Ch. 11: Immune Physiology

Objectives:

1. Review immune organs & cells.

2. Two categories of immunity: innate vs adaptive

3. Understand functions of adaptive immunity
cells (T-cells and B-cells)

4. Natural vs artificial immunity

4. Understand autoimmunity disorders.
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1. Review immune Organs & Cells. Pg 164 Wiki text

Immune system = The cells & organs that defend gainst pathogens & cancer.

1) Lymph Organs:

A. Primary lymph organs = where lymphocytes develop & mature
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1. Review immune Organs & Cells. Pg 164 Wiki text

Immune system = The cells & organs that defend gainst pathogens & cancer.

1) Lymph Organs:
A. Primary lymph organs

B. Secondary lymph organs. = where immune responses are initiated.
> Lymph nodes — e
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1. Review immune Organs & Cells. Pg 164 Wiki text

Immune system = The cells & organs that defend gainst pathogens & cancer.
1) Lymph Organs:
A. Primary lymph organs

B. Secondary lymph organs. = where immune responses are initiated.
> Lymph nodes —
> Lymphatic & blood vessels —
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1. Review immune Organs & Cells. Pg 164 Wiki text

Immune system = The cells & organs that defend gainst pathogens & cancer.
1) Lymph Organs:

A. Primary lymph organs

B. Secondary lymph organs. = where immune responses are initiated.
> Lymph nodes — e
> Lymphatic & blood vessels —

> Tonsils -

> Spleen —

> Intestines —

> Appendix -
What is the
purpose of | |

. your appendix?
> Liver -
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1. Review immune Organs & Cells. Pg 164 Wiki text

Immune system = The cells & organs that defend gainst pathogens & cancer.
1) Lymph Organs:

A. Primary lymph organs

B. Secondary lymph organs. = where immune responses are initiated.

> Lymph nodes —

> Lymphatic & blood vessels —

> Tonsils -

> Spleen —

> Intestines —
> Appendix
> Liver

> Brain —
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We will be simplifying it a bit ...

You will be able to study this chapter with the aid of some flow
diagram:

Click HERE for sequence of immune response starting with a pathogen

gaining entry into your body, from innate immune response to
adaptive immune response.

Click HERE for the outline of the innate immune system (including
external and internal innnate response) and the adaptive immune
response (t-cells and b-cells).

3 Lines of Defense from Pathogens! Pg 162 Wiki text
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https://people.fmarion.edu/tbarbeau/Sequence%20of%20immuno.pdf
https://people.fmarion.edu/tbarbeau/Categories%20of%20Immunity.pdf

1) Innate Immunity (non-specific)

A. External Innate Defense (barriers to keep things OUT of your body)

= Epithelial membranes
> skin

> sweat
= Stomach acid -

= Respiratory tract —

= Urinary / genital defense =

= Eyes-

11

1) Innate Immunity (non-specific)

B. Internal innate defense (if things get in, try & kill them without antibodies)

Step 1. Phagocytic WBC Cell response. —

> Neutrophils & Monocytes in blood

> WBCs secrete endogenous pyrogens

> WBCs secrete cytokines & chemokines -

F——= 1=

Step 2. Natural killer (NK) cells
> secrete interferons

fb.com/ScienceNaturePage

> toxic granules

12
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1) Innate Immunity (non-specific)

B. Internal innate defense (if things get in, try & kill them without antibodies)

Mast cell
secreting
histamine

Step 3. Inflammatory response

> Mast cells —

> Complement proteins —

13

Step 1: Phagocytic WBC response: = —

1. In bloodstream - Neutrophils & Monocytes are phagocytes that = -
destroy pathogens & secrete endogenous pyrogens (cause fever). | -

— monocyte
-

neutrophil. — ‘ ) :
=% 2 =

2. Histamine secreted by mast (basophil) cells makes blood vessels “leaky” so
WABC can escape, especially monocytes which “extravasate” out of capillary

into tissues.

‘Under the influence of histamine
and serotonin, capillaries dilate and
become leaky.
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Step 1: Phagocytic WBC response:

3. Monocytes migrate from blood into tissues by extravasation to become
that destroy pathogens in tissue.

4. Macrophages places pathogen’s antigen it cell surface — now macrophage is
called an (APC).

APCs will activate (see later in notes)
- Phagocytes then send chemical “Cries for help” = cytokines, chemokines

CELLULAR IMMUNE RESPONSE

The activated helper T cell releases
chemical messengers such as cytokine
IL-2 and gamma Interferon (IFN-y)

A macrophage becoming an APC An APC activating a helper T-cell

15

Step 2. Natural Killer (NK) Cell response
— are activated by cries for help (cytokines, chemokines)
—release interferon to kill virus-infected cells.
— release toxic granules to kill tumor cells.

virus-infected cell tumour cells

\ Toxic

erferon granules

A
4

2
\ o
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Step 3. Inflammatory Response
- Mast cells — secrete histamine for inflammation. Causes vasodilation of blood vessels. (Allows
more WBCs to enter into tissue as macrophages!)

- Complement proteins - kill bacteria by making holes in them (bacteria burst!)
& cause inflammation.

Complement proteins

insert themselves into
Mast cells release histamines 'hir:“embf ane 0:,
when the allergen is encountered Zapo:zgens. creating

H,0 and ions

Jo
Hﬁ”"

/

Pathogen Pore of membrane
attack complex

S
NS \
)
Water and ions Cell swells
enter cell. and lyses.
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Activation of Internal Innate Immunlty \B“\‘e"a QJ'J‘-Jr e, C\FIg 113

1. Neutrophil and
monocytes attack
pathogen in
blood, secrete
pyrogens (fever)

2. Extravasation of
monocyte in
tissue
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Antibody-coated
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eat pathogen, B e onaymes. \ _A_
become APC (will B 3 *
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Review

> Review of Immune Organs and Cells

> Innate Immunity (2 types)
External innate immunity (keep pathogens OUT)
Internal innate immunity (activate when pathogens get in)

> Activation of Internal Innate immunity
- Neutrophils & monocytes (phagocytic cells in blood that attack pathogens)
> secrete endogenous pyrogens (fever)
> secrete chemical cries for help (cytokines & chemokines)
- Phagocytic cells in tissue (macrophages, which become APC)
- Natural killer (NK) cells
> interferon to kill viruses & toxic granules to kill tumor cells
- Mast cells
> secrete histamine for inflammation response (edema, redness,
pain, vasodilation)
- Complement proteins
> poke holes in bacteria to lyse them

19

Activation of Adaptive Immunity — or long term specific defenses

Adaptive immunity:

Provided by lymphocytes

> Are produced in bone marrow

> T-lymphocytes (T-cells) & B-lymphocytes (B-cells)

> T-cells mature in thymus.
- Are involved in Cell-Mediated Immunity
- T-cells must activate first in order to activate B-cells

> B-cells mature in lymph nodes & spleen, and produce antibodies.
- Are involved in Antibody-Mediated Immunity

20
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How do T-cells get “activated”?

By Antigen-Presenting Cells (APCs) of the internal innate immunity

- APC presents antigen to Helper T-cells
- Helper T-cell then is ACTIVATED!

21

cH
The phagocyte

presents the antigen
to a helper T cell

Antigen Presentation

dendritic cell

Here ya go
Helper T!

2. Part of digested bacteria
moves to outside of
macrophage — now an APC

Thanks APC.
Now I’'m
activated!

1. A macrophage eats a
bacterial cell.

.l
activated
helper T cell
——

4. Activated Helper T-cell will activate other
cells (NKT cells, B-cells).

Tissue macrophages engulf pathogen. Part of pathogen moves to outside of
macrophage — now an antigen-presenting cell (APC), and APC then activates

3. APC activates
a Helper T-cell.

Helper T-cells.

22
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Two types of Adaptive Immunity:

1. Cell-Mediated Immunity (T-cells!)

Hey, yo! I'm coming!
X / B-Cell /
*Helper T-cells (activated by APCs) _
Now activates other T-cells: 4
Helper 7. :}
> Cytotoxic T cells (T) Tcell

> Memory T cells (T,,) Figure 5

M T-helper cell is activated and triggers the
Immune response, sending out messages
to activate the B-cells.

> Regulatory T-cells (T,,)

— inhibit T and B cells.

— may guard against allergies &

autoimmune disease. 2. Antibody-Mediated Immunity (B-cells)

*B-cells are activated by Helper T-cells) & make
antibodies (or immunoglobulins) specific to
the pathogen.

* Helper T-cells activate B-cells to make
antibodies.

*Results in formation 2 types of B-cells
>

23

Activated T-cells stimulate B-cells (plasma cells) to make
antibodies to an antigen.

Helper T cell activating a B cell to
make antibodies specific to
pathogen

24
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I’'m hit! ’'m hit!

25

Antibodies from B-cells

Pathogen

Antibodies of B-cells stick to antigen on pathogen cells and “stick
them together” — process called agglutination.

The agglutinated blob will attract macrophages, which will engulf the
blob & destroy it.
Anti-A Anti-B Anti-Rh

Agglutination used
in blood typing test

26
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More about B-Cells

antibodies to bind to antigens.

A) plasma B cells

> produce antibodies (immunoglobulins) to specific antigeng
> Provides humoral (or antibody-mediated, or specific imm

> Exposure of B-cell to its specific antigen causes release of

> causes clonal production of 2 types B-cells with antibodies:

> Activated by stimulation by activated Helper T-cells.

Antibodies
Plasma

B Cells

B) memory B cells

Effects of antibodies:

- | .

e Agglutination reaction (antibodies sticks antigen-bearing cells together)
“tags” pathogenic cells so they’

re recognized & destroyed by phagocytes.

Pathogen

27

Action of B Lymphocytes

1. Antigen binds to antibody
receptors on B-cells.

2. On contact with the
antigen B-cells replicate by
cloning to make lots and lots
more B-cells.

3. Plasma B-cells formed (for
immediate action),

and

Memory B-cells formed (kept &
in storage for later activat@‘,‘k
=

f Plasma cell
ol e mlm ready to
M Vfight now!
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Sequence of events, from entry of pathogen into the body to the formation of antibodies:

1. Bacteria enters tissue from a break in skin,

2

= Phagocytic non-specific WBC in the blood stream,

= Cell that extravasates from blood vesselinto tissue, s now calledan )

= Phagocytic cellintssue, which finds pathogen, kil it, and puts antigen onits surface.
= (ell of cell-mediated adaptive immunity, which becomes activated by interaction with

the cel in #4 above

6, Activated cell from #5 above can now activate these cells:

A = (ell of cell-medfated adaptive immunity, which directly kills pathogen.
B. = Cell of cell-medizted adapted immunity, which keeps 2 memary of pathogen,
& = Cellthat s part of antioody-mediated adaptive immunity)

7. Cell from 6C 2bove can make [othenwise: knoum as immunoglobulins)

8, Cellfrom 6 above encounters ts pathogen and the following happens:

A

8.

Click HERE for blank flow
diagram.

Click HERE for KEY

29

CATEGORIES OF IMMUNITY:
Innate Immunity Vs Adaptive Immunity
(also called ) (also called )
1) 2) 1) 2)
O O O O
. .
8 . .
: . .
o —— . “
L] — = -
. -
. .
. -
Click HERE for blank flow diagram of immune categories Click HERE for KEY

30
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http://people.fmarion.edu/tbarbeau/Immune%20Categories.pdf
http://people.fmarion.edu/tbarbeau/Categories%20of%20Immunity%20KEY.pdf

Classification of Immunity

1) Active immunity = get immunity (antibodies) that you produce from actual exposure (natural)

to disease organism or from vaccination (artificial exposure).

2) Passive Immunity = get immunity (antibodies) from source outside your body: Natural (breast

milk) or artificial (injection of antibodies).

Active immunity Passive immunity

So
o
%

Naturally acquired @ Naturally acquired

SeERUM

Artificially acquired ] Artificially acquired

Active natural immunity -

Active Immunity

/

==l Active artificial immunity

Passive Immunity

Passive natural immunity -

Passive artificial immunity

31

4. Autoimmunity Disorders

Problems with the Immune Response

autoimmunity — when immune cells attack self; can be B or T cells.

*** Abnormal T-cells from Thymus associated with most autoimmune disorders!

Ex. Of autoimmune disorders we’ve covered:

> rheumatoid arthritis — attack on connective tissue of synovial joints.

> rheumatic heart disease — antibodies produced from strep throat attack heart valves.

> multiple sclerosis — attacks myelin sheaths on neurons.

> Grave’s disease — attack on thyroid gland TSH receptor.

> Myasthenia gravis — destruction of nicotinic cholinergic receptors on skeletal muscles.

32
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Review

Adaptive Immunity
Cell-mediated adaptive immunity
Antibody-mediated adaptive immunity

Types of T and B Cells
T-cell formation and activity
Ty T, and T,
B-cell formation and activity

Classification of Immunity (active vs passive)

Autoimmune Disorders ) )
End of immune materiall

33

Vaccinations
Late 1700s - Edward Jenner noticed milkmaids rarely had smallpox.

Jenner reasoned that milkmaids were immune to smallpox because

they had been exposed to cowpox.

To test his hypothesis, he inoculated a boy with cowpox pathogens and
then with smallpox pathogens. As predicted, the boy did not contract

smallpox.

0
| —) -- —-—) - [

i I

Sarah Nelmes, a James Phipps is Phipps falls ill Scabs are Phipps is Phipps is

milkmaid infected inoculated with with a mild case collected from  inoculated with  unaffected.

with cowpox. cowpox pus from of cowpox. a smallpox the scabs of Protection is
Nelmes. patient. smallpox. complete.

Y

l

—
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vaccination = 1° immune response = memory cells

Primary _ Secondary
response: takes ~ response:
2 weeks for good have lots of
production of § -ecqndary response memory B-cells
plasma B-cells with that were
antibodies (high ~ © stored &
antibody titer,) j: waiting for
and memory B- future exposure
cells after 15t = stronger,
exposure. faster immune

response!

NV S ———
35

Vaccinations and Halt of Communicable Disease: THE SCIENCE

Example of Vaccine Effectiveness:

In the United States, before measles vaccine became available in the mid-
1960s was estimated over 530,000 cases with 500 deaths per year. After
vaccine — has been 99.9% decrease in incidence of the disease.

36
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WORLD HISTORY
ENCYCLOPEDIA

SEVEN CRUCIAL VACCINES IN HISTORY

Vaccines are biological preparations that train the immune system to

and fight harmful

They work by introducing a harmless form of a virus or bacterium, prompting the body to build immunity without causing disease.

Throughout history, vaccines have saved millions of lives, preventing the spread of deadly diseases & even eradicating some entirely.

SMALLPOX RABIES TUBERCULOSIS DTP VACCINE INFLUENZA POLIO MEASLES
VACCINE VACCINE VACCINE VACCINE VACINE VACCINE VACCINE
179% 1885 1921 19408 19408 1655 1963
EJENNER L PASTEUR A CALMETTE S C. GUERIN MULTIPLE RESEARCHERS 3. SALK & T, FRANCIS IR, 3 SALKBA. SABIN J.ENDERS & COLLEAGUES
type: type: type: type: e type: type:
inactivated bacterla (pertussis)
globally, )
combination vaccine, provides community protection,
first vaccine to target 95% coverage needed
' reduction toprevent outbreaks

CLOSTRIDIOM TETANI
BOADETELLA PERTUSSIS.
CORYNKRACTERIUM DIPITTHERIAS

YARIOLA VIRLS

high fever;
severe shin pustoles, & searring,
0% martality rge.
survivors often wifeeed

HABLES LYSSAVIRUS

systens
‘causing hydrophobla,
paralysi, vioket seizures,

MICOBACTENIUM TUREKCULOSIS
chranic congh, weightloss,
fever, kung damage,

can spreai o thebeain uad spine

diphtheria: throat swellzg, saffocation

INFLUENZA VIRUS

high feser, body aches,
poeumoala, respiatory falure

tetumus: musele spasiss, lockjaw
% atalty eate

whavglag cough: coughing s,
deadly In Infunty, young children

e of the deadlest infectous diseases -
16 milllon desths annaally

blndness o disfigurement nearly 100% fatally rate

lled 300-500 millon people
Inthe 20th cemtury alone

LKAl around

59,000 poole anually over 10 millon new cases ach year

1]
it

people/year,

nith pandemics
(ke the 1918 Spanish Flu)
Kiling up 1030 millon pecphe

POLIOVIRLS

fever, paralysi,

\ 04

particularly i children

$00% of paralyred patients

high fever, rash, paeamon,
brain swellng, up 10 10% faaliy ate

Kifled 26 mill

allure

daring the 19405-505
paralyaed ovee 300,000 people/year

il ove 100,000 deathyear,
Inunvaccinated popelstons

%
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Vaccinations and Halt of Communicable Disease: THE SCIENCE
MOST RECENT
:;::Eu::czg :::mu. OR :Es:?mss' PERCENT
DISEASE MORBIDITY* OF U.S. CASES DECREASE
Diphtheria 21,053 ot 100%
H. influenzae (invasive, <5 years of age) 20,000 3 >99%
Hepatitis A 17333 2,8908 98%
Hepatitis B (acute) 66,232 18,800% 72%
Measles 530,217 1871 >99%
Mumps 162,344 5847 >99%
Pertussis 200,752 28,6397 86%
Pneumococcal disease (invasive, <5 years of age) 16,069 1,900% 88%
Polio (paralytic) 16,316 i >99%
Rotavirus (hospitalizations, <3 years of age) 62,500%* 12,5007 80%
Rubella 47,745 9t >99%
Congenital Rubella Syndrome 152 1" 99%
Smallpox 29,005 0f 100%
Tetanus 580 26t 96%
Varicella 4,085,120 167,490%8 96%
http://www.immunize.org/catq.d/p4037.pdf
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http://www.immunize.org/catg.d/p4037.pdf
http://www.immunize.org/catg.d/p4037.pdf

Asa
Imprir:lv;ments Increasein precautionary
faet enactmentand  measure, US.
manutaciure enforcement of Public Health COovID-19

Compulsory Compulsary and :{ehuenj of measlesvaccine  agenciesreduced  WHOdeclares  pandemic

vaccinationlaws vaccination laws  Y2%ES N Messlesand  raquirementsfor  orliminatedthe  vaccine hesiiancy disrupts MR

Smallpox vaccine passed passed publichealth -1 i3 vaccines school useofthimerosal  atopglobal  vaceination
introduced Britain) (Us) Early developed attendance invaccines healththreat  worldwide

1796 1840s 1870s 1900s  1960s  1960-70s 1899 2019 2020

Pre-vaccine 1850s 1870s  Earlytomid  1980s 1998 Early 2000s
era Anti-vaccination Anti-vaccination 1900s Spread of Andrew Wakefield published Vaceine
Reluctance to leagues formed leaguesformed (US)  Relative(ulljn  ™sinformation about  false and fraudulent article misinformation,
engagein challenging and antivaccine antivaccine  Whole-cell pertussis  suggesting a link between disinformation, and
immunity-related compulsory movement grows on movement vaccinesand  the MMRvaccine and autism  antivaccine activism

procedures vaccination laws as a percelved violations of antivaccine with subsequent fall in fueled by rapidly
violation of personal personal freedoms movementgrows  MMR vaccination coverage  progressing media

liberty and choice worldwide resulting in measles technologies and

(Britain) outbreaks and deaths,  online communication
primarily in Europe
39

Vaccinations and Halt of Communicable Disease: THE CONTROVERSY

Do vaccinations cause Autism????

NO!

40
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Vaccinations and Halt of Communicable Disease: THE CONTROVERSY

Where did the controversy start?

A study originally published in journal Lancet by Andrew Wakefield in
1995 claimed that his study of 12 children showed that the 3 MMR
(measles, mumps, rubella) vaccines taken together (1%t at 1 year, then at 5
-6 yrs) could alter immune systems, causing intestinal woes that then
reach, and damage, the brain (autism?)

Scientific community responded:

> Dozens of epidemiological studies found no merit to his work
> His claims were based on a tiny sample size.

> The British Medical Journal called his research “fraudulent.”
> The British journal Lancet retracted his publication.

> The British medical authorities stripped him of his license.

Problem:
People still believe Wakefield. Groups of people began to NOT vaccinate
their children.

41

* Nationwide, vaccination rate against diseases
has stayed at 90 % or higher, but % in some of
the country now well below that, making those
communities more vulnerable to disease
outbreak.

* There has been an increase in cases of
Measles in the US — especially in counties
where vaccination rate below 90%.

* Medical doctors & epidemiology experts say
that vaccination rate of

~95 % needed to protect a community by “herd
immunity”.

Herd immunity = indirect protection from
infectious disease when a large % of population
has become immune (natural or vaccination-
acquired) it reduces potential exposure of non-
immune people (aren’t or can’t be vaccinated)
to that disease.

4/2/2025
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https://www.cdc.gov/measles/data-research/index.html

New Secretary of the U.S. Department of
Health and Human Services: RFK Jr. (Feb 2025)

How bad is this??

BAD (he has long been an anti-vaxxer)
> Recommended giving vitamin A to treat measles in children.

Vitamin A is stored in the liver, and high levels are toxic and can lead
to liver damage.

https://www.thelancet.com/journals/lancet/article/PI1IS0140-6736(24)02603-5/fulltext

https://edition.cnn.com/2025/03/05/health/measles-rfk-vitamin-a-misinformation/index.html

https://www.cnn.com/2025/03/26/health/texas-measles-vitamin-a-toxicity/index.html
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https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(24)02603-5/fulltext
https://edition.cnn.com/2025/03/05/health/measles-rfk-vitamin-a-misinformation/index.html
https://www.cnn.com/2025/03/26/health/texas-measles-vitamin-a-toxicity/index.html

Review

Vaccination
History of vaccination
Action of vaccinations on immunity
Controversy on vaccinations
[There shouldn't belll - Vaccines work!]
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