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Introduction to Immunology



Introduction to Immunology

Asst. Prof. Dr. Wilairat Leeanansaksiri

Overview

Edward Jenner.

History & impact of immunolegy on human health

Bl

Tountriws with 200 years  WHO announce
more than one

after Jennar 4 qalipox sradicated
smallpox case 15

per manth . \ j

1365 1970 1975 1980

Why study immunology now?

Infectious diseases

Mechanisms of pathegenicily
Vaccine developmant

Diseases caused by a disturbed immune system
ALLERGY: Immung respanses Lo innocuous malerials e g. ASTHMA
AUTOIMMUNETY: Anti-self immunity e.g. MULTIPLE SCLEROSIS

GRAFT REJECTION: Immune responses to TRANSPLANTED TISSUE
IMMUNODEFICIENGY: Dofects in immune responses e.g. SCID

Maniptiation of immunity to treat disease

IMMUNOSUPPRESSION: Treatment of immune diseases
IMMUNOREGULATION: Immunotherapeutic interventions

Vi,

4 1 Corrt Mgy 72 £t Pty

The distritution of lymphoid tissues in the body.
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Immune responses

Barriers
nvasion
& infection

Innate immunity Celtular and humoral defences
+ lysosyme, sebaceous/mucous secrelions,

stomach acid, commensal

organisms,compiement proteins,
+ inflammation

Skin & Mucous membranes
rapidly reganerating surfaces, penstaltic
movement, mucociiiary escalalor,
vemiting, flow of urinefears, coughing

phagocylosis, NK cells

Callutar and humoral defences
Antibodies, cylokines, T helper cails,
cyioloxic T cells

Adaptive immunity

- An overview of some of the mechanisms by which the
immune system rils the body of invading pathegens
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*Diversity
*Specificity
Memory
«Self regulation

*Self / non self discrimination

Immune Syetem

*Non specific Immune Response (Innate Immunity,
Natural Immunity)

*Specific Immune System (Acquired Immunity)

*Humoral Immune Response {HIR)

+Cell Mediated Immune Response (CMIR}

Innate immune response
inbuilt immunity to resist infection

« Present from birth
= Not antigen-speciflic
* Nol enhanced by second exposure
» Has no memary

» Is poorly effective withoul adaplive immunity

Also involved in the tiggering and amplification of
adaplive immune responses
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Adaptive immunity

Immunity established lo adapt to infection
» Leamt by experiance
+ Confers pathogen-specific immunily
« Enhanced by second exposure
+ Has memory
= Uses cellular and humaral components
« Is poorly effective withoul innate immumty

Antibodies reflect infechions to which an
individual has bean exposed- diagnostic for mfection
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The distribution of lymphaid tissues in the bedy.
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peripheral lymphoid
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Bloo: smear
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ABO System Rh System
Blood groud  Antigen | Antibody Agglutination Rh* Antigen D
with
A A Ant-8 Anti-A Rh- NO Antigen D
B B Anti-A Anli-B
White people: 85% Rh*15% Rh-
»] - Anli-A, Anli-B
AP Aandg : Ant-AB Thai people: 99.9% Rh*o.1% Rh-
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Leukocytes

Adaptive and innate immurity depends upen LEUKQCYTES
Innate immunity i mediated [argely by GRANULOCYTES
Adaptive immunity mediated by EYMPHOCYTES

The growth, development and activilies of granulocytes and
lymphocytes are inlerconnected and often co-oparative

Myeloid celbs in
innate and adaplive
immuasity.

Small iymphocytes are cells whose main Feature is inactivity,

Role of the immune system | Implications

Defense ageins!infecticns ~* Defcentimmuny resus i nreased
suscepibilly to infections; exemplified by AIDS
- Yaceination boosts immune deferses
| and protects against infecions

The immune system fecognizes . mmunéfesponsss ar bariers o

and responds lo tissus gralts - Fanspanialon and gene therepy

and newly introdued proteins

Defense against tumors - Patental for immunotherapy of cancer

Disease Maximum number | Number of | Percent W, i P .
of cases (year) |casesin 2004 |change s [Innate immunity Adaplive immunity
L
[P Sttt pinass el [y T
P i P oy f .
Diphtheria {206,939 (1921) 0 999 Fverei e % ides
Maasles | 804,134 (1941) a7 £.99.99 Ui bares ig &xﬁ o,
Mumps | 152,209 (1958) 236 £.99.90 S ;4{%?% CEN 4 _,,;L,-.a
Pertussis 1265269 (1934) | 18,987 - 96.84 ' ¥
kot SN o . S
Polio (paralyic) | 212091552 0 ; i ST
Rubela |s7essqsee) |12 w o b Fk
Tetanus 11500(1923) 1% oE NS 7 o
Haemophilus | -20.000 (1984} 16 Complement ki
;g{glggzae lype b | Hours ' Days
P B - S
Hepatitis B 1 26,611 (1985) 16,632 -75.08 - Tinme alter infection -~ - -
R o o T e e e ] i pag e vaEee G S e e S TR TR S A
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Adaptive

Charactenstlcs
Spec;ﬁcny

! For structurgs shared by
! groups of related microbes

Civarsity

Memory

Nonreactivity to self

Llrmled germhnevencoded

£ Very large: retupmrs are
¢ produced by somatic

! recombination of

gene segments

Components

Cellular and
chemical barriers

H mucosal epithelia;
¢ antimicrobial chemicals

Comulement mhers

: Lymphocyms in cpnlheha
antibodles secreted at
epithelial surfaces

Antibodies

Blood proteins
Cells i Phagncytes (macrophages ! Lymphacytes
! neutrophils), natural kiler cells

| For antigens-of microbes and
for nonmlcmblal anr:gens

Humoral
immuniby
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Feature

] Functional signiticance

| Specificity

! Diversity

Memory

Clonal
expansion

‘Specialization

| Ensures that distinct antigens
{ ellcut specnhc respansas

Enables immune syslem
i e respond to a large
i varlety oif anngens ¢

i Leads to nnhanced responqu
to repeated exposuras to the
same antlgens

Incra'\sus number Of
antigen-specific lymphocyles
to kocp pace with mlcrcbo.,

Generates responses that are
timal for defense against
d flerent types of microbes

Contraction and
homeostasis

Allows immunao system i
to rospond o newly
encountarad antigens

Lymphocyte
clones with
diverse raceptors
arise in generative
Fymphoid organs

Clones of mature
lymphocytes
speciic for many
antigens egnter
Iymphoid tissues

Antigen-specific
clones are
aclivatod

{"selected")
by antigens

Antigen-specific
immune

Lymphocyte

Mature
precursord 7

lymphocyte -

LR i

Nonreactivity Preven!s injury to the
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Physical barrier
to infection

Peptide
Lantibioti

Killing of microbes
by locally produced
antibiotics

Killing of microbes
and infected cells
by intragpithelial
lymphocytes
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Lymphocyte subsets
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The three main 1ypes of armed effector T cell praduce
distinct sets of effector molecules.

CIH T o
papicie + MHC cioss |

Tl ol T2 ool

g
Aclivate B calls il virus- Produce antbodies i
and macrophages infected celis PLASMA CELLS iy .
THELPER CELLS  CYTOTOXICT o | we g | u | cil
LYMPHOCYTES i I A = I R
Lymph node
4. Germinal cenlra
Lymphocyte (slte of intense 5 Medullary cords

(Macrophage &

B cell proiiferation) .. -
p plasma cell areay

3. Secondary
lymphoid fallicle
2. Primary Lymphoid—_.
follicle (B cell area}
Paracortical '
{T cell) area

1 Afferent lymphatic
vessel, Lymph,
cells
& Ag drained from
{issues enlers hera [

6. Efferend lymphatic
vessel

Artery

Vein

Medullary sinus
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Lymphocyte recirculation

o
'ﬁ%

NAIVE LYMPHOCYTES enter
blood, are seeded to the
peripheral lymphoid organs
and recirculate

Cells & antigens from a site of infection
are trapped in draining lymphoid tissue
Calls profiferate and re-enter the
RECIRCULATING LYMPHCQCYTE POOL

to re-seed the peripheral lymphaid organs.

How immune cells communicate:
SOLUBLE MEDIATORS

Infection \
= CYTOKINES & CHEMOKINES
Phagocyte Diverse collection of scluble proteins
activation rnade by cells thal affect the
behaviour of olher cel's. The balance
& level of cytokines and chemakines
secrated affecls the oulcome of the
rasponse
INFLAMMATION

Early evenis involve endothelial cells and rasult
in tha accumulation of fluid, plasma proteins &
laucocytes.

Later eventz invelve the aclivation and
maturation of tymphocytes and cther
granulocytes.

Acute inflammation

Macrophage-dinduced cytokine release Increases
vascular permeability causing acute inflammation
Swellfng-Heaof -Re dness-Pain

Lacal Inflammatory responses
can be Induced by
smnil camplement

fragments, especiatly CSa,

They cause lecal inflammitory

respenses by acting dircelly

on local bloed vessels

and C5a also acts

indircctly by aclivating

mast cells,

Sacke 17143

Inflammatory cytokines: Immune effects

IL-1 IL-8 TNFax IL-6 t-12
Aclivotes  Chemotactic Activates  Lymphocyte NK cell
vascular for vascular activation activation
endothelium & neutrophlls  endothelium  Enhences Thi
lymphocytoa Incronses  |geynthewis dilforontistion
induces wikcular
TNFak IL-§ permeabliity
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Inflammatory cytokines:
Systemic effects and co-ordination of response

IL-1 IL-6 TNFa

Liver Bone marow  Hypothalamus, Lymphocytes
&endothelium  fat & muscle
Acute phose Ne utrophil Incroased Increased
protolng mobllisation metabolism & activation
{CRP, MBPF) e mpe rature
Activafionof  Phngocytosis b crezsed Increased Ag
complement & viral/bacte rial processing
phagocytesls replication

Local and systemic inflammation

Locelised infection
Local refease of TNFa

Systemic infection (sepsis)
Systemic release ¢f TNFa

Systemic cedema
DIC, organ failure, death

Local cedema &
inflammation
Removal of infection
and adaptive immunity

Inflammation and the induction of
adaptive immunity

Lange rhons cells

Intlammation activates and recruits the adaptive immune system
by activating potent antigen-presenting cells

Induction of adaptive immunity

Inflammation-activated
Langerhans cells

Induction of
co-stimulatory molecules
& T cell actlvation

Migration to lymph
nodes & maturation
into dendritic cells

Costimulation of antigen and co-receptor
activated T and B cells

SIGNAL 1
Antigen
Recognition
+ co-receptors)

Antlgenreceptor and co-receptor ligatien are often
Insufticient tor proliferation and the expression of effector function
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Co-stimulation of B cells by T helper cells

SIGNALL 2
Cognate T-B co-stimulatory inferaction

induce s CD40L :' Virus

Ro ceptor
mediged
uptake

SIGMAL 1

Ag recognition &
co-receptor ligation
dnduces CD40 on
Soluble T-8
co-stimulator

Signal 1 & slgnal 2 are requlred tor B cell clonal profiferation
and differentlation to plasma cells

Amplification of B cell activation:
The B cell co-receptor complex

Fellicular
dendritic celf

Signals through the co-receptor complex induce protieration
(¢clonal expansion) and the expression of molecules on

B cells that allow them to communicate with T helper celis,

Effector mechanisms against
intracellular bacteria
MACROPHAGE ACTIVATION

Inflammatory

Cylokines
T cell

Activated macrcphage

Resting Macrophage i ation of killing mechanisms

Co-stimulation of T helper celis by
professional APC

SIGHNAL 2
Cognate T-professional APC co-stimulatory [nteraction

cD2s/B7.12

Danger!

L1, IL-12

SIGNAL 1
Antigen recognition
& co-recepior ligation
induces CD2B on T colls

Signal 1 & signal 2 are required for T cell clonal proliferation
and differentiation to effe ctor cells

Immune Syetem

Non specific Inmune Response (Innate Immunity,
Natural Immunity)

*Specific Immune System (Acquired Immunity)

*Humoral Immune Response (HIR)

+Cell Mediated Immune Response (CMIR)

i

-l
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bty Aoy prcve o tnt.
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Structure of the antibody molecule.

The structural organization of the main human
immunoglebulin isetype monomers

B 11T Croard vy Loa  Carlarel Putamsing v

Effector mechanisms against
extracellular pathogens
OPSONISATION

Bacteria in extracellular space

Fe¢ receptor
binding

OPSONISATION FPhagocytosis

Immune effector mechanisms against
extracellular pathegens & toxins
NEUTRALISATION

.

o (ot

Adhesion to Texin ralease
host calls blacked blocked
Prevents Prevents
invasion toxicity

NEUTRALISING ANTIBODIES

Antibody-coated target rells can be killed by natural killer cells {NK cells)
in antibady-dependent coll-mediated cytotoxicity {ADCC).
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Immune System

Non specific Immune Response (Innate Immunity,
Natural Immunity)

*Specific Immune System (Acquired Immunity)

*Humorzal Immune Response (HIR)

© 1947 Current Biology LI / Gariand Publishing, tnc.

*Cell Mediated Immure Response (CMIR) T

HI and TH2 cells recognize antigen presented by MHC class [ molecules

cormplex of

-

L
Lid. / Gorlend Publlahing. tnc.

T 1997 Cusrent Bial

Cytotoxic T cells recognize antigen presented by
MHC class I molecules and kill the cell

#1997 Gurreat Blology Lid. 7 Gai ining, e \
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Bacterial infection triggers an inflammatory response,

Mechanism of host defense against intraccllular infection by viruses
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Mechanism of host defense against intracellular infection by mycobacreria

Effector mechanisms against
extracellular pathogens
COMPLEMENT

Bactena in plasma

(G,

Lysis

—

YAI: &
COMPLEMENT

Opsonisation

Complement &
Fe receptor
binding

Phagocylosis

Effector mechanisms against
intracellular pathogens
CYTOXICITY

Viral infaction

Target cell

y death
Lethal hit

Effector mechanisms against
intracellular hacteria
MACROPHAGE ACTIVATION

Inflammatory

Cytokines
T call

Activated macrephage

Resting Mecraphage Activation of kiling mechanisms

There are several protelns that are selectively expressed In human
duzmars and are therefore candidale toimer-refecton antigens.
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Tumors may escape immune surveillance in a variety of ways.

Machanisns wheraby famors secape immuns recognition
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Immune responses can be beneficial or harmful

depending on the nature of the antigen.

Effect of response o antigon
. i
e = N
e N N
sa [ o [ e |
o [ ey ][ ow ]

% 1997 Curmnt Blology L1ct. 4 Garland Pudlishing, Inc.

Allergy can be transferred by serum

Dr. Kustner

Dr. Prausnitz
t=hrs t=16hrs

Allergis to cod
at any injection site

Non allergic  Allergic to cod
anly at site of
serum Infection

1919 - First indication thaot allergy wes due to a serum incor
1921 - Prausnitz & Kustner, passive cutancous anophylaxis
1923 - Serum tactor called reagin
1968 - Ishizaka identified reagin as IgE

Allergic immune responses

Sansltisation & interactions
with confounders

Thi/2
polarisation

R RN
“—“’—4'/ Disturbance

of IgE network

Hadeisisanon1srau
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Chapter 2.

Introduction to Leukemia



Introduction to Leukemia

Asst. Prof. Dr. Wilairat Leeanansaksiri

Scope of Introduction to Leukemia

1. Definition

2. Classification

3. Diagnosis

4. Treatment

5. Follow up after treatment

Scope of Introduction to Leukemia

1. Acute leukemias

-Acute lymphocytic leukemia (ALL)

-Acute myelogenous (granulocytic) leukemia
(AML or AGL, rarely ANLL)

2. Chronic leukemias

-Chronic myelogenous (granulocytic)
leukemia (CML or CGL)

-Chronic lymphaocytic leukemia (CLL)

3. Lymphomas

3.1 Hodgkin’s Disease (HD)

3.2 Non-Hodgkin’s Lymphomas (NHL)
- Multiple myeloma (plasma cell)
- Burkitt’s lymphoma

Introduction to Leukemia

+ Definition

* Historic Perspective

+ Etiology and Risk Factors

* Incidence

*+ Classification

+ Comparison of Acute and Chronic
Leukemia

I.eukemia

Definition

Leukemia is a malignant disease of hematopoietic
tissue characterized by the accumulation abnormal
white cells (neoplastic or leukemic) in the bone
marrow leading to bone marrow failure, a raised
circulating white cell count (leukoeytosis) and
infiltrate organs (e.g liver, spleen, lymph nodes,
brain)




Leukemia

Historic Perspective

=1945
*The initial description of leukemia as a clinical
entity was made by Bennett in Scotland and in

Mechanism of malignant transformation

CAUSE PATHOGENESIS PHENOTYPE
Allered gene expression
Environment Oncogene
Toxmn Tumor suppressor gene | | +Apoptosis
Virns infection > TProliferation
Drugs dDifferentiation

Genetie predisposiion

Translocation

Germany. Lembhocy Mucrophage | Mutation
Y !m&L;\:C)lE {;\_:\) Amplification P
e R Deletion W)
Seeret: e ) ;
evtakines (Q, Stem cell @
f‘_\“) i’ Adhesi { E et
2L e U Clone of
Slrumm moleeules maligaant cel
| Causative agents | Leukemia

Spontaneous

Chemical UV and ionizing
carcinogens radiation

Virus-induced abnor?:;:ietii::s (XPy
{HepG, EBV, HPV)

! Immunosuppression I

Etiology and Risk Factors

The etiology of leukemia is unknown.

* Oncogenes mutation and tumor suppressor
gene alteration,

+ Host factors.
+ Environmental factors

Oncogene mutation

Tumor suppressor gene
Chromosomal abnormality Stem Cell

Gene reamangement \ .
?
i
Myeloid series Lymphoid series

|
L Leukemia . ‘

[=]

Host Factors

« Congenital chromosomal
abnormalities
» Increased frequency in patients with congenital

disorders that have tendency for chromosomal
abnormality.

¥ Such as : Bloom’s syndrome, Fanconi anemia,
Down’s and Klinefelter’s syndromes.

» 18-20 fold increase incidence of AL is seen in
children win DS,




* Immunodeficiency

* An unusually high incidence of lymphoid
leukemia and lymphoma has been described
in patients with hereditary immunodeficiency
states (ataxia-telangiectasia and sex-linked
agamaglobulinemia).

# Usually related to T and B-lymphocyte gene
rearrangement.

Chronic bone marrow dysfunction

* Patients with CBMD syndromes have

an increased risk of acute leukemic
transformation.

» Examples include the myelodypalstic
syndromes, myeloproliferative
disorders, aplastic anemia and PNH

Environmental factors

lonizing radiation

+ Leukemia is associated with exposure to
jonizing radiation such as nuclear
weapons in Hiroshima and Nagasaki.

Both acute and chronic forms of leukemia

including AML, ALL and CML were
associated.

Chemical drugs

* A variety of chemicals and drugs have

been associated with the development of
leukemic transformation

* Examples: Benzene, Chloramphenecol,

Phenylbutazene and Cytotoxic alkylating
chemotherapeutic agents.

Viruses

The human T-celi leukemia-lymphoma virus-|
(HTLV-I) has been implicated as a causative
agent of adult T-Cell leukemia-lymphoma.
Another related virus HTLV-Il has been isolated
from patients with atypical hairy cell leukemia
(CLL)

» The Epstein's Barr virus has been linked to
Burkitt's lymphoma.

Incidence

* Incident increase every year

* Leukemia strike more in adult than
children (10:1} and has slightly increase
incidence in males than females (1-2:1)




| Classification of leukemia |

Main classification

Comparison of acute and chronic leukemia

Acute Chronic
Age All ages Adults
Clinical onset Sudden Insidious
R £AB Leukemic cells More Immature More Mature
WLymphoid | Tymphoid Blast cell 230% |BLAST CELL<30%
Anemia Mild to severe Mild
CLL ALL[L Thrombocytope | Mild to severe Mild
L2 na
= WEC Variable increased
Organcmegaly Mild prominent
Diagnostic Studies , 4
Y
+ Penpheral blocd : Staglng

.

-

Bone wamow
Cytogenetics e
Flow cytometry
Cytochemisty (special stains)
Molecular markers

For myeloma - SPEP. UPEP, Quantitative
imurmoglobuline. mummeelectropheresis

Immunophenotyping
Cell surface antigen staining

* Most leukemias are not staged
+ Chronic lymphoevtic leukemia (CLL)Y
= 5 Stages {Rat-Sawitsky) classification, © - [V

=~ Based upon fympheeyte numbers. adenoparhy,
anenna. thromboceytopenia

» Multiple myvelonia

= 3 stages. based upon muhiple factors,
hewoglobuy. M protem, ealenun. boue lesions

Acute Myelogenous Leukemia (AML)

o Al acute leukemias arising frani the myeloid
celt lineage

» May affect neutrophil, monoeyte, erythrocyte,
and megakaryocyte cell ines

» Eight subtypes of AML from MG to M7.

AML Subtypes

« MO- Myeloid leukemia with minimal differentiation.
« M1- Myeloblastic leukemia
» M2- Myefoblastic leukemia (undifferentiated)

* & & 9

M3- Promyelacytic leltkemia
M4- Myelomonagcytic leukemia
M&- Monocytic leukemia

M&- Erythroblastic leukemia
M7- Megakaryoblastic leukemia




Leukemia ﬁ_[_%:

Acute lymphoblastic lenkemia ¢(ALL) is the most common type of
teukeniia in young children. This disease also affects adults, especially
those age 65 and older.

- Acute myeloid leukemia (AML) occurs in both adults and children.
This type of leukemia is sometimes called acute nenlymphocytic
leukemia (ANLL),

Chronic lymphocytic leukemia (CLL) most often affects adults
over the age of 55, It sometimes occurs in younger adults, but it almast
never ¢ffects children.

Chronic myeloid leukemia (CML) oceurs mainly in adulis. A very small
number of children also develop this discase.

Ryan Tamayosh

A ety

Symptom

more frequent infections and fevers

* anemia and its symptoms: pate skin,
latigue, weakiess

* Bleeding

* bruisiog

= fever, chills

* loss of appetite

* losx ol weight)

* swollen or tender bymph nodes, liver, o

oAt spleen
Sara Ruehling W .susheewn,com/blogl?m=mwn ‘k[.)cter.hinr (tiny red spots under the
.aadp.org/pagesipage php?pageid=s skin)
/'r.
. f Al AL

+swaollen or bleeding gums

* sweating

* hone or joint pain

In addition. acute leukemia may
cause:

+ headaches

* vomiting

* confusion

* loss of muscle control

* seizures

* swollen festicles

* sores in the eyes or on the skin




AML- Epidemiology

]

» 17% of all childhood leukemias

¢ Rates highest in the first two years of life

+ Between 1995 and 1999 AML accounted for
4.8% of all cancers in children under 15
years of age in Canada.

* Oceursin 1in 130,000 people under 20
years of age each year.

AML- Prognosis
|

« Cverall survival is 60%,

e Acute promyelocytic jeukemia {APL-M3) has a

favourabte prognosis.

Acute megakaryoblastic leukemia (M7} has a much

poorer prognosis than other types of AML.

« Down's syndrome children with AML have better
outcome than other patients with AML

« Cytogenetics impact adtcome

AML- Clinical Presentation
.

+ Children with AML usually have an elevated
WBC at diagnosis (median 24,000/mm3).

e Peripheral blasts are seen in more than 90%
of cases and most children are neutropenic.

¢ About half have a hemoglobin < 80 and a
platelet count <50,000/mm3.

AML- Clinical Presentation

]

» Onset of symptoms is a median of 6 weeks
prior to diagnosis.

* As with ALL. pailor, fatigue, petechiae, fever,
and infection may be seen at presentation
due to abnormal bleod counts.

e Anorexia and sore throat may also be seen

e Skin, gums. and the head and neck area
may be sites of extramedullary disease

AML- Clinical Presentation

» Chioromas are extramedullary accumulations
of leukemic cells.
# occur inthe sginal ¢ord, bran, seft lissues. bones, and
eyes,
« Cirbaal chisroma may cause plesis.
» Leukemia cutis defined as the accumulation
of leukemic celis in the skin.
o Papular rash with salman or Bluish 1o slate gray lesions
» Palpable rubbery subcutaneous nodules




AML- Diagnosis

& Work-up includes bone marrow aspirate,
biopsy and lumbar puncture

» Greater than 20% blasts need to be seen on
the aspirate for the patient to be diagnosed
with AML.

¢ CNS disease less commeon in AML than ALL

® Factors asscciated with CNS disease include
hyperleukocylosts (1WBC), monaeylic leukenia
(P4 or M5). and young age.

AML- Treatment
L

¢ Involves systemic chemotherapy with a muitiagent
protocol. Most treatment pians are short and intenge,

e Treatment is done as an inpatient.

« High dese cytarabine plays a role in most treatment
plans.

» Intrathecal chemotherapy is given te all children with
AML

¢ Patients with AML are at high risk for infection and
3epsis.

AML- Treatment
L

o Risk stratification in AML is refativeiy nav,.

* Falients with low risk disease based on cytogernetics are
treated with chemctherapy alone.

¢ Palients with intermedizte risk disease (reither
favourable nor unfavourable features) are treated with
chemotherapy. Stem eell transpiant is done if there is a
matched family donor,

& High risk patients undergo chemotherapy foliowed by
stem cell transplant (n1ay be either Tamily donor or
matched unrelated donorj.

Myelodysplastic syndromes (MDS)
L " U |

* Myelodysplastic syndromes (MDS) -rare set of
disorders characterized by ineffective
hematopoiesis.

e 32% of children with MDS go on lo develop AL

» Present with signs and symptoms of hematopaietic
failure including bleeding, palior and petechiae.

e Supportive care includes transfusions and |V
antibiolics

e Only known curative therapy is allogeneic stem cell
transpiant

Juvenile Myelomonocytic Leukemia
{(JMML)

& Anyglodyspiastic syndrome

® Hypercellutar reamow with <207% blasts

o Peripheral menocyte count = 1000imm?

o Most have WBC >10.000/mm and elevated hamoglotin F

= D2 net have Philadelphia chromosome

= Typically under 4 years of age

# Ciinlcal presentation may Inciude hepatosp'enomegaly
{~60%), lymphadenopathy (7544), palour {68, fevet (515},
skin ragh (3%%:).

# Poor prognostie featres Include cldar ags, elevated
hamoglobin F, and thrombocytopenia.

= Only curative therapy is adoganele stem el ranspiant {~ 555
cure rate)

Myeloproliferative Disorders

« Clonai proliferation of the myeleid cel line due to an
intrinsic abnarmality of the hematopoietic stem cell.
» Includes Chrenic myeloid leukemia (CML)
» Minety-five percen: of ped atric CAL cases have thg
Fhitadelphla chicmoscme.
« Rare in chidran.
» Typreally gresents In chranlc phase (mean duration 4-5 years).
Ciinical symploms include viaigit joss. faligue. mala:se, tong
and jeint pain. fever, night sweats, abdominal ful'ness/pain.
Splenomegaly In 80-95% ¢f cases.
* 4G%; of cirildren vith CRIL are asymplomatic.
* WEBT > 100,000 in 803 of pallznts




Myeioproliferative Disorders

s CML

+ Disease eventually enters an accelerated phase (mean
duraticn 3-2 months) and then terminal or biastic phase
(mean duration 3-8 months},

» Chronic phase managed vath imatinib {Gleeves™) vhich
selectively targets ChL cells and has fav toxic effects.

+ Patwnis on matinib had progression free survival of
8435 after £ years.

= Patients with progressive disease or intolerance to
imatinib may undergo alisgensic stam celt transplant

Relapse

]

+ Relapse defined as recurrence of feukemia
after remission has occurred.

» Most relapse ocour during treatment or within
the first 2 years after completion of treatment,

+ ALL known to relapses as lale as 10 years
after diagnosis.

» In beth ALL and AML bone marrow is most
common site of relapse.

Relapse
|

In ALL refapse to testes oscurs in 290 of cases ard CNS
to 5% of cases.

Bone marrcy relapse is practctive far a pocr ouleome in
most patients,

Time 1o relapse in ALL associated with outcome
Allogene:c stem ceil ransplant is the treatment ¢f chosce
for patients with hematolegic ralapse during or sharily
altar the complelien of therapy and for patents with T-cell
ALL.

tn AML. relapse less than 18 months after therapy
cenfers a dismat proghosis. Allogeneiz cell ranspiant is
the treatment of choice for all refapsed AML 5.

-

Types of ALL

e

Pre-B cell (84 %) T-cell (15%) B-cell (1%)

Iatrenedate
Earlr Thywocyre  TEPMOCT p o e Alabae T-Celf

O—-0—0—

W /L—TCell ALL )

O-0O
Hurkins

Phapotn Lymphei |-B -Cell Precursor AELY[T 47 )

N 5 -0-0-0-0

Easty Pi+-BCel TueB el Dausonae ILarwr Flasia C ey
Bl Bl

Subtypes of ALL

* Precursor-B Cell
— Most conunoy type
= Conunonly seen in preschoolers
« T-Cell
- Associated with high WBC
— QOften associated with mediastinal niass
~ Commonly scen in adolescent majes
Muature B-Cell (Burkitt’s)
~ Responds poorly to slandard ALL thegapy
~ Treatment same as for Bugkin's lymphoma




Peripheral blood blast

morphology
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Bgﬁf‘:’ ‘:; aﬁ}‘i‘}l. Lymphoblasis
0 €
[3 ﬁﬁ N

53 o @nwg_ @@ I e %
e g T

G
v - o

‘g Bone Marrow Analysis:

*  Deseription of Teukenue cells

+ Cells classified according 1o the FAB

Morphoiogv

~ Size, shape, anvamt of cyfoplasn
~ Onlier characteristics
(e.g. vacuoles, Auer rodsy

(French-American-Buitish} system
- ALL: FARLE-13
— AML: FABMO- N7

.ﬁ Morphology in ALL:
ﬁ FAB Classification

o Bone Marrow
m Analysis:
et Cytochennstry

Special stains applied to slides

.

@ + Helps to differentiate cell lineage (AML: : ‘ ‘..
: Sudan black, myeloperoxidase versus ! "‘-\..,
: ALL: perivdic acid-SchiffPAS) L ‘.-4,‘
; ¢ Helps to differentiate AML subrypes w
L1 L2 L3
- -Bone Marrow Analysis: Bone Marrow Analysis:
Immunophenotyping Cytogenetlcs

* Identifies markers (antigens) on
blast cells

+ Helps to differentiate:
ALL vs, AML
T vs. B lineage ALL
Certain subtypes of AML
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Cytogenetics in ALL:
Ploidy

BRI

-

Ploidy = number of chromosomes
« Normal - diploid (46)

— Hyperdiploid — exira copies of chromosomes
usually favorable)

— Hypodiploid - missing copies of chromosomes
{(always anfavorable)

Cytogenetics in ALL:

=
= Structural Changes
Type Assoclated Gene I'rognestic Implication
Product
®12:21) TEL-AMNL] Favorable
HERRD] NET. Unfavorable
©v.22 BCRABL CUntavorable
(Philadelpiss £ i wiow venc)
Trisony Nope Favorable
410,17

NClI classification system of ALL

Philadelphia Chromosome

1Y kg VA .- e
£ . 3 T s —
Standard | High Risk . > s\ g )Q : i QY. i
Risk AR NI NIRRT s'j,/_
Age 1.9.99% yrs [210 yrs SR TP s - s e ] :
. . D RS TIOmEE]
e e o4 S e wRmownr
WBC <50,000  [250,000 ' M
Steroid pr:e- No Yes Tianslocation seen in CML {>9525) and ALL (4%)
ftreatment
Gleevec T-cell ALL
Glaever: HOW IT WORKS « Make up 15% of childhood ALL
+ Slightly worse prognosis (EFS 85%) than
- B-cell ALL
‘ @f ' » Current study stratifies patients according to
S et response 1o therapy and tests high dose
: e methotrexate & Nelarabine (nucleoside
- analogue) in the treatment of T-cell ALL

All but low risk get cranial XRT

10
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.

Infant ALL

Patients diagnosed less than one year of age are
eligible

EFS 35-40%

Conunonly asseciated w/ 11g23 (MLL gene)
rearrangement

— Same genetic defect in leukemia post- etaposide
chemotlierapy

~ Signs of leukemia rewospectively fonnd in NBS
saples

- ? In utero exposure 1o carcinogen
Treated aggressively, often including boue
marrow fransplant

Off-therapy ALL care

* Patients need to come to clinic monthly in the
first year off therapy for follow-up CBCs &
physical exams

PCP prophylaxis may be discontinued 3 months
after stopping therapy

-

* Subsequent vears visits will become less frequent
*+ “Cure” is detined as remission 3 vrs off therapy

Long term complications from
therapy for ALL

Literature is fairly depressing
- Cohort of longest term survivors treated in an
era when cranig) XRT given prophylactically to
. all kids with ALL :
-~ Craniospinal XRT affects pituitary function,
growth, pubertal development. neurocognitive
funetion, dentition

Long term toxicity of ALL
treatment

Fertility not affected (unless receive BMT)
Cardiotoxicity from anthracyclines

- Rare w/ ALL cumulative doses
Osteoporosis, AVN, & “metabolic
syndreme” from steroids

Secondary malignancies rare {esp. w/o CNS
XRT) but dreaded complication

Long Term Outlook for ALL

.+ Quality of life generally good for most survivors
. Probably a lot fewer complications in patients

- -treated on newer protocols

We're nearing (or at) the end of our ability 10
improve survival using conventional chemo

The future is ini molecularly targeted therapies

11



Treatment - Acute Leukemias

* Chemotherapy

- Inducuon

- Consolidationre-induction

- Maintenance

Cenfral nervous system prophvlaxis-
intrathecal chemotherapy
Supportive therapy

- Growth factors

Treatment - Acute Leukemias

+ High dose chemotherapy with stem cell
Trescue

* Monoclonal antibody
— Mylotarg (anti €D 33 Antibody)
= Campath-1H (anti CT 32 Antibody)

+ For acute progranuloeytic leukemia (M3)
= All-tramss retinoic acid (ATRA)Y

g

Treatment - Chronic Leukemias

* CLL - chlorambucil. cyclophosphamide,
predmsone, fludarabine, rituximab,
Campath [-H

CML - Hydroxyurea, d-interferon. Gleevee
MM - alkeran prednisone. thalidomide,
dexamethasone. VAD (vincristine.
adriamycin, dexamethasone), bortezomib,
stem cell fransplant

Response Assessment

+ Complete (hematologic) response
— ANC 1300, Plc »100. Marow ~ 525 Blasrs
— Mamwain -+ 4 weeks

+ Partial vesponse

+ New categories of response: CR-pli
~ CR wirhout complere ANC and ar Platelet

* Relapse

Follow-up

Bleod counts

BQD& 1AToWwWs

Cytogenetics

Other genetic markers

Myeloma - SPEP, UPEP, bene x-rays,

- B2 wieroglebulm

3. Lymphomas

3.1 Hodgkin’s Disease (HD)

3.2 Non-Hodgkin’s Lymphomas (NHL)
= Multiple myeloma (plasma cell)
- Burkitt’s lymphoma

12



Diagnostic Studies

* Lymph node biopsy

+ Bone marrow aspiration and biopsy
* Flow evtomeny

+ Genetic studies

¢+ Cylogenetics

Staging Studies

+ Bone marrow aspivation and biopsy

¢ CTs

+ Radionuelide scans: bone. Gallium. PET
+ Gl x-rays

+ Spinal fluid analysis

¢ Others

Staging

-

Samme systenn for HD and NHL

4 Siages

= [ Cme Ivisph nade gronp

- N Twe lymph nede groups

— 111 Nedzs above and below daphragm

= IV Organ involvement

Add “A” for no systemic symptoms. "B’ for
syslenuc symptoats, “E” for extranodal disease,
X for bulky acenopathy

.

Prognostic Factors

» Stage - which factors in systenne
symptoms. extranodal disease, and tumor
bulk

+ Histelogic subtype

- Hodgkin's Disease
« Lyinphocyte doninant
¢+ Nodular seleresing
* Alxed celhdanry
+ Lyvimphocvie deplenon

Prognostic Factors

Stage - which factors in systemic
symptoms, extranodal disease. and tumor
bufk
Histologic subtype
- Non Hodgkin's Disease {up to {7 subtypes)
* Follivular dittuse
* Cell tvpe
« Patterns

Prognostic Factors

« Histologic subtype
— Nen Hodgkin's Discase
* Low grade (indolenr)
+ Inteniediare grade
« High grade (aggressiver

13



Treatment

Chemotherapy

Radiation therapy

Monoclonal antibodies - with ar withont
radiofabel or toxin (Rituximab. Zevalin)

High dose chemotlerapy with stem eell
Tescue

+ Relapse

+ Survival

Follow-up

+ Toxteity (including second malignancies)

« Quality of life

[

- basting low grade fever
- Might sweats
- Fraquent mlections
2) Compllcations of Anemia
- unaxplained fatigue . liredness, lack of enargy
- pae skin
- shoftiness of breath upon physical activitiss
3} Complications of [ow platatets
4) Excessive bleeding
- Bruises fof no clenr reason (oack of biue marks)
- Pinhigad sized res spols under the skin
Complicatlons of other organs involved
- Enlarged iymph node
«  Enlarged spieen (abdeminal discomierty
~ Enlargad liver
Involvements of skin, CNS, {astes. and meninges
o

1

DADAM, Ine.

14
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Enlarged 1
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About 33% of the
known cancer risks | lmmune
are avoidable. defenses:
Smoking, obesity, |Cylotoxic T-cells,
Activated NK-cells,

Oncogenesis, flﬂ\Clivaled Mdbs,
Mutations, mmune

Tumor Immunology Coronogers, | (NEOREASTIC ot

; . Irradiation,
Immunity against tumors Viruses.

Accumulated errors; | ANV

Faster growth rate.

Loss of regulation. TASTATIC
Abnormal karyotype.

Immortal, resistance Malignant)
to host defenses.
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How do cancer cells differ from normal?

* Clonal in origin

* Deregulated growth and lifespan

* Altered tissue affinity

* Resistance to control via apoptotic signals
* Change in surface phenotype and markers
* Structural and biochemical changes

* Presence of tumour-specific antigens

Cancer stages
+ Stage-1: Cancer in situ.
— Primary focus, confined to original site, displaces
normal tissue during slow growth, ne invasion.

+ Stage-2: Local growth within original organ.
= Invasion threugh basement membranes in organ.
+ Stage-3: Invasion of other adjacent organs.

— Invasion through argan ‘capsule’ to adjacent
tissues.

+ Stage-4: Metastasis, to secondary sites.
— Vascular/lymphatic spread to lung, liver, brain.

AVOIDABLE CANCER RISKS.

* Poor fatal nutrition, matarnal low protein diet.

chrrniid s B v B fon D nanian
* Foods high in sugar andfor fal. Energy dense foods and salt.
* Red meats and processaed meats.

o B

oty oo of plar oo ipng
+ Obesity, parliculariy abdominal ohbesity.

vEo s pusohie B Leta e 21020
+ Careinoggen exposure.

LREIR BRI R PR

sed Bachitimor

<Sedentary lifestyle,

v aind W TR Yy ey
*Alcoholic drinks in axcesa of 30 gm Ethancliday.

*Tobacco products. Amarican institute for Cancar Ressearch, 2007,

IS IMMUNE SURVEILLANCE IMPORTANT?

Patient Annual [Adjusted| Rate of

group  |Incidence| Risk growth
Normal 1/300 1 None
Allograft 1100 25 Fast
No T-cells 1100 25| Very fast
No B-cells 110 5,000 Fast
S.C.1.D. 1/10[ 10,000/ Very fast
No NK/M®D 1110 5,000 Fast
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Cancer kills
‘bubbie boy’
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Three vears in a germ free chamber and then dies of leukemia.

MALIGNANT CELLS

+ No factor dependent growth regulation.

* Loss of contact inhibition of growth.

+ Surface independent growth in suspension.

+ High mitotic index or 'S* phase fraction.

* Production of angiogenic factors.

* Immortal {apoptosis inactivated/inhibited).

+ Loss of "tumor suppressor genes”,

« Abnormal DNA content (ploidy).

= Invasive phenotype, produce invasion factors.
+ Spread by metastasis, seed to other sites.

TUMOR SPECIFIC ANTIGENS

+ Tumor specific transplantation antigens
{TSTA). Cell antigens that are specific
targets of tumor rejection mechanisms,
MHC-| dependent peptide presentation.

+ Tumor associated antigens (TAA). Normal
fissue proteins and glycoprotsins that are
produced in abnormal quantities by tumor
cells. Not usually involved in tumor rejection
but may be useful in detection.

Tumor antigens

+ tumor specific antigens {TSA) {no general
tumer specific antigen)

* tumor specific transplantation antigens
(TSTA)
(mutated self antigens expressed on MHC-))
+ tumor associated antigens (TAA)

(AFP, CEA, hCGp, PSA, CA, LDH, B2
microglobulin)

» tumor associated transplantation

antigens (TATA) {tumor associated antigens
n expressed on MHC-I}

TUMOR SPECIFIC ANTIGENS (TSA

£ ot o pressots sok pepeides beund |
H 39 MHG woMculo :
:J [P it
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Mutated self | - o ] Q\:{,;- t
proteins. G Lol N

e
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TUMOR SPECIFIC ANTIGENS {TSA)

i
a | Over-expression
of normal cell
“¢_ | dntigens.

Re-expression
of embryonic
antigens.

[ _
: F-u?":ﬂimalgor-; A
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Viruses and human tumours

tumour virus

liver cancer (Hepatocellular carcinoma)  hepatitis B

human papitlomavireses

cervical cancer [HPV 16, 18 and others)

Burkitl's lymphoma and ather

lymphomas in immuncsuppression EBY (Epstein-Barr Virus)

nasopharyngeal cancer EBY {Herpesvirus)

human T leukaemia

adult T-cell leukaemia virus | IHTLV-)) {Retrovirus

Fig. 20.3 EBV is associated with Burkitt's lymphoma in Africa and
1asopharyngeal cancer in China, suggesting that co-factors, cither
lenetic or eavirenmental, are required 1o cause the tumours, Adult

[T-cell leukacmia is found mainly in Japan and the Caribbean. Roit}

Tumor associated antigens.

+ Igs produced by myeloma cells (B-cell).

+ Alpha-fetoprotein produced by liver cell
tumors (hepatoceliular carcinema).

+ Cherionic gonadotrophin produced by
tropheblast cell tumors (choriocarcinoma).

+ Carcinoembryonic antigen produced by
colon cancer cells (colon carcinoma).

Immune Surveillance of Cancer

*Proposed criginally in 1809 by Paul Ehrlich

*Refined in late 1950s by Burnet and Thomas

“In animals... geneuce changes must be common and a
proportion... will represent a step towards mahignancy

. .theze should be some mechanism for gliminating such
potentially dangerous mutant cells and 1t is postulated that
this mechanism is of imnwnological charcter ™

Th Bumet “The concept of snimunalopieal survenlluee” (1970

lmmune Surveillance of Cancer

* Subsequent evidence against immune

surveillance, particularly from nude mice
stugies.

*More recent studies identify effector populations
and KO models utilised.

* Definitive evidence of nature
immune surveillance it
published by Schreiber 1FNy and I}mph:c_n? prevent
et alin 2001 primary lemour development

and shilpe wimour imnwinogenicity
Lt 1 1 b "

¥ Membrmt e
PIT Mot 1ot M iy




Evidence of Immune Surveillance in Humans

* Immunosuppression leads to increased development of
viral-derived tumours (Kaposi / NHL / HPV).

* Organ transplant increases malignant melanoma risk.
(0.3% general paediatric popn,, 4% paediatric transplants)

* 3-fold higher risk of sarcoma.

*High TIL presence correlates with improved survival.

*NK or y/5 7T cell loss correlates with increased tumour
pathogenicity.

e Immune reactions against tumor
cells

+ T cell mediated (CD8+, CD4+Th1, NK)
* macrophage mediated

* immuneglobulin mediated {ADCC)

+ network of cytotoxic cytokines

HOST DEFENCE AGAINST CANCER HAS MANY EFFECTORS

O Prasoceionis of
VAU 2] Rarget
(231

e g ST
@3 &S Gy

]
i TS

Three Different Types of Cytatonic Effertor Celkss
CTLNK Crlls and Ak-like T Celty

ﬁ;cl\\
HLAP. D€

3 S f
HLAE 1A
H3hl parse

A dasy {
“preida
i —_
NPT

e

=t
4T NATURAL KiLLE 1 10) LUkl Lk AU ELY (of) AMTIGDTSY DFPCRCD
e Hir-GaLL CrLL MEDATD
GTETOatTY
N arwei  w e anmcin = proneacen areri ] se kg s

+ Over expression or down regulation of
MHC.|,

+  over expression of FcR
+ deficiency of cytokine receptors

* production of different glycoproteins
E with masking effects

T o S B T L

Fig. 20.9 CD4* and CD8* T cefls in carcinoma of the
breast. CO4™ and CD8* cells were detected by the immunoalkaling
phosphatase technique {pink stain) using monoclonal antibodios.
The sections are counterstained with haematoxylin, CD4 {upper),
and fewer CD8 cells {lower), were seen surrounding the tumour
but few lymphocytes were within the sumour itscl. Roitt et 2
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HOW CANCERS EVADE THE HOST RE$SPONSE

Cancer celis grow faster than they can be killed.
Reduced MHC expression evades CTL recognition.
NK-cells have limited capacity for cional expansion.
Altered glycosylation masks TSA recognition.

+ Immune complexes block cytotoxic cell activity.

* Immunosuppressive factors reduce host response,
* Angiogenic factors augment tumor cell nutrition.

*+ Cancer cells become immortal and evade Killing.

+ Cancer cells lose contact inhibition and requirement
for attachment and can rapidly spread by blood or
lymph to other sites (liver, lung, brain, etc).

! ' gi- i .
A Normal stromal cells -—273., e
) and IYmphocytet.. : ,;';; A
- : IR
Prostate cancer cells . .?_;(a f£i$= '.-»- ;».-3*" :
. . 1 ‘ * ‘j i ‘- 3

e ln

cer cells.

Lack of MHC.] Expression by can

MHC on
Normal

Fig. 20.13 Broast concer tissuo reactive with o
monstional aatibody 10 8 moncmerphic determinsnt of
HLA class | antigons, Only soomat celis aro Siined Jhzown
cuiours, as malgnaet epibelisl ¢ile fut 1o oxprots aoimal M0
class | anugdns. Soma 507 of pomary humin caneans #211ve this

_,._._.-/""L_—l ra
category. Abtant eiass I expression may o%es GLur of A5 Roiti, ] =0 [ % (e
tumalirs. Urdrostimmsunoperoxitase technique, counterstained  Brostoff ~ Q_A_‘\/__f'
with haentoxyin.| Male

Mechanisms by which umors escape immuna recoghition

Low Tumer treated as Antigenic
Immunogenicity salf antigen maodulation
. Anlibody against tumer
Fumor antigens 1aken cell-suﬁacge anligens

o peplide:MHE ligand
No adhesion molecules
No co-stimulatory
malecules

up and presented by

APCs in absence of
co-stimulation

can Induce endocyto-
sls and degradatlch of
{he antigen. Immune

i selection of antigen-
tolerize T calls foss variants
o con ;L_,
2 com [
Y T
TCR A

Mechanisms by which tumaors
ascape immune recognitian

Tumor-induced
mmune suppression

Turmor-tnduced
privileged site

Factors (eq, TGF-3)
secreted by tumor celis
inhibit T cells directly

Factors secrated by
tumor cells create a
physical barrier to the
immune system
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NK cell control of cancer in humans

*NIC/ NKT cells in animal models destroy fumours
with down-regulated Class | expression.

* Control of haematological malignancy after

haplotype-mismatched BM/SC transplant
Coslello ef af {2004) Trends Immunol,

* Maintenance of remission in acute leukaemias

dependent upon CD56*/CD8a* NK cells
Lowdell ef af (2002} Br.l.Hasmalal.

NK-CELLS AND CYTOTOXIC T-CELLS KILL CANCER CELLS
MHC deficient tumor cells evads cylotomc T-c

-Cytotoxic T-cells can  Torarsteasarns |
ondy kill tumor cells :
that express MHC-]
antigens and the
Tumor Specific
Antigen (peptide).

Tung s e Tore

FELS) o macy Ho
NK-cells can kill tumer ok 1 / =
cells that lack MHC-I < __/

antigens but express
other transformation
markers. However, NK-

MHC cinie | ose
waiient of humor

Nascn mlmwmnmulnﬂmu\h

i dlurnrwhbv c'llmahcyﬁn
" ICTLE}and by HK eoiis

cells have limited 3% B
. R g

abilities to proliferate | £l

and mount a persistent o e

Lattack on the caneer

Antigens involved in tumour recognition

Tumour-specific antlgens

Testes.specific antlgens

*Ber-ab) (CML) *MAGE 1-3 {melanoma)

*CDK-4 / -catenin *NY-ESO-1 (melanomay)
{melanoma)

Differentiation antigens

Tumour assoclated antigens

*Tyrosinase (TRP-1/2) *MUGC-1 {myeloma etc)
*Melan-a (melanoma) | | *a-fetoprotein {many)
*Maonaclonal Ab {myeioma) *Her-2/neu (breast)

*WT-1 {many)

*myaloblastin {leukaemias}

*Survivin {many)

! How does the adaptive IR target tumours? |

Tumeur cell present
v AbJADCC |
cytokine attack / v

Th cells educata
other TG colls
v
v 00
APC recruits T cells

Broken up to able 1 res 331
F ognise L recognlse
release antigens {umour amlgens and destroy other

/ tumour culls

Effector mechanisms against cancer

* Monocyle / macrophage release Iylic enzymes
and phagocylose necrotic material

* Antibody against tumour antigens
* Inducticn of tumcur-specific CTL and TIL
* Initiation of NKK/ CTL cytotoxic respenses

* Release of cytokines / chemokines {TNFa, IFNs
elc) and antiangiogenic factors

Direct CTL / NK attack

TUMOUR CELL
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LIR—Mediated Tumour Enminatioﬂ

Innate 1R NK cells and other Tumour-specific T cells

recegnises ¢ffectors recruited to heme to tumour site, along

tumou eell site by chemokines, with macraphages and

establishment which zlso target other effectors o ¢liminate
tumeour growth direcsly, tumour cells,

Immunoediting- The Great Escape!

* Strong evigence that IR controls and
eradicates nascent cancer cells

**Immuncediting” eventually produces low
antigenicity tumour cells

* Pressure from immune system coupled with
genomic instability selects for escape

[ Three Es of Inmunoediting ]

Genetic instability / tumour heterogeneity

Evasion Mechanisms

Lo
immunogenicity

How does MM evade the immune response?

myeloma cancer cell

MM cell jeleass a
factors which
‘turn off' T calls!

\ y %o

APC recruits CTL
specific for myeloma Ag

v L 4 v @ /T cells recognlse
Broken up to B and destroy cther
Teloase anuucns\ "“ ¥hi '@ a cancer cells

HOW CAN WE HELP THE HOST RESPONSE?

+ Detect cancers early when tumor is small.
+ Develop tumor growth regulatory agents.

+ Develop anti-angiogenic anti-tumor agents.

+ Augment NK surveillance against cancer.

+ Augment M® mediated tumor cytotoxicity.
+ Augment the Tc-cell mediated cytotoxicity.
« Develop anti-tumor antibodies, ADCC.

+ Block the malignant/invasive phenotype.
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E Possible immuno-therapies

*  Immunomodulation

+ tumor vaccines

+ immunotargeting through the TAAs

non-specific
active

specific

nonspecific
passiVe speci!ic

combined

W Immeinatherapy of tumors

BLG, Propanibaclenum
acres, kevanisale,
cytoling genes. oec.
lalled tumer celts of Lheit
BEIN3CY, Fecombinant
antigens, idiotype, co-
stimulalory molecule
genies, eic.

1AK celis, cytolines

anlivodies alone o
couphertto drugs, pto-
drisg tonans o
radivisolope; Lispecific
antiboches; Tcalls

LAK ceils ant bispecific
antibody

*BG Bacius CaITANs Oeut o 2 bavna siran X Mrohwhva derLies

type of BRM

: bacteral product

“synthetic molecules

E ;cy!okines

Non-specific active immunotherapy:
biological response modifiers (BRMs}

examples

BCG, P acres,

muraryl di-peplide,
frehakse dimycolate

pyran, pely 1€,
pyfimidines

Interferon-alpha, -beta, -

gamma, IL-2. TNF

major effect

activate maciophages
and NK cells (via
cytokines)

Indtece interferon
praduction

activate macrophages
and NK cells

E Cytokine therapy of jumars

5 TNF-alpha

car reduce malignant
ascites

Cytokine tumar type and result  antlumor mecharism(s)
remission of hairy cell  increased expressicn of class

IFN-alpha, beta  leukemia. weak effect on | MHC, possible cylostatic

: some carinemas anli-tumer effect,

. remission of peritoneal  incieased MHEC antigens;

[FN-gamma caicinoma of ovary: macrophage, Te and NK celt
insifaclive systermcally  activation )

L2 ;::';i’:ﬂ";z;:nal T-¢ell proliferation and

: activalion, NK cells activation -
mglanoma :

macrophage and ymphocyte

activalion

TUMOR SPECIFC ANTIGENS AND IMMUNOTHERAPY.

k
Catotyen 1 e §
e | CA-125

Tumor tasue origin | Type ef antigan Ankigen Tumar typa
Lymghomal e T-caf ymphoma.
Riskama Olereviizion o3 Gesl hnahoma
2 iolme T- o Dook
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Tacritor

o1, ung

Heldlogienases

TUMOR SPECIFIC ANTIBODY IMMUNOTHERAPIES.

Tumor-specilic Tumet-spaciiic aniiody - Tumar-specific antibody
antizody conjugated 1o torin Tonjugsted to radionuciice
ey N oo
i v @
e T 5o - 3 o
. N
Antibodies bind to tha Arttibty-4oin R ive antibody tinda
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Radio-lmaging of Tumors using Specific Antibodies.

Liver

Aorta

Pelvis Colon

Cancer

Large
Tumor

Fig. 20.14 Chest radiograph aml immunoscintigeaphy scan
of & pationt with carcinome of thy eslon who hins Jung and
liver metastases. T nrendcion s sablindy YEE2:42.3, 1
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Recruitment of dendritic cells by DNA vaccine of
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: monoclonal antibody
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Immunotoxin therapy of hairy cell feukemia with
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FUTURE FOR CANCER

Better early detection by immunoassays.
Cancer specific drugs to regulate/siow growth,
Cytokine therapies to optimize innate defenses.
More specific antibody-based therapeutics,
Cytokines to augment the host CMI response.
Gene therapy to increase tumor immunogenicity
Gene therapy to reverse tumor cell immortality.
Better monitoring of the effect of treatment.
Development of vaccines to prevent cancers.
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Chapter 3.

Diseases caused by Defective Immune Response 1 (Part A)



By Asst. Prof. Dr. Wilairat Leeanansaksiri

What’s Happen to Them ?

Immunodeficiency

1. Concise summarization of normal immune
response

2. Concise summarization of normal
immunity to infection

3. tnnate immunodeficiency and primary
immunodeficiency diseases Adaptive
Immunodeficiency

4, adaptive immunodeficiency and secondary
immunodeficiency discases

Immunodeficiency

Objectives

1. Understand and can explain normal
immune response both innate and
adaptive immunities

2. Understand and can explain capability of
microbes to escape immune response

3. Understand and can explain innate
immunodeficiency and primary
immunodeficiency diseases

4. Understand and can explain adaptive
immunodeficiency and secondary
immunedeficiency diseases .

1. Primary Immunodeficiency
- Adaptive (Part A)
- Innate {Part B)

2. Secondary Iimmunodeficiency
- Adaptive {Part A)
- Innate (Part B)

1. Primary Immunodeficiency:

- congenital Inmuncdeficiency
(usually abnormal since birth)
- dueto genetic defect leads to blocks in
the maturation or functions of different
components of the immune system
- Innate immunity components
defect e.g. phagooytosis, complement
- Adaptive immunity components
defect e.g. T- cells, B- cells




- Acquired Immunodeficiency
- No genctic defect

- due to other defects including
infections, nutritional abnormalities, or
treatment that cause loss or inadequate
function of various components of the immune
system e.g. immune suppressive drugs, HIV
infection.

* Drug related

* Disease related
—Cancer

—-AlIDS
« HIV
* T helper cell as target

LLoss or reduction of:
* Cell type

» Cell numbers

= Cell function

* Receptors

= Cell signaling
* Cytokine production

tg production

Co stimulation impairment
* Intraceliular killing

Extravasation impairment

Many diseases: SCID, CVID, etc.

* Drug related

* Disease related
— Cancer , AIDS

‘Part B : Innate immunity components
defect e.g. Macrophage.... -

- Chronic granulomatous disease
- Congenital agranulocytosis

- Leukocyte-adhesion deficiency
- Chediak-Higashi syndrome




- Part A
1 Prlmary Immunodeficlency

Defectin T and B cells
- Severe combined

immunedeficiency (SCID)
—Bcells

Review T and B cell in immune

response
* Agammeglobulinemia
* Hypegammaglobulinemia
+ Specific g Deficiencies
—T cells
* DiGeorge Syndrome
* Wiskott Aldrich Syndrome
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Primary Immunodeficiency

T- cells and B-cells Deficiency

2. Defects in Lymphocyte activation and Function

1. Defects in Lymphocyte Maturation

B cell most comman (IgA def is #1)
T cells

Type of .
immuncdeliciency

Histopathologic and
laboratory abnormalitios

Cammon infeclicus
£oONSaquUencos

B cell deliciencies

Absent or reduced lollitles
and germinal cantars in
lymphold organs

Roduged serum g levels

Pyogenic bactesial inlections

Btk ga'iciency
H i. nganymagiobulnomiag

8 celi
maturation

T cel deficiencios

May be T cell 2onas | Virnl and olher intracetilar
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SCID

Various genetic defects
No TCR or defective TCR
Defective cell signaling
Defective IL 2

Recurrent infections
Death at early age

a3

SCID

Stem cells defective or absent

* ORT helpers defective or absent

+ OR thymus defective or absent {no T cell maturation

B cells are affected because there’s no T help

ADA def: no T or B cells

_PI_NP“(purine nucleoside phosphorolase): much more
ce

invasive infections and really serious viral infections;
PCP

L

oW N—

3-Cell Deficiency

(Selective) IgA deficiency

Cammon Variable Immune Deficiency
{CVID)

-

Most common: 1in 5007
Related to CVID — can run in sibs

Can evolve to noarmal or become increasingly
deficient over years

Have B cells, but they don’t go on to form
plasma cells.

Alfergy-type sxs and chronic mucosal infx

Comrmon Varizble Immune Deficiency {CVID) is a disorder
characterized by low lavels of serum immunoglobulins (antibedies) and
an increased susceptibility te infactions. The exact cause of the low
levels of serum immunoglobulins is usually not known. Il is a relatively
commoan farm of immunodeficiency, hence, the word “common.* The
degree and lype of deficiency of serum immunoglobuling, and the
clinical course, varies from patient to patient, hence, the word
“variable.” In some patients, there is a decrease in both 19G and IgA,; in
cthers, all ihree major types (IgG, lgA and 1gM) of immunoglabulins
may be decreased. The clinical signs and symploms also vary from
severe to mild. Frequent and unusual infections may first occur during
eariy childhood, adolescence or adult life. In the majority of patients,
the diagnosis is not made until tha 3rg or 4th decade cof life. Howaver,
about 20% of patients have symptoms of disease or are found to ba
immunodefictant under the age of 16.




Cvib

» Whastebasket dx for B cell + ig deficient pt’s
« Some have decreased total B cells,
some decreased T-helpers,
some increased T-suppressors.
« Low1g's in any combination that includes “G.” (G, G+A,
G+A+M)
* Recurrent bacterial infections;
— onset in infancy, at puberty, or even later.
— Ears, nase, sinuses, bronchi, lungs.
— Can have chronic lung dz.
¢+ Enlarged neck and chest LN’s;

can have increased incidence of mycoplasma and/or
chlamydia

Infusicn Supplies: Intravenous
-2 immune globulin (IVIG) is the
. standard treatment for CVID.

Bruton's Agammaglobulinemia

X-Linked Agammagiobulinemia (XLA) was first
described in 1952 by Dr. Ogden Bruton. This
disease, sometimes called Bruton's
Agammaglobulinemia or Congenital
Agammaglobulinemia, was one of the first
immunodeficiency diseases to be identified. XLA is
an inherited immunodeficiency disease in which
patients lack the ability to produce antibodies,

proteins that make up the gamma globulin or
immunoglobuiin fraction of blood plasma.

Bruton’s Agammaglobulinemia

* Recurrent pyogenic infections from infancy/early
childhood: mucous membranes.

» Ears, sinuses, lungs, Gl tract, bacteremias; also increased
viral infections.

+ Family history of affected lateral (maternal) male refatives

* No tonsils or palpable lymph nodes (they have nodes, but
no B cell centers, 50 non-palpabie.}

* Few mature B cells (unlike CVID)
[Have pre-B’s]

Bruton’s Agammaglohulinemia

* Low levels of IgG
+ B cell signal transduction affected
- usually undetectable B cells in peripheral bload
because B cell development is arrested at per-B cell
stage
+ Defective BCR

* Recurrent bacterial diseases starting at end of first
year of life

« Short life span

XL Agammaglob, cont.

+ Mutation in B cell specific protein {a tyrosine kinase —
“BTK") in the proto-oncogenic src family (X g 22):
abnormal kinase activity in B and pre-B

= Over 300 different mutations in 8TK can result in this
disease phenotype.

— The most typical form has a mutation in the area of the protein
for catalytic function.

-~ Atypical forms have protein-proteln interaction problems and
are more subtle clinically.

— Mouse mode! XID: N-termina! mutatiop {function unknown)




B cell (-) [AR] Agammaglob’s

* W heavy chain gene mutation

A 5/14.1 (surrogate light chain) mutation
* Ig a (B cell o Ag receptor) mutation

B cell linker protein (BLNK) mutation

T Cell Immunodeficiencies

DiGeorge Syndrome

Poorly developed or functioning thymus

Associated with other developmental
conditions

* Depression of T cell numbers
Absence of T cell response

Humoral response to T independent antigens
only

DiGeorge Syndrome

Associated abnormalities of face, brain,
thymus, parathyroid, heart/aorta (and
plateletsl)

FISH for 1122
Hypocalcemia, seizures
Extremely variable phenotype

DiGeorge Syndrome

Defects in lymphocyte
Activation and Function
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XL HyperlgM

* invivo, no IgG, A, or E

Can have the “no tonsils, no LN's”
presentation

* B cells can make IgE with IL-4 and anti-CD40 in
vitro

*+ Gene mutation at CD40L (it can’t “hear from”
the T cell}

* See also AR form

Hyper IgE

= Abscesses (staph), esp skin (boils) but also
lung

+ Lung abscesses progressing to giant
cysts/pneumatocoeles.

* No diagnostic test; markedly elevated levels of
IgE are even seen in atopic dermatitis

Lymphocyte Abnormalities -
Associated with Other
Diseases

Wiskott-Aldrich Syndrome

» Xlinked disorder

Affects platelet numbers/function

- thrembocytopenia is one of crucial clue
« Affects T cell function

» Cytoskeleton of lymphocytes affected

* Lower amounts of IgM
* Increased susceptibility to certain bacterial infections

n

Wiskott-Aldrich Syndrome

Eczema, thrombocytopenia; infections of ears, lungs,

meninges. Opportunistic infections and bugs with
capsular pelysaccharide Ag's -

* Poorresponse to polysaccharide antigens but normal
IgG,
{So look for Ab's, not 1gG subclasses)

+ Xp11.22-11.23

* WASP gene binds lots of signaling molecules




Wiskott-Aldrich Syndrome

From the CBC

* Normal Absolute Lymphocyte Count {ALC):
- excludes T cell defects, AIDS

— excludes congenital and acquired neutropenias and LAD
{increased ANC)

+ Narmal platelets:
— excludes Wiscott Aldrich Syndrome (WAS)
* No Howell-Jally bodies: no asplenia

Screening for B cell defects

* lgA: most common
* |gGand IgM: agammaglobulinemia
* |sohemaglutinins:

— lgM to blood group(s): getifig’s are low 1o see if
praduction failure vs, loss

* Antibody titers to immunizations

* AGE NORM'S: IgG and A are not at adult levels until
age7

* Check flow: if no B cells, usually = Bruton

lgG subclasses

* No good age norm'’s

* Lows can he transient

* Poorly correlated with disease

* BUT, can be a harbinger of CVID

* Best test: immunize with protein then
polysaccharide vaccines; check serum before
and after. If they respond, they're okay.

T cell defects

* Mucocutaneous candida, chronic diarrhea, PCP, FTT,
disseminated CMV/VZV/HSV

Examples: SCID, CVID, AIDS
ALC usually low, though can be narmal in DiGeorge
- {NOTE: Adult ALC > 1000; NB ALC > 4000)

Candida skin test: kids should respond by age 9 mos;
a normal response virtually rules out T cell problems.

Can also check flow, do mitogen/antigen stim, assay
cytokines

Part A
2. Secondary Immunodeficiency

- Acguired Immunodeficiency

- No genetic defect

-« due to other defects including
infections, nutritional abnormalities, or
treatment that cause loss or inadequate
function of varions components of the immune
system e.g. imnune suppressive drugs, HIV
infection.




Part A
2. Secondary Immunodeficiency

Cause

| Mechanism

* Drug related
» Disease related
—Cancer
—AIDS
+HIV
* T helper cell as target

Hurman imsmunodeficiancy
virus infection

Depletion of CD4+ helper T cells

Irradiation and
chemotherapy treatments
for cancer

Decreased bone marrow
precursors for all leukocytes

Involvement of bone
martow by cancers
{metastases, jeukemias)

Reduced site of
leukocyte development

Protein-calorie
malnutrition

Metabolic derangements inhibit
iymphocyle maturation and funciicn

Removal of splean

Decreased phagocytosis
of microbes

areas L yiramn: bow, Inencng Yo frdtan, Cngyagnt £ J76H by Tus e, iy it of (iaen e, 60 A7 1 i

Vition Lingimg
fa OB+ ana

recupion

RV yatiorn: :‘ cat
Ly
Para % L‘&" 3
mel %’ "o,

Chemokia -,

steion

[

HIY PHA
pIome

Larscrpiese— A
et sy

of srovies DNA H i
|‘.-. | Cyiokine &2bvaten
" - 5 | =t cek: tmnscrplon
el I e B
beovins Tnio - T mnspon of yaal HIV ore
Foal cal o ¥ | arias o etopasm s
AT w
...mﬂm&v;ﬂmmws f / ‘i i
Y, 4
LoD’ et ..'f
LMD ey AN i
] [ ~ wancergd -
o ———
u s b ey Jof (ANR Ciped 000 U7 SRt 4 YRS ey Yy, g0 ]
P b 10RO AR Prmgb i P e, Clrmaf o D00 b T, gm epind o oo, i A rg oty poge ]
1
20 -Poseibie scute HIV syrddoms Deah
1 e dosembalen of wus )
[RAE g 7/\? “Saning of Mokt Eang I
I Oppestunistic. =
4 Wit.ztions / sp &
T oeoe| Y Carweal Latwney 1256 5
£ f P . )
e 164 E
g s
5 400 e g
i i
200 1 F
Q o
<




4 Laboratory evaluation.

1. Complete blood count .(total & differential).

2. Evaluation of antibody responses.

. A. determination of serum immunglobulins.

B. measure specific antibody responses:

-To polysascharide antigens.
{ measure isohemagglutinins. )

- To protein antigens .
{ measure antibodies to tetanus.)

3. Determination of T & B cell counts.
{ by flow cytometry )

4. Determination of the complement
componetits. C3,C4 .
-assess functional activity by CHS0.

5. Assess phagocyte  funchion.
- phagocytosis & respiratory  burst.

6. Camrier detection & prenatal
diagnosis . ( important for genetic
counseling .)

From the CBC

* Normat Absolute Lymphocyte Count {ALC):
— excludes T cell defects, AlDS

— excludes congenital and acquired neutropenias and LAD
{increased ANC)

+ Normal platelets:
= excludes Wiscott Aldrich Syndrome [WAS)
* No Howell-Jolly bodies: no asplenia

Screening for B cell defects

IgA: most common
186G and I1gM: agammaglobulinemia
lsohemaglutinins:

— |gM to blood group(s}: getif1g's are low to see if
production failure vs. loss

Antibody titers to immunizations

AGE NORM'S: IgG and A are not at adult levels until
age 7

Check flow: if no B cells, usually = Bruton

IgG subclasses

* No good age norm's

* Lows can be transient

* Poorly correlated with disease

* BUT, can be a harbinger of CVID

* Best test: immunize with protein then
polysaccharide vaccines; check serum before
and after. If they respond, they're okay.

T cell defects

Mucocutaneous candida, chronic diarrhea, PCP, FTT,
disseminated CMV/VZV/HSV

Examples: SCID, CVID, AIDS
ALC usually low, though can be normal in DiGeorge
~ {(NOTE: Adult ALC > 1000; NB ALC > 4000}

Candida skin test: kids should respond by age 9 mos;
a normal response virtually rules out T cell preblems.

Can also check flow, do mitogen/antigen stim, assay
cytokines




Analysis of lymphocytes in Therapy of immunodeficiency.
umbilical cord blood during gestation 1. MG {1V infusion  of immunogtobulin.)
For: a. agammaglbulinaemia .

* Help to diagnose immunodeficiency b. CVI. & WAS.

In pregnancies at rigk.
2. Perodic antibiotic treatment.

* Bone matrow or stem cell transplantation
may be applied before bitth. 3. B°'[‘f man;gmtran:pl:\:\gmn.
o T a. . X .

4. Enzyme replacement .
For: a. ADA deficiency.

5. G-CSF.(colony stimulating factor }
For : neutropenia .

6. Thymus transplantation .
For: DiGeorge syndrome.

7. IFN —gamma.
For: CGD.




Chapter 4.

Diseases caused by Defective Immune Response 2 (Part B)



By Asst. Prof. Dr. Wilairat Leeanansaksiri

What's I‘-Ia-pperrt

Immunodefeiciency

1. Concise summarization of normal immune
response

2. Concise summarization of normal
immunity to infection

3. innate immunodeficiency and primary
immunodeficiency diseases Adaptive
Immunodeficiency

4, adaptive immunodeficiency and secondary
immunodeficiency diseases

Immunodefeiciency

1. Understand and can explain normal
immune response both innate and
adaptive immunities

2. Understand and can explain capability of
microbes to escape immune response

3. Understand and can explain innate
immunodeficiency and primary
immunedeficiency diseases

4. Understand and can explain adaptive
tmmunedeficiency and secondary
tmmunopdeficiency diseases

.1

. Primary Immunodeficiency
Adaptive (Part A)
Innate (Part B)

T

2. Secondary Immunodeficiency
- Adaptive (Part A)
- Innate (Part B)

Part B : Innate immunity components

defect e.q. Macrophage....

- Chronic granulomatous disease
- Congenital agranulocytosis

- Leukocyte-adhesion deficiency
- Chediak-Higashi syndrome




o

i

-1, Primary Immunodeficiency °

- congenital Immunodeficiency

(usually abnormal since birth)
- dueto genetic defect lcads to blocks in

the maturation or functions of different

components of the immune system

- Innate immunity components
defect e.g. phagocytosis, complement

- Adaptive immunity components
defect c.g. T~ cells, B- cells

Loss or reduction of:
» Cell type

* Cell numbers

* Cell function

* Receptors

Cell signaling
Cytokine production
* |g production

* Co stimulation impairment
= Intracellular killing
+ Extravasation impairment

L Primary Immunodeficiency -

+  Defect in innate immunity
— Chronic granulomatous disease
— Congeniial agranulocytosis
— Leukocyte-adhesion deficiency
— Chediak-Higashi syndrome

+ Defectin T and B ¢ells
— Severe combined immunodeficiency (SCID)
— Beells
» Apammaglobulinemia
+ Hypogammaglobulinemis
* Specific Ig Deficiencies
~ Teells
+ DiGeorge Syndrome
+ Wiskott Aldrich Syndrome

Primary Immunodeficiency
Pathogens

« Humoral defects * Cell-mediated

— Capsulated bacteria

.5, pravmonias — intracellular bacteria

+ H. influenzae » Mycocbacterig, Soimonelfa,
+ N meningitidis LUisteria, Legionelfa
E. 5. aureus — Viruses
-~ Enteroviruses . .
- mycoplasma ‘}’ii:;z::, Respiratory & Enteric

— Fungi & protozoa
+ Condido, Aspergiilus,

. Prneumocystis, Cryptacoccus,
+ Neutrophil defects Cryptosporidium, Toxoplasma
- 8. aureus, Candida,

Aspergillus




Congenital Infections

Primary Immunodeficiency
Management

* Texoplasmosls

* Rubella = Seek expert advice on management
. oMY & diagnosis
Hsv Pravention
H tis B — Vaccination
epatitis B, HIV v rubelia, hep B
+  Parvovirus B19 — Treatment
«  Syphllis » Antimicrobial {anti-retrovirals,
syphllls, acyclovlr, spiramydin for
Ophthalmia necnatorum toun, sliver nitrate eye drops etc)

= Other (intra-uterine blond
transfusion far B15}
= Screening (syphilis, HIV, hep B),
Vigilance , Aveidance (e.g. of slapped
cheek syndrome]

— Correct defect

+ Immuneglobulin, cytokines

* BMT

» Gene therapy?
— Early aggressive antibiotic treatment
— Prophylaxis

« Daily co-trimoxazole

* Penigillin if complement deficiency

+ Flugloxacilfin in some neutrophil disorders

- Acguired Immunodeficiency

- No genetic defect

- due to other defects including
infections, nutritioral abrormalities, or
treatment that cause loss or inadequate
function of various components of the immune
system e.g. immune suppressive drugs, HIV
infection,

* Drug related

* Disease related
—Cancer
—AlIDS
= HIV
* T helper cell as target

 CORE

A. Laboratory tests to assess immune function

{1} T cell: Enumeration {flow cytometry), functional assays
mitogen response, LﬂLR, B?Hrgicmqéstsr Y

{2) B cell: Enumeration, circulating antibody levels

{3) Macrophage: Enumeration, functicnal assays (nitroblue
tetrazohum?

{4) Complement: Direct meamgemert of eomplement
components, complement hemolysis assay

:;_ 1. 1n_haté Immunodeﬁc.lency i

[

Chronic granulomatous disease
Congenital agranulocytosis
Leukocyte-adhesion deficiency
Chediak-Higashi syndrome
Phagocyte Defect

— Complement Defect




Normal and Abnormal of Innate Immunity

I Immune System l

12

Cutline /IgG
o ~~ Iy 12
opsonlztla <
; : f " IFN-
1. Normal innate immunity - Rateof —1
2. Role of immunity in infectious diseases ™ 1m.
3. How microbes escape immune response ¢ L P"“’“’ Intraceliclar
. B . R . . kitling 1L.-4
4. Diseases associates with immunodeficiency in
innate immunity “ "“
lgE
Basa Klgsd
Disease Maximum number f Number of Parcent
of cases {year) cases in 2004 [ change
Rele of the immune system Implications = -
Diphtheria 206,839 {1921) 0 -99.99
Defense against infections Defigient immunity 1esuits inincroased
g susceptibility  infections; exempliied by AIDS Measles 094,134 {1941} 37 -80.99
Vaccination boosts immune defenses Mumps 152,209 {1968) 236 -93.90
and protects ageainsl infections - !
N Pertussis 265.269 (1934) 18,957 -96.84
The immune systern recogmzes Immuneg ¥BSpONSes arg barriers 10
and ragponds 10 lissue grafls | tvansplantation and gene therapy Palio (paralytic) {21,289 (1952) 0 -100.0
and newly introduced proteins Rubella 57,686 (1969) 1ip -99.98
Defenss against tumors Poterntial for immunotherapy of cancer Tetanus 1,560 (1823) 95 -98.33
Ape b LT : B PWAGIODY, IR E0n. (Ot T JTCE by SunC ), B0 PR SAY 1 (v I A FrS Ao, Haemophfn‘us 20,000 (1984) 16 -99.92
influenzae type b
infection
[

Microoe

1,- Innate Immunity Adaptive immunity
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Third |[ine of DEFENSE
Specific Defense Mechanisms

How to deal with specific & recurring

invasion? \\l.’/

MEMORY

Humeral responss

3rd Jine of dafense tibedles; B-lymphocytes)
ACQUIRED IMMUNITY / fanibades: B-ymehocyt

Slowaf responess ta \ Coll-mediated rasponse
specific micrebes [eytotoxic T-lymphooytes)




I Innate Adaptive
Characteristics
Specificity Fay structures shared by For antigens of mlcrobes and
groups of related micrabes for nonmicrabial antigens

Diversity Limired; germline-encoded Yery large; receptors are
produced by somatic
recambination of
gene segments

Memnry None Yes

Nonreactivity to self Yes Yes

Compenents

Cellularand
‘chemical barriers

Skin, mucosal epithelia;
antimicrablal chemicals

Lymphocytes in eplthelia;
antibodies secreted at

Innae mmunity I Adaplive knmanity
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Primary phagocyte deficiencies (symptoms,
description of defect, current therapy)

. (1} Neutropenia
. (2} Chronic Granulomatous Disease
. (3) Leukocyte Adhesion Deficiency

Qualitative defects :

1.Defect in response to chemotactic agents.
2.Defect in intracellular killing.

A . Defect in chemotaxis:
Leukocyte adhesion deficiency (LAD.)
2 types.
*LAD type 1: defect in gene encoding CD18.
(B integrin .)

2. Glucose -6- phosphate dehydrogenase
deficiency . (G6-P-D). (no resp.burst.)

3. myeloperoxidase deficiency .
{no resp. burst).

4. Chediak - Higashi syndrome: defect
in formation of phagolysesame .
Associated with:

abnormal platelet function.
partial albinism .

Phagocyte deficiencies:

QUANTITATIVE OR QUALITATIVE .
Quantitative defects:
1. Congenital agranulocytosis :
Kosimann syndrome _
Defect in the gene inducing G-CSF

(granulocyte colony stimulating factor).
Fealures: pneumonia ,otitis media, gingivostomatitis
perinea! abscesses.
Management;
Respond to G-CSF therapy.

B.Defect in intracellular killing:

1.Chronic granulomatous disease:

X-LINKED. {75%)

AUTOSOMAL RECESSIVE .(25%).
DEFECT: in the oxidative complex.

{ responsible for producing supercxide radicals .)

FEATURES:
Extreme susceptibility to infections.

Granulomatous inflammation.
{chronic T-cell stimulation.)

[ Chronic Granulomatous Disease J

Defect in mutation in enzyme phagocyte oxidase,
which catalyzes the production of microbicidal
reactive oxygen intermediates in lysosome

4

Result:

Neutrophils and macrophages that phagocytose
microebes unable to kil the microbes




Immune events:

o 1o
e
L) a
Immune try to compensate Kig "33&‘
R TN
v , LRGN
Try to get more phargocytes to the site of b -,‘.;uf_-
infection by activate more T-cells Jdawt s
. These detects leave patients vinerable 1o severe recumrent
Accumulation of phagocytes bacterial and fungal infections and chronic inflammatory
Resembles granutomas condilions such as gingivitis (swellen inflamed gums), enlarged
lymph glands, or tumor-like masses called granulornas. While
. X . not malignant, granulomas can cause serious problems by
Disease : chronic granulomatous disease obstructing passage of food through the esophagus, stomach,
and intestines as well as blocking urine flow from the ¥dneys
and bladder,

Rhinoscleroma Suppurative lymphadenitis in
chronic granulomatous CGD
Rhincsclarama is a chronis granulomalous disease diseasa

of the upper respiratory tract caused by a gram-negalivg
organism, Klebsiella rhinoscleromatis. It is uncommon
inthe US, but is endemic in paris of Central and Soulh
America, Egypt, Africa, and Easlemn Europa,
Mucopurulent discharge characterizes 1he shinitic
slage, followed by mucosal thickening during florid
slage The disease resclves with marked fibrosis.

Rhincscleroma is rare in the US, bul ocours in
regions of poor living canditions that fosler the
spread of the bacteria. Thrae clinical stages defina
the disease: 1) chinitic 2) Norid, and 3) fibrotic.

Symptoms vary with the locaticn of the infaction.

Nasal cavity {septum) is the most common sits, H
but other sites. of infeclion include: paranasal sinuses, Suppurative lymphadenitls Is CGD occur in many
orbil, larynx, tfracheobronchial tree, and middie ear. a common feature of CGD, organs in responsa ta chronic Inflammaticn,

which develop in many cigans in
response to chronsc Inflammation. organ

Tetracycline is the trealment of choice with excellent
prognosis. However, signilicant ainway obstruction

requires surgical excision.

| fi s e Chronic Granulomatous Disease

-

Short arm of the X chromosome
NBT [nitro blue tetrazoleum);
— feed to PMN’s with a particle [bacteria, latex).
If the hexose monophosphate path is nl, the dye is reduced {turns
purple}.
Heparin interferes. High false |-) rate.
Respiratory burst assay:

— non-fluorescing dye to PMN's; addltion of particle makes it fluoresce,
A quantitative test — can pick up carriers.

* Pacr phagocytosis; poor peroxidase production

* Infections with non-peroxidase-producing org's: stagh,
serratia

* Abscesses of lung, LN; also infx of skin, liver, bone

-




Nitroblue tetrazolium test

Nitroblue tetrazclium test is a blood test that measures the ability of the
immung system ta convert the ¢olorless nitroblue tetrazolium {NBT)

to a deep blue. This test is performed as a screen for chronic
granulomatous disease {CGO). If an individual has CG, the

white cells In their blood will net turn blue when exposed to the NBT

Agranulocytosis

a severe reduction in the number of leukocytes
(basophils, eosinaphils, and neutrophils).
Neutropenia results, whereby the body is

severely depleted in its ability to defend itself.
Fever, prostration, and bleeding uleers of the
rectum, mouth, and vagina may be present.

The acute disease may be an adverse reaction

to a medication or the result of the effect of
radiation therapy or chemotherapy on bone marrow.

Agranulocytosis

Oral lesions are ulceronecrotic, involving the
gingivae, tongue, buccal mucosa, or lips.
Regional lymphadenopathy and lymphadenitis
are prevalent.

Chediak-Higashi syndrome

Defect lysosomal function

in neutrophils,Macrophages,
and dendritic cells, and
defective granule function

in NK cells

Molecular defect
mutation in gene encoding
a lysosomal
trafficking regulatory protein

| Chediak-Higashi syndrome|

Giant cell in¢lusions

Leukocyte-adhesion deficiency

This 10-month-old patient with severe leukocyta
adhesion deficiency type | (LAD ) developed a
cervical adenitis caused by Kiebsiella preumnonise.
Following incision and drainage, wound healing took 4 manths,




LAD type 1:

¢ 3TYPES:
*CD18+CD11a- leukocyte function
associated molecule (LFA-1}.

CD18+CD11b- complement receptor (CR3).

CD18+CD11¢e- complement receptor (CR4).

LFA-1 mediate tight adhesion of leukacyles
to the endothelium .

LAD type 2:

e Defect in Sialyl lewis protein
{ligand for E- selectin).

Leukocytes cannot attach to
endothelium.
Defective chemotaxis .

WITH DEFECT IN LFA-1:

e leukocytes are trapped in the
circulation.

s Leukocyte count can reach 100,000

cells per mm3,
e Abscesses do not suppurate.

Name of deficiensy. Spacliic * . immuna
syhdrome . . abnormality

<. defeet - L.lStf_nt?.gl?Il:il!_:mJ

Phagocyla
hagacyle Many different
o erant Many ditierent

Lossol
phagocyte lunction
Lons of spacific
[ r.ompler%ﬂecnl

Exieactiiviar bactera|}
and fung!
Erircefidartactenia
especialty Nedsseris spp.
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Defictency of MBL
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Cab deposition

Deficiency leads 1o Infectionwith
3 pyogenic bacteria and Nelsserla spp.
Sometimes immuna-complex discase
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W
Membrane-attack components
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(o] Deficiency leads
c? to infection wilh
gg Welsserla spp. only




Deficiencies in the pathways of complement activation

Complement deficiencies :

- Coniplemem protaln Effecle of defickncy

eneta inmecompes g o o e (Ab-Ag) complex Deficiency of all complement components
a [ suscestity o st bactc Iiopsonin have been described C1-C9.
. Membrane attack

(W) Qaly effect is surceptiblilty 1o Nelsseris .

l = , = 1. Deficiency of C1, C2 & C4.
Facior D, properdin {tactor P) @’L‘;’ﬂm”’:’ml:'m’:i‘,ﬂd,f.ﬁm wnd "E.’{ﬁ"a'r% ces alternative path (classical pathway )
Factr [ st o iy 3 Supplies C3 lead to immune-complex diseases which
bas, coss [ nciremata e comchions icluding Pmﬁg“\ﬂ:ttt!lost cell can cause significant pathology in

Ctien

ST T—rery e Tr——)

autoimmune diseases.

4. Deficiency of membrane - attack
complex.
(Ch-C9)
Lead {o infection with N.meningitides
and N.gonorthea .

R : 5. Deficiency of C3.
[Predispostien. ~ Greonization o TuRe Lead tfo infections with pyogenic

-~ 1complexes help kegp: : i

. {them Soluble; deficency L 1 . bacte_na.
resils In incredsed -0 impaired clearance of immune-complexes. .
B by if 3

C1 - inhibitor  deficiency:
hereditary angiocedema Complement Deficiencies and Disease.
_ i Lectin Pathway

Palbway Component Disease Meclauism

MBL Susceptibiliry 10 Inalility 1o ixitiate
bacteriat infections in  lectin pathiway
isfants or
imuumosuppressed




2. Deficiency of mannose - binding JErpari. D‘deen

lectin. (leciin pathway)

*MBL, C2, & CA4.
Lead to bacterial infections mainly in
Early childhood .

3. Deficiency of FactorD & FactorP.
(alternative pathway ). AR
Lead to infection with pyogenic bacteria . Factos Fort 1~

- ..} €3 deficiency - Untoﬁ;rfczl!efi aclivationiof C3.via
iAo piterative:p; fes
-{deplefion of-C3

. A . Diseases (other thankD.), caused
Complement Deficiencies and Disease. by complement defects.

Alternative Pathway 1.Loss of control proteins.

{decay accelerating factor, DAF, & CD5%.)
Lead to destruction of R.B.C., which result
in pasoxysmal nocturnal hemoglobinuna .

Susceptibilty to  Lack of sufficient cpsonization of
pyegenic {pus-  bacteria

forming) bacteral 2.C1 esterase inhibitor deficiency  (C1 inhibitor.)
result in excess of vasoactive mediators
Susteplibilty o Lack of opsonization and inability {kinins).
bacterial 1o ulilize the memarane atlack Causes :Hereditary angioneumﬁc edema.
infections ainwa; L . .
P 4 *Recurrent attacks of subepithelial swellings
C5,C6.C7C8,orC9 Susceptibiity o 1rability to attack the ouler involw‘ng the larynx & intestinal mucosa

Gram-negative  membrane of Gram-negative
infeclions bacteria ( may be fatal )

Clinical approach to suspected
immunodeficiency.

1.History. * Absence of tonsils.
Infections of unusual frequency, . ..
chronicity or  severity . * Partial albinism.

* Telangiectasia .{ bleeding capillaries )

2.Physical examination.

* Family history of infectious problems,

Consanguinity should be investigaied
(inter-family marriages ).




3.Radiologic evaluation .

* Absence of thymic shadow .
* Prneumatocele (hyper IgE syndrome)

3. Determination of T & B cell counts.
{ by flow cytometry )

4. Determination of the complement
components. C3, C4 .
- assess functional activity by CHB0.

5. Assess phagocyte function.
-phagocytosis & respiratory burst.

6. Camrier detecton & prenatal
diagnosis . ( important for genefic
counseling .)

4.Laboratory evatuation.

1. Complete blood count .(total & differential).

2 Evaluation of anfibody responses. )
A, determination of serum immunglobulins.

B. measure specific antibody responses:

-To polysaccharide antigens.
( measure ischemagglutinins. )

-To protein antigens .
( measure antibodies fo tetanus.)

Analysis of lymphocytes in
umbilical cord blood during gestation

* Help to diagnose immunodeficiency
In pregnancies at risk.

* Bone marrow or stem cell fransplantation
may be applied before birth.

Laboratory tests to assess immune function

- Macrophage: Enumeration, functional
assays (nitroblue tetrazolium})

- Complement: Direct measurement of
complement components, complement
hemalysis assay

Determination of the complement
components. C3,C4.
- assess functional activity by CH50.

Assess phagocyte  function.
- phagocytosis & respiratory burst.




Phagocytic cell defects

Complement problems

Skin infections without underlying skin disease
Abscesses of skin, liver, lung, nodes
Examples: CGD, LAD

Check flow (NK cells, CD11/CD18 [LAD-1],
CD15 [LAD-2, aka Sialyl Lewis X — VERY rare)

* CH50 assay is the screen; need all the other
levels to be normal for it to be normal

« Complement spontaneously activates

— blood that has been sitting around is
inapprepriate for testing

= CH50 levels should turn up VERY low — like 11

Therapy of immunodeficiency.

1. WIG {1V infusion of immuncglobulin.)
For: a. agammaglbulinaemia .
b. GVI. c. WAS.

2, Periodic antiiotic treatment.

3. Bone mamow transplantation .
For: a. 8CID. b. WAS.

4. Enzyme replacement
For: a.ADA deficiency.

5. G-C5F.(colony stimulating factor )
For : neutropenia .

6. Thymus transplantation .
For: DiGeorge syndrome.

7. IFN — gamma .
For: CGD.




Chapter 5.

Immunological Tolerance and Autoimmunity



Immunological Tolerance
and Autoimmunity

Self-Nonself Discrimination in the
Immune System and its Failure

Asst. Prof. Or. Wilairat Leeanansaksir

Why we need immune system?

» Immune system recognizes many
microbes :
= Immune protection

but not against one’s own Ags
Mechanism : immunological

tolerance
Recognizeselng‘—bl Autoimmunity I

Maln cells are &

Lymphocytes; Tand B . N
Mastly by T-celts Autoimmune diseases

S e
T ix s
L

1 3
T ater elecfoneraisivle

Lymphocyte receptors are constantly being generated
to self and readily accessible to self-Ag
must prevent immune response fo self-Ag
ability to discriminate between self and non-self
failure results in autoimmunity = autoimmune
disease
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Immunological Tolerance

* Lack of response to Ag that is induced by
exposure of lymphocytes to these Ag

3 possmle outcomes
lymphocytes activated - elicit a response
2. functionally inactivated or killed - tolerance
= Apgls sald to be tolerogenic
3. Ag-specific lymphoeyte that don’t act — ignorance

» Self-Ag are either ignored or tolerogenic
— outcome is determined by Ag-specific
lymphocyte, nature of Ag and how itis
presented




Tolerance is Important

» Self-Ag usually (normally) induces
tolerance

* Learn to induce tolerance and can then
use to prevent or control unwanted
immune response
— used for allergy, autoimmune disease and

prevent rejection of organ transplants

—may be necessary for gene therapy also

Immunotolerance

1.Central Tolerance

2.Peripheral Tolerance
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Immunological Tolerance

+ Different self-Ag may induce developing
lymphocyte
- encounter Ag in generative lymphoid organ — Central
Tolerance
« see Agin the BM and thymus
— encounter Ag in peripheral tissues — Peripherat
Tolerance
+ all other self-Aq tolerance is done peripherally
« Don't know the numbers of lymphocytes that
are invelved in either process or those that
are ignored

The mechanism of tolerance 1

Central tolerance

The majority of forbidden clones get destroyed by apoptosis
(T cells in the thymus, B cells in the bone marrow),

There are A number of proofs that the deletion of
forbidden clones is not complete. Autoreactive T and B
clones are always present in healthy individuals. So an
additional, so called peripheral tolerance mechanism
must exist.




The mechanism of tolerance 2

Telerance is achieved by at least two levels of protection

Central Peripheral | Suppression Central Tolerance
{peripheral 2)
deletion deletion suppressor
anergy celis?

ignorance | anti-idiotypes

Immune ) i
Tolerance | ; JES o oan Central T-Cell Tolerance

3 l.? @ ,{:—j + Immature T-cells in thymus recognize

S35t et cmr fomern self-Ag in the thymus and die by
1. Central El el Fere v R Tl S A apoptosis
Tolerance % el O e )

T e T -~ T-cells with receptors to many Ag
iiﬁ e i (foreign/self}
A " b

Yoo S
i o

O & el

el

Peripharal toteranca:
Peripheral
tissues

Central T-Cell Tolerance Tolerance in CD4+ T-cells

+ 8Self-Ag on MHC and immature T-cell bind

Strong[y _triggers apoptosis Signals * HE]pel‘ Ce“S control Vir‘tua"y a" immune

responses to protein Ag
- dies z’_ef‘"'elmat'f“ra“"", - hanism of - if non-responsive to self-proteins it is
T oo 0N — principle mechanism o enough to stop autoimmune cell-mediated

central telerance .
— Ag that trigger negative selection are usually in and humoral immune response to these

higher concentration than Ag that cause positive Ag
selection
* Ag sueh as plasma proteins and common cellulay + Failure to develop tolerance may cause
proteins may actually ve expressed on the epithelial . .
cells in the thymus autmmmumty

- negative selection may protect from wide ran?e
variety of self-protein Ag — T-cells against self-Ag
are deleted before making periphera! response




Regulatory T-Cells

* T-cells in thymus surviving negative

selection will mature and move on -
self reactive CD4+ and CD8+ T-cells
* Some immature T-cells recognize
self-Ag develop into regulatory T-
cells move to peripheral lymphatics

—not sure what separates this from
negative selection induction

Thymus Periphery
Negative e R e
selection: = i@' i “m;if-
deletion #i )

Immature-
T cells specific
for self antigen

Development -Q}'

of regulatory gﬁ}f ()i
oy ™

T cells

Reg ulatbry
T cell’
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Peripheral T-Cell Tolerance

* Induced when mature T-cells recognize
self-Ag in the peripheral tissues that
are not expressed in the thymus

- leads to functional inactivation (anergy) or
death or when self-reactive lymphocytes
are suppressed by regulatory T-cell

—may prevent autoimmunity in situations
were central tolerance is incomplete —
back-up mechanism

Peripheral tolerance

Central Peripheral | Suppression
(peripheral 2)
deletion deletion suppressor
anergy cells?

ignorance | anti-idiotypes

Anergy

+ Functional inactivation of T-cells when
recognize Ag without adequate levels of co-
stimulators (2n® signals) needed for full T-cell
activation

- need at least 2 signals to proliferate and differentiate
into effector cells

* SIGNAL 1 -Ag

* SIGNAL 2 - co-stimulators on professional APC's, B7
proleins

+ Self-Ag on APC and find T-cell which

recognizes Ag {signal 1) but no necessary
2M signal

— leads to anergy (may also induce no response)

Formation of Anergy
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Anergy (cont)

+ T-cell may express a molecule called
CTLA-4 {CD52) or PD-1 (programmed
cell death protein -1) which is a high
affinity receptor for B7 that delivers
inhibitory signals to T-cells
—inactivates the T-cell

- not sure how cell chooses CTLA-4 or CD28 to
bind to the B7

— may be enough B7 for inhibitory receptor
rather than to activate the T-cells

Formation of Anergy
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Immune Suppression

* On encounter with self-Ag some reactive T-
cells may develop into regulatory cells

— functions to prevent or suppress the activation of
other, potentially harmful self-reactive lymphocyte

* Regulatory T-cells may develop in the
thymus or in peripheral lymphoid organs

- most are CD4+ express high levels of CD25 - the
a chain of the IL-2 receptor

« know fittle about mechanisms of regulation

T-cell tnhibition of Immune Response

* Some produce TGFp and IL-10 — Block
activation of lymphocytes and
macrophages

—may interact to suppress other
lymphocytes or APC’s directly — cytokines
not involved

+ Some evidence in animal models

— T-cells depleted of CD25 and put into

mouse with no [ymphocytes —

disseminated autoimmune in multiple
organs

Suppression of Inmune Response
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Deletion

* Repeated activation of mature T-cell by self-
Ag or recognition of self-Ag without 2nd

signals will trigger pathways of apoptosis
that result in elimination (deletion) of the
self-reactive lymphocytes

+ There are 2 likely mechanisms
- induce pro-apoptosis proteins
- death receptor e.g. fas receptor-fas
ligand




Mechanism #1

+ Postulated mechanism of induced cell
death — Ag recognition induces production
of pro-apoptotic proteins in T-cells from
the mitochondria
— usually counteracted by anti-apoptotic

proteins made by costimulation
- not Fas-mediated

T cell response

Antigen recognition

o Acfivaled
H Fro-apoptolic
H APC !{ia’rv; .. pmlelnp T cells
n e ) 2
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+Ag recognition induces preduction of pro-apoptotic protein
in T-cells from the mitochondria

Mechanism #2

+ CD4+ T-cell repeated activation leads to co-
expression of death receptor —Fas {CD95)
and the Fas ligand (Fasl)

- FasL binds Fas on same cell or adjacent cell that
cause activation = apoptosis

— internal death program — from self-Ag present through
life — causing repeated stimulation

— microbes are different because likely not to be
persistant

— T-cell IL-2 (growth factor) potentiates Fas-mediated
apoptosis

+ caninitisle and terminale response, not sure how 2 opposing
actions occur
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Self vs. Foreign Ag

B-Cell Tolerance

+ Self-polysaccharides, lipids and nucleic

Feature of anfigen l Tolerogenic sell anfigens

Immunogenic forelgn anfigens
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acids are T-cell independent so must make

B-cells self-tolerant
— don’t want autoantibo

dy production

— similar to T-cell tolerance

cells

- systemic lupus erythe
disease thought to be
tolerance in B and T-h

Protein Ag can also induce tolerance in B-

matosus — auto-antibody
caused by defective
elper cells




Central B-Cell Tolerance

Immature B-cell interact strongly with

self-Ag in bone marrow

—either killed (negative selection) or change
receptor specificity (receptor editing)

Negative selection — similar to T-cell

negative selection

— remove ceils that have high affinity receptor to
abundant and widely expressed cell
membrane or soluble self-Ag

B-Cell Negative Selection

Bone marrow Mature B lymphocyle
Immature not specific for

f
Bcell sellanligen
- S To peripheral
(e ) e N stz {ymphoid
.. b s tissue
£,

Strang recognitian %, Receptor editing;
of self antigen ﬂ"ﬂ expression of new
in bone marrow 3 antigen rezeptor
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2" Mechanism

May reactivate Ig gene recombination

machinery and make a new Ig light

chain - unites with original heavy chain

with a new receptor for a different Ag

— called Receptor Editing NOT isotype
switching

Not sure how many undergo wither

mechanism or why 1 or the other is

used

- no good example of failure of B-cell central
tolerance causing autoimmunity

.

Peripheral B-Cell Tolerance

Mature B-cell encounter high

concentration of self-Ag in peripheral

lymphoid tissue — become anergic and

cannot respond to that self-Ag

B-cell recognize Ag and do not receive

T-cell help {absent or folerant) — B-cell

becomes anergic

— T-cell independent Ag activate B-cells
when signal is strong enough

B-cells that are anergic — leave follicle

and can’t return — may die because not

receiving survival signals

Peripheral Tolerance
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Definition of autoimmunity

The immune system mounts an attack against the

tissues of its own host without a clear reason.

Implicit statements:

+ If we know the reason of the immune reaction, it is not
called autoimmunity (e.g. viral infection)

+ The immune system can distinguish between self and
non-self (dogma)

» The immune system will not attack tissues recognized as
self (the concept of tolerance)




The frequency of autoimmune
diseases

+ 4-5% of the population affected
+ Highest prevalence (cca. 1-1%):

— Autoimmune diseases of the thyroid
{Graves disease, Hashimoto thyreoiditis)

— Rheumatoid arthritis (RA)

+ A few dozens of rare diseases also belong
to this group

Clinical classification of
autoimmune diseases

+ Graves (Basedow) *+ SLE

ﬁiis' himot " RA
+ Hashimoto
thyreoiditis * Scleroderma

+ Pemicious anemia  * Dermatomyositis
+ Addison’s disease  * Vasculitis

* DM type 1

+ Myasthenia gravis

+ Guillain-Barré sy.

Significance of autoimmune
diseases

+ Potentially fatal disease
(e.g. DM type 1, pernicious anemia)
+ Lifelong treatement is necessary

*+ They cause severe, progressive
inflammatory reactions (the systemic ones)

Frequently affected organs
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organ specific
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diseases

Combined occurrance of
autoantibodies

systemic
diseases

Occurrence of autoantibodies
in a family
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Presence of an autoantibody by itself doesn’t necessarily cause
clinicsl symptoms!




Autoimmunity

* Immune response against self-Ag — can
cause disease
- 1-2% of population has autoimmune disease

* even when no true evidence of immune response

to self-Ag

» Several factors in disease development
— inheritance of susceptibility genes that
contribute to failure of self-tolerance
—environmental triggers such as infection may
activate self-reactive lymphocytes

. * Human autoimmune
: disease has no
known etiology
despite some good
animal models

Failuce of

1 _f et
Howeran ) s ¢
. f:“ ¥ 'h.;l: .+ Heterogeneous and
A T sothreactive | | R A
e “hg e myltifactorial —

SaZoaaciney
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¢ autoimmune
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— Ab ot self-Ag or
activate T-cells react
with self-Ag

Human Autoimmune Disease

« Still don't know the cause

* May involve 3

factors

— autoimmune disease in humans usually are
heterogeneous and multifactorial

- self-Ag that are inducers and targets of
autoimmune reactions often are unknown

—diseases may manifest clinically long after the
autcimmune reactions have been initiated

Genetic Factors

Muttiple genes can gredis ose but MHC genes are most

important — saw with identical twins one Ras autoimmune, the

other is more apt to get that a random person

~ genome scanning techniques and animal breeding indicate
autoimmune disease is linked 1o multi-gene locl — MHC

Many autoimmune disease in humans and inbred animals —

linked to some MHC zlleles

Association between HLA alleles and autoimmune disease —
line of evidence that T-cells important role in these disorders
— May increase chance but not the cause, requires ather things to
happen
* MHC may be involved bacause they are ineffective Ag presenters leading
1o defective negative selection or peplide in MHC fail fo stimulate
regutatory T-cells
Some non-HLA alleles are associated with autoimmune
disease
- mnany are just large chromosomal segments and gene not yet
identified

Autoimmune Disease and HLA

Alleles
[Evidence ] Examples
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: "Relative Tisk" of Ankylosing spondylils | HLA-B27 %0

developing an ) Rheumatoid arthritls | HLA-DR4 4

autoimmune disease in | Typs 1 , HLA-DRIDR4 |25

individuals who Inherit diabetes malitus |

particular HLA allele(s) Pemphigus vuigars | HLA-DR& 14

comparat with individuals {

lacking these alleles

gnirnai models: rwe%\et 1s=![i:belebs A8

reeding studies itus (nanobese

establish assoeiation diabetic mouse slmm)E

of disease with i

panticular MHC allelas

Caen T 3 g hnvien, et ) |

IGnne(s) ]Disease association | Machanism
Auloimmuns i Delaciive expreaslon
N 0 n - H I_A ARE polyerdocrine ; of izzve nnlgms
ayndrome and chmi af
sall-ruactive T cells
Genes and  l-— e T
Complement | Lopustike disease Dslaciva cloarance of
. prateins. ke Lomplaxas?
A t mmun (G2, C4) Delacts in B coll
u 0 [ u e Iclzranca?
- Fas, FasL L, g inGusa siraing; | Dafeciive slinnation
Disease humgnALPS of sati-renclive
FeqRiib Lupus-ike cissases  : Defective leodback
inhibilen of
B cnHl activation
Foxp3 4 Hefinked Defciency of
sndocrinopath mogulalory T celts
H menlt’ropalm IIEB()
L2, Several autsdmmune Deficiency of
{L-2Ra/p disemyes regulalony T celis
iincrazsed rish
. gl POy MOBRSNS) | e
NOD-2 * Crohn's dizansa Defeciive resistance o
(inflammatory bowel abnomnal responses
OS] 2 l0SlNA] Muctobes?
PTPN22 Several autoimmang Abnanna! tyrosine
% {dssnses phos phatne regulation
: : of lymphocyle actvaion?




Role of Infections

* Infections may activate self-reactive
lymphocytes and lead to development of
autoimmune disease
~ autoimmune disease often preceded by

infectious prodromes (early symptoms of
disease) — can do in animal models

+ Infections can contribute to autoimmunity

Mechanisms

+* Induce local innate response — may lead to
increased expression of costimulators/ cytokines
by APC — break anergy, promote survival and
activation

* Molecular mimicry — infection may make
peptides that are similar to self-Ag and cross-
react with them — immune respeonse will attack
self-Ag and cause problems

* Infection can cause tissue damage releasing Ag
that is usually are not exposed to immune
response
~ eye and testis — now seen as foreign
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Clinical classification of
autoimmune diseases

organ specific systemic

» Graves {Basedow) + SLE
dis. + RA
- [@sigmoto + Scleroderma

thyreoiditis -
» Pernicious anemia  * Dermatomyositis

« Addison’s disease  * Vasculitis
+ DM type 1

» Myasthenia gravis

+ Guillain-Barre sy.

Hashimoto thyreoiditis 1

Clinical picture

enlargement of the thyroid gland

Hashimoto thyreoiditis 2
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Human Immune Complex Diseases

Immune complex
disease

Antibody specificity

Clinicopathologic
manifestations

[ Systemic lupus

BNA, nucleoproleins,

Nephritis, arhritis,

| erythematosus others vaseulitis
Polyarteritis Hepatitis B virus Vasculils
nodosa surface anligen
 Poststreptococeal | Streplococeal Nephritis
| glomerulonephritis cell wall antigen(s)

| Serum sickness

Varigus protein

Systemic vasculitis,

(clinical and antigens nephrilis, arthrilis
experimental)

Arthus reaction Various proteln Cutaneous
(experimental} anfigens vasculitis
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SLE
Causes/risk factors

+ infection
{molecular mimicry)
- fetal/neonatal
infection

* haptens (drugs)

‘ inherited/genetic |

+MHC L1

« complement
« apoptosis

+ CTLA-4

* TNF-a.

Inherited/genetic factors

Susceptibility te autoimmune disease was linked to
more than two dozens of genes in mice
experiments. Only & few examples are presented

here,

The role of MHC |, |l alleles

Antigens get presented associated with MHC, so the efficiency
of the presentation of a particular antigen (and the possibility
of an autoimmune reaction) may be determined by MCH alieles.

+ In most autcimmune diseases, certain MHC
alleles were found 1io be risk factors

» Some alleles can be protective (e.g. in DM
type 1)

» Some alleles are risk factors in certain races
only




The role of complement

The first few members of the complement system (C1, C4,
C2, C3) play an important role in the climination of immune
complexes. Immune complexes carrying C3b are bound to
RBCs, get taken up by the RES, where they are degraded.

Congenital deficiency of C1,C2,C3,C4 frequently leads to
sutoimmune diseases (the pathomechanism of the tissue
damage is type 3 hypersensitivity reaction).

The role of apoptosis

A mutation in the genes regulating
apoptosis can cause
autoimmunity

ALPS: Autoimmune lymphoproliferative syndrome

A rare congenital disease: chronic, nonmalignant proliferation of lymph nodes,
splencmegaly, largs number of double negative (CD3%, CD4~, CD8™) ly,
autoirmmune phenomena.

A: lymphadenopathy
B-E: lymph node

B: HE stzining
= hyperplasia,
* plasmocytosis

C: CD3* staining
D: CD4* staining
E: CD3* staining

Ann Ialern Med (1993} | 30- 391

ALPS

Pathogenetic factors} \ﬂtoimmune phenomena

+ Autoantibodies
— positive Coombs fest
— anticardiolipin,
antinuclear
antibodies
» Cytopenias of
autoimmune origin
— RBC (AIHA)
— platelet {ITP)
— neutrophil

« Mutation in the
Fas/CD85 gene

* Overexpression of IL-10

The signaling system of apoptosis
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Protaolysls, Dagradation of Chromosomal DNA

The role of CTLA-4

CTLA-4 = cytotoxic-T-lymphocyte-associated protein 4 (CD 52).
A receptor protein on the surface of T cells, through which

activated T cells can get deactivating signals.

An inherited mutation of the gene, which causes
slight changes in the function of the receptor
is associated with the following diseases:

+ Autoimmune discases of the thyroid

*DM type |

» Primary biliary cirrhosis




Acquired/environmental factors

+ infection

(superantigens, molecular mimicry)
+ fetal/neonatal infections
* haptens (e.qg. drugs)

Molecular mimicry 1

If an antigen of a microbe is identical or very similar to an
antigen of the body (molecular mimicry), then infection by the
microbe can activate clones which are originally autoreactive
or capable of eross-reacting with the self antigen.

* The outbreak . Infections an
autoimmune diseases is niections are very
common, autoimmunity

frequently preceded by a ¢
viral infection is not

+ sounds possible

Molecular mimicry 2

Molecular mimicry is implicated in the
pathogenesis of the following diseases
(no direct proof is available yet in any of them):

Disease

Pathogen, Ag

Autpantigen

Rheumatic fever

Streptococcus

cardiac myosin

Guillain-Barré sy,

Campylobacter jejuni
lipopolysaccharide

myelin ganglioside
(GM1)

CM type 1

Coxsackie virus
P2-C protein

GAD (glutarinic acid
decarboxilase}

Multiple sclerosis

EBV, influenza virus
A,
human papiliorna
virus

myelin basic protein
(MBP)

Guillain-Barré syndrome

An acute demyelinating polyneuropathy causing paralysis. The
paralysis is typically “ascending” (starls at the feet, and spreads
upwards).

Many cases are preceded by Campylobacier jefuni infection
(especially of serotype 0:19). Antibodies against ganglioside
(GM1) appear in the blood as a result of the infection.

I Ne role of Tetal/ineonatal

Py by e

infections

I the titer of maternal [g-s
is low, the cytopathogenic
and immune mediated
damaging effects of the
infection can lead later to
autoimmune disease

(e.g. DM 1ype 1).

Zinkernagel

This theory can explain why
there is a parallel increase

{ of DM with better hygienic

standards,

FEMM (20011 H5: 133

The role of haptens

Many drugs cause hemolytic anemia,
thrombocytopenia, neutropenia, or SLE-like disease
with an auteimmune mechanism.

Many auteimmune disease shows geographical variation.

The role of gliadin in the development of celiac disease

is also proven,




Therapeutical possibilities

Classic approach:
general inhibition of inflammation, immunosuppression

New methods:

Inhibition of TNF-a: RA, Crohn disease

Inhibition of [L-10:  SLE

Destroy the immune system, then transplant
allogenic stem celis: severe SLE

The End




