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Lesson 21 — Basic
immunology:
The second line of

defense



The second line of defense (SLD) (non specific)

e Operates when pathogens
penetrate skin or mucous
membranes

* |t involves cells, antimicrobial
chemicals, and processes, but no
physical barriers

* Many of these components are
contained or originate in the blood
from its formed elements
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From blood formed elements to SLD

Three types of formed elements

* erythrocytes - red blood cell, carry oxygen
& carbon dioxide in the blood

» platelets (also called thrombocytes) -
involved in blood clotting

* leukocytes (aka white blood cells) -
involved in defending the body against
invaders

* 2 groups
e granulocytes
e agranulocytes
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Leukocytes - granulocytes

e Category of white blood cells (WBCs) characterized by the
presence of granules in their cytoplasm

* 3 types:

* Neutrophils

Granulocytes

* Eosinophils

e Basophils Neutrophil Eosinophil Basophil
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Leukocytes - granulocytes

* Neutrophils Q
* Most abundant WBCs

Neutrophils and

* Predominant cells in purulent exudate (or liquor eosli nOph [ IS can
puris), accounting for its whitish appearance .
* Respond quickly following tissue injury ph agocyt'ze pathogens

e Hallmark of acute inflammation

* Eosinophils

* Main effector cells in allergic responses and asthma
* Also fight helminth (worm) colonization

e Basophils
e Least common granulocyte

* When activated, release inflammatory and pro-
inflammatory compounds

Molecular Biology for Engineering — Lesson 21



Possibly the single mosticonic video in
iImmunology and the cell migration field!
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Leukocytes - agranulocytes

* Category of WBCs characterized by the absence of granules in
their cytoplasm

* 2 types: ; g,
 Lymphocytes S

* most involved in the SPECIFIC IMMUNITY (3" line of
immune defense - TLD)

* Monocytes @

* leave the blood and mature into
macrophages (phagocytic cells of the SLD)
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Components of the SLD

*Leukocytes

* Nonspecific chemical defenses
*Inflammation

*Fever



Leukocytes - SLD

* Leukocytes (WBCs) as intracellular killers

* Phagocytosis
* These cells ingest and
destroy foreign microorganisms

bacterlun. receptors
> phagosome

phagolysosomes

%

Iysosome

$otuble-debris

exocytosis 9
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Leukocytes - SLD

* Leukocytes as extracellular killers

e Natural killer lymphocytes (NK
cells)

» Secrete toxins onto surface of virally
infected cells or cancer cells

* Differentiate normal body cells
because they have membrane
proteins similar to the NK cells

Neutrophils and eosinophils

* They can also ensnare and kill
pathogens by capturing them in
extracellular structures called web-like
extracellular traps (NETSs)

* made of DNA and antimicrobial proteins

* bind, disarm and kill pathogens
extracellularly
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Mole

TYPES OF WHITE BLOOD CELLS

(LEUKOCYTES)

Key Players in the Immune System's Defense

GRANULOCYTES
(Contain Granules)

NEUTROPHIL

| Primary Defense against
Bacteria & Fungi.

Performs Phagocytosis
(Engulfs & Destroys).

Rapid Response to

Most Abundant (40-70%).

AGRANULOCYTES
(Lack Visible Granules)

LYMPHOCYTE

o Crucial for Specific
"\ (Adaptive) Immunity.

» B-Cells: Produce
. Antibodies.

T-Cells: Directly Attack
Infected/Tumor Cells,

Infection. o, Regulate Immune
ARV, Response.
i i) /_g?“ Also includes Natural
== 7N | 7 7 Killer (NK) Cells.

Combats Multicellular
Parasites.

Modulates Allergic

Less Common (1-4%).

Granules stain red with
eosin.

Inflammatory Responses.

(20-40%).

® Overview

B White Blood Cells (WBCs),
also called leukocytes, are
crucial components of the
immune system.

B They defend the body
against infections, foreign
invaders, and abnormal cells.
B Normal WBC count: 4,000—-
11,000 per microliter of blood.

Bl

Largest WBC (2-8%).

Differentiates into
MACROPHAGES (Big

L/

BASOPHIL

Rarest Type (<1%).

Releases Histamine
(Vasodilation
Inﬂammations &
Heparin (Anticoagulant).

Involved in Allergic
Reactions.

Eaters) in tissues.

Antigen Presentation,
and Cytokine
Production.

.»j\ﬁl
‘= O Longer lifespan than
L (;\6 granulocytes.

Performs Phagocytosis,

/

KEY RO

@Facebook44

LES OVERVIEW

: Q¢ e PATHOGEN DEFENSE: Bacteria, Viruses, Parasites, Fungi.
& {{ e INFLAMMATION & ALLERGY: Modulates immune responses.

» TISSUE CLEANUP & REPAIR: Removes debris, dead cells.

@ Types of White Blood
Cells

H Neutrophils

A Most abundant (~50-70% of
WBCs).

¢ First responders to infection;
engulf bacteria and fungi.
ELymphocytes

A|nclude B cells, T cells, and
Natural Killer cells.

¢ Key role in adaptive immunity
and antibody production.

H Monocytes

A Largest WBCs; differentiate into
macrophages and dendritic cells.
# Help in long-term defense and
tissue repair.

® Eosinophils

A Combat parasites and play a
role in allergies.

¢ Release enzymes to break down
pathogens.

® Basophils

A Least common WBCs.

# Release histamine during allergic
reactions and inflammation.

f Gkboo

WHITE BLOOD CELLS

Neutrophils

Kill bacteria, fungi
and foreign debris

Monocytes

Clean up
damaged cells

Eosinophils

Kill parasites, cancer
cells and involved in
allergic response

ks44
o o

Lymphocytes
Help fight viruses

Basophils

Involved in
allergic response

and make antibodies

@ Functions of WBCs

B Recognize and destroy pathogens.

B Produce antibodies for targeted defense.
B Regulate immune responses.

B Remove dead or damaged cells.

@ Key Facts

B WBCs are produced in bone marrow.

m Lifespan varies: hours (neutrophils) to
years (memory lymphocytes).

B Abnormal counts may indicate infection,
inflammation, or blood disorders.

Health Connection
® High WBC count (Leukocytosis): Often
signals infection or inflammation.
® Low WBC count (Leukopenia): May result
from bone marrow problems, autoimmune
diseases, or certain medications.

Source: Hematology & Immunology Principles. Visualizations are simplified for educational purposes.



Nonspecific chemical defenses - SLD

Lysozyme, Defensins and
Cytokines (including
interferons and
interleukins)
* Augment phagocytosis
* Some attack pathogens
directly

e Some enhance features of
nonspecific resistance
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Inflammation - SLD

* Nonspecific response to tissue
damage

* important microcirculatory
events that occur during the

inflammatory process include
e vascular permeability change
due to release of histamines
* leukocyte recruitment and
accumulation and
e release of inflammatory
mediators
* Associated with heat, swelling

and pain
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Steps of the
Inflammatory Response

The inflammatory response is a body's
second line of defense against invasion
by pathogens. Why is it important that
clotting factors from the circulatory sys-
tem have access to the injured area?

- E} P}mgoc_\-wé engulf
bacteria, dead cells,
and cellular debris.

£ Platelets move out of
-~ the capillary to seal the
wounded area.

2 Histamines canse capil-
laries 1o leak, releasing
phagocytes and clotting

factors into the wound
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Fever - SLD

* Body temperature above normal
range of 36.5-37.5 °C (98-100 °F)

e Various types of pyrogens
e Bacterial toxins

e Cytoplasm of bacteria released by What does a fever do?

Possible benefits in rise
of body temperature

Immune cells arrive
more quickly to infection

S, @
&

fever is too high for too long, it can cause damage

eSS
. A fever is usually a sign of infection, though many experts /\ N : '@\ =
Iy S I S believe that it is a natural bodily defence mechanism. If a / &

e Antibody-antigen complexes d et

* Interleukin-I (IL-1, a cytokine) Q ' ﬂ bOd/yfemperamre

* Benefits R e
 Speed of immune system !

reaction increased

|

response

body
¥ - Improvlid car?acity to
1l 5 How body reactsto  * engulf pathogens
i |nh|b|tS grOWth Of Some = - brain signals
.. e = 2 1Blood vessels in skin
temperature sensitive #
4 & 2 Fat cells burn more
1 1 Normal Temp : High Fever SNSIY
m I C rOO rga n I S m S 36.5°C - 37.5°C | 39.4°C+ * 3 Muscles contract, Higher temperature, many
. . Varies between Genoerally above causing shivering believe, makes it morge’ difficult
° I n Crea Se pe rs p I ratl O n pe&e}lef,ljgt%:%es, 3?é4c<(>:nf§izzlz(rjeu(;ts # 4 Temperature rises E rosmeio feplicaie
throughaday | high # further

N9 Source: newscientists.com m
creative
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