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Overview - macrophage phagocytosis in the Fletcher Lab

• Current projects:
• How are activating and inhibitory signals integrated in phagocytosis?
• Can we spatially map complex phosphorylation states within the phagocytic cup?

• Key project characteristics:
• Link physical properties to biological behavior
• Explore biological process at many length scales
• Utilize experimental systems of varying complexity
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Over-activation:
rheumatoid arthritis,

EAE, lupus

Under-activation:
pathogens, cancer, 

apoptotic cells

Macrophages:

• Detect and phagocytose foreign, diseased, 

and apoptotic cells

• Constantly evaluating target’s threat

• Decisions affect more than just single 

target cell

Macrophage engulfing target

5 μm

Syn18-GFP receptor
Target particle

Macrophage phagocytosis decisions have clinical 
implications.



Macrophage ADCP is critical mechanism for therapeutic 
antibodies.

Kimiz-Gebologlu I, et al. Mol Bio Rep (2018)

Monoclonal Abs for cancer immunotherapy

NK Cell ADCC vs. Macrophage ADCP

VanDerMeid KR, et al. Cancer Immun Res (2018)



Inhibitory checkpoints dampen pro-phagocytic effects of 
therapeutic antibodies.

Fcγ Receptors
• Bind Fc portion of IgG antibodies

• Most drive activation/phagocytosis

SIRPα
• Bind CD47, a “marker of self”

• Inhibits activation/phagocytosis

Cancer presents confusing decision of disease vs. self.



Cell-cell interfaces have complex and important spatial 
dynamics.

Short binding proteins exclude 
tall non-binding proteins

Short antigens yield more efficient
phagocytosis due to CD45 segregation

Can we use reconstitution to explore 
more complex macrophage signaling? 

Schmid E, et al. Nat Phys (2016) Bakalar M, et al. Cell (2018) 



Antibody:CD47 ratio dictates phagocytosis in reconstituted 
system.

Reconstitution of CD47 inhibition Varying surface ratio of CD47:antibody



SIRPα enrichment decreases phosphorylation at 
macrophage-target interface.

FcR and SIRPα phosphorylation by Lyn CD47 engagement reduces phosphorylation



ITIM-associated phosphatases decreases FcγR
phosphorylation.
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CD47 reduces Syk recruitment to FcRs Proposed model:



ITIM:ITAM ratio dictates phagocytosis levels with synthetic 
and tumor cell targets.

Synthetic receptors respond to activation-inhibition ratio Therapeutic antibodies shift activation-inhibition ratio
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Both ITAM phosphorylation sites are important for 
phagocytic signaling.

• Immunoreceptor tyrosine-based activation 
motif (ITAM):
• Two tyrosine phosphorylation sites become 

activated upon antibody engagement

• Mutation of either tyrosine reduces 
phagocytosis
• Other studies have probed kinetic and 

functional changes of different 
phosphorylation states

• However, importance of N- vs. C-terminal 
phosphorylation is largely unstudied in a 
cellular context
• Could C-terminal tyrosine serve as a sort of 

“kinetic proofreading”?

Mitchell et al. Blood (1994)



Can we create a cellular map of ITAM phosphorylation 
state?

A more detailed map allows us to ask…
• How distinct are is phosphorylation in different FcR clusters? 
• Where are singly vs. doubly phosphorylated receptors 

located?
• Are there patterns to N- vs. C-terminal phosphorylation?
• What are phosphorylation patterns at activation-inhibition 

interfaces?

Macrophage spreading on 
anti-biotin IgG SLBGOAL: 

Combine single molecule localization precision and 
kinetic information to generate images of hyperlocal 
Syk binding affinity to map ITAM phosphorylation.



Binding kinetics are sensitive to substrate properties.

• Example system:
• Protein A binds to protein B, then 

unbinds
• Time bound  = dwell time
• A binds to B with a distribution of dwell 

times tB

• Protein B can exist in multiple modified 
states (B’, B*, etc.)
• Each state has distinct and 

characteristic distribution of dwell 
times

• Importantly, measuring kinetics enables 
us to determine the state of B
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Syk-SH2 binding is sensitive to ITAM phosphorylation state. 

• Dual Syk SH2 domains engage with up to two phosphorylated tyrosines
• Four phosphorylation states bind differently with Syk
• Previous studies show that Syk exhibits different kinetics for different ITAM phosphorylation 

states



How do we map substrate state in a mixed sample?

• Each receptor has distinct state we 
would like to capture
• Need to spatially differentiate and 

kinetically differentiate each individual 
receptor

• Each receptor needs its own 
distribution!
• Need to image for a long time to capture 

many binding-unbinding events for every 
receptor

• Must conduct experiments in fixed 
samples so substrate (receptors) are not 
moving



ITAM phosphorylation state changes Syk binding kinetics.

ITAM phosphopeptides

YY: *ERPPPVPNPDYEPIRKGQRDLYSGLNQR
pYY: *ERPPPVPNPD(pY)EPIRKGQRDLYSGLNQR
YpY: *ERPPPVPNPDYEPIRKGQRDL(pY)SGLNQR
pYpY: *ERPPPVPNPD(pY)EPIRKGQRDL(pY)SGLNQR

ITAM - YY ITAM - YpY

ITAM - pYY ITAM - pYpY



Syk-SH2Anti-biotin IgG

Heatmap of number of binding events per pixel

Example Syk binding clusters

Mapping ITAM phosphorylation in WT macrophages



Conclusions and future directions

• Key takeaways:
• Ratio of activating IgG to inhibitory CD47 dictates macrophage 

phagocytosis
• ITIM-associated phosphatases halt activation by dephosphorylating 

adjacent FcRs
• Combining single molecule imaging and kinetic measurement can 

(potentially!) map substrate variation

• Future musings:
• How do macrophages explore the space around them?
• How do macrophages coordinate signaling and cytoskeletal 

machinery to engulf far away targets?

Syn18-GFP receptor
Syn17 target particle
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