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Toll-like receptor ligands sensitize B-cell
receptor signalling by reducing actin-
dependent spatial confinement of the
receptor.
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Diffraction limit of light

Light microscopy has a resolution limited to ~250 nm
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Super resolution microscopy uses single point
emitters to go beyond the diffraction limit
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Labeling Proteins on the Membrane with Quantum Dots (QD’s)
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Single Particle Tracking
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Can use data calculated from SPT trajectories (state
dependent diffusion, dimer off rates) to parameterize
spatial stochastic models
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Figure 1: TLR priming increases the sensitivity of B cells to membrane-bound antigens.
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Antigen presenting cells (APCs) expressing anti-lgk antibody bind B Cell Receptors (BCRs) on B cells .



Figure 1: TLR priming increases the sensitivity of B cells to membrane-bound antigens.
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Activation of the TLRs increased BCR signaling (pTyr, pErk and pAKt) at low Ag density.



Tracking migM-QD labeled BCRs on B cells
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Figure 2: TLR ligands increase BCR mobility and decrease BCR confinement.
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Tracked receptors can be classified as confined or free based on moment scaling spectrum (MSS) analysis



Hidden Markoff Model divides tracks into confined vs free segments and allows the measurement of how
quickly receptors switch from confined to free (kg,,,,2 K:.<:) or from free to confined (k:,o; 2 K ow)-

Condition # of tracks ? slow, 1 _an'm» 1 kslu“:? fast kfmﬁﬂo“' KEf.f -
analyzed (107 nm~s™) (107" pm~s) (s7) (s7) K.jow  fast .-"kfa;t_}.;h“.

Fig. 2h-j

Control (BAFF only) 1430 1.97 [1.94 -2.00] | 4.66 [4.59 -4.73] | 2.96 [2.87 — 3.06] 3.86 [3.70 —4.02] | 0.768 [0.739 — 0.797]

LPS.3h 955 4.09 [3.96-4.22] | 6.49[6.37-6.61] | 3.40[3.26 —3.56] 3.19[3.02-3.40] | 1.06[1.01 —1.13]

LPS.6h 877 2.85[2.78 —2.93] | 5.12[5.05-5.21] | 3.59[3.45-3.74] 2.88[2.73-3.03] | 1.25[1.19 - 1.31]

LPS.16h 1902 5.29 [5.18 —=5.37] | 7.71[7.61 -7.79] | 2.56 [2.48 —2.66] 2.12[2.03-2.22] | 1.21[1.16 — 1.26]

TLR signaling makes it more likely for the BCRs to switch from confined to free (Keff > 1).



Figure 2: TLR ligands increase BCR mobility and decrease BCR confinement.
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The affect of TLR signaling on BCR diffusion is concentration and time dependent.



Figure 3: BCR confinement and diffusion are controlled by the actin cytoskeleton.
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Disrupting the actin cytoskeletion with latrunculin treatment also

increases BCR free diffusion



Figure 4: TLR signaling enhances actin dynamics and activates cofilin.
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TLR activation creates more dynamic F-actin networks. Rapid turnover and reassembly leads to more transient actin barriers.



Figure 5: TLR enhancement of BCR mobility is dependent on actin severing.
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TLR signaling primes the BCR for activation by increasing F-actin severing



Figure 5: TLR enhancement of BCR mobility is dependent on actin severing.

Treatment with cell-permeant cytotoxic necrotizing factor activates RhoA and stabilizes actin filaments
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Either blocking peptides that limit actin severing or stabilizing actin filaments by activating Rho A
reverses LPS-triggered changes in cell ruffling and BCR diffusion.



Figure 6: Cofilin activity controls BCR confinement.

SSH (Slingshot) is
the phosphatase
that activates
cofilin

Abnormal actin

filaments

ad SSHWT-YFP

LifeAct-mCherry

SSH C/S-YFP

% Free mlgG
e (¢)]
o o

N
o
L

LifeAct-mCherry

* % d
¢ 400 4
., °® 2
[ ]
et & S = 300
o i ec
Y c §
06  Seugs 5% 200
., ° px g
.~.. —_— g S
.. ° ‘.. .:o g 100 -
0

SSHWT SSH C/S

b

SSH WT-YFP

SSH C/S-YFP

.
o
.
.
©
LJ .. °
o’ °
:..oo .:
B
s
’:o %
. So*?

SSHWT SSH C/S

Membrane IgG

) X
, N A |
=== Confined D
w— Froe N 0 Time—»10s %
g -
g -

'

oD

TN
Barbed end

e
o 9:,, G-actin

Slingshot is needed to release BCR from confinement zones.

Decreased
mobility/
increased
confinement



Figure 7: TLR ligands increase BCR-BCR collisions and antigen independent tonic signalling.

B-cell survival requires tonic, antigen independent BCR signaling.
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TLR activation may increase BCR collisions and increase tonic signaling



Figure 8: B-cell responses to APC-bound antigens are dependent on actin dynamics that correlate with
cofilin activation.

a
4 BAFF + < * %k
Ex vivo | BAFF LPS LPS 3 .—E 1.0
0 515|0 5 15[0 5 15/0 5 15|Anti-lgc (min) § §
om 05
214 " = B
S —— D — e w #=  DS3 cofilin Tl 0
ZEs c 0515 0515 0515 0 515 Anti-lgk
Exvivo BAFF BAFF+ LPS  (min)
21 - - Cofilin LPS

LPS + cofilin : C LPS control LPS + RhoA activator
LPS + control peptide blocking peptides W Control peptide : B Control
O Cofilin-blocking B RhoA activator
peptides
e B0 ne ™ e | 1005 wn @
Ag s 3
‘s 0751 5 0.75-
CpG DNA + CpG DNA +cofiin 3 Cp@DNAxRioA. g
control peptide blocking peptides N 0.50 - CpG DNA control activator N 0.50
L [ ©
S . £
- R 2o - ey . s
- S =
. IS 0- . . Al 0- }

Inhibiting actin dynamics limits B-cell response to APCs expressing low levels of antigen.



Figure 9: Marginal Zone (MZ) B cells have greater cofilin activation, BCR mobility and BCR signalling than
Follicular (FO) B cells.
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TLR activation is may be important in priming MZ Bcells for activation.



Figure 10: Model for TLR-induced transition of B cells to a primed state.
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Cross talk of the TLR and BCR pathways involves changes in membrane dynamics, priming cells for BCR
clustering and signaling. Different B-cell types may have a more or less stable actin cytoskeleton creating
differentially sensitive B-cells.

This mechanism may also be important for other interacting pathways.



