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Bioactive substances

You must answer the following questions. Use the reverse side if necessary.

1. Outline the signaling pathways that regulate the activation of mast cells through IgE/FceRI cross-linking by antigen. You
can use a figure as needed.
2. Summarize the T cell suppression mechanism of the clinically used immunosuppressant tacrolimus (FK506). In addition,

you may use a figure as appropriate.

1. (fg2Ef)

1. FceRI structure and initiation of signaling
FceRI is a multimeric receptor on mast cells:
a) o chain— binds IgE, b) B chain— signal
amplification (contains ITAM) c) y chains (dimer) —
primary signaling subunits (contain ITAMs)
Trigger
a) Multivalent antigen cross-links IgE molecules bound
to FceRI. b) This causes receptor aggregation, bringing

intracellular ITAMs into proximity.

2. Early tyrosine kinase signaling
a) Src family kinase (Lyn) activation (Lyn
phosphorylates ITAMs on the  and y chains).

/ @ b) Syk recruitment and activation (Syk bind to
lipid mediator production cytokine production — phosphorylated ITAMs on y chains and activation.

Activated Syk is central hub of mast-cell signaling).

3. Adaptor proteins and signalosome assembly
a) Activated Syk phosphorylates adaptor proteins, forming Large complexes (LAT, SLP-76, Gab2, etc.). b) These adaptors recruit enzymes and
scaffolds that branch signaling into multiple pathways.

4. Major downstream signaling pathways

A. PLCy-Ca?*'-PKCp pathway (degranulation and cytokine production)

a) PLCy2 is activated by Syk/LAT, 2) PLC y2 cleaves PIP; into IP3 and DAG. b) IP3 releases Ca?" from ER (and triggers CRAC channels). c)
DAG and Ca?" activate PKCP, d) Activated PKCP and increased intracellular Ca?* induce degranulation. d) Activated PKC also activates the IKK

complex, which then activates NF«kB via IkB proteasome degradation, thereby contributing to cytokine production.
B. MAP kinase pathways (cytokine production and leukotriene production)

Three main MAPK cascades (ERK, JNK, and p38) are activated.




2. (f#2&1)

1. Binding to the immunophilin FKBP12

a) Tacrolims (FK506) is a lipophilic macrolide that diffuses
into T cells. b) In the cytoplasm, it bind with high affinity to
FK506-binding protein 12 (FKBP12), an intracellular

FK506

jon receptor

24 immunophilin. ¢) FK506 itself does not inhibit signaling ; the
membrane signal
Ooo FK506-FKBP12 complex is the active inhibitory unit.
FK506 I
activation @

FK506 2. Inhibition of calcineurin phosphatase activity
dephosphorylation
Minhibition a) The FKS506-FKBP12 complex binds to and inhibits

M v m +® calcineurin, a Ca?"/calmodulin-dependent serin-threonine

phosphatase. b) Under normal conditions, T cell receptor

@ (TCR) engagement increases intracellular Ca®", activating
[ IL2 gene

calcineurin.

nucleus
3. Blocked of NFAT activation

a) Calcineurin’s physiological role is to dephosphorylate NFAT (Nuclear Factor of Activated T cells). b) Dephosphorylated NFAT translocates

from cytoplasm into the nucleus. ¢) FK506 prevents NFAT dephosphorylation, so NFAT remains phosphorylated and cytoplasmic, unable to act

as a transcription factor.

4. Reduced cytokine gene transcription

a) Without nuclear NFAT, transcription of key T cell cytokine genes is suppressed, especially:
e  [L-2 (critical for T cell proliferation)
e [L-4,IL-5, IFN-y, TNF-a (to varying degrees)

b) The result is impaired clonal expansion, differentiation, and effector function of CD4" and CD8™ T cells.

5. Functional immunosuppressive outcome
a) T cells fail to progress from early activation to full immune response. b) This selectively suppresses cell-mediated immunity, making FK506
highly effective in:
e  Solid organ transplantation
e  Qraft-versus-host disease

° Certain autoimmune disorders
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