Lymph node A 27 lymphoid organ that has many afferents, 1 or more efferents. Encapsulated, with
trabeculae. 'unctions are nonspecific filtration by macrophages, storage and
activation of B and 'l" cells, antibody production.

Follicle Site of B-cell localization and
proliferation. In outer cortex. Subcapsular Postcapillary
1° follicles are dense and sinus Cap-illlary S"eignlssndmhe"al)
doll'nmnt. ZI follicles Ihm'e Capsule _?p?y N iﬁ:?;ﬁg:ic
rale central germina ;
Icenicrs and ‘j’l'(_‘ active. /9 A A g I\S“ilgsglugggcrophagesj
Medulla Consists of medullary cords = Medullary
(closely packed ]}'l‘lll)ll(l(‘}'tt‘ﬁ ggﬁi‘;’ (plasma
and plasma cells) and
medullary sinuses. f Trabecula
Medullary sinuses Efferent /e {X 4 .
C()Illllllllli'(‘alt(_‘ with efferent Iymphaticﬁf? \\ Follicle ™ paracartex

of cortex (T cells)

lymphatics and contain Artery Vein (B cells)

reticular cells and macrophages.

Paracortex Houses T cells. Region of cortex between Paracortex enlarges in an
=] =1
follicles and medulla. Contains high endothelial extreme cellular immune
venules through which T and B cells enter from responsc (i.c., viral).

blood. In an extreme cellular innmune response,
paracortex becomes greatly enlarged. Not well
developed in patients with DiCeorge syndrome.

Lymph drainage

Area of body 1 lymph nade drainage site
1. Upper limb, 1. Axillary
lateral breast
2. Stomach 2. Celiac
3. Duodenum, 3. Superior mesenteric
jejunuin
4. Sigmoid colon 4. Colic — inferior mesenteric
5. Rectumn (lower 5. Internal iliac
part), anal canal
above pectinate
line
6. Anal canal below 6. Superficial inguinal
pectinate line
7. Testes 7. Superhcial and deep plexuses — para-aortic
§. Scrotum §. Superficial inguinal

9. Thigh (superhicial) 9. Superficial inguinal
10. Lateral side of 1
dorsum of foot

—_—

). Poplitcal

Right lvmphatic duct—drains right arm and Thoracic duct—drains
right half of head. everything else.



Sinusoids of spleen

Long, vascular channels in red pulp with fenestrated T cells are found in the
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found nearby. (PALS) and in the red pulp
of the spleen. B cells are
found in follicles within the

Arterial supply white pulp of the spleen.

Red pulp Macrophages in the spleen
(RBCs) . .
remove encapsulated
bacteria.

. PALS (T cell
Follicle (T cells)

(B cells)
Marginal zone (APCs)

Central
arteriole

Venous drainage

Section of white pulp

Thymus

Site of T-cell differentiation and maturation. T cells = Thymus.
I'neapsulated. From epithelium of 3rd branchial B cells = Bone marrow.
pouches. Lymphocytes of mesenchymal origin.

Cortex is dense with immature T cells; medulla

is pale with mature T" cells and epithelial

reticular cells and contains Hassall's corpuscles.
Positive (MIHGC restriction) and negative selection
(nonreactive to self) occur at the corticomedullary
junction.



Innate vs. adaptive [nnate—receptors that recognize pathogens are germline encoded. Response to
immunity pathogens is fast and nonspecific. No memory. Consists of neutrophils,
macrophages, dendritic cells, and complement.
Adaptive——receptors that recognize pathogens undergo VD] recombination during
lymphocyte development. Response is slow on first exposure, but memory response
is faster and more robust. Consists of 'I" cells, B cells, and circulating antibody.

Differentiation of T cells

Bone
marrow Thymus Lymph node
> < > < »
| |
| CD8* T cell I Cytotoxic T cell
| |
| |
| |
T-cell precursor : CD4" CDg* }
| Tcell e
: : Thi cell
| / I
| |
—— I
| + |
: CD4" T cell : Helper T cell Make IL-2, IFN-y
| I A2 and activate
! ! “ macrophages & CD8* T cell;
! ‘ inhibited by IL-4
| ;
Y T-cell receptor I ‘ . Th2 cell
| | ~e
| cDs \
§ co- Make IL-4, IL-5
and help B cells
make antibody
(IgE > 1gG): inhibited
by IFN-y
MHCland Il MHC = major histocompatibility complex, encoded by MHC I—HILA T letter
Human Leukocyte Antigen (HLA) genes. (A, B, C).
MHC T = HLA-A, HLA-B, HLA-C. MHC II—HLA I letters
Expressed on almost all nucleated cells. (DR, DP, DQ).

Antigen is loaded in RER of mostly intracellular peptides.

Mediates viral immunity.
groove ’

Peptide-binding l

Pairs with B,-microglobulin.
MHC 1T = HLA-DR, HLA-DP, HLA-DQ.
Expressed only on antigen-presenting cells (APCs).

Peptide-binding
groove

Antigen is loaded in an acidified endosome. -microglobulin

il membr
ZMHC class | molecule

Class Il MHC molecule



Major function of B and T cells
B cells
Make antibocy

[gC5 antibodics opsonize bacteria, viruses
Allergy (type I hypersensitivity): [gE
CJ\'totoxic (t\'pc.‘ 1) amr.l immunc complex

T cells

CD4*'I' cells help B cells make antibody and produce
y-interferon, which activates macrophages

Kill virus-infected cells directly (CDSTT cells)

Delayed cellimediated hypersensitivity (type 1V)

T-cell glycoproteins

: ‘\-\ Virus-infected cell

\@Virus > Viral
cD19 epitope

CDS Cyloloxm

ceII cell T cell
CD20 T \ \\J/

Plasma
cell

\

Antibody

Helper T cells have CD4, which binds to MTIC 11
on APCs. Cytotoxic T cells have CDS, which
binds to MHC 1 on virus-infected cells.

Class | MHC

'Q:_ell

Product of CD and MHC =§
(CD4xMHC T =8=CDS8§
x MHCT).

CD3 complex—cluster of
polypeptides associated with
a'lcell receptor. Important
in signal transduction.

APCs:

1. Macrophage

. Beell

;
3. Dendritic cell

/ Class Il MHC

(P/\iral epitope
CD4

TCR

IL-2

Helper T cell



T-cell activation

Th activation:
I.

Foreign body is phagocytosed by APC

(S

recognized by TCR on Th cell (signal 1)
3. “Costimulatory signal”

of B7 and CD28 (signal 2)
4. Th cell activated to produce cytokines
Te activation:

1. Endogenously synthesized (viral or self)
proteins are presented on MHC [ and
recognized by TCR on 'T'c cell (signal 1)

2

2. 1L-2 from Th cell activates Tc cell to kill
virus-infected cell (signal 2)

. Foreign antigen is presented on MHC 11 and

is given by interaction

2 signals are required for 'I*cell activation—signal 1 and signal 2

Foreign -
2\ APC .
body f;{;ngﬂ )

e
MHC Il
Antigen

e

TCRW CD4EDZB
./ TN D3

/
( cell

IL-2 receptoEI
|L-2
/Tt

I
cell

TCR 1
Antigen—4@; | CD8

MHﬁL
Virus-

7 infected
cell
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[L-5

[1-6

[1-8
[1-10
[L-12

v-interferon
TNF

Secreted by macrophages. Causes acute [L-2: stimulates T cells,

mflammation. Induces chemokine production [L-3: stimulates bone marrow.
to recruit leukoceytes; activates endothelium to [L-4: stimulates gkl
express adhesion molecules. An endogenous production.
pyrogen. [L-5: stimulates IgA
Secreted by 'T'h cells. Stimulates growth of helper production.
and cytotoxic T cells.

.

[SURPRUEPURS I TOURPE P [N I [SURT
secretea by activated 1 celis. dlipports i

ic growth
and differentiation of bone marrow stem cells, Has
a function similar to GM-CSF,

Secreted by Th2 cells. Promotes growth of B cells.
Enhances class switching to lgk and 1gG.

Secreled by Th2 cells. Promotes differentiation of B
cells. Enhances class switching to IgA. Stimulates
production and activation of eosinophils.

Secreted by 'T'h cells and macrophages. Stimulates
production of acute-phase reactants and
immunoglobulins.

Secreted by macrophages. Major chemotactic “Clean up on aisle 8.7

factor for neutrophils.

Secreted by regulatory 1" cells. Inhibits actions of

Neutrophils are recruited by
IL-8 to clear infections.
activated T cells,
Secreted by B cells and macrophages. Activates NK
and Thl cells.
Secreted by 'T'h1 cells. Stimulates macrophages.
Secreted by macrophages. Mediates septic shock.
Causes leukocyte recruitment, vascular leak.

Cell surface proteins
Helper T cells
Chytotoxic 'I' cells
B cells
Macrophages
NK cells
All cells except

mature red cells

CD4, TCR, CD3, CD2s, CD40L..

CDS,'T'CR, CD3,

[gM, B7, CD19, CD20, CD21, CD40, MHC 11.
MHC 11, B7, CD40, CDI14. Receptors for Fc and C3b.
Receptors for MHC 1, CD16, CD56.

MHC 1.




Immune deficiencies

I

1 production of:
B cells—Bruton’s
agammaglob-

ulinemia

T cells—Thymic
aplasia (DiCeorge
syndrome)

B and T cells—
severe combined

immunodeficiency

(SCID)
1 activation of:

T cells—IIL- 1 2

B ccﬂs—hypcr—
[zM syndrome

bl

)
W ]S]\()tt Aldrich
syndrome
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Job’s syndrome

Xlinked recessive defect in a tyrosine kinase gene associated with low levels of all classes
of immunoglobulins. 1 number of B cells. Associated with recurrent Bacterial
infections after 6 months of age, when levels of maternal IgG antibody decline. Occurs
in Boys (X-linked).

Thymus and parathyroids fail to develop owing to failure of development of the 3rd and
h pharyngeal pouches. Presents with Tetany owing to hypocalcemia. Recurrent
viral and fungal infections due to Tecll deﬁmcnc Congenital defects of heart and
great vessels, 22q11 deletion.

Detect in early stem-cell differentiation. Presents with recurrent viral, bacterial, fungal,
and ])l()‘t()/()d] infections. May have multiple causes (c.g., failure to synthesize MHC [
antigens, defective 11-2 receptors, or adenosine deaminase deficiency).

Presents with disseminated mycobacterial infections due to L Th1 response.

Defect in CD40 ligand on CDA I helper cells leads to inability to class switch. Presents
early in lite with severe pyogenic infections. [igh levels of IgM; very low levels of 1gG,
[gA, and IgkE.
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bacteria. Associated with elevated IgA levels (Aldrich = T IgA), normal gk levels,
and low IgM levels. Triad of symptoms includes recuurent pyogenic Infections,
thrombocytopenic Purpura, Eczema (WIPE).
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chemotactic stimuli. Presents with coarse Facies, cold (noninflamed) staphylococcal

Abscesses, retained primary Teeth, T [gll, and Dermatologic problems (eczema)

(FATED).

Phagocvtic cell deficiency:

Leukoeyte adhesion
deficiency
syndrotne (Lype 1)

Chédiak-Higashi
disease

Chronic gran-
g

ulomatous disease

Defect in LEA-1 integrin proteins on phagocytes. Presents early with recurrent
bacterial infections, absent pus formation, and delayed separation of umbilicus.

Autosomal recessive. Defect in microtubular function and lysosomal emptying of
phagocytic cells. Presents with recurrent pvogenic infections by staphylococei and
streptococci, partial albinism, and peripheral neuropathy.

Defect in phagocytosis of neutrophils owing to lack of NADPH oxidase activity or
similar enzymes. Presents with marked susceptibility to opportunistic infections
with bacteria, especially S. aureus, I£. coli, and Aspergillus. Diagnosis confirmed
witli negative nitroblue tetrazolium dye reduction fest.

Idiopathic dysfunction of:

T cells—chronic
mucocutaneous
candidiasis

B cells—selective
immunoglobulin
deficiency

B cells—ataxia-
telangicctasia

B cells—common
variable
immunodeficiency

T-cell dysfunction specifically against Candida albicans. Presents with skin and mucous
membrane Candida infections.

Deficiency in a specific class of immunoglobulins—possibly due to a defect in isolype
switching. Selective IgA deficiency is the most common selective immunoglobulin
deficiency. Presents with sinus and lung infections; milk allergies and diarrhea are
comman.

Defect in DNA repair enzyimes with associated IgA deficiency. Presents with cerebellar
problems (ataxia) and spider angiomas (tclangicctasia).

Normal numbers of circulating B cells, d plasma cells (defect in B-cell maturation), N
Ig, can be acquired in 20s—-30s.



G-protein-linked 2nd messengers

Receptor

G-protein class
q

{

q

{

q

Major functions

T vascular smooth muscle contraction

i) sympathetic outflow, L insulin release

T heart rate, T contractilit
agueous humor formation

Vasodilation, bronchodilation, T heart rate, T contractility,
Tipolysis, T glucagon release

CNS, enteric nervous system

1 heart rate and contractility

T exocrine gland secretions, T gut peristalsis, T bladder
contraction

Relaxes renal vascular smeoth muscle

Modulates transmitter release, especially i brain

T nasal and bronchial mucus production, contraction of bronchioles,
pruritus, and pain

T gastric acid sceretion

T vascular smooth muscle contraction

T H,0 permeability and reabsorption in the collecting tubules of
the kidney

“Qiss (kiss) and qiq (kick) till you're siq (sick| of sqs (sex).”

H],OI'],V],
M]! M3

B1, B2, Dy,
H2, V2

Mz, 0[2, Dz

Recaptor 1, Phospholipase C —— l

G

......

HAVe 1 M&M.
Pl T[Ca“]m
<

ATP

DAG — Protain
kinase C

Receptor —sn» Adenylyl cyclase — l

cAMP — Protein kinase A

G
Receptor 'H Adenylyl cyclase —> cAMP l — Protein kinase A l MAD 2’s.



