The cells that make up the Immune System
Leukocytes(WBC)

° lymphoid cells(T/B lymphocytes, NK cells) —lymphocytes almost all DNA nucleus barely any cyto.
° myeloid cells( monocytes, macrophages, granulocytes, precursors for red blood cells, platelets)
Myeloid cells

* monocytes—blood macrophages
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*if someone is gettinga transplant they can get an injection of

Hematopoietic stem cells in circulation this will travel to bone marrow

and help build an entire new immune system Bone (or cartiiage)
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B cell receptors are antibodies
(a) Unactivated B cell * 2 heavy, 2 light chains, linked by disulfide bonds
Heavy chain Constant domain * constant domain determines antibody properties
il B lymphocytes * tip of variable domain provides the antigen binding site
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| B * originate in Bursa of Fabricius(+bone marrow) each B cell only makes 1 kind of antibody—unique + highly specific
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which is displayed on the * random comb of light +heavy chains+ segments >100mill possible antibodies

membrane surface as a BCR . . . . . .
/ * negative selection—B cells killed off in bone marrow that make antibodies that

Binding of antigen and interaction with a
helper T cell stimulates the maltching B cells to
divide and expand the clone of selected cells.

B cell specific

recognize our own body
to antigen

Immunological Memory (why do we vaccinate)
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Most of the new B-cell clones A few new B-cell clones differentiate -
differentiate into plasma cells, into memory B cells, which
which secrete antibodies respond to a later encounter

with the same antigen.

Antibodies Fight pathogens:
1) Agglutination—2 binding sites allow antibody complexes which can get so large that they ppt out, essentially neutralizing the
pathogen
2) Activation of Complement Pathway
° Cascade of biochemical responses that ends with the formation of the membrane attack complex (kills pathogens) 3
° invading bacterium coated with antibodies—> membrane attack complex(forms hole in foreign cell)—> cell Iysis > e
3) Opsonization(Coating of surface pathogens with antibodies), initiating phagocytosis L o I N e o
4) Activation of NK cells S, (-

Macrophages—scavenge tissue in sera h of pathogens, dead cells, and other debris, sometime stake up life long residence in cells
Granulocytes— phagocytic cell that releases the content of their granula as part of specific immune response( against large extra
cellular parasites) v IV |y

° neutrophils, eosinophils,basophilic, mast cell(trigged by histamine, cause allergies + asthma) f &
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@ Dendritic cell
engulfs a bacterium.

Lysosome
B Large molecules of
engulfed bacterium are
broken down by lysosomes
to produce antigenic peptides.

E) New MHC molecule has
been synthesized by endoplasmic
reticulum-Golgi complex.

° 2 major subtypes; Helper T+ Cytotoxic T cells
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‘non-self’ in the context of ‘self’

T-cell receptor

goreceptor Foreign antigen

MHC
molecule

(self-antigen)

@ Invaded host cell

) Class | MHC molecules are found on the
surface of all cells.

B They are recognized only by cytotoxic (CD8+)

T cells.
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I cell (4] Anlﬁgfenic %e:\)/:i:gs bi||1d ' 8 cell E) CDB8 coreceptor links the two cells together.
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vesipient B Antigen is displayed on Antigen-MHC complex antigen.
cell surface bound to MHC on cell surface (can
molecule—the cell is now an bind with matching
antigen-presenting cell (APC). helper T cell)
: How do helper T cells help the B cells? 6. Helper
Cytotox[c T Cells elper T cells by antigen presentation (CD4+) T cell
* recognize cell infected by a virus , —Class Il MHC Most immune responses require a
molecule
+kill infected cell Bacterium Ca concerted effort of B cells and T cells. 4
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. Helper CD4 / T-cell receptor
* MHC-I +peptide w/ CD8 co- 9 (CDas) coreceptor — Foreign antigen

receptor recognized by TCR on
Cytotoxic T cells

release toxic mole next to host cell
killing it and moves onto next cell

1) Bacterium is taken
up by phagocytosis and
degraded in a lysosome.

Helper T cells

* specific antigen presenting cells
express MHC class IT

* MHCII + peptide along with CD4
co-receptor
helper T cell releases cytokines—>

helper (CD4+) T

promotes cell proliferation of
activated B cells
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2) Bacterial antigenic peptides
played on APC cell
bound to class Il MHC
and presented to

jon of B cells responsive to T-dependent antigen

BCR binds to antigen.

receptor-mediated endocytosis
\acromolecules
ded. Antigenic peptides

T cell

) Class Il MHC mole
(self-antigen)
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5) Cloned helper
T cells are ready to
activate B cells and
enhance other
immune activities.

@) Dendritic cell (APC)

3) APC secretes
cytokines that
activate T cell.

4) Activated T cell secretes
cytokines that stimulate

T cell to proli 10 expand
clone of selex s

£I009 0100 * €D Class Il MHC molecules are found on the
surface of immune cells with which helper T cells

interact: dendritic cells, macrophages, and B cells.

with TCRs
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(8) Helper T cell
secretes cytokines

g B) They are recognized only by helper (CD4+)

T cells.
E) CD4 coreceptor links the two cells together.

@) To be activated, helper T cells must bind with
a class Il MHC-bearing APC (dendritic cell or
macrophage). To activate B cells, helper T cell
must bind with a class Il MHC-bearing B cell with
displayed foreign antigen.

Helper T cell

Cytokines

7) TCR of a helper
T cell recognizes
specific antigen on
8 cell, and CD4
coreceptor links the
two cells together.

(9) Some cloned

B cells differentiate into
plasma cells, which
secrete antibodies
specific for the antigen,
while a few differentiate
into memory B cells.

(10) Antibodies bind
with antigen, targeting
antigenic invader for
destruction by the
innate immune system.
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bound to class Il
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Multiple layers of control—complicated arrangement ensures that we don’t typically activate our immune response

unless we have to

<— image is not perfect
NK cells are Innate but lymphoid in lineage
Big picture overview
° T Cells and B cells are part of our acquired immune response
° whereas macrophages and granulocytes are part of our innate immune response

Innate Immunity

* innate immune cells are really efficient APCs

* w/o antigen presentation, there will be no acquired immune response

* very capable of scavenging our bodies for anything damaging(foreign or self) and clean up

) Class | MHC molecule

provides much faster local response(inflammation) to a a threat( damage or pathogen). usually takes care of threat + promotes tissue repair

PAMPs or Danger Signals—broadly flag innate immune system that something is wrong + requires immune response
> lipopolysaccharide(gram negative bacteria)
° unmethylated DNA(virus)
> heat shock proteins(self), normally would never occur outside of cell, sign of cell death/damage
genetic mutations in signaling pathway of PAMPs or danger signals—> susceptibility to severe recurrent viral and bacterial infections
* over active innate immune response—> auto-inflammatory diseases related to excess strength of signals that promote inflammation

Disorder of Acquired Immunity—Severe Combined immune deficiency
* rare mutation that affects ability to carry out VD] recombination; no BCR and TCRs can be made—> absence of acquired immune system
* HIV—infects and kills CD4+ helper T cells—> lack of B and cytotoxic T activation






