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Study of Body Systems
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A Balanced Immune System

Internal Threat External Threat
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The effects of stress on the body

o
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Mood issues including anger,
depression, irritability.

Lack of energy. concentration
problems, sleeping issues, headaches.
Mental issues including anxiety
disorders and panic attacks.

Increased blood pressure, increased
heart rate, higher cholesterol and risk of
heart attack

In the immune system, there is reduced
ability to fight and recover from iliness

Stomach cramps, reflux, and nausea

Loss of libido, lower sperm production
for men, and increased period pain
for women

Aches and pains in the joint and
muscles

Lower bone density

2! Holistic Dentistry .i=

Natural & Safe Dentistry. Bray, Co. Wickiow



Radiation

Air & Water\

Pollution

Infections

Behavior &
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CARDIOVASCULAR
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The function of cardiovascular system
Human cardiovascular system
Heart
Function and structure
Cardiac activity
Cardiac circulation and heart nutrition
Blood vessels
Arteries
Capillaries
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£6% Water 91% —<
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and platelets
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Blood with Oxygen




The Cardiovascular System

» A closed system of the heart
and blood vessels

e The heart pumps blood

» Blood vessels allow blood to
circulate to all parts of the body

» The function of the
cardiovascular system is to
deliver oxygen and nutrients
and to remove carbon
dioxide and other waste
products




Functions of the
Cardiovascular System?

The Cardiovascular system has 2 main function
that are both equally important

Function 1. To supply
the body and muscles
with oxygen

Function 2. To remove
waste products like
carbon dioxide




Function of Cardiovascular Syste

* The cardiovascular systems main
function is to maintain blood flow
to all parts of the body, to allow it
to survive. The body takes
essential nutrients like oxygen
from the blood, and at the same
time, the body dumps waste
products, like carbon dioxide,
back into the blood so it can
removed. The Cardiovascular
System also plays a role in the
immune response and the
regulation of body temperature.

Tissue capillaries

Vein

Venules

Tissue capillaries

FURGO



Normal Heart

General function
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system is to deliver o

The main function of the cardiovascular
gen and nutrients and

remove the waste products of metabolism.

Each part of s
helpmg to do

t¥‘stem has a specific function in

o e
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Heart | - | |+ Bloodvessels

— Pump - It is designed to push blood
out through the arteries.
*One ventricle pumps blood to the lungs
to getoxygen

*The other pumps blood to the bodyto
deliver Oxygen and nutrients

> v —

— Designed to carry the blood. They
are hollow, and vary according to
their purpose.

*For example, arteries have thick
muscular walls so that they can take the

blood at high pressure from the heart, and
squeeze it along to the capillaries

Blood

— Has a number of functions

*Red blood cells and their haemoglobin attract Oxygen,

*White blood cells fight infection
*Platelets help with clotting if we are injured.

so it can be carried around in the blood

TR —— pad ¥y - ——r ‘' .
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Functions of Cardiovascular System:

I. Primary (main) function of the heart:

Acts as a muscular pump:

in order to maintain adequate level of blood flow
throughout CVS by pumping blood under press into
vascular system.

Responsible for the mass movement of fluid in

body:.




FunCtiOﬂS Of Cardiovascular System (continued)

II. Secondary functions:

delivers O, to tissues, & brings back CO, to lungs.
carries absorbed digestion products to liver & tissues.
carries metabolic wastes to kidneys to be excreted.
distribution of body fluids.

Hormonal: carries hormones to target tissues to produce their effects.
Immune: carries antibodies, leukocytes (WBCs), cytokines, & complement
to aid body defense mechanism against pathogens.

Protection: carries platelets, & clotting factors to aid protection of the body
in blood clotting mechanism.

Temperature: helps in regulation of body temperature, by diverting blood
to cool or warm the body.




Main functions of the circulatory system

Transport and distribute essential substances

(oxygen and nutrients ) to the tissues.
Remove metabolic byproducts.

Adjustment of oxygen and nutrient supply in

55

different physiologic states.

Regulation of body temperature.

Humoral communication.



FUNCTIONS

Transport Oxygen and Remove Carbon Dioxide
Transport Nutrients and Remove Wastes
Fight Disease

Transport Hormones

Regulate Body Temperatures
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' system (which you have to find pictures/ ﬁ
label and describe):

Heart:

Atria, Ventricles, Bicuspid valve,

Tricuspid valve, Aortic valve, Pulmonary

valve, Aorta, Vena cava — (superior and 2\l AR b sl :

inferior), Pulmonary vein, Pulmonary | 1700 t the cardiovascular system:

| artery . Delivery of oxygen and nutrients
Removal of waste products
Thermoregulation (vasodilation and
vasoconstriction of vessels);

— - Function of blood (oxygen transport,

ﬁ. “ i % ‘.’. ‘«m" o ‘Q «‘A'\‘ i clotting, fighting infection)
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Etiology and sources of infection

Mouth: Native and prosthatic
+ dental disease of procedLres £ YAVS Sroacanits;
+ ot hasmolyll streplococeus vidans Nl + Early (poor prognosis).
(Strep. nulans, Strep. sanguis, % ' occurring within 60 days of valve
Slreg oralis Strep milen) o surgery and acquired in theatrs or
« 1/3-V2 of cases merein 9 soon after on intensive care unt
davaloping countries y ' Mest common e.g. Staph.
[ - e aurous and Staph. spidormicis.
7 '8 8L Poor cutcoms wih MRSA (es pecially
(A A N but mot ol ital-acquirad
+ Prolonged indwelling —_—— { W Y ENPREAUNNE)
vascular catheters s | 1 | + Late: ccowrring more than 60
(espacially for TPN) and | ‘ A days atervaNe surgery and
antibiotic Lse presumed to have been accuired

+ IVDUs who dissolve haron In

1 .1 Inthe community
Irfected lemon |uics ’

\ A\ [hasmatologically spread)

Staph. aireaus. Candita irare) Caused by.
- Strep. vindans (50-70%)
Gutand perineum: \ ~ Staph. aureus (25%)
« underlying gentiourinary cisease or | f. ]
procedures | \
« pwlonged hosptalzation - \| 41 vy
Enterocoed a9 E fascais .. Softtissue infections
(1/5 of cases may have urinary sepsis) [ 1 (1 + espacally in diabates and L v. drug
gnancy ! e users and patients with long-sianding
o i, o {and poorly carad for) v, cathaters
Strep. bavis (rare) + staphyiococd
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DAMPs

Danger
Associated
Molecular
Patterns
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Red Blood Cells

Megakaryocytes




Insult

=

Trigger

S|

Sensors and
effector cells

Ne———

Mediators and
biomarkers

—|

Impacton
organ function

L —————

Outcome

Uncontrolled infection/major trauma/circulatory shock/tissue necrosis/apoptosis/anaphylaxia

PAMPs DAMPs
LPS, LTA, lipoproteins, peptidoglycans, bacterial DNA, etc. HMGB-1, heat-shock protein, DNA, uric acid, etc.
L J
Y
Complex protein systems Vascular and tissue cells Blood and lymphatic cells
%8 o
0000 Q (e

o‘) ° =

Complement Coagulation ||Endothelial Epithelial Adipose Granulocytes Macrophages/ Lymph
system system cells cells tissue monocytes (T-cells, B—cells)
L I W
¥ -
C5a, aPPT, Endothelial Acute phase Cytokines/ chemokines Cell surface
C3a, PT stress response: reactants: Soluble receptors: markers:
C5aR, AT ELAM-1, CRP.LBP, IL-6,IL-8, IL-4,1L-10 mHLA DR,
C5b-9, Protein C ICAM-1, PCT, etc. MIF, HMGB1, sTNF, CD64,CD48,
etc. etc. Selectins, suPAR, sTREM-1, etc. C5aR, etc.
“ J
Y
Lung Cardiovascular Kidney Micro-
system circulation
Confusion Respiratory Oliguria/ Excretory Loss of barrier Capillary leak
distress Anuria failure function, ileus edema, DIC

1

Effective source control
Normalization of biomarker abnormalities
Resolution of organ dysfunction; recovery

Ineffective source control
Persistence of biomarker abnormalities
Multiple organ failure; death







VASCULITIS
S i o e

\ visual acuity
Heart Nose
- myocardial - bleeds &
infarction
- hypertension .\_
Lungs

Digestive - bloody cough &

system - lung infiltrates
- bloody stool &
- abdominal pain Kidneys

- glomerular
nephritis

Joints K
- pain _\ Muscle

- arthritis - pain

- 5 General
Skin * * symptoms:
- palpable purpura ' - fever
- livedo reticularis - headache

- weight loss
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- macrophage

CCRY
- macrophage

Endothelial
cell

b Conduction system (atrioventricular node)

E Conducting
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Viral infection
Entry via cell surface receptors
Viral replication

!

Direct myocardial injury
Apoptosis
Necrosis

Immune response
Innate
Cytokine production
(TNF, INF, interleukins)
Release of nitric acid

Acquired
Monocytes and macrophages
T lymphocytes
B lymphocytes
Antibodies
Autoantibodies

A /

Direct myocardial injury
Apoptosis
Necrosis




CYTOKINE STORM
Inflammation COAGULOPATHY

- monocyte-derived macrophages C .
- neutrophils Endothelial infection
vascular damage
. }
KO
Alveolar cells infection

- immuno paralysis
, vasculitis
- antiphospholipid antibodies
- damage of cells, inflammation
- wet lung: reduced exchange

- complement activation
- microthrombosis

Worsening of lung perfusion

ARDS

Figure 2. A hypothetical vicious circle between distinct pathogenic mechanisms associated with

disease worsening.
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Steady state Myocardial

3-7 days Weeks

Minutes ' 1 day

Increased expression
of adhesion molecules
by endothelial cells

CCR2'Ly6C"  Ly6G*
monocyte eutrophi

Inflammatory
cell recruitment B
| @ Neoangio- | | FeC
genesis

4

Formation of \
scar tissue i GFBO =
.

Collagen |

Phagocytosis
of dead
cardiomyocytes

Fibroblast CCR2®
Cardiomyocyte macrophag

Attenuation
of inflammation
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Injured myocardium

* Ischaemic cardiomyopathy

* Hypertensive cardiomyopathy
= Diabetic cardiomyopathy

= Genetic cardiomyopathy

= Toxic cardiomyopathy

= Peripartum cardiomyopathy

= Autoimmune cardiomyopathy
= Viral myocarditis

i

{

Innate immunity

Activators

= PAMPs (LPS, double-stranded
and single-stranded RNA
DNA)

= DAMPs (material released
from injured and necrotic
cells, altered ECM, HSPs)

(lmunun. acﬁvuﬂo@ 1
Adaptive immunity
Becell Tcell CD4* T cell
) B celland T cell activation | —
Cytokines and infiltration
o © o
®e
® o Cytokines produce CDS8* T cell
4 o © negative inotropic effects
oo ?°

Chemokines

EC activation

Effectors

Non-cellular components:

* Pro-inflammatory cytokines —
(such as IL-1, IL-6, IL-8 and
TNF)

= Chemokines

= Inflammasome assembly
{(phagocytosis and
inflammatory cell activation)

Cellular components:

= Neutrophils }

= _m:]EC

Adhesion
molecules

Monocyte and
neutrophil
infiltration

Monocyte

?

Neutrophil

= Monocytes

_ * Macrophages

L

= Phagocytosis

= Cytokine production
* Cytotoxicity

T



Table 1. Animal Studies Demonstrating Important Roles for Leukocyte Adhesion and Migration in Atherosclerosis

Molecule

Function

Experiment

Atherosclerosis Model

Result

Reference No.

CCR-2 indicates C-C chemokine receptor-2; PMN, polymorphonuclear leukocytes; MC, monocytes; Ly, lymphocytes; rec, receptor; and Tg, transgenic. See

text for explanation of oth

er abbreviations.

P-, E-selectin
P-selectin

VCAM-1

MCP-1

CCR-2

Rolling (PMN, MC, Ly)
Rolling (PMN, MC, Ly)

Firm adhesion (MC,
Ly)

Chemoattractant (MC,
Ly)

MCP-1 rec (MC, Ly)

KO

KO

Ab

KO

KO

ApoE-KO
ApoE-KO

Rabbit

LDLR-KO, apoE-KO,
apoB-Tg

LDLR, apoE-KO

| Fatty streaks
| Atheroma

| Postinjury lesion

| Atheroma

| Atheroma

44,46



Cytokine secretion

IL-2, IL-4, TNF-q,
L6, IL-12, IFN-y I,




Cellplar cholesterol

Antigen-specificity
Pro-inflammatory cytokines

atheroprotective pro-atherogenic



-------*

Differentiation

--------’

Effector cytokines

Function

IL-10
TGF-g

IL-10

IL-17
IL-23

IL-21

IL4
IL-5
IL-13
IL-10

IFN-y
TNF-a

atheroprotective

controversial

controversial

pro-atherogenic












ENDOTHEHELIAL DYSFUNCTION

SEQUENCES IN PROGRESSION
OF ATHEROSCLEROSIS

NOMANCLATURE AND
MAIN HISTOLOGY

Initial lesion

* histologically "normal”
+ macrophage infiltration
* isolated foam cells

EARLIEST
ONSET

MAIN GROWTH CLINICAL

MECHANISM COLLERLATION

from
first
Fatty streak EEEClE
mainly intracellular lipid L.
accumulation clinically
silent
growth
mainly by
Intermediate lesion - oC
" S . addition
e intracellular lipid accumulation
+ small extracellular lipid pools
from
third
Atheroma e
* intracellular lipid accumulation
e core of extracellular lipid
Fll:_)roatherpm_a_ increased
» single or multiple lipid cores T - -
i i ifi clinica
» fibrotic/calcific layers S e Y
and or overt
collagen
e increase
fourth
decade

Complicated lesion
e surface defect

* hematoma-hemorrhage
e thrombosis

thrombosis
and/or
hematoma
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Adhesion . Thrombus
Molecules
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Case report

A 21-year-old male college student felt heaviness in his chest after walking a slight incline on
campus. He was extremely short of breath, and collapsed on a nearby sofa to rest. He was rushed
to the hospital where diagnostic tests [electrocardiogram (ECG), chest X-ray, and cardiac
enzymes] did not reveal any acute pathology. Vital signs showed elevated blood pressure (BP) of
151/99 mmHg, pulse of 97 beats/minute (bpm), respirations of 20/minute, temperature of 36.6
°C, and oxygen saturation of 98%. The patient was not in acute distress, and his heart showed a
regular rate and rhythm without murmurs, S3 or S4. His lungs were clear to auscultation, and the
chest discomfort was not reproducible. He was of obese stature, weighing 126 kg and 183 cm tall
(BMI 39.7). The patient's extremities were well perfused. He had a 3 pack-year smoking history
and a family history of CHD, including his maternal aunt and great grandparents. The clinical
diagnosis was stable angina, and the patient was discharged home following short observation.
Follow-up laboratory work revealed some insulin resistance and mild dyslipidemia; LDL 78
mg/dL, HDL 30 mg/dL, triglycerides 199 mg/dL, and Lp(a) 68.3 mg/dL.

On follow-up, the patient underwent exercise stress testing; resting ECG showed normal sinus
rhythm; vitals included BP of 136/84 mmHg and pulse of 81 bpm. During the peak phase of
stress testing, BP reached 196/80 mmHg and pulse was 176 bpm; he exhibited chest pain,
dyspnea, and lightheadedness. ECG changes showed nonsustained ventricular tachycardia.
During the recovery phase, the patient's chest pain and dyspnea decreased. ST segment
depression was shown in V5 and V6, and T wave inversion was shown in aVL. The remaining
recovery phase was unremarkable with normalization of the ECG.



The patient underwent echocardiography, which showed mild concentric
left ventricular hypertrophy. Computed coronary tomography
angiography (CTA) revealed a large soft plaque in the distal left main
coronary artery (LMCA) extending into the left anterior descending
coronary artery (LAD) (80—90% occluded) and the origin of the left
circumflex coronary artery (LCX) (70—-80% occluded). The patient
subsequently underwent left cardiac catheterization and left
ventriculography, which showed normal size and contractility of the left
ventricle with an ejection fraction of 65%. The LMCA, LAD, LCX, and
right coronary artery (RCA) were of medium diameter. The procedure
showed RCA dominance. There was 70% discrete stenosis in the distal
LMCA, an 80% long lesion in the proximal LAD, and 70% discrete
ostial stenosis in the proximal LCX (see Fig. 1). Due to LMCA
involvement and his progressive anginal symptoms, the patient
underwent coronary bypass surgery in addition to optimal medical
therapy and strict risk factor reduction. The surgery performed was a
two-vessel coronary bypass procedure, with left internal mammary artery

oraft to the T AD and anrtocoronarv left radial arterv oraft to the lateral






PATHOPHYSIOLOGY AND
PATHOGENESIS of Vasculitis

Generally, most of the vasculitic syndromes are assumed to be
mediated at least in part by immunopathogenic mechanisms
that occur in response to certain antigenic stimuli

it is unknown why some individuals might develop vasculitis
in response to certain antigenic stimuli,whereas others do not.

It is likely that a number of factors are involved in the
ultimate expression of a vasculitic syndrome. These include
the genetic predisposition, environmental exposures, and the
regulatory mechanisms associated with immune response to
certain antigens.
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Large vessel vasculitis
Takayasu arteritis
Giant cell arteritis

Medium sized vasculitis
Polyarteritis nodosa
Kawasaki disease

ANCA-associated vasculitis
Microscopic polyangiitis
Eosinophilic granulomatosis with
polyangiitis
Granulomatosis with polyangiitis

Immune complex small vessel vasculitis
IgA vasculitis (Henoch-Schonlein)
Cryoglobulinemic vasculitis
Hypocomplementemic urticarial vasculitis
Anti-glomerular basement membrane disease
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Type III Hypersensitivity

Antigens Associated with Immune Complex
Disorders

ANTIGEN

CLINICAL MANIFESTATION

EXOGENOUS

Infectious agents:
Bacteria: Y. enterocolitica
Streptococci
T. pallidum
Viruses: Hep. B, CMV
Parasites: Plasmodium
Schistosoma
Fungi: Actinomycetes

Arthritis

GN, Infective endocarditis
Glomerulonephritis
Polyarteritis nodosa
Glomerulonephritis

Farmer’s lung

ENDOGENOUS
Nuclear antigens
Immunoglobulins
Tumor antigens

SLE
Rheumatoid arthritis
Glomerulonephritis




% Immune complex
Activationof deposltlon
complement cascadV

¢ Recruitment of

immune cells

0
O, ¢ Proinfammatory  Neutrophiland NK cel
' ytokine expression ~ degranulation

Tissue inflammation

and edema o ,
Tissue inflammation

Mast celland
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Qt
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Phases of iImmune complex disease

1.formation of AG-AB complexes in
the blood circulation

2.deposition of the immune
complexes in various tissues, thus
initiating

3. an inflammatory reaction at the
sites of immune complex deposition




Site of deposition:

* Complexes accumulate in tissues where filtration of
plasma occurs. This explains the high incidence of:

— Glomerulonephritis (deposition in the kidney)
— Vasculitis (deposition in the arteries)

— Arthritis (deposition in the synovial joints)




Examples of Human Immune Complex-Mediated Diseases

Antigen involved

Clinicopathologic
manifestations

Systemic lupus

DNA, nucleoproteins,

Nephritis, arthritis,

erythematosus others vasculitis
Polyarteritis nodosa | Hepatitis B virus Vasculitis

surface antigen
Poststreptococcal | Streptococcal cell wall | Nephritis
glomerulonephritis | antigen(s); may be

planted” in glomerular

basement membrane
Serum sickness Various proteins Arthritis,vasculitis,

nephritis




Antigen in tissues Antibody
I |

- Immune complexesT
1

L

1 1 ) |
| Macrczpha?es Neutrophils Mast
Nitric IL-1 and TNF-« cells
oxide | Phagocytosis Activated

Enhanced selectin complement

expression

Cba
v .
Neutrophil — | _Neutrophil = ¢ Neutrophil
emigration accumulation chemotaxis

Degranulation «

Proteases
Oxidants

+

Tissue destruction

Tizard, lan R. Veferinary Immunofogy. St. Louis, MO: Elsevier, 2013.
(Cepyright © 2013, 2009, 2004, 2000, 1996, 1992, 1987, 1982, 1977 by Saunders. an imprint cf Elsevier Inc.}
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Large immune

— complex
3. Neutrophil
chemotaxis

Small immune lgG
complex =

/ ./Antigen

Intermediate
immune

complexes
b

4. Neutrophil
adherence and

| 1. Intermediate-sized
immune complexes
deposited in the tissue

D
| : -
2. Complement Enzymes, reactive
activated oxygen species
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platelet deposition

aggregation
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Antigen-antibody
complex

Antigen-antibody

complex

PHASE |
Immune Complex Formation

Endothelium

Free antibody

PHASE I
Immune Complex Deposition

i

Neutrophil lysosomal enzymes




Blood vessel

e Lysosomal
enzymes

Basement
membrane

Endothelial cell Damaged endothelial cell



1. Antigen +Antibody

2. Soluble complexes

3. Activate complement

4. C5a + C3a (Anaphylatoxin)
5. Chemotaxis

6. Polys, mast cells, basophils
7. Release of vasoactive amines
8. Acute inflammatory process
9. Vasculitis and necrosis

G

atelets aggragte

v
‘/s . Vasoactive amines

Platelets
microthrombi

1. Histamines
2.5-HT

1. Increase vascular permeability
2. Retraction of the endothelial cells

Depostion of
immune complexes labpedia.net
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erythrocyte

Il

endothelium

immune
complexes
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liver and spleen
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Microbes such as
irw

vessel to gobble up
irvitants and infect the
neighboring arterial

[™1] The role of oral, gastrointestinal, and pulimonary pathogens in the induction of athercsclercsis, showing how a bacteria or a virus could set the
stage for a heart attack.









INFECTIVE ENDOCARDITIS:
PATHOGENESIS

High pressure jet
Endocardial damage
Deposition of platelets & fibrin

Colonization with bacteria during bacteremia

Bacterial proliferation

vegetations



Immune response

Lymph node

B lymphocytes

Antistrep
antibodies

B-hemolytic
streptococcus

Blood vessel

ACUTE RHEUMATIC
HEART DISEASE

CROSS-REACTIONS

Vegetations Myocardial Aschoff body
@© Elsevier 2005



Rheumatic Fever:

Definition:

« Autoimmune
 Multisystem

* Inflammatory disorder

* Following group A, (R-hemolytic)
streptococcal pharyngitis.




Free bacterial
"vegetation" causing
systemic embolus

Bacterial infection on
valve

Bacterial infection on
endocardial
surface







Normal aortic valve
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are caused by bacterial or fungal
infection, inflaming and damaging
the heart cells. The infection
reaches the heart through blood
that's carrying a concentration of
bacteria, a condition called
bacteremia. Once the infectious
agent reaches the heart via the
blood.



Pathophysiology

* Rheumatic fever is a sequela to
group A beta- hemolytic
streptococcal infection that
occurs in about 3% of untreated
infections. It is a preventable
disease through detection and
adequate treatment of
streptococcal pharyngitis.

» Connective tissue of the heart,
ﬁ blood vessels, joints and
subcutaneous tissues can be
affected.

e Lesions in connective tissue are
known as Aschoff bodies, which

. __are localized areas of tissue
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Heart

Several heart-tissue proteins in the myocardium and valve tissue are recognised
by auto-reactive antibodies and T lyvmphocytes
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Pathogenesis
Damage is mediated both by Abs and T-cells”
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Damage to heart tissue

NOTE: M protein and cardiac protein has
got structural similarities

May-2015-CSBRP



