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Results

Abstract

Quantitative analysis of the immune system has long been an elusive problem, but recently have
scientists been able to make significant progress in the field thanks to advances in biology. In this
research, we focus on the mechanics of the actin cytoskeleton and movements of B Cell receptors in B
lymphocytes, particularly how they behave with respect to their surroundings. By placing the B cells
on substrates of uniformly spaced ridges on the scale of micrometers, it is possible to make detailed
measurements on the cell’'s movements and attribute to them a meaning.
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BCR spreading and

B Lymphocytes circulate in the blood in search of infection. : . values at those areas.
clustering behavior

Upon contact with infection, represented by antigen, the B cell  Even between ridges there is apparent colocalization of actin and BCR.
undergoes a certain spreading behavior to collect as much * Intensity charts confirm B cell receptors tend to form clusters, whereas actin is

BCR L
more evenly distributed throughout the cell.

antigen as possible. The B cell receptors (BCR) which contact
the antigen subsequently retract to form distinguished clusters.

2. Actin and BCR flow direction with respect to ridges

Actin Dynamics and BCR clustering Actin B Cell Receptors

Actin, a fundamental protein of the cytoskeleton, plays some
role in almost all functions of the cell. It has been shown that
actin plays a key role in BCR clustering, but the dynamics of this
interaction are not completely understood.

Nanopatterns and Motivation
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Thanks to Dr. John Fourkas, we use nanopattern ridges which
represent the surface of antigen presenting cells. By using Total

Internal Reflection Fluorsecence (TIRF) microscopy, we are able . 2| LT A o ] [l b
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to accurately study actin and BCR dynamics in a controlled _ o % ] 10
environment. Our goal with this research is to investigate the trajectory of flow 52 L — .
effects of topography on actin dynamics and BCR movement, vectors over 300 G4 i 3
and the relationship the two have to each other. seconds. . N
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B lymphocytes from mice are genetically modified with Green * The instantaneous direction of BCR flow was not affected much by the ridges. Actin
Fluorsecent Protein(GFP) bearing actin, and the BCR are X showed a greater tendency to move along the ridges.
labeled with Alexa Fluor 546 conjugated mono-biotinylated Fab — * Viewing the pattern of flow over a longer period of time reveals a more directed
anti-mouse IgG. These allow us to take detailed videos of Depiction of a cell on flow.
separate dynamics under a microscope. Before experiment, the a nanopattern surface. * The displacement trajectory of flow vectors is the path we would expect an
nanopatterns are coated with Poly-I-lysine and streptavidin to imaginary bead placed in the cell to follow.
improve cell adherence and live imaging is done at : : : : : :
Prov: ] sing 3. Regional actin velocity comparison on two ridge spacings
approximately 37 °C.
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Comparison by using a student’s T-Test shows that actin on average
moves faster between the ridges when the ridges are spaced 3 um

P IV a n a |ys i S u Si ng MAT LA B apart. Ridges spaced at 5 um intervals have no effect on actin velocities.

/_Future Work ~

* Investigate the effects of more narrow nanopatterns on the dynamics of actin and BCR clusters.

 Our research suggests narrower gaps will have more profound effects on actin and BCR
dynamics.

* Study the effect of nanotopography on B cell activation.

* Perturbation experiments to examine the role of various cytoskeletal components (e.g. actin
and myosin) on cell responses to nanotopography.

\ * |mprove Matlab software to streamline analysis and improve accuracy /

Particle Image Velocimetry

The Particle Image Velocimetry software
used in this analysis, called PIVlab, uses a
multi-pass window deformation technique
to calculate displacement vectors of moving
particles in an image. In this research, we
use it to track actin and BCR clusters as they
move in a live cell, and analyze their various
dimensions.

Analysis Procedure

After computing the vector fields for every
frame in a video, we look for three specific
parameters of each frame.

1. Instantaneous Mean Flow Direction
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