transduction to MAPK and/or I-kB
(MyD88, IRAK/Pelle (kinase), TRAF2/6 etc.)
I-kB degradation by I-kB phosphorylation and ubiquitination

e NF-kB trasncription factor: directing transcription of immunity factors such as
cytokines, AMPs, and antibodies etc.

cf. sometimes, apoptosis.
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Lemaitre and Hoffman. 2007. Annu. Rev. Immunol. 25: 697-743
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Evolution of Immunity *
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Intracellular Digestion

e after binding, microbes or components in the phagosome can be
internalized and fused with a lysosome to become a phagolysosome

— respiratory burst

— an arsenal of toxic materials such as

hydrolases (lysozyme, phospholipase A,, RNase, DNase, protease)

ROI (reactive oxygen intermediates. ROS)

RNI (reactive nitrogen oxides intermediates. RNS)

Table 33.5 Intermediates

Oxygen
Intermediate Reaction

Superoxide

o NADPH
2 oxidase ;
NADPH+2024)202.'+H‘- + NADP™
Hydro_gen Superoxide
peroxide (H,0,) dismutase
20,++ 2H" H0; + O,
Hypochlorous |
! Myeloperoxidase
acid (HOCI) H,0, + €I ———PlOXT3% » Ol + OH
%inglet oxygen Peroxidase
('0,) O™ + H,0, '0, +CI” + H,0
H)“!"O"Yl ) Peroxidase
radical *OH)  0,:+ H,0, 20H™ +0,

I ——
HAS U HYHA: W™ HH2f a8

Formation of Reactive Oxygen

Oxidative stress responses %

+ oxygen easily reduced to toxic
reactive oxygen species (ROS)

— superoxide radical
- hydrogen peroxide
- hydroxyl radical

« aerobes produce protective

enzymes

- superoxide dismutase (SOD)
- catalase

— peroxidase

———————————
HEO TUE NTE YR B FEss 9

e Antimicrobizl Agents and Phage Therapy
—# Collzge of Pharmacy, CHA University
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Exocytosis and Antigen Presentation

e process to expel microbial fragments after they have been digested

phagolysosome unites with cell membrane
results in extracellular release of microbial fragments

e process to present microbial fragments on the APC surface

pass fragments from phagolysosome to endoplasmic reticulum

peptide components of fragments combine with glycoproteins which ultimately
become part of cell membrane (outward)

important process since it allows wandering lymphocytes to be activated
links nonspecific and specific immune responses

, \ Laboratory of Bioantibacterials
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Antigen Presentation
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Antigen Presentation? *
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Inflammation

nonspecific response to tissue injury

can be caused by pathogen as well as physical trauma
inflammation is the response of body to injury or cell death
acute inflammation vs chronic inflammation (depending on time span)

four cardinal signs of inflammation

redness (rubor)

warmth (calor)

pain (dolor)

swelling (tumor)

resulting in functional loss or failure (functio laesa)

‘ \ Laboratory of Bioantibacterials
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Acute Inflammatory Response

e the release of inflammatory mediators from
injured/infected tissue cells initiates a
cascade of events which result in the signs of
inflammation

e chemical mediators produced
selectins cell adhesion molecules on activated
capillary endothelial cells
Integrins adhesion receptors on neutrophils
chemotaxins chemotactic factors released by
injured cells

e events initiated
extravasion (s = )/diapedesis (&)
margination (H &)

Blood capillary

Splinter

Y\ Laboratory of Bioantibacterials
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Acute Inflammatory Response

Chemokine

Chemokine
receptor
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Acute Inflammatory Response
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Acute Inflammatory Response

e tissue injury causes release of kalikrein and swelling
various other mediators that increase
capillary dilation and increased blood flow
bring more antimicrobial factors and
leukocytes that kill pathogens

e fibrin clot may restrict pathogen
movement

e phagocytes accumulate in inflamed area
and destroy pathogens

e bone marrow is stimulated by numerous
released chemicals to release neutrophils
and increase rate of granulocyte
production

Y\ Laboratory of Bioantibacterials
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Chronic Inflammation

slow process
involves formation of new connective tissue
usually causes permanent tissue damage

dense infiltration of lymphocytes and macrophages at site of inflammation
(resulting in granuloma)

— walled off area

— formed when phagocytic cells can’t destroy pathogen

m_' \ Laboratory of Bioantibacterials
§ College of Pharmacy, CHA University




Overview of Specific (Adaptive) Immunityﬁ

e three major characteristics
— discrimination between self and non-self
— specific and diversified response to each of a trillion of non-selves
— memory of non-self as well as self

e three major functions
— recognize non-self

— respond to non-self
o effector response
— eliminates or renders foreign material harmless

® anamnestic response

— upon second encounter with same pathogen immune system mounts a faster and more
intense response

— remember non-self

{72\ Laboratory of Bioantibacterials
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Types of Specific Immunity

humoral immunity
— also called antibody-mediated immunity

— based on antibody activity

cellular immunity
— also called cell-mediated immunity
— based on action of specific kinds of T lymphocytes

B-Cell Line

Special bone
marrow sites

Location of
. B cells
o L.o/ 7 -
\'Glsn
Lymph node Spleen

Lymphocyte stem
cell maturation

Migration to and
establishmentof Band T
cells in lymphoid organs
and tissues

T-Cell Line

B 7

1
)!‘,j Thymus

, T cells
-

Lymph node

Location of \

=

Spleen
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Antigen is processed by a phagocytic cell
(in this case, a dendritic cell).

Antigen
presentation
to naive
Most B cells T cell
require stimulation

Naive T cell

from T cells.

U HAHA: MG HAo| B

1O -

&8



Antigens and Epitopes *

self and non-self substances that elicit an immune response and react with
products of that response

most are large, complex molecules

antigenic determinant sites (epitopes)
— site on antigen that reacts with specific antibody or T cell receptor

— valence is number of epitopes and determines number of antibodies that can
combine with antigen at one time

antibody affinity
strength with which antibody binds to its antigen at a given Ag-binding site

avidity of antibody
overall antigen-binding at all antigen binding sites

, \ Laboratory of Bioantibacterials
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small organic molecules

Haptens

%0

not antigenic but may become antigenic when bound to larger carrier
molecule

— e.g. penicillin, common agents (fluoroscein, biotin, digoxygenin, DNP etc)

— may elicit hapten-specific and carrier-specific responses

olo

Carrier

Hapten-carrier

Hapten

conhjugate

rabbit

/ Immunize

_ o

Z
—
/ v

Antibodies to hapten

-

‘.:’""\-\-\.
%ﬁ ‘QQ
Antibodies to carrier

L

= s
o~
\3@
Antibodies to conjugate
of hapten and cartier

Injection with:

Antibodies formed:

Hapten (DNP)
Protein carrier (BSA)

Hapten-carrier
conjugate (DNP-BSA)

Nonhe

Anti-BSA

Anti-DNP (major)
Anti-BSA (minor)
Anti-DNP/BSA (minor)
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Types of Specific Immunity

Acquired Immunity

Natural immunity Artificial immunity
is acquired through the normal life experiences of is that produced purposefully through
a human and is not induced through medical means. medical procedures (also called immunization).
| |
I | [ |
Active immunity Passive immunity Active immunity Passive immunity

is the consequence of is the consequence of is the consequence of a is the consequence
a person developing his or one person receiving person developing his or of one person receiving
her own immune response preformed immunity her own immune response preformed immunity
to a microbe. made by another person. to a microbe. made by another person.

Maternal antibody Vaccination Immune globulin therapy

\ Laboratory of Bioantibacterials
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Types of Specific Immunity *

e naturally acquired active immunity

— type of specific (adaptive) immunity a host develops after exposure to foreign
substance or after transfer of antibodies or lymphocytes from an immune donor

e naturally acquired passive immunity

— transfer of antibodies, e.g., mother to fetus across placenta, mother to infant in
breast milk

e artificially acquired active immunity
— results from vaccination — intentional exposure to a foreign material
e artificially acquired passive immunity

— preformed antibodies or lymphocytes produced by one host are introduced into
another host

— e.g., gamma globulin, bone marrow transplant

, \ Laboratory of Bioantibacterials
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Recognition of Foreignness

distinguishing between self and non-self is essential for the proper

functioning of the immune system

— this allows for selective destruction of invading pathogens without destruction

of host tissues

— involves major histocompatibility complex (MHC)

Antigen-
binding site
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Major Histocompatibility Complex (MHC) *

e collection of genes that code for self/non-self recognition potential of a
vertebrate
e in humans, called human leukocyte antigen (HLA) complex
— on chromosome 6
— three classes of MHC molecules
— one paternal allele and one maternal allele
cf. in mice, called histocompatibility-2 (H-2) complex encoded on chr.17

e class | molecules (MHC I) found on almost all types of cells
— important for organ transplantation and viral infection
e class Il molecules (MHC Il) found only on professional APCs
— required for T cell communication to Mes, DCs, B cells, (Basophiles)

e class lll molecules (MHC Ill) include secreted proteins not required for
self/non-self recognition

\ Laboratory of Bioantibacterials
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Major Histocompatibility Complex (MHC) *

e Co-dominance phenotype in MHC complex

— Rejection of heterozygotic graft by homozygotic parents
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Major Histocompatibility Complex (MHC
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MHC and Antigen Processing *

e endogenous/cytoplasmic antigen processing

MHC | binds to antigen peptides that originate in the cytoplasm and present antigen
to CD8* T cells

e exogenous/vesicular antigen processing

MHC Il binds to antigen fragments that come from outside the cell and present to
CD4* T helper (ThO) cells

-~ Foreign

WW{.‘,--_ J microbes -
MHC | — @ o) - /Processed
) antigen
% P ® -
~ A 8 Q : -' _MHC I
I‘ \ , o Q
\ E E
J]

receptor
Dendrmc ﬁ O%

cell

MHC-1/CD8 vs MHC-II/CD4
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MHC and Antigen Processing *

X

ol g3

TrH|HEI0|
Sl Elur 295 Qi o=
! = 2601 HIZLH o[g) gfﬁw H
e —l
x—0 & &
L]
‘j &2 A e ~ CLIP
rzatlf L e | ro— — c— ® %o;g@v
ﬁ $d('J O\ — e} v
Hlo[2iA Chaial Lals — ﬁ? ﬁ F
(cH &) TR
/f 999 29 HE|C
ﬁ? i ﬁ? MHC 1<l MHC II-CLIP
f MHC | MHC | - HE|= e
AT
G

e STTICIES

2toF endosome LH2| E& 0| cytosol 2 WX LI = HALE=?

Y\ Laboratory of Bioantibacterials
# College of Pharmacy, CHA University

S U HANA: MHC



Cluster of Differentiation Molecules (CDS)*Q

e membrane proteins on lymphocytes and other cells
— indicates cellular differentiation status
— have specific roles in intercellular communication
— used to identify and differentiate between leukocyte subpopulations

e (CD3,CD4,CD8, CD14, CD19/CD22,CD28, CD34, CD40, CD40L

Table 34.1 Functions of Some Cluster of Differentiation (CD) Molecules

Molecule Function

CD1a,b,c MHC class I-like receptor used for lipid antigen presentation

CD33, ¢, v T-cell antigen receptor

CD4 MHC class Il coreceptor on T cells, monocytes, and macrophages; HIV-1 and HIV-2 (gp120) receptor

CD8 MHC class | coreceptor on cytotoxic T cells

CD114a,b, ¢, d a-subunits of integrin found on various myeloid and lymphoid cells; used for binding to cell adhesion molecules
CD19 B-cell antigen coreceptor

CD34 Stem cell protein that binds to sialic acid residues

CD45 Tyrosine phosphatase common to all hematopoietic cells

CD56 NK cell and neural cell adhesion molecule

‘4 )\ Laboratory of Bioantibacterials
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T-Cell Biology

originate from CD34* stem cells in the
BM but mature in thymus

have major role in B cell activation (i.e.

humoral immunity) (Th2)
major players in cell-mediated
immune response (CMI) (CTL and Th1)

T cell receptors (TCRs)

reside in the plasma membrane surface
recognize and bind antigen

antigen must be presented by
antigen-presenting cells (APCs)
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T Cell Differentiation

HSC: CD34* stem cell (BM)
Lymphoid progenitor

DP (double-positive)

cf. B cell differentiation
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Types of T Cells *

e mature T cells are naive until they are activated by Ag presentation

e once activated they proliferate into effector and memory cells
— effector cells carry out specific functions to protect host
— three types: T helper cells (Th), cytotoxic T cells (Tc), and regulatory T cells (Treg)

Memory T cell

T
/ Granzymes
Actlvated B cell H e Infected host
p To s g =
' 1 ° o /48 N - “a
s g
Y 3
| B 'a )

! Destroyed °,
" hostcell ¢
v ‘
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Types of T Cells

e mature T cells are naive until
they are activated by Ag
presentation

e once activated they proliferate
into effector cells and memory
cells

— effector cells carry out specific
functions to protect host

— Four types

Helper T cells (Th)
Regulatory T cells (Treg)
Cytotoxic T cells (CTL or Tc)
Natural killer T cells (NKT)

|
B BHSo| TW: TCR, T-MEQ| 231, 54, T8t

T-cell Progenitor

|

differentiates
into

Natural T Natural Killer T
Regulatory (NKT) Cells
(Treg) Cells

( \ (Not the same as ND

Maintain
homeostasis by
secreting cytokines
that downregulate
strong immune
responses to nonself
(e.g., IL-9,

IL-10, and TGF-B)

cells. Activated by
glycolipids, not

peptides. Has two
types of effector

functions for killing;
hybrid of T,;and T;

secrete large

\

amounts of IFN-y or

IL-4

o

J

o/B T Cells

A 4

Majority of CD4*
and CD8" T cells,
exhibit helper
and CTL
functions,
respectively.
Memory cells
arise after
activation.

\_

1,13
*x

y/8T Cells

M)

Small subset of T
cells (<2%), found
in gut mucosa;
respond to
greater diversity
of antigens than
/BT cells

—
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T Helper (Th) Cells *

e aka.CD4*T cells
e activated by antigen presentation with class [l MHC

e subdivisions of T helper cells

— ThO: undifferentiated (= precursor) T cells
— Th1 (help CMI), Th2 (help Ab), Th17 (IL-17, antibacterial?) vs. Treg

e Thil cells

— promote cytotoxic T lymphocyte activity and activate macrophages
— mediate inflammation and delayed hypersensitivity (DTH) by producing a
specific set of cytokines (iL-2, IFN-y, TNF-B)
e Th2 cells
— stimulate antibody responses and defend against helminth parasites
— involved in promoting allergic reactions
— produce a specific set of cytokines (IL-4, IL-5, IL-6, IL-10, IL-13)

\ Laboratory of Bioantibacterials

| N
& College of Pharmacy, CHA University

B BHSo| TW: TCR, T-MEQ| 231, 54, T8t




Tc (CTLs) and Treg Cells *

v Cytotoxic T (Tc) cells
e asubset of CD8* T cells activated by Ag presented on MHC |

e once activated, CTLs can kill target cells that have the same Ag-MHC | combination
that originally activated the CTL

e after bind target, CTL kills target cell via the perforin pathway and CD95 pathway

v" Regulatory T (Treg) cells
e derived from 10% of CD4* T cells and 2% of CD8* T cells
e |L-9, IL-10, and TGF-B induce regulatory function by inhibiting Th cell function

\ Laboratory of Bioantibacterials
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T Cell Activation

e requires binding a specific antigen

1,16
*

— occurs through Ag presentation which bridges MHC of the APC to the TCR of the

T cell

— a second signal through CD28-B7 is required for lymphocyte proliferation,
differentiation, and for specific cytokine gene expression

— if no second signal present, T cell becomes anergic (clonal anergy)

MHC class Il

L, O T

o Antig'en'
tffragment
.']I,q
|

L O\§

TR
{1 L "’

T-cell u
receptor

Signal 1

~CD4

B7 Antigen-presenting cell
(CD8O) (e.g., macrophage)

- Signal 2

T-helper cell
CcD28
receptor

B BHSo| TW: TCR, T-MEQ| 231, 54, T8t

Antigen-presenting cell

MHC class | CDa0) (e.g., macrophage)

Signal 14 ©

— Antigen
* | fragment

- Signal 2

. _4"l
’}'7] ~CD8

Cytotoxic T cell

receptor CD28
receptor
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Signal Transduction in T Cell Activation

1,17
)

e TCR-associaated kinases “ESEEEE o, | Oo%
(Src, Lck, Fyn, ZAP-70) O 000 /@7_37 -{)_.
/ M‘ ATP ADF® M" N DAG
[ J PLC N / [E:%_.‘.J.‘ (84
e PIP,=1IP, +DAG
e (Calcineurin %%
L NF-AT Ejﬂj:g.w oo - OOO
?a‘;'”‘?“"”L i
e PKC _ -
o IKK @, / A
° I-KB/NF‘KB ﬁ{_}/{/ﬁf NF-AT  NF-kB X
g eI @
e Rassignaling
e Raf
e MEK (MAPKK)
e MAPK (ERK, JNK, p38)
e AP-1
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Steps In T cell activation *

Antigen
presenting cell
MHC/ peptides Costimulation

COEQ.EG
(B7-1.2)

Antigen
TCR

CD152 cD154
(CTLA-4)

Calcinewrin  MAP-K KK

J J

MNFAT AP NF-kB [—I" cytokine

COK/cycling  Mucleotide

I /' synthesis

Cell
cycle

Gl

Cytokine promoter

|
mina )

T cell G2
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1*1'9
Immunosuppressants

INHIBITORS OF CYTOKINE ANTIBODIES ADRENOCORTICOIDS
PRODLU 0 D FUNCTION

— Alemtuzumab CAMPATH Methylprednisolone MEDROL
Cy c;'osP B i Antithymocyte globulins ATGAM, Prednisolone ORAPRED, PRELONE
Everolimus ZORTREsS THYMOGLOBULIN Prednisone DELTASONE
Sirolimus RAPAMUNE Basiliximab SIMULECT
Tacrolimus PROGRAF Daclizumab ZENAPAX
MMU ![011 JPPRESSIV Muromonab-CD3 ORTHOCLONE OKT3

Azathioprine IMURAN
Mycophenolate mofetil CELLCEPT
Mycophenolate sodium MYFORTIC

Purine biosynthesis
de novo pathway (M’ A E). EE Sl M Z0ojj A 2 (| EfZ)
salvage pathway (2|

El
o

Mof| M CHE= HHAHH|
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Superantigens

e Dbacterial and viral proteins that stimulate stronger immune response than
normal antigens by “tricking” T cells into activation although they have not
been triggered by a specific antigen

e stimulate T cells to proliferate nonspecifically

e contribute to microbial pathogenicity
e stimulate release of massive quantities of cytokines from T cells
may result in circulatory shock and multi-organ failure

e examples
p . EH2IH|AIHIZ (APC)
— staphylococcal enterotoxin B (SEB) L

e causes food poisoning
* ison the Select Agent List as a potential agent of terrorism (o] i

4 {sel @ aqy—HISo1H 33

— toxic shock syndrome toxin (TSST1) v | em
— mouse tumor virus (MTV) superantigen

. . . . /-—-______——-—\
— putative proteins from EBV and rabies virus Th HE
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B-Cell Biology *

e B cells must be activated by a specific 2 Q ﬁ VituL

antigen to continue mitosis then Q ﬂ
replicate and differentiate into plasma \ & .
cells which secrete antibodies S\ W7
e B cells have immunoglobulin receptors \M \
(IgRs) for the specific antigen that will
activate that particular B cell lineage ——
— these receptors associate with other U
proteins and are called B-cell receptors |
(BCRs) bbb ey
* interaction with that Ag s UL PULN ,Cii?iﬂlii
communicated to the nucleus via a |
signal transduction pathway similar to U
that described for T cells TAM  ITAM

BCR: monomeric IgM + coreceptors (Iga and IgfB) |
%2\ Laboratory of Bioantibacterials
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Antibodies (Abs)

e antibody
— immunoglobulin (lg)
— glycoprotein made by activated B cells (plasma cells)
— serves as antigen receptor (IgR) on B cell surface (BCR)

e found in blood serum, tissue fluids, and mucosal surfaces of vertebrate
animals

— an antibody can recognize and bind antigen that caused its production

lgG1 19G2 19G3 9G4

AR

{72\ Laboratory of Bioantibacterials

IgG subtypes
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Table 34.2 Physicochemical Properties of Human Immunoglobulin Classes

Property
Heavy chain

Mean serum
concentration (mg/ml)

Percent of total
serum antibody

Valency

Mass of entire molecule
(kDa)?

Placental transfer
Half-life in serum (days)*

Complement activation

Classical pathway
Alternative pathway

Induction of mast cell
degranulation

% carbohydrate

Major characteristics

1 Properties of IgG subclass 1.
2 Properties of IgA subclass 1.
3 slgA = 360 — 400 kDa.

23

++

3

Most abundant Ig in body
fluids; neutralizes toxins;
opsonizes bacteria

4 Time required for half of the antibodies to disappear.

IMMUNOGLOBULIN CLASSES

5(10)

970

+++

7-10

First to appear after
antigen stimulation;
very effective
agglutinator;
expressed as
membrane-bound
antibody on B cells

IgA®
QA

3.0

2(4)

160°

7

Secretory antibody;
protects mucous
membranes

0.03

<1

184

12

Present on B-cell
surface; B-cell
recognition of
antigen

IgE
£o4

0.00005

=

188

11

Anaphylactic-
mediating
antibody;
resistance to
helminths



ol 5%

Antibodies (Abs)

2 BRl] BAIE T Y MBS 2

OFY (subtype) s

109G IgG1 ~ 1gG4 SAHS Hio| &
Ol& MAE=M, AlAHO

IgA IgA1, IgA2 FE O =2 EX510
ARITHOI S CIEE

lgM el 0|22 B ME2| =24l
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IgD A2 0|22 B MZ£2| ==
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Immunoglobulin Structure

e allimmunoglobulin molecules have the same basic structure

— four polypeptide chains
e two identical heavy chains - isotypes (&)
e two identical light chains
e heavy and light chains connected to each other by disulfide bonds

— both chains contain two different regions

e constant (C) regions (CL and CH)
e variable (V) regions (VL and VH)

e four chains are arranged in form of a flexible Y with a hinge region
— stalk of Y is the crystallizable fragment (Fc)
e composed of only constant region

— top of Y is two antigen binding fragments (Fab)
e composed of both constant and variable regions

\ Laboratory of Bioantibacterials
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Immunoglobulin Structure

Fab
o N Fe
-—S-S-
%ﬂ,’% @_:5‘%
ol 5|2
s
A L[ (5 Fc B#
_S—S—-

HS- HS
HS- HS-
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Immunoglobulin Types *

o Isotypes (&&): heavy chain/light chain®| cE <0 L2} T2
al, a2, vl, v2,v3,v4, 6, g, 1/ K A2 & 167} K| isotypeO| JUS

e Allotypes (55 d): &= isotype LHAH A polymorphismOf 2} &
a2 heavy chainl| 8%, a2m(1), a2m(2)2| 2 7} X| allotypeO| U=

o Idiotypes (O|C| 2 Ef 2): heavy chain/light chain2| VE S 0| 2} L&
&2 1gG10| 2t QIAISRIO| Ct=M O|C| QERO| CHE = /U=

WOW W

human lgG1 human IgA human IgG1 (A2 1) human lgG1 (Al& 2)
human lgG1 human lgG1
(& A 2Ix]) (&4 B 2IF))

m‘" N\ Laboratory of Bioantibacterials
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Idiotypic Network

v' aka. Idiotype-anti-idiotype network

e Agtriggers Ab production (Ab1).

e Ab1l not only react against the Ag, but also serve as idiotypic (Id) Ag.
e Thus, Ab1 triggers the production of Ab2, an anti-idiotypic Ab to Ab1.
e Likewise, Ab2 serves to induce Ab3, and the process continues.

e At each step, the Ab concentration to provoke formation of the next Ab is
less than in the preceding step. (2Tl 7= & E??)

Ag and Ab (Abl)

cf. Therapeutic application of Ab2 rather than Ag??

Ab1

Ab3(Ab")

Idiotypic Network

, M \ Laboratory of Bioantibacterials
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Immunoglobulin Structure

Antigen-binding
e sites N

&4

/

24
/

Sle =11—K=
AR S
& Light chains (C,_ domain)
c:.‘rx VH domain A Carbohydrate chains
Ho
8 g
Vu
domain
Antigen-‘{
binding —
= H:1 oiod site Antigen
=2 o~

binding
site

\
domain

V|_domain

- Heavy
chains
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. . x
Immunoglobulin Function

e Fab binds antigen specifically
— marks antigen for immunological attack
— activates nonspecific defense mechanisms that can destroy antigen

e e.g., opsonization for enhanced phagocytosis

e F diates binding to:
Chostsse RNY/7 %

— various cells of immune @,\o\\

system f
Fc é*‘*
ol oJzt Fet %% s%f

=t
|
s,

— first component of
complement system

HS HS
HS HS
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Immunoglobulin Classes

e |gG

— 80% of serum immunoglobulin

— opsonization, neutralization, complement activation

— placenta transfer for natural passive immunity to neonate
e |gA, secretory IgA (sIgA)

— monomers and dimers

— secreted across mucosal surfaces

— tears, saliva, breast milk, MALT pevai St
o | g|\/| Light chain

212 residues

— pentamer arranged in pinwheel

— firstIg in all immune responses

— agglutination, complement activation

° l g D Carbohydrate
— part of the BCR complex —~ Cy2

— signals B cells to start antibody production

IgG

Disulfide bond

W W
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Immunoglobulin Classes

— lowest Ig serum level, elevated in parasitic infection and allergic reactions
— opsonization (binds to receptors on dendritic cells and macrophages)

— mast cells bind Fc portion and are activated to degranulate vasoactive granules
when Fab portion binds allergens

slgA (dimer)
Pentameric IgM

"%} Laboratory of Bioantibacterials
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3 Cell Differentiation *

Za 89l yjojxH g‘;é;‘j’il
IgM lgM
lga/Igh Pre BCR
A= S7|M=ZE pro-B M|Z pre-B HIZ 0|4=% B M= 0|4 B ME HASB M=
H Als {Hx germ-line D,Jy V. Dy
L Abe FEA germ-line surrogate surrogate Vi,
Vpre-B2+ A5 Vpre-B2+ A5
germ-line x2} & germ-line k2 A
RAG-1/2 - + + - - -
TdT - i - - - -
M=%} Ig
B4 = - u u+d
A - surrogate 244 surrogate Z4f K9 A
pro-B M|Z pre-B M|Z O|M= B M=
ViDiiCu VD Cu

OA pire surrogate % ﬂ =)
lg-a/Ig-p

2
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B Cell Activation

e immunological roles

— proliferate and differentiate into plasma cells (which respond to antigens by
producing antibodies) and memory cells

— internalize antigen and act as antigen-presenting cells

v" B cell activation

e |eads to proliferation and differentiation into plasma cells

— some cytokines produced by helper T cells can act on B cells and assist in growth
and differentiation

e typically antigen-specific
e two mechanisms for antigen-specific activation
— T (or thymus)-dependent (TD): THEH A
— T-independent (TI): S Al (T1-1, CHER, S X &, T1-2, Sl A CHEEES SR

\ Laboratory of Bioantibacterials
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B Cell Activation by TD Antigens *

MACROPHAGE

e Two signals are required
— BCR-Ag interaction

— MHC/Ag-CD4 (Th2) Sy
— B7-CD28 o I e W o AT
— CD40-CD40L: optional Tt o
e B cell differentiates into plasma cell and i
memory cell &

e |sotypes are switched upon cytokines
with CD40-CD40L interaction

|:&n'|hgen — e

SIGHAL #1 — Sy, ace IgM o IgD ——‘_&
) _ FOR B CELL

@Qkﬂi antibody receptor t

A L= 1gG3 s
IL-2 y lgA = / \
e . @D ¢

IL-5 lgG2b @ . R =
o —- IgE = N A . ={ A )K

lgG1 B CELL Specific
\ profiferation and antibody
differantiation due to
MalEl Wi gt .—— IgM Gt

*SIGNAL #2—
T,:2 calls (L4, IL-5,
B Mli B M| FORBCELL | 1 Ty0, 1L-13; and IL-1
(centroblast) (centrocyte) from macrophages)
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B Cell Activation by TD Ag

B) BCR-Ag interaction (bridging)

B) BCR-mediated endocytosis of Ag (b)
B) B7 expression increased

B) Endocytosed Ag presented on MHC |

- B7-CD28 interaction activates Th2

Th2) cytokine production and CD40L

D28

expression increased (c) O
- cytokines activate B g@

- CD40L-CD40 interaction mediates class CD40L
switchin a
° l A, a% a2 Mo|E7lel 2l
QPa gqaa aa 4

aa

(d)
MO[E7}2lo]

olst ghaist

<
[}
6]

B M= &dst A B MxE 22
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B Cell Activation by Tl Antigens *

e T-independent antigens (TI-1 and TI-2 antigens)
— polymeric antigens with large number of identical epitopes (e.g. LPS, pilin)
— LPS actually binds to TLR4 rather than BCR (thus, polyclonal B cell activator)
— Vregions can be bridged by a pilin/flagellin molecule

e |ess effective than T-dependent B cell activation
— no affinity maturation
— no memory B cells formed
— no isotype switching observed
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Antibody Kinetics *

Antibody synthesis and secretion can also be evaluated as a function of time
— monomeric IgM is the BCR for antigen whereas after B cell activation, pentameri
c IgM is secreted (in plasma cells)
— class/isotype switching

change in Ab class secreted by plasma cells under the influence of Th2 cells
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Antibody concentration

#9

Total antibody

Primary response Secondary
response

) _
g Totalantibody o100y phase
g
E Log phase Decline
§ phase
=
Latent period |
T T rT T T
10 days 15 days 5 days 10 days
First exposure = Second exposure
to antigen ,,-""@_.. to antigen
-—n @ lgM  rlgG . el '9 S]] IgG  Plasma cells
\ "Q-—D Plasma cells A
& 1 = :

B cells
96 ) 9 o @&
e g8 P AN ML I9G

NP e o
>-8-0 /-0 ¢
e Q]

Memory cells
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Antibody Responses *

v" Primary Ab response

e several days to weeks lag or latent period after initial exposure to Ag

— no antibody detectable in blood
o after B cell differentiation into plasma cells, antibody is secreted

e |gM appears first, followed by IgG

v" Secondary Ab response (only to TD antigens)

e upon secondary exposure to the same Ag, B cells mount a heightened,
memory response

e characterized as having a shorter lag, a more rapid log phase, longer
persistence, a higher 1gG titer and production of antibodies with a higher

affinity for the antigen
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Antibody Responses *

| =& (units/mL)

3
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Diversity of Antibodies *

v three mechanisms contribute to generation of antibody diversity

e combinatorial joining: rearrangement of antibody gene segments
genes are split or interrupted into many gene segments

e splice site variability: generation of different codons during the joining
VJ joining can produce polypeptides with different amino acid sequences

e somatic hypermutation: exceptionally high mutation in V regions
during an Ag challenge, V regions are susceptible to somatic mutation

produce antibodies with different epitope recognition

cf. affinity maturation
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Combinatorial Joining

e segments clustered separately on
same chromosomes

exons that code for constant regions
exons that code for variable regions

e exons for constant region are joined
(spliced together) to one segment of
the variable region

e RAG-1 & RAG-2: splicing enzymes

e occurs on heavy and light chains

I ——
2 =H: &N oted

ra
18
=

Theoretical Antibody Diversity

Table 34.3 Resulting from Combinatorial
Joining of Germ-Line Genes'

A light chains  Vregions = 2
Jregions = 3
Combinations =2 X3 =6

k light chains V, regions = 250 — 350
J,. regions = 4
Combinations = 250 X 4 = 1,000
= 350 X 4 = 1,400

Heavy chains Vy = 250 — 1,000
D=10-30
JH =4
Combinations = 250 X 10 X 4 = 10,000
= 1,000 X 30 X 4 = 120,000

Diversity of K-containing: 1,000 X 10,000 = 10’
antibodies 1,400 X 120,000 = 2 X 108

\-containing: 6 X 10,000 = 6 X 10°
6 X 120,000 = 7 X 10°

1 Approximate values,

\ Laboratory of Bioantibacterials
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Light Chain

ra
18
=

germ line DNA for light chain contains multiple coding sequences, V and J
(joining)
in B cell development

— one Vis joined with one J region

— many possible combinations formed

— VlJjoined with C (constant) exon

Germ line DNA —-—-—-—- D—D—D—D—:I—

Deletion of
intervening DNA

B-cell DNA

Transcription

mRNA (intron in black)
Splicing and
translation
Light chain [ | —
V, J, C
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Heavy Chain

e VandJregions are joined to 3" coding region called D (diversity) sequences
e VDJjoined to Cregion

e antibody class switch

— initial C region results in IgM but changes as the immune response progresses
and B cells proliferate

i v, V. Vy oV, Dy Ds Dy D, oy dgidy g c, & G
somine \ | / I l

(b) Cy

B-cell DNA after first DNA splice {

(igm)

RNA transcript
(intron in black)
Antigen exposure
D, J
A \2 ]3 C,

\gM heavy chain

(c)
B-cell DNA after second DNA splice
(IgG)

mFlNA transcript
(intron in black) Class switching

%R0 c
IgG heavy chain

t4 ) Laboratory of Bioantibacterials
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Clonal Selection Theory *

e body forms large, diverse B lymphocyte pool that can bind to large range of
antigenic epitopes

e self-reactive cells are eliminated at an early stage of development (clonal
deletion)

e encounter with antigen stimulates only those B cells that recognize and bind
antigen

e stimulated B cells proliferate to produce B cell clone (all have same antigen
specificity)

e B cell clone differentiates to form two cell populations

— plasma cells and memory B cells

, \ Laboratory of Bioantibacterials
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Clonal Selection Theory

(a) Antigen-Independent Period

n During development of early lymphoecytes from stem
cells, a given stem cell undergoes rapid cell division to
form numerous progeny.

During this period of cell differentiation, random
rearrangements of the genes that code for cell surface
protein receptors occur. The result is a large array of
genetically distinct cells, called clones, each clone
bearing a different receptor that is specific to react with
only a single type of foreign molecule or antigen.

e At the same time, any lymphocyte clones that have
a specificity for self molecules and could be harmful are
eliminated from the pool of diversity. This is called
immune tolerance.

Receptors

Eliminated
clones

’

e The specificity for a single antigen molecule is
programmed into the lymphocyte and is set for the life
of a given clone. The end result is an enormous pool of
mature but naive lymphocytes that are ready to further
differentiate under the influence of certain organs and
immune stimuli.

-~

Repertoire of lymphocyte clones, each with unique receptor display

@9

.

(- (b) Antigen-Dependent Period

o Lymphocytes come to populate the lymphatic organs,
where they will finally encounter antigens, These
antigens will become the stimulus for the lymphocytes’

Clonal selection Hﬁhﬁﬁ?s final activation and immune function. Entry of a specific
niymp antigen selects only the lymphocyte clone or clones
tissues that carry matching surface receptors. This will trigger
< . pEntryof an immune response, which varies according to the
. p antigen type of lymphocyte involved,

Immune response
against antigen

@?
%0
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Monoclonal Antibody Technology *

e hybridomas
— overcome some of limitations of antisera as a source of antibodies
— used to produce monoclonal antibodies (mAb) recognize one epitope
e potential for numerous biomedical applications
— most of current applications involve in vitro diagnostic testing and research

B-lymphocyte Myeloma oy EBV
Fusionjf Cell Infection oo
%<3 B-lymphocytes
Hybrid Selection ] i
o (HAT Medium) m Tissue Culture J/
Immunization Medium f-r’ 00000000
Screen for / 0955505
l Antlbg%:‘ :Sroducang ; s creen for
R/ Antibody-
Harvest lymphocytes O%)(p Subclone =—— Producing /5559

(=X} A
l ‘L Clones CEET
oo, T p
. arvest
B-lymphocyte | 1@ flsueGultre SApea é_:lawest
Preselection 0 OO0 / \ Grow in Supernatant

Ascites Tissue Culture/

Freeze
Hybridomas Freeze
EBV-transformed
mAb production | lymphocytes
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Action of Antibodies

e bind antigens with great specificity
— can occur within animal body (in vivo)
e essential for the protection of animal from viruses, microbes, and cancer cells
e antibody coats foreign invading material
— marks it for recognition by components of the innate and adaptive immune
systems
— neutralization, opsonization, and immune complex formation

72\ Laboratory of Bioantibacterials
¥ College of Pharmacy, CHA University
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Precipitation

Cell-free molecule in solution
‘F— Epitope

Antigen \ + / Antibody

Neutralization
Antibodies
block binding.

HY 23 2 HY HA: M2l 7|5

Opsonization

Opsonized bacteria
engulfed more readily

Cross-linked
bacterial
cell antigens

Abs

#0



Immune Complex Formation

e antigens and antibodies can crosslink, producing immune complexes

e agglutination reaction occurs when cells or particles are cross-linked

— the immune complex formed is more readily phagocytosed in vivo than are free
antigens

— caused by agglutinin antibodies

e precipitation (precipitin) reaction occurs when antigens are soluble
molecules and the immune complex settles out of solution

— caused by precipitin antibody

e antibody:antigen ratio is in equivalence zone when their concentration is
optimal for formation of the immune complex

\ Laboratory of Bioantibacterials

[ Gemiwae B i i
% = & College of Pharmacy, CHA University

HY &S A HY HA: A2 7|5




152

Neutralization

Toxins

inactivation of toxins resulting from interaction between toxin and specific
antitoxin antibodies
complexing toxin with antibodies

— can prevent the toxin from attaching to host cells

— can prevent toxin from entering host cells

— can result in ingestion by macrophates

Viruses

lgG, IgM, and IgA antibodies can bind to some extracellular viruses and
inactivate them

fixation of complement component C3b, from classical complement
pathway, helps in the neutralization process

viral infection is prevented because neutralization of viruses prevents them
from binding and entering target cells

{2\ Laboratory of Bioantibacterials
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L. *’
Opsonization

* microorganisms or other foreign particles become coated with antibodies
and/or complement

e opsonizing antibodies bind Fc receptors on macrophages and neutrophils,
creating bridge between phagocyte and antigen

M \ Laboratory of Bioantibacterials
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Immunological Tolerance

o« THIAHEZO|Z?
of H =L R0 CHA| =552 I HYEHS 0| LOJLEX| Qi et
e Tolerogen: HY U EZ FEUSI= & (BE= A7t + €2 2|2 R)
e o - .
e Self-tolerance: A7t 0| Cligt HE LR
- Central tolerance
- Peripheral tolerance O
Qg
o = o (7ISHel EatAs)
. RS ZTISH= 20l ”
OFO Ofo| &t9] + 8 > Cj
LO L. O — O L= A yd 2
e ZFL X|£d s ik 24
(M|ZAIE)
HUSAILL BT & \
HOZTIE Bz Q
- adjuvant (& & 2 ZA) activity v
. . . S0]42| W3}
- co-stimulation aCt|V|ty (L2 HE)
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Immunological Tolerance

& 16-1 W= R TR R o e o]
¢l LIS E AS517| 4z 22 HEE 2o H2 =8
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galuzro| Zx ge=Are} 2 Sl Bek BE T MEE X2 SRILZI) gl B2 P R E= S
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Immunity IFN-y Tolcinies Late repression Early induction
APC IL2
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CD4* T call . Distal Proximal Distal Proximal
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Vaccine: Prevention from Infection
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Vaccination Program In Korea
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Types of Vaccines x

Types of vaccines

- ™t (WCV. whole cell vaccine): 2f =2t B M = 2HoFAFEE A
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Nucleic Acid Vaccines

DNA B A O[22
ot FHALE SEA020f A 5H0 A2z}
== TALE DNAZS Y5 (gene gun 0] &), & &

HESEZ20 MerDNA S S B, w8AL 20l 8= SO| HebE = US

DNA B A O| A7
bR AE 2HE THoA (M2 LHOf| A &)
OFS S Al 50| BB B,
but == HEE, A8 E S = E
ClHH X1 &2 ’ H AlS = plll pv pVII Pfgge pVIl  pIX
- CHE A SER): SARS DNA Hi A1 A M3 scDNA
- Etr3t= 2 peptide 2 Etr-3t= H 4
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Adjuvants

IFA and CFA by Jules T. Freund
HHEVIA|, OEMEPE CZ AHE FHZSIH S22 A Lo AL

L= O - o
ot O ot HYHS 2 3 =2 (1947). Mycobacterium (usu. Mtb)2| Afat
S F7t61H o Aot HAE oo| Fra.

- Freund’s incomplete adjuvant (FIA or IFA): X 2HEl 28R 2| emulsion
- Freund’s complete adjuvant (FCA or CFA): IFAC|| Mtb =7}

An adjuvant is a pharmacological or immunological agent that modifies the
effect of other agents, such as a drug or vaccine.

It has few direct effects when given alone.
Adjuvants are often included in vaccines (why?)
usu. emulsification (X| &) / PRR ligands (=7t2 &) or both

, M \ Laboratory of Bioantibacterials
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Examples of Vaccine Adjuvants

Vaccine Adjuvants Products

Alum and Emulsions

AddaVax™ Vaccine Adjuvant Squalene-Qil-in-water g:g —
Alhydrogel 2% Vaccine Adjuvant: Aluminium hydroxide gel ggnmrlm
IF Vaccine Adjuvant. Incomplete Freund's adjuvant Water-in-oil 1oml
— 6x10 ml
PRR Ligands

Flagellin FIliC VacciGrade™ TLRS agonist - Recombinant flagellin from S. typhimurium 50 ug
Gardiguimod VacciGrade™ TLR7 agonist - Imidazoquinoline compound 5 mg
Imiguimod VacciGrade™ TLRY agonist - Imidazoguinoline compound 5 mg
MPLA VacciGrade ™ TLR4 agonist - Monophosphoryl Lipid A 1 mag
MN-Glycolyl-MDP VacciGrade™ MOD2 agonist - N-glycolyted muramyldipeptide 5 mg
ODN 1826 VacciGrade™ TLRO agonist- CpG QDN, type B (murine) 1 mg
ODK 2008 Vacr:igracle TLR9 agonist - CpG ODM, type B (human) 1 mg
Poly(l-:C) VacciGrade ™ TLR3 agonist - Polyinosine-polycytidylic acid 10 mg
B.848 VacciGrade™ TLR7/8 agonist - Imidazoquinaline compound 5 mg

http://www.invivogen.com/vaccine-adjuvants
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Immune Disorders

hypersensitivities (2f 21 2HZ)

autoimmune diseases (AH7tHY Azl
transplantation (tissue) rejection (O] Al &£ Ht-3Z)

Immunodeficiencies (HE Z2 &%)

m‘“ N\ Laboratory of Bioantibacterials
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Hypersensitivities

e exaggerated immune response upon second or subsequent contact with
antigen

® causes tissue damage
e reactions classified as immediate or delayed
e Gell-Coombs classification four different types: I, II, lll, and IV

LEEL

i . C3b
ol2ix(g 2l P o=
= Cﬁpj a af
2irg el s} PN
=0)4 IgE\ TN D)

HA|EhAE} (

357
@ Y ® Y =
IgE-OH 7H HA S eAl-007H
SA| opgkg kS
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Type | Hypersensitivity

e allergy
— one kind of Type | hypersensitivity
e allergen

— antigen that causes allergic reaction
e occurs immediately following second contact with allergen

e involves production and action of IgE (sometimes called reagin) and mast
cells, and sometimes basophils or eosinophils

\ Laboratory of Bioantibacterials
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(a) Sensitization/IgE production (b) Subsequent exposure to allergen

*

€ Allergen particles enter

@ Allergen is encountered again
009 > i
@00 @ :
e %\:3
- Allergen attaches

L. to mast cells

Degranulation releases
allergic mediators

o

Systemic distribution of

T2 cell mediators in bloodstream

IgE binds to
1 > ‘}- mast cell surface G
receptors

Mast cell in tissue
primed with IgE

Fc fragments If

e
12
A
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1|
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Anaphylaxis

phylaxis: -
aphylaxis:
prophylaxis:
anaphylaxis?

release of physiological mediators in response to allergen cause

— smooth muscle contraction

— vasodilation

— increased vascular permeability
— mucous secretion

can be systemic or localized

A
rit
-]
r2
=
0lo

' \ Laboratory of Bioantibacterials
§ College of Pharmacy, CHA University



168

Systemic Anaphylaxis

results from massive release of mast cell mediators in a short time

usually results in respiratory impairment, decreased blood pressure, and
circulatory shock

can cause death within a few minutes
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Localized Anaphylaxis

an atopic (“out of place”) reaction
— symptoms depend on route by which allergen enters body
hay fever
— upper respiratory tract
bronchial asthma
— lower respiratory tract
hives
— skin
— common with true food allergies

\ Laboratory of Bioantibacterials
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Diagnosis and Treatment

diagnosed by skin tests
— inoculation of small amounts of allergens into skin
— rapid inflammatory reaction characterized by redness, swelling, and itching

desensitization
— controlled exposure to allergen In vivo skin testing

— stimulates IgG production
e intercept and neutralize allergen before it binds to IgE-bound mast cells
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Type Il Hypersensitivity

e cytolytic or cytotoxic reaction
e involves IgG and IgM antibodies
— directed against cell surface or tissue antigens
— stimulate complement pathway and effector cells
Antibody
IgG / IgM and IgG
\%
Ciq
\%
Activated C3 <& Classical pathway /
Lytic pathway
Effector cells
\%
Plasma membrane damage and cell death
72\ Laboratory of Bioantibacterials
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Type Il Hypersensitivity: Examples b

e blood transfusion reaction in which donated blood cells are attacked by
recipient’s antibodies

e erythroblastosis fetalis

— mother can be passively immunized with anti-Rh factor antibodies or RhoGam to
control this disease which is potentially fatal for newborn

Late in second pregnancy
with Rh* child

Rh™ mother Rh™ mother
Anti-Rh

antibodies
(RhoGAM)

Placenta breaks Rh* RBCs

Rh factor
= on RBCs

Rh* fetus

’L a P g
> " K\Amiﬂhantibody

First Rh* fetus Second Rh* fetus First Rh* fetus

Rh Incompatibility and RBC lysis
{ 72\ Laboratory of Bioantibacterials
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Type Il Hypersensitivity

involves formation of immune
complexes

— usually removed by monocytes and
macrophages

— if accumulate, leads to hypersensitivity

reaction

e resulting inflammation causes tissue
damage

examples

— vasculitis (& 2t&)

— glomerulonephritis (AFEA| AT &)
— arthritis (22 Q)
— systemic lupus erythematosis (SLE)

rit
-]
r2
=
0lo

Steps:

@ Antibody combines with excess soluble antigen,
forming large quantities of Ab/Ag complexes.

@ circulating immune complexes become lodged
in the basement membrane of epithelia in sites
such as kidney, lungs, joints, skin.

e Fragments of complement cause release of histamine
and other mediator substances.

o Neutrophils migrate to the site of immune complex
deposition and release enzymes that cause severe
damage to the tissues and organs involved.

Kidney

Blood :.ressels Heart}lungs Joi.ms Sl.<ir1

\

&\ ¢

Major organs that can be targets
of immune complex deposition
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Type IV Hypersensitivity

e involves delayed, cell-mediated immune reactions

e important factor is time required for T cells to reach and accumulate near
antigens

e Th and CTL cells can elicit type IV (i.e. DTH) reactions
e examples

e
12
A
rit

tuberculin hypersensitivity
some autoimmune diseases (1)

Chemical antigens

Blister

transplantation rejection g =
cancer cell killing Skin 1 induce 5 - \ Kill
layers v inflammatory @ skin
allergic contact dermatitis ‘D 9 Tumor necroer e cells
o W '
Dendritic cell %
7
f- @/T&’bn ”FN]
3 o “'""‘*“-—_—"—;/b
Macrophage ?;:;}oxic
(5
P =,
Memory / Blood uesseﬁ
T cell \
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Autoimmune Diseases

autoimmunity

— presence of serum antibodies that react with self antigens (autoantibodies)

— often benign

— natural consequence of aging

— reversibly induced by numerous stimuli (e.g., infectious organisms, drugs)
autoimmune disease

— results from activation of self-reactive T and B cells

— leads to tissue damage

— infection

— genetic

— viral

— hormones

— influence of stress and neurochemicals on the immune response

72\ Laboratory of Bioantibacterials
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Autoimmune Diseases

Disease

Acute rheumatic fever

Autoimmune hemolytic anemia

Goodpasture’s syndrome

Graves' disease

Multiple sclerosis

Myasthenia gravis

Rheumatoid arthritis

Systemic lupus erythematosus

Insulin-dependent diabetes mellitus

L=

Autoantigen

Streptococcal cell wall antigens mimic self
antigens and induce antibodies that cross-react
with antigens on cardiomyocytes and other cells.

Rh blood group antigen induces antibody to Rh
antigen on red blood cells.

Damage to kidney basement membrane exposes
cryptic collagen protein, inducing anti-collagen
antibody.

Antibody to thyroid-stimulating hormone (TSH)
receptor mimics TSH.

Antibody and activated T cells to several nervous
system antigens

Antibody to acetycholine receptor in skeletal
muscle
1gG antibody (to synovial joint cartilage antigen)

recognized as foreign

Antibodies to various cellular (DNA, nucleoprotein,
cardiolipin) and blood clotting components

Antibody and activated T cells to pancreatic beta
cell antigens

Pathophysiology

Type Il hypersensitivity leads to myocarditis, heart valve
scarring, and arthritis.

Type Il hypersensitivity leads to anemia when red
blood cells are destroyed by complement
and phagocytosis.

Type Il hypersensitivity results in glomerulonephritis
and pulmonary hemorrhage.

Overstimulation of TSH receptor leads to
hyperthyroidism.

Types Il and IV hypersensitivities alter nerve
communications, leading to numbness, weakness,
spasm, and loss of motor and cognitive function.

Antibody blockade of neurotransmitter receptors
results in progressive muscular weakness.

Type lIl hypersensitivity from immune complexes of
antibodies to antibodies results in joint inflammation
and destruction.

Type lIl hypersensitivity results in immune complex-
induced arthritis, glomerulonephritis, vasculitis, and
rash.

Types Il and IV hypersensitivities destroy beta cells,
resulting in insulin deficiency.

—d
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Autoimmune Diseases

v Tissue-specific autoimmunity

Autoimmune hemolytic anemia
Hashimoto’s thyroiditis

Type | DM

Goodpasture’s syndrome

Grave’s disease
Myasthenia gravis

Systemic autoimmunity

Systemic lupus erythematosus
Rheuamtoid athritis
Multiple sclerosis

Alfoll M CHEXS 2 LEh k= Al EE

=k

ATIHAEEA
HiE
TEAXERA
(Goodpasture’s
syndrome)
Jgjjo|=EAd
(Grave's disease)
SHAIRE ZhAbMe
(Hashimoto's
thyroiditis)

Ol O|=EM Sy

SoL T o

(Myasthenia gravis)

AEM MY
(ankylosing
spondylitis)

CihY HEls
FOE|AY 2=
Sibgren’s syndrome

HugHREA

(SLE)
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Mechanisms of Autoimmune Diseases

wARIS S
(molecular mimicry) MoO|E 7}l
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cf. T cell antagonists, ™ &2t

%0

Treatment of Autoimmune Diseases

Immunosuppressive drugs

Cyclosporin A, FK-506

Anti-inflammatory drugs

TNF-a antagonists: Enbrel, Remicade, Humira

IL-1 antagonists: Kineret

B cell antagonists

Rituxan: mAb against CD20
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Immunosuppressive Drugs

Immunosuppressant

Corticosteroids: Prednisone, Prednisolone, Methylprednisolone
Calcineurin inhibitors: Ciclosporin, Tacrolimus

MTOR inhibitors: Siorlimus, Everolimus

Antimetabolites: Azathioprine, Mycophenolate (MMF, sodium salt)
Anti-lymphocyte polyclonal antibodies: anti-thymocyte globulin (= ATG)
Anti-CD3: Muromonab-CD3 (= orthoclone, OKT3)

Anti-CD25 (IL-2R): Basiliximab, Daclizumab

Anti-CD52: Alemtuzumab

Anti-CD20: Rituximab

Hol Mo ME Sl HA x| K| o] AlA| (|mmunosuppresswe regimens)
T M 22| E3l/S A /2E 32l cytokineS: 3-signal model

: ThO (IL-2), Th1 (INF-y), Th2 (IL-4)

tdt 2248 A ME?

L—
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History of Immunosuppression

e First successful renal transplant (1954)
between identical twins without immunosuppression

e First successful allograft (1959)
between non-identical twins using sublethal total body irradiation

e First successful unrelated allograft (1962)
using azathioprine
>1 yr survival

e Reversal of rejection with steroids (1963)

e For modern biological therapy?
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Immunosuppressive Drugs

Challenges for post-transplant recipients

e To provide adequate immunosuppression
e Minimize adverse effects
e Treat adverse effects and chronic, drug-related complications

Drugs are good for preventing acute rejections, but not chronic, Ab-
mediated rejection

e Recent improvement in short-term outcomes
e Less improvement in long-term outcomes

Combination therapy using multiple drugs

e To create synergy between drugs targeting different stages
e Minimize the dose of each drug

§ \ Laboratory of Bioantibacterials
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Immunosuppressants

INHIBITORS OF CYTOKINE ANTIBODIES ADRENOCORTICOIDS
PRODLU 0 D FUNCTION

— Alemtuzumab CAMPATH Methylprednisolone MEDROL
Cy c;'osP B i Antithymocyte globulins ATGAM, Prednisolone ORAPRED, PRELONE
Everolimus ZORTREsS THYMOGLOBULIN Prednisone DELTASONE
Sirolimus RAPAMUNE Basiliximab SIMULECT
Tacrolimus PROGRAF Daclizumab ZENAPAX
MMU ![011 JPPRESSIV Muromonab-CD3 ORTHOCLONE OKT3

Azathioprine IMURAN
Mycophenolate mofetil CELLCEPT
Mycophenolate sodium MYFORTIC

Fig. 40.1 ®0j|A] CtR= HA AR K|
\ Laboratory of Bioantibacterials
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Steps In T cell activation *

Antigen
presenting cell
MHC/ peptides Costimulation

COEQ.EG
(B7-1.2)

Antigen
TCR

CD152 cD154
(CTLA-4)

COK/cycling  Mucleotide

_ I /' synthesis
’_\\S

Cell

MNFAT AP NF-kB [—I" cytokine

Cytokine promoter

|
mina )

T cell G2

Y\ Laboratory of Bioantibacterials
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Induction Theory: Antibodies *

e The most intense therapy, when alloimmune response is greatest
e “Induce” tolerance

e Provide background immunosuppression during immediate post-op period,
while renal function stabilizes

e Use antibodies against cell surface receptors
— ATG (eATG/ATGAM, rATG/Thymoglobulin)
— Basiliximab (CD25), Daclizumab (CD25), Alemtuzumab (CD52)
cf. These are also used for leukemia

Ll P | 1

I-\anIDOOy mEOIdIEO Signail DIC)C
signalings, eventually resulting i

kage leads to hyper-activation of immune
in immune tolerance

cf. Antibodies from mouse contain Muro in their names.
Humanized/chimeric antibodies contain ZU/XI in their names

- less antigenicity, longer half-life

§ \ Laboratory of Bioantibacterials
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Humanized/Chimeric Antibodies *

e Basiliximab (anti-CD25)
e Daclizumab (anti-CD25)
e Alemtuzumab (anti-CD52)

e |nfliximab (anti-TNF-a)

e Omalizumab (anti-IgE)

-XiZU- -U-
human

{ 1\ Laboratory of Bioantibacterials
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Humanized/Chimeric Antibodies

Absolute difference Half-life Ref.

(95% Cl)
Daclizumab -16% 30 days NEJM. 1998
(90% human) (-24% to —8%) Transpl.1999
Basiliximab -14% 7 days Lancet. 1997
(75% human) (-20% to —9%) Transpl.1999

Transpl. 2001

Biopsy-confirmed acute rejection
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Humanized/Chimeric Antibodies *

— High efficacy — Cost
e reduce renal rejection rates by e But cost-effective to add
approx 30% in classic triple basiliximab to ciclosporin
therapy regimens (NICE TA 99)

e Same report states that should

not be added to tacrolimus
— Short courses

regimens.
e |V, in hospital only
e Compliance guaranteed _ Discomfort
, , e Daclizumabis a 5 dose,
— ‘Few’ adverse effects fortnightly regimen & requires
e Severe re-exposure infusion

hypersensitivity observed

M" |\ Laboratory of Bioantibacterials
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Alemtuzumab

Campath, MabCampath or Campath-1H

A new mAb binding to CD52 (not CD25), present on
the mature lymphocytes, but not on the stem cells.

used for chronic lymphocytic leukemia
(CLL), cutaneous T-cell lymphoma (CTCL) and T-cell
lymphoma.

Also used for transplantation (BM, kideny etc)
Also used for treatment of multiple sclerosis.

A complication of therapy with alemtuzumab is that
it significantly increases the risk foropportunistic
infections, in particular, reactivation

of cytomegalovirus (CMV).

AxHe 7

#0
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Rituximab

e Rituxan and MabThera
e A new mAb against CD20

e CD20is primarily found on B cells
(a new horizon!)

e Used to treat diseases
characterized by excessive
numbers of B cells, overactive B
cells, or dysfunctional B cells.

One 500 mg vial NOC 50242-053-0

cf. Yom . seting CD20 have

Rituximab |

ituximab M
RI v

C Direct lysis

&

A Complement-mediated
cytotoxicity c3

g C3b
Complement

receptor

B FcyR/CR-mediated opsonic
phagocytosis or ADCC

FeyR
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Prednisone

A synthetic corticosteroid (anti-inflammation)

used to treat certain inflammatory diseases (such
as moderate allergic reactions) and (at higher
doses) some types of cancer.

Highly effective to prevent rejection, but with
significant (long-term) adverse effects.

used for many different indications

including: asthma, COPD, CIDP, rheumatic

disorders, allergic disorders, ulcerative

colitis and Crohn's disease, adrenocortical
insufficiency, hypercalcemia due to

cancer, thyroiditis, laryngitis, multiple

sclerosis, poison oak exposure, and as part of a drug
regimen to prevent rejection post organ transplant.

AHM FR/: 2H=Z0|E
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Cyclosporine (CsA) *

e A peptide from fungus Tolypocladium inflatum (= Beauveria nivea)
e Binding to cyclophilin
e Widely used in organ transplantation to prevent rejection.

e Multiple formulations: Oil-based (variable absorption), Microemulsion

(preferred)
L
o AN LN
= | -
L i Q .-"kfo
E’E;ETEEEE%E \./\/I\I -~ /LHN
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Tacrolimus (FK-506) *

A 23-membered macrolide lactone discovered in

1984 from the fermentation broth of Streptomyces WE ————
tsukubaensis. W @ s u
Binding to FKBP-12 (= immunophilin) i 'i ; J
il
Mainly used after allogenic organ transplant to ! —

lower the risk of organ rejection.

Also used in a topical preparation in the treatment
of atopic dermatitis (eczema), severe

refractory uveitis after bone marrow transplants,
exacerbations of minimal change disease, and the
skin condition vitiligo.
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Sirolimus (Rapamycin)

e Rapamune by Pfizer (formerly by Wyeth)

e A macrolide discovered from Streptomyces
hygroscopicus (Rapa Nui. Easter Isalnd)

e Originally developed as an antifungal agent.

e However, this use was abandoned due to potent
immunosuppressive and antiproliferative
properties.

e Prolong the life of experimental mice and useful in
the treatment of certain cancers.

e |t binds to FKBP, but inhibits FRAP1 (mTOR,
mammalian target of rapamycin)

cf. mTOR is a Ser/Thr kinase signaling in cell
proliferation

HAAMH 2| FF: mTOR AHH (MZSA AH|H)
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Everolimus

e Everolimus (RAD-001) is the 40-O-(2-hydroxyethyl)

derivative of sirolimus and works similarly to CE o
sirolimus.
Currently used i ti  ftoims aoea
e Currently used as an immunosuppressant in organ imus)
Y PP 8 o2 o
transplants and treatment of renal cell cancer and Eer —mommms,

other tumors.

Ho™ O

- AFINITOR
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Azathioprine *

e A purine analogue first used to prevent transplant
rejection and used for more than 50 years. (not
widely used any more)

e Synthesized originally as a cancer drug and a pro-

NDT 0054- 00 Taiiet
A0B435

drug for mercaptopurine in 1957 -

e Mercaptopurine, inhibiting an enzyme that is
required for DNA synthesis. Thus it most strongly
affects proliferating cells, such as the T cells and B
cells of the immune system.

. . N_ NO2
e The main adverse effect is bone marrow /
suppression, which can be life-threatening, <Nj/l\
especially in people with a genetic deficiency of the H3CI S H
enzyme thiopurine S-methyltransferase. N X N>
LN/ N/

m‘“ N\ Laboratory of Bioantibacterials
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Mycophenolate mofetil (MMF) *

e A pro-drug (morpholinoethyl ester) of mycophenolic acid, used extensively in
transplant medicine (preferred over AZA).

e I|tis areversible inhibitor of IMP DH in purine biosynthesis.

e Other cells (other than T and B cells) are able to recover purines via a separate
scavenger pathway and are thus able to escape the effect.

e Also used in the treatment of autoimmune diseases

e Popular as a less toxic alternative

"“_‘-l .
I cellCept’

M:,u:uphennlate madetil
250m4

e
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Standard Immunosuppressive Regimens

e (Calcineurin Inhibitor
— Cyclosporine (CsA)

— Tacrolimus

e Anti-metabolites/mTOR inhibitors
— Azathioprine
— Mycophenolate mofetil (MMF)

— Sirolimus/Everolimus

e Steroids

— Prednisone

, M \ Laboratory of Bioantibacterials
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Standard Combination Regimens *

e Tacrolimus + Steroid + Mycophenolate (49%)

e Cyclosporine + Steroid + Mycophenolate (28.5%)

e Tacrolimus + Mycophenolate(3.8%)
e Tacrolimus + Steroid (1.9%)
e Steroid + Mycophenolate (0.9%)

e Tacrolimus (0.6%)

\ Laboratory of Bioantibacterials
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Standard Combination Regimens *

* Immunosuppressive regimens have improved greatly since beginning of
transplantation

e 3-drug regimens with tapering of steroids are standard of care

e Current challenges are providing adequate immunosuppression and
minimizing complications of drugs

e Current efforts are focused on further minimization of immunosuppression
and use of alternative regimens

e While much of transplant and immunosuppression are protocol-driven,
regimens should be individualized

e Predicting those who are more likely to have rejection can be difficult

, \ Laboratory of Bioantibacterials
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Transplantation and Treatment *

Kidney Cyclosporine, Azathioprine, Prednisone, ALG,

Heart Tacrolimus.

Liver Cyclosporine, Prednisone, Azathioprine, Tacrolimus.
Bone marrouw Cyclosporine, Cyclophosphamide, Prednisone,

Methotrexate, ALG, total body radiation.
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Suppression Steps: Roundup

DRUG ACTION ADVERSE EFFECTS
) Depletion of Cytokine-release syndrome; neutropenic,
‘ Antigen Alemtuzumab T I)Ir,mphm ytes pancytopenia
Destruction of
= e Antithymocyte globulins T lymphocytes Profound immunosuppression
L}
Muromonab-CD3 Destruction of Cytokine-release syndrome
T lymphocytes
l T-cell receptor
I : Blocks cakineurin
@ G Cydosporine and Inhibits IL-2 synthesis Nephrotoxkity, neurotoxicity, hepatotoxicity
- Tacrolimus (FK506) Blocks cakcineurin Nephrotoxiity, neurotoxicity, diabetes

[ Activated calcineurin

Y

Dephosphorylation
of NFATc

Y

[ IL-2 gene promotion

Y

[. IL:z

|

and Inhibits IL-2 synthesis

Fig. 40.8 &8 HAAXN|H|2| =&

HA AR A2 %8 7|

[
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Suppression Steps: Roundup *

DRUG ACTION ADVERSE EFFECTS
| IL-2 ]
Q o — Baslliximab Blocks the IL-2 receptor Gastrointestinal disorders
Dadizumab Blocks the IL-2 receptor Gastrointestinal disorders
[ IL-2 receptors
Sirolimus Blocks cytokine-stimulated Hyperlipidemia, thrombocytopenia,
O <nmun cell proliferation leukopenia, headache, nausea
Everolimus Blocks cytokine-stimulated Hyperlipidemia, constipation, delayed wound
cell proliferation healing, anemia
Progression into }
cell cycle
Bone marrow suppression, hepatotoxicity,
= o Azathioprine inhibits purine synthests thrombocytopenla, anemia, neoplasia
Mycophenolate mofetil Inhibits purine synthesis Gl upset, nausea, diarrhea, leukopenia,
tumors, Increased susceptibility to infection
| Cellproliferation |

Fig. 40.8 &2 HAX| x| =8
Y\ Laboratory of Bioantibacterials
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Transplantation (Tissue) Rejection

e types of transplants
— allograft: transplants between genetically different individuals within a species
— xenograft: donor and recipient are different species

e two mechanisms can occur

— foreign MHC molecules on the transplanted tissue (graft) are recognized by host
helper T cells when aid cytotoxic T cells in destroying graft

— T-helper cells react to graft by releasing cytokines which stimulate destruction of
graft by macrophages

\ Laboratory of Bioantibacterials
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Tissue Transplantation

e to be successful, the ABO blood group and the MHC molecules of the donor
and recipient must be as closely matched as possible

— after matching blood types of donor and recipient, the identification of Human
Leukocycte Antigens (HLA) is done

— family members are the first choice for a close match because HLA genes are
usually inherited as a complete set from parents

SE MHCO| oJsH HIAIE SE8 15%“*%’3

5 @ T ME7} ZoIRt| SR A|MZ 0| 2fsH
HAIE S5 MHCSH S5 8IS elalgt

Soixel  EEMSY
T

SRR AIME IE (%)) %’; MHC-S&&#S S5
(APC) BA2| SHIH|AIMIZ T S5 MHC %xr:fb
2I50}01 Bl F2R10| SHIM| A M| Z |

Me|El SE5te % FE2X9| ol Mzl +EXIC]
7| MHC 2X8 A7| MHC £x1= S
Sl HAlE +EX1o| ZEHISA

T MZof Fe=l
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Graft-Versus-Host Disease *

e can occur in organ transplant recipients
e immunocompetent cells in donor tissue reject host

e e.g., in bone marrow transplants

— disease prevented by treating donor with immunosuppressive drugs to deplete
marrow of mature T cells

Cytotoxic

T cell of

recipient (host)
" __

d)

T cell of donor
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Immunodeficiencies

e failure to recognize and/or respond properly to foreign antigens

e primary (congenital) immunodeficiencies (1A} < Z H)

— result from genetic disorder

e acquired immunodeficiencies (2A+ H &4 &)

— result from infection by immunosuppressive microbes (e.g., HIV)

Table 34.5 Some Congenital Imnmune Deficiencies in Humans

Condition

Chronic granulomatous disease

X-linked agammaglobulinemia

DiGeorge syndrome

Severe combined immunodeficiency
disease (SCID)

Symptoms

Defective monocytes and neutrophils leading
to recurrent bacterial and fungal infections

Plasma cell or B-cell deficiency and inability
to produce adequate specific antibodies

T-cell deficiency and very poor cell-mediated
immunity

Both antibody production and cell-mediated
immunity impaired due to a great reduction of
B- and T-cell levels

Cause

Failure to produce reactive oxygen intermediates
due to defective NADPH oxidase

Defective B-cell differentiation due to loss of
tyrosine kinase

Lack of thymus or a poorly developed thymus

Various mechanisms (e.g., defective B- and
T-cell maturation because of X-linked gene
mutation; absence of adenosine deaminase in
lymphocytes)

\ Laboratory of Bioantibacterials
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HIV Drugs *

e Nucleoside analogues (RT inhibition. NRTI)
Zidovudine (AZT) / Dideoxyinosine (Didanosine, ddl), Zalcitabine (ddC), Lamivudine,
Stavudine, Emtricitabine, Apricitabine, Elvucitabine, Stampidine / Amdoxovir /

Abacavir

UL Qlatsoz ARl & HIV-1 2

Entry/Fusion &{sH{A| Enfuvirtide (gp41), Maraviroc (CCRS5), Ibalizumab (CD4)

ATAL AMalH| Nucleoside %= Nucleotide (NRTI) Abacavir (ABC), Emtricitabine (FTC), Lamivudine (3TC), Didanosine (ddl), Zidovu-
dine (AZT), Stavudine (d4T), Zalcitabine (ddC), Tenofovir (TDF), Combivir (3TC +
AZT), Trizivir (3TC + AZT + ABC), Truvada (TDF + FTC)

Non-nucleoside (NNRTI) Efavirenz, Nevirapine, Delavirdine (1st gen.)

Etravirine (2nd gen.)

CHEEIRSHS 2~ (protease) {aHA| Atazanavir, Fosamprenavir, Lopinavir, Darunavir, Nelfinavir, Ritonavir, Saquinavir,
Tipranavir, Amprenavir, Indinavir

OlE| 12 tobH| AMahH| Raltegravir

AR -1 LA 2 IR W~

MK-0518 (Raltegrawr) Elvitegravir

Laboratory of Bioantibacterials
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Immunotherapy

e Therapeutic Vaccines (X| 28 2 4l)

e Therapeutic Monoclonal Antibodies (X| &

e Cytokine Therapy (X|E& M|'O|E9|'O._|)

THEESM)

QO

e Immune Gene and Cell Therapy (H9E ST A} 8! M Z X| 2 X])

e Immnosuppressive Drugs (H S X[ X))

o o1 K| 2 |

2latol| ALR gl HAHR| thY

HAHH|H|

ApIEEAER Y
FK-506

OXE|2=2]
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4|

CTLA-4-lg
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Therapeutic Antibodies

ZAl it THEE XY IHL U] L ERA S
1986 -~ 1&] Orthoclone® OKT3 CD3 AF710]4] AR 213)
1994 HEE Centocor/Eli Lilly Reopro® GPITb/ATla PCI
1997 7w 2] IDEC/Genentech/Roche Rituxan® CD20 Hle x|7)4 ==
ol 713} Protein Design Labs/Hoffmann-La Roche Zenapax® CD25 ZA710]4 AHiLake- 913}
o171 Genentech Herccplin\'@ EGFR2/HER oA Fuidt
1908 e Medimmune Synagis’t’_ RSV RSV7H ofut
HEE Centocor/Schering-Plough Remicade® TNF-a FulEl2, Crohntd
e Novartis Simulect® IL2R #2704 ARuke ol
2000 ¢17}g) Celltech/Wyeth Mylotarg® CD33 A4 =5 WE(AML)
2001 o] 718} Millennuium/Schering AG Campath® CD52 4 9]ultAl W H(ALL)
HEAPH S 5k IDEC Zevalin® CD20 H| 32714 P=3F
2002 ¢17KPhage Display) Abbott Lab. Humira® TNF-a FulE] 2
0] 7}3} Croxia& GlaxoSmithKline Raptiva® CDlla L =i B e
_— el A3 Corixa/GSK Bexx@f? CD20 H A7 »‘:
917k} Genentech & Novartis Xolair® IgE 2 AEA 1A 93l
7 Imclone & Bristol-Myers Squibb Erbituxv EGFR AAA Ao}
2004 o713} Genentech Avastin® VEGF At
el 7135} Biogen-IDEC/Elan Tysabri® a4 integrin thaA Al
o o) 7ks} YM Biosciences Theracim® EGFR Gliving, Headklock,
2005 Lung, Pancrea cancers
ol 713} Roche/Chugai Actemra® IL-6R 89, benign B tumor
2006 0 7ks} Genentech Lutemis?’ VEGF FA1 kg A
217K1gG2) Amgen Vectibix® EGFR o)At
2007 t[gGZ—ngE]ylvrid) Alexion Pharmaceuticals SOLIRIS® €3 ,S%iéalzg%(;m;
2008 U3t (Pegylated Celltech, UCB Cimzia® TNF-a Crohn' s disease, Z+41¢]
1gG4-T'ab)
o1zk Centocor/Orthobiotech Simponi® TNF-a Psoriatic arthritis, =Y
¢)7k Norvatis\ ILARIS® IL-1p i
2009 el7k Centocor Stelara® IL-12, IL-23 AX
)7k Genmab Arzerra® CD-20 CLL. NHL, RA, MS
o} 2-rat Fresenius Biotech Trion Pharma Removab® CD3, EpCAM malignant ascites
2010 el7k Amgen Prolia® RANKL ETREES
17k HGS Raxibacumab anthrax toxin Anthrax toxin

X 25
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Therapeutic Antibodies

Y% Adalimumab Humira
%% Infliximab Remicade
% %  Rituximab Rituxan
% % Bevacizumab Avastin
% % Ranibizumab Lucentis
%%  Trastuzumab Herceptin
% ¥¢ Cetuximab Erbitux
% ¥¢ Natalizumab Tysabri
% ¥¢ Omalizumab Xolair
* Palivizumab Synagis
> Basiliximab Simulect
* Daclizumab Zenapax
> Alemtuzumab CamPath
* Muromonab-CD3 Orthoclone OKT3
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Clinical Microbiology Laboratory *

e clinical microbiologist
— the major function is to isolate and identify microbes from clinical specimens
rapidly
e clinical specimen
— portion or quantity of human material that is tested, examined, or studied to
determine the presence or absence of specific microbes
Rapid and immunoassays
Bacteria and fungi—biochemical identification
Bacteria, fungi, and virus—ELISA,
fixation, etc.
e Molecular tesfihg . /Microscopy
Bacteria, fungi, ite, and ™\ : ¢
[ virus—nucleic acid amplfication, | Boctoriy RS
:‘:_:_: .s_equen0|ngé:g:ngerprlntln-g,ﬁ. specti Virus—electron
Biochemical tests . Culture . 1
Bacteria and fungi—identification Bacteria and fungi—purify
and sensitivity
e,

\ Laboratory of Bioantibacterials
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Working with Specimens

o safety concerns

— Standard Microbiological Practices have been established by the Centers for
Disease Control and Prevention (CDC)

e specimen should:
— represent diseased area and other appropriate sites
— be large enough for carrying out a variety of diagnostic tests
— be collected in a manner that avoids contamination
— be forwarded promptly to clinical lab
— be obtained prior to administration of antimicrobial agents, if possible
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Standard Microbiological Practices

are minimum guidelines that should be supplemented with other
precautions based on exposure risks and lab biosafety level regulations

goal is to protect workers from contact with agents by their taking
precautions and by their working in a safe laboratory environment

e.g. workers can limit their contact with microbes by not eating or smoking
in lab and by preventing injuries caused by sharp objects

e.g. coverings such as lab coats and bandages should be used

e.g. workers should know how to use emergency eye wash and shower
stations

e.g. work space should be disinfected

e.g. hands should be washed thoroughly after any exposure and before
leaving lab
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Biosafety Levels and Identification *

« recommended guidelines for additional precautions reflect the
laboratory’s biosafety level (BSL)

— BSL 1 — not known to cause disease in healthy adults

— BSL 2 — associated with human disease

— BSL 3 - disease may have serious or lethal consequences
— BSL 4 — agent poses high risk of life-threatening disease

« preliminary or definitive identification of microbe based on numerous
types of diagnostic procedures

— microscopy

— growth and biochemical characteristics
— Immunologic tests

— bacteriophage typing

— molecular methods
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cf. Biosensors: biological detection systems
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Molecular Genetic Methods

accurate, routine methods used in clinical microbiology labs

comparison of proteins

nucleic acid-based detection methods

molecular methods widely used

nucleic acid probes; DNA hybridization

PCR and real time PCR (RTi-PCR)
ribotyping (16S rRNA analysis)
multilocus sequence typing (MLST)
genomic fingerprinting

plasmid fingerprinting
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microfluidic antigen sensors, real time PCR, highly sensitive spectroscopy systems,
liquid crystal amplification of microbial immune complexes
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Immunological Techniques

e detection of antigens or antibodies in specimens

— especially useful when cultural methods are unavailable or impractical or
antimicrobial therapy has been started

e use of immunological systems has many advantages
— easy to use
— give relatively rapid reaction endpoints
— are sensitive and specific

e number, sensitivity, and specificity of immunological techniques are increased
due to better understanding of immunology
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Immunological Methods *
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Surface plasmon resonance (SPR)

Agglutination (27(I HtS

Precipitation (A4 Ht3): &1 40| £|2{™H?
Immunoelectrophoresis (HE M 7|5 H): HZHS2 0|8
Complement fixation: very sensitive

Immunoblotting (= Western blotting)

Enzyme-linked immunosorbant assay (ELISA)

Radioactive Immunoassay (RIA)
Immnofluorescence/Fluorescence-Activated Cell Sorter (FACS)
Biochips
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Agglutination

Red blood cells Measles viruses Hemagglutination Red blood cells Measles viruses  Antiviral measles

antibody from serum

Measles viruses neutralized
and hemagglutination inhibited
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Precipitation
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2t (immunodiffusion)

H7|HS8H (immunoelectrophoresis)

A (immunoprecipitation): & &= 2|, Tagging (bead, magnet)

cf. Staphylococcus A protein (Spa): affinity to 1gG (Fc)
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Immunoglobulin
Constant domain

(Fc)
in complex with
protein A
Fab Heavy minimized domain
Chain
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Immunoelectrophoresis

e antigens first separated by electrophoresis according to charge
e antigens visualized by precipitation reaction
e has greater resolution than immunodiffusion assays

Separate antigens by electrophoresis
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(a)

Place antiserum in trough

Trough

Copyright & The McGraw-Hill Companies, Inc. Permission required for reproducton or display

(b)

Antibody and antigen diffusion and precipitation

R v .

()

72\ Laboratory of Bioantibacterials
% ¥ College of Pharmacy, CHA University



%5

Complement fixation

e Immune complex
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binding of complement to an Ag-Ab complex
basis of diagnostic tests of Ab presence in the patient’s serum

very sensitive, measure extremely small amounts of antibody

Test serum
Antigen j/ i
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HAH 7|4t HEH: Complement fixation
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Immunoblotting (Western Blotting) *

e procedure

— proteins separated by electrophoresis

— proteins transferred to nitrocellulose sheets

— protein bands visualized with enzyme-tagged antibodies
e sample uses

— distinguish microbes

— diagnostic tests

— determine prognosis for infectious disease
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Radioimmunoassay (RIA)

purified antigen labeled with radioisotope competes with unlabeled
standard for antibody binding

amount of radioactivity associated with antibody is measured
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Enzyme-Linked Immunosorbent Assay (ELISA)

e one of the most widely used serological tests
— direct test can be used to detect antigens in a sample
— indirect test can be used to detect antibodies in a sample

e reaction visualized by addition of chromogen

: ELISA

Microtiter ELISA plate with 96 tests for HIV antibodies.
Colored wells indicate a positive reaction.
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(a) ZHd ELISA

&t 2 H(well)

(b) ME2|X| ELISA
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Types of ELISA
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Flow Cytometry

e flow cytometry
— detects organisms in clinical samples

— detection based on cytometric parameters or by use of fluorochromes

e fluorochromes often bound to antibodies or oligonucleotides

e flow cytometer

— forces suspension of cells through laser beam and measures amount of light

scattering of fluorescence

— can detect heterogeneous microbial populations with different responses to

antimicrobial treatments
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Flow Cytometry *
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Biochips *
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