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Immunology introduction
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 The immune system includes the role of physical, cellular, and chemical systems that are

in place and that respond to all aspects of foreignness.

self and non- self.
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The immune system targets any “foreign” object, so the first step is to recognize what is
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 The second step is to restore homeostasis by eliminating the foreign object.

* The third step is to remember the invading pathogen to respond better the next time it is
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 The immune system is not only active when danger arises, but is constantly sensing
danger and is important for normal physiology and homeostasis similar to the

cardiovascular and renal systems.
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* Host defenses are grouped under innate immunity, which provides immediate protection
against microbial invasion, and adaptive immunity, which develops more slowly and

provides more specialized defense against infections




Cells of the immune system

e Allimmune cells originate from the bone marrow, ‘ut some migrate to other organs
for maturation or long-term maintenance.
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* The cells of the innate and adaptive immune system are normally present as circulating

cells in the blood and lymph, as anatomically defined collections in lymphoid organs,
¢ and as scattered cells in virtually all tissues.
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Cells of the immune system

* Phagocytes

* Mast Cells, Basophils, Eosinophils
Antigen-Presenting Cells

* Lymphocytes
\%

3. Antigen-Presenting Cells (APCs)
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Red blood cells

Carry O, and CO,
Involved in blood clotting
and inflammation

Platelets

Mast cells

Specialized tissue cells
similar to basophils that
trigger local inflammatory
reactions and are responsible
for many allergic symptoms
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Macrophages
Largest phagocytes that
ingest and kill foreign cells;
z strategic participants in

|

i /4 certain specific immune
(} reactions

Dendritic cells
- Relatives of macrophages that
/ | reside throughout the tissues
\ and reticuloendothelial system;
responsible for processing

foreign matter and presenting
it to lymphocytes
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Sg Blood phagocytes that Primary cells involved in
5 ® rapidly leave the circulation; specific immune reactions
2 = g mature into macrophages  to foreign matter
S g5 and dendritic cells
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s E % g cellular immune responses
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e % g'g killing foreign cells (cell-
w2 aw mediated immunity)

B cells

Differentiate into plasma cells
and form antibodies (humoral
immunity)



Cells of the immune system / Phagocytes

Phagocytes — Neutrophils & Macrophages
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Phagocytes, including
neutrophils and
macrophages, are cells
whose primary function is
to identify, ingest, and

destroy microbes.

* Phagocytes also
communicate with other
cells in ways that promote
or regulate immune
responses.
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Cells of the immune system / Phagocytes/ Neutrophils
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(Short lifespan) 7l.\,>_»&e)ac 3
pall 5 Slelan 6 gllsa sl @

ﬁ Lt 5,0 S L b el oL @

Short lifespan, they circulate for about 6

hours, Production of neutrophils is
stimulated by granulocyte colony-

stimulating factor (G-CSF). An adult —_.....
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> 1 x 10" neutrophils 4

human produces more than 1 x 101 ...

neutrophils per day
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Cells of the immune system / Phagocytes/ Neutrophils ... o
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* The cytoplasm contains granules of two e
types. The majority, called specific granules, ...
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* Neutrophils may migrate to sites of infection
within a few hours after the entry of
microbes.

* After entering tissues, neutrophils function
for a few hours and then die. =¥
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Cells of the immune system / Phagocytes/ Neutrophils ;=5 o 5= (Neutrophi ExracellularTraps
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Neutrophil extracellular traps (NETs) are networks of extracellular fibers, primarily
composed of DNA from neutrophils, which bind pathogens.
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Blood film with a striking absence of neutrophils, leaving
only red blood cells and platelets
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Neutropenia is an abnormally low concentration of neutrophils in the blood. Neutropenia has many causes
and can be congenital and acquired (e.g. cancer treatment, autoimmune diseases).


https://en.wikipedia.org/wiki/Blood_film

s «(Febrile Neutropenia) e¥aall U] faliall aall fe &aniy 3ysall é paill

¥ aall cLandl adl LA sae o GALAST Ga ool 05K Losie &uat ks Al

oRedl el gluadi £y ] 8,1l 3,0 wal adiyng (neutrophils)
wle ol gy o3 Eilil] Sl eyl
s9adl e Juldill & UL

/\) 3+7 JsSoi SLaI Ml T SLaSIl g3ladl d6S a3 (Neutropenic precautions)
H S Lole 34 sandl e iy 53058 ol oo Jany 55 JP 1AM ‘ S b e T I i e T AN e
Febrile Neutropenia . 0 s o o csbls s oubic ) st il i) olipoll o

JP is a 34-year-old Caucasian male who is admitted to inpatient oncology
service for induction chemotherapy for a recent diagnosis of acute myeloid
leukemia (AML). His induction chemotherapy regimen consists of 7 + 3
induction chemotherapy with cytarabine and daunorubicin. He was placed on
neutropenic precautions, started on appropriate antimicrobial prophylaxis,
and a port was placed for chemotherapy administration. Ten days after the
completion of his induction chemotherapy (day 17), he spiked a fever of
38.8°C (101.8°F) and complained of chills and nausea.
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Cells of the immune system / Phagocytes/ Mononuclear Phagocytes

< (Mononuclear Phagocyte System) &[5l am‘,ll Taaalall AT 00 6K5 dilae redrgs 8 guall

Laanio Duelio LA (ol Leloat (o) e dall LA gt o oy cacund]
° The Ce”S Of the mononuclea r ﬁmtﬂ.;%,.?::e marrow‘ | Blood :Lymphoid tissue, peripheral tissue:
phagocyte system originate from | === . s
a common precursor in the bone | i e i Sl S s
Eﬁil;ﬁ‘;mlgww. &ﬁiséi el el e iy S e AL P O BB e
marrow, circulate in the blood as ot T et
Hematopoietic Monocyte/ Monoblast Monocyte 2
monocytes, and mature and e~ — = Actiiaiad
. . . macrophages
become activated in various i,
. leferentlatlon -Microglia (CNS)
t ISSUes. : {  ertane Kll:,%f(f)?arrcells (liver)
macrophages (lung)
-Osteoclasts (bone)
Pre conventlonal DC
* Once monocytes enter tissues, : 3?@0 .
> onventiona
mature and become it e
macrophages. Macrophages in e e Egmgg | y
e ° fﬁ:&wwwﬁwj‘m soliprecurson - Plasmacytoid DC
different tissues have been >2 -
given special names to =

(Conventional DC) Luulaill L5611 Lyall 4
sl L3I WA (I Sl Gans Jsals 1 jshille
oo e Bl Dolaiond ) Suiat o pals Lol oda sdiuliglle

designate specific locations.

o G a1 LAl (ple a1 (Tocells L0 Lpal ol aaioal | oy Jola

LSl ol il

/\) (Plasmacytoid DC) L sacdll 2SI Lo

ysacdll LAGH AT () lasnsll slali (oYl any o 1 yskaille
S Sl o 55 55 b T o LU s da o L5 ridslille
Lo G Dolaiond ) bl o e Ldig liag il yla

(ssanll aus UGS Lielis Llaoal (o alos Laall s
Laanill oLl all 3l Lat JSA (o 3 la¥ls
WA e g Bl Sleall bauifly iy Sl pues o8
LY Waladl Lt

(ol 53] Uiyl o] JAS5 3 gl ¢ Ll 3 L85 51531 Sl Lptalle )
(ol B Loty S i) il T (g Tanldl LAY i Lemradie
sl S 8, Lal] Jolsall 1 Ge bl Sadailly Taaldl (gle Zeasld] LoaTI Jasi®

Lol




Cells of the immune system / Phagocvtes/ Macrophages B IO S D S SR e
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* In addition to ingesting microbes, macrophages also ingest dead host cells as part of the
cleaning up process after infection or sterile tissue injury.
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Activated macrophages secrete proteins, called cytokines, that bind to signalling receptors

on other cells and thereby instruct those cells to respond in ways that contribute to host
defence.
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Macrophages serve as APCs that display antigens to and activate T lymphocytes.

e Another important function of macrophages is to promote repair of damaged tissues by

stimulating new blood vessel growth (angiogenesis) and synthesis of collagen-rich
gextracellular matrix (fibrosis).
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Cells of the immune system / Phagocytes/ Macrophages

Macrophage-like cells are phylogenetically the
oldest mediators of innate immunity. Drosophila

responds to infection by surrounding microbes
with “hemocytes,”

which are similar to macrophages, and these cells

phagocytose the microbes and wall off the
infection.
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Macrophages can acquire distinct functional
capabilities, depending on the types of
activating stimuli < *
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Cells of the immune system / Mast Cells, Basophils, Eosinophils bl ole (5533 3 Lol Tapandy el Lta alliad Jolit 8 uall o €l
Sl sl LU Lotall 5 (Eosinophils) daandl (Sall 5 (NK) danselal! L5611 LA o apdlasiaud!
S Al ol L6l (g guall wis Lo il Llaieal ] o4 Ty90 cali (31 <(Basophils) dae Ll

Aaohysivead | Slaaeall. 1
g Seall 8aleally Talgi¥ ) clloall o3 aged slses Tole oa)dlsinnn lina ole 55583 5Kl B LAl guane

S

fAII three cell types share the common feature of
having cytoplasmic granules filled with various
inflammatory and antimicrobial mediators.
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Cells of the immune system / Mast Cells ~ ==o:
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* Mast cells are bone marrow—derived cells
that are present in the skin and mucosal
epithelium and contain abundant
cytoplasmic granules filled with cytokines
histamine, and other mediators.
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Mature mast cells are not found in the
circulation but are constitutively present in
healthy tissues, usually adjacent to small
blood vessels and nerves.
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Mast cells express plasma membrane
receptors for IgE and IgG antibodies and are
usually coated with these antibodies
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Resting Mast Cell

Fce Receptor 1 IgE antibody

)

1)

Activated Mast Cell

P

Resting mast cell contains granules
containing histamine and other
inflammatory mediators

RN

Multivalent antigen cross-links
bound IgE antibody, causing
release of granule contents
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Cells of the immune system / Basophils
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e Basophils are blood granulocytes with many structural and functional similarities to mast
cells.
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* Like mast cells, basophils express 1gG and IgE receptors, bind IgE, and can be triggered by
antigen binding to the IgkE.
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* Basophils constitute less than 1% of blood leukocytes, normally not present in tissues
and their importance is uncertain.

* When they participate in allergic reactions or responses to parasites, basophils release
histamine and many other biologically active molecules that can contribute to
inflammation. (j e o e
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Cells of the immune system / Eosinophils Bl Td
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* Eosinophils were first described in 1879 by Paul
Ehrlich, who noted their unusual capacity to be
stained by acidophilic dyes. e -
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 They are released into the peripheral blood in a
phenotypically mature state, and they are
capable of being activated and recruited into
tissues in response to appropriate stimuli, most
notably the cytokine interleukin-5 (IL-5) and the
eotaxin chemokines. s
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* Eosinophils spend only a brief time in the S e ) S ol el ,
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hrs) before they migrate to the thymus or -0 '

gastrointestinal tract, where they reside under
homeostatic conditions




Cells of the immune system / Eosinophils
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Eosinophils are blood granulocytes that

express cytoplasmic granules containing
enzymes that are harmful to the cell walls of
parasites but can also damage host tissues.
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Eosinophils are a common feature of the
inflammatory response that occurs in asthma,
as they are recruited to the lungs and airways
by cytokines that are released from activated
TH2 cells and by a range of chemokines, most
notably those of the eotaxin family.
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Several lines of evidence suggest that
deficiency of eosinophils is not associated with
any characteristic abnormality.
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Eosinophils: changing perspectives in health and disease
https://www.nature.com/articles/nri3341
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TABLE 2-1 Normal Blood Cell Counts
Mean Number
per Microliter Normal Range
White blood cells (leukocytes) 7400 4500-11,000
Neutrophils 4400 1800-7700
Eosinophils 200 0-450
Basophils 40 0-200
Lymphocytes 2500 1000-4800 .
Monocytes 300 0-800 [ 5!‘13.?5;.3';..5“ :;g?n‘ﬂ;gi‘;s.ol T:Z‘;;:\?z?c'::gra;?f‘a vﬁﬁ;;

Giemsa-stained blood neutrophil shows the multilobed nucleus, because
e Ll Lolad ) Y <l of which these cells are also called polymorphonuclear leukocytes, and
el uasal (A-D) U<l é yeall  the faint cytoplasmic granules. B, The light micrograph of a Wright-
Lolall ag Le Ll A o iline Giemsa-stained section of skin shows a mast cell (arrow) adjacent to a
all «(Neutrophils) dsball small blood vessel, identifiable by the red blood call in the lumen. The

b Alt h ou g h most Of th ese ce | |S are fo un d i N Lalall (Eosinophils) duesl! cytoplasmic granules in the mast cell, which are stained purple, are filled

Lyl LA (Basophils) Lue @l with histamine and other mediators that act on adjacent blood vessels

H H :(Mast cells) to promote increased blood flow and delivery of plasma proteins and

the bIOOd) thEIr responses to mlcrObeS are o R ) o leukocytes into the tissue. (Courtesy of Dr. George Murphy, Department of
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Further reading:

e Cellular and Molecular Immunology. 7th Edition..
Chapter 2. Cells and tissues of the immune system



