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INTRODUCTION

The dynamics of the tumor microenvironment (TME) are
critical In driving cancer progression. Collagen Is the
dominant protein in the TME.

Microscopes are critical in advancing guantitative biological
research.

Second Harmonic Generation (SHG) Is an advanced
microscopy technique that is label-free and collagen specific.

Polarization-resolved SHG Is sensitive to supramolecular
collagen structures and differentiates normal and cancerous

tissues.
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Figure 1: Collagen peptide pitch angle in stage Ill ovarian cancer. [1]
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Commercially available multiphoton microscope systems
with SHG capabllities can range In price from four
hundred thousand to one million dollars and are non-
modifiable to new microscopy techniques.

There Is no widely used, open-source, and accessible
platform for optics researchers to utilize collaboratively.
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Researchers have begun developing open-source

solutions utilizing free-form bases and 3D printing that
Incorporate readily accessible components and open-
source software to Increase accessibility. These

approaches can enable configurability and functionality
beyond industry standard microscopy systems.
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Add polarization-resolved measurements to our SHG

Imaging capabilities and motorize control of the x, y, and z
axis for precise scan slices using accessible, retrofitted,
and open-source components and software.

Develop a parts library of common optical components
for community use along with open-sourcing all Onshape
native designs developed throuhgout our microscope
modifications.

Stage IV

APPROACH

Open-source Onshape designs meet open-source
software and off the shelf components.

ntegrate a liquid crystal device and a Glan Linear
Polarizer to control both excitation and emission
nolarization states.

Custom designed and 3D printed components to
repurpose the Infinity space of an Olympus BX-51
microscope to house the polarization control module.
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Figure 2: Polarization control module including liquid crystal
rotator (light grey) and removeable ¥4 waveplate (dark gray).

CLICK IMAGE FOR LINK TO ANIMATED MODEL.

Computerized X, y, and z axis control allows for precise
vertical slicing and tiling for 2D and 3D reconstructions.

Figure 3: (A) Raw manual tiling of a cell spheroid. (B) Stitched
slice of spheroid.

Retrofit an Olympus BX-51 microscope with axis
control stages for alternate Olympus microscope with
custom components and adapters.
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The polarization and scanning modules, along with
other power-controlled aspects of the optical system,
will be controlled using Scanimage.

Scanlmage Is an open-source laser control software
for custom built and off-the-shelf microscopes.
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Figure 5: Basic control diagram of voltage-controlled components
In beam path.

All  custom scripts developed for testing and
microscope operation will be made public within the
corresponding Onshape documents.

onshape = Olympus BX-51 Z-Axis Drive main & [ Tilbury Lab o

%Preconfigure device constants.
flagsandattrs = @x40860000; %Initialize flagsandattrs
USE_PID = uintilé(hex2dec('138C")); %5et USB product ID for D5@28.

#Make then populate GUID structure.

theGUID = struct ('Datal',®, 'Data2’,®, 'Data3’,e, 'Datad’,zeros(1,8));
theGUID. = a22bshib;

theGUID.
theGUID.
theGUID.

Datal
Data2 = C
Data3
Datad
theGUID.Datad
Datad
Datad
Datad

ax
ax ;
= 8x4108;

(1)

(2) = Bx85;
theGUID. (3) =
theGUID. (4)
theGUID. (5) = exed;
theGUID.Datad (6) = Bxfc;
theGUID.Datad (7) = 8x7d;
theGUID.Datad (8) = B8x2b;

CR = char(@xd); %setup carriage return constant.

%522 how many controllers can be detected.

num_controllers = calllib( ' usbdrvd’, "USBDRVD_GetDevCount', USB_PID);

fprintf (1,[ 'Found ',num2str({num_controllers),’ controller.']);%Display number of controllers found
fprintf(1,CR);%Then print carriage return.

if(num_controllers == 8) %If no controllers found, give error.
rror('No controllers found. Check the controller and connections
end

and try again.');

#intle devhandle; intle pipe8; intlée pipel; ¥Initialize handles

evhandle = calllib( " usbdrvd’, '"USBDRVD OpenDevice’,1, flagsandattrs, USB_PID);
ipe@ = calllib('usbdrvd', "USBDRVD PipeOpen’,1,8, flagsandattrs,theGUID);

el = calllib("usbdrvd’, "USBDRVD PipeOpen’,1,8, flagsandattrs,theGUID);

P

P
cmd = "ver:?"; ¥Configure command to be used.
cmd(length(cmd)+1) = CR; %add CR to command

dlan int3?2f lanothi rmdy ¥het rommand Tenoth

od... E] D5020Example.m ED Square Mount Printed C_. Square - Polarizer Mod .. ED Mounted 1/4 Wave Plat.. ﬁD Liquid Crystal Rotator ﬁ[ﬂ 4

Figure 6: Polarizer voltage control MATLAB script in OnShape
workspace
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OPTICS LIBRARY DEVELOPMENT

Along with all custom components developed, we are
working to develop an easy-to-use library of off-
the-shelf optical components.

Inspired by MKCad library for robotics.

Allow researchers to streamline design processes
by removing the need for the download, import, and
property configuration steps.

Figure 7: Free-form custom microscopy system previously
published [2] composed of off-the-shelf components.

CLICK IMAGE FOR LINK TO ANIMATED MODEL.

CONCLUSIONS & FUTURE WORK

We successfully retrofitted the Olympus microscope
for axis control and polarization control.

Current tuning and testing will prove the degree
of polarization achieved.

We will continue developing the Onshape optics
library and begin publicizing library and custom
component workspaces.

Track Impact based on copy and
metrics.

Insertion

We will leverage polarization resolved SHG imaging
technigues to Increase our sensitivity and
understand the impact of Iintegrin-mediated
collagen remodeling in the TME.
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