NEVER PHASE SEPARATE AGAIN!
RNA Directly from TRIzol® with Direct-zol™ RNA Kits

The Direct-zol™ RNA Kits are designed for the purification of RNA from samples in TRIzol®, TRI Reagent®, or similar reagents.
Samples are loaded directly into a spin column bypassing the need for conventional phase separation and precipitation steps.
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If sample QC takes you more than two minutes, it's too manual. Fragment Analyzer™ takes the
job off your hands —streamlining lab operations and wiping out errors. Just pipette once and it
delivers truly reliable results via automated capillary electrophoresis.
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Setup in seconds
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Mouse MODELS OF CANCER
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Edited by Cory Abate-Shen, Herbert Irving Comprehensive Cancer Center, Columbia University College of Physicians
and Surgeons, Columbia University Medical Center, Katerina Politi, Yale Cancer Center, Yale University School of
Medicine, Lewis Chodosh, Abramson Cancer Center, Perelman School of Medicine, University of Pennsylvania,

and Kenneth . Olive, Herbert Irving Comprehensive Cancer Center, Columbia University Medical Center

he laboratory mouse is an important model for studying cancer and its treatment. This book
includes both background information and step-by-step protocols for generating mouse models
that accurately recapitulate many features of human cancer. It covers genetic models, including
transgenic germline models, gene knockouts and knockins, and conditional and inducible systems, as
well as models derived using chemical carcinogens, RNA interference, tissue recombination, and other

strategies. Techniques to characterize tumor development, progression, and metastasis in these mice
using state-of-the-art imaging, histopathological, surgical, and other approaches are described. The uses of these models in
preclinical and translational research are also discussed.
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Introduction

Cancer biomarkers have been used to identify
transformed cells within heterogeneous tis-
sues and cell lysates but currently only provide
retrospective confirmation of disease state.
Identifying RNA biomarkers in live cells provides
the unique opportunity to understand the
impact of tumor heterogeneity on the behavior
of transformed cells and to enrich for cells based
on RNA markers using fluorescent activated cell
sorting.

Live cell sorting has traditionally been accom-
plished by detecting the presence of cell surface
proteins using fluorescently labeled antibodies.
However, the cell recovery rate is poor after
irreversible antibody labeling. Furthermore, live
cells cannot be sorted based on endogenous
intracellular protein markers, because of the
need for fixation. Sometimes cells can be sorted
on the basis of transfected reporter constructs;
however, this treatment also compromises cell
integrity and may perturb cellular pathways,
confounding downstream analyses.

On the other hand, identifying cell types and
sorting cells based on expression of specific
RNA markers, without any transfection reagents
or intrusive sample preparation, can drastically
improve live cell sorting efficiency, physiological
relevance, and post-sorting survival rate. Using
novel SmartFlare™ RNA detection probes, which
are capable of detecting levels of RNA inside
living cells, we have demonstrated the ability to
sort and further propagate live cell populations
purely based on gene expression levels or in
combination with surface markers detected with
antibodies. This technology eliminates the need
for permeabilization or transfection reagents

to interrogate the cytoplasmic content of cells,
leaving the cells intact and viable after sorting.
More importantly, because the particles are

EMD MILLIPORE

inert and leave the cells unharmed, the cells are
available for use in downstream assays, enabling
the measurement of additional biomarkers or
collection of functional data.

In our study, we sorted breast cancer cells on
the basis of RNA biomarkers. First, we isolated
ErbB2 mRNA high- and low-expressing cells
from a mixed cell population and characterized
the sorted cells using downstream immunocyto-
chemistry (ICC) and quantitative RT-PCR. Then,
we sorted two cell lines based on expression of
miR-221 and miR-222 and further characterized
the sort products with respect to expression of
epithelial-mesenchymal transition (EMT) mark-
ers, collagen invasion potential and formation of
invadopodia.

Methods

RNA detection and sorting using SmartFlare™
probes. Cells were mixed ina 1:1 ratio prior to
detection of RNA. SmartFlare™ detection reagent
was then added to the culture media at a final
concentration of 100 pM and incubated at 37 °C
overnight. The following morning, the mixed cell
population was sorted by fluorescence-activated
cell sorting. Cells were washed using Hanks'
Balanced Salt Solution, adherent cells detached
using Accutase® reagent, collected, centrifuged
and resuspended in culture medium. Sorting
was performed using a MoFlo™ XDP cell sorter
(Beckman Coulter). Sorted populations were
then returned to cell culture.

Visualization of RNAs in live cells. After
incubation with SmartFlare™ probes, signals
were visualized using a Nikon C2 confocal laser
scanning microscope.

Invasion assay. Collagen invasion assays were
performed using the QCM™ High Sensitivity
Non-cross-linked Collagen Invasion Assay,
Colorimetric (EMD Millipore, Cat. No. ECM1401).
Each sort product was serum-starved, applied

to the collagen-coated inserts and incubated
overnight. Invading cells were visualized by cell
staining, and the stain was extracted to measure
optical density at 560 nm.

EMD Millipore is a division of Merck KGaA, Darmstadt, Germany

EMD Millipore, the M mark and SmartFlare are trademarks of Merck KGaA, Darmstadt, Germany.
Trademarks belonging to third parties are the properties of their respective owners.
BS-GEN-14-09779 02/14 © 2014 EMD Millipore Corporation, Billerica, MA USA. All rights reserved.

Invadopodia assay. Invadopodia formation was
assessed using the QCM™ Gelatin Invadopodia
Assay (EMD Millipore, Cat. No. ECM671). Each
sort product was applied onto the Cy-3-gelatin-
coated well and incubated for 48 hours. Cells
were counterstained with phalloidin and nuclear
stain. Percent degradation area of total cell area
was analyzed using NIH ImageJ software.

Results

Live cancer cell sorting based on RNA expres-
sion and post-sort ICC and qRT-PCR analysis.
A mixed population of MCF10A and BT474 cells
was sorted based on ERBB2 RNA SmartFlare™
signal intensity (Figure 1A). Each sort product
was then analyzed by antibody staining for
ERBB2 protein, which was expressed exclusively
in BT474 cells. As expected, protein expression
was detected only in ERBB2 SmartFlare™-high
sort products but not in low intensity popula-
tions (Figure 1B). qRT-PCR confirmed the purity
of those sort populations (Figure 1C).

Sorting live cells based on miRNA cancer
biomarkers. Next, we used two miRNA biomark-
ers to sort T47D and MDA-MB-231 breast
cancer cell lines. T47D is epithelial (expressing
E-cadherin) and MDA-MB-231 is mesenchymal
(expressing vimentin)'. The two lines are dis-
tinguishable based on two miRNA expression
levels; MDA-MB-231 shows higher expression of
both miR-221 and miR-2222

Cell sorting based on miR-221 expression
and post-sort invasion assay. A mixed popula-
tion of T47D and MDA-MB-231 cells was sorted
based on miR-221 expression using SmartFlare™
probes recognizing miR-221 (Figure 2A). The sort
products were then analyzed using a transwell
collagen invasion assay. The miR-221-high
population displayed significant invasion but
the low population displayed minimal invasion
(Figure 2B and 2C). Staining for EMT markers
showed that miR-221-low cells expressed
E-cadherin but not vimentin and displayed
epithelial morphology (phalloidin, green), while
miR-221-high cells expressed vimentin but not
E-cadherin and displayed mesenchymal mor-
phology (Figure 2D).

Cell sorting based on miR-222 expression
and post-sort invadopodia assay. One hallmark
of metastatic cancers is matrix degradation
associated with the formation of protrusions



of localized protease activity, termed invado-
podia or podosomes. An effective method for
visualizing subcellular invadopodia formation
involves the plating of cells onto a thin layer
of fluorescently-labeled matrix. To analyze the
correlation between miR-222 expression and
invadopodia formation, we sorted cells based
on miR-222 SmartFlare™ probe intensity and
then seeded sort products onto Cy3-gelatin
substrates. The miR-222-high population
displayed strong degradation patterns after 48
hours that may have been due to invadopodia
formation shown in dark areas as devoid of
Cy3 fluorescence. The miR-222-low population
did not display gelatin degradation (Figure 3B
and 3C). Staining for EMT markers showed that
miR-222-low cells expressed E-cadherin but
not vimentin and displayed epithelial morphol-
ogy (phalloidin, green), while miR-222-high
cells expressed vimentin but not E-cadherin
and displayed mesenchymal morphology
(Figure 3D).

Conclusions

We have demonstrated the ability to sort live
cells based on intracellular cancer biomarker
expression using SmartFlare™ RNA detection
technology. The sorted products were then
returned to culture, where they remain viable
and unchanged following detection, enabling
downstream analyses, such as antibody stain-
ing, functional assays and RT-PCR.

Sorting cells using any miRNA or mRNA of
interest followed by the ability to use those
same cells for additional experiments makes
SmartFlare™ technology an extremely powerful
research tool. SmartFlare™ probes enable the
simultaneous detection of multiple RNAs, as
well as measurement of nucleic acids, proteins,
and functional characteristics in the same live
cells, providing a link between the transcrip-
tome, the proteome and their functions that
was missing until now. The ability to sort cells
and obtain a highly enriched cell population
based on gene expression also greatly increases
the sensitivity of cell analysis—analyzing the
molecular roles of rare events and labile species
is now possible.
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By Michael R. Green, Howard Hughes Medical Institute, University
of Massachusetts Medical School and Joseph Sambrook, Peter
MacCallum Cancer Institute, Melbourne, Australia

M olecular Cloning: A Laboratory Manual has always been the
one indispensable molecular biology laboratory manual
for protocols and techniques. The fourth edition of this classic
manual preserves the detail and clarity of previous editions
as well as the theoretical and historical underpinnings of
the techniques presented. Ten original core chapters reflect
developments and innovation in standard techniques and intro-
duce new cutting-edge protocols. Twelve entirely new chapters
are devoted to the most exciting current research strategies,
including epigenetic analysis, RNA interference, genome
sequencing,and bioinformatics.This manual is essential for both
the inexperienced and the advanced user.
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Mouse Embryo

Manipulating the;

A Laboratory Manual, Fourth Edition

By Richard Behringer, University of Texas, M.D. Anderson Cancer Center, Marina Gertsenstein,
Toronto Centre for Phenogenomics, Transgenic Core, Kristina Vintersten Nagy, Samuel Lunenfeld Research
Institute, Mount Sinai Hospital, Toronto, and Andras Nagy, Samuel Lunenfeld Research Institute,

Mount Sinai Hospital, Toronto

his fourth edition of “The Mouse Manual” is once again the definitive reference source

on mouse development, transgenesis techniques, and molecular biology. Its preeminent
authors Richard Behringer, Marina Gertsenstein, Kristina Nagy, and Andras Nagy have
reorganized and updated this edition to include new information and protocols on:

e generation of induced pluripotent stem cells

e RNA microinjections

e lentiviral microinjections and infection

Manipulating the
Mouse Embryo oo s

e assisted reproduction techniques for sperm and embrypo cryopreservation

e isolation, generation, and transplantation of spermatogonial stem cell lines

e in utero electroporation of gene constructs into postimplantation embryos

e vibratome sectioning of live and fixed tissues for imaging thick tissue sections

e whole-mount fluorescent staining methods for three-dimensional visualization

Recombinant DNA techniques and methods for studies of mouse embryonic development have been updated from previous
editions, as has the wealth of information on mouse laboratory strains, mouse housing and breeding, surgical procedures,
assisted reproduction, handling of embryos, and micromanipulation setups. The first edition of this classic work appeared
more than 20 years ago, with authors that included Brigid Hogan, Rosa Beddington, Frank Costantini, and Elizabeth Lacy.
The field's technological sophistication has grown exponentially but the manual remains the essential practical and

theoretical guide for all students, lab technicians, and investigators who work with mice.
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RNA interference

SKILLED AND ACCOMPLISHED siRNA CAPABILITIES

Specializing in the design and synthesis of siRNA,
miRNA, siRNA-Aptamer and RNA oligos with
challenging combinations of modifications

SmartBase™ siRNA modifications to specifically increase duplex stability,
nuclease resistance and cell permeation.

SmartSeed™ siRNA modifications that assist to minimize the off-target
effects induced by seed region complementarity.

Guaranteed RNAi Explorer™ Simply give us the accession number or
sequence and Gene Link designs, synthesizes and supplies 3 siRNA.
Gene Link guarantees a minimum of 70% silencing of your gene with at
least one of the siRNA supplied*.

Gene Link. Results you can rely on.

*Not every siRNA can effectively down regulate a gene. The process of RNA interference varies
by individual siRNA while some do not exhibit any interference at all.
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Fluorescently label exoesome RNA and
protein cargo to monitor cellular delivery
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Exo-Red labeled exosomes on cells: track RNA delivery

Exosomes are nano-sized membrane signaling e

vesicles secreted by most cell types in vivo and in
vitro and are shuttles that transport signaling
RNAs and proteins to other cells. The Exo-Glow
kits allow you to fluorescently-label isolated
exosomes to track cellular interaction and
uptake. You can fluorescently label endogenous
exosome RNAs red or internal exosome proteins
green for tracking. These red exoRNAs and green
exosome proteins can then be monitored for
delivery into target cells using fluorescent
microscopy. Visit www.systembio.com/exosomes
to view the entire Exosome research toolbox.

Exo Green Iabeled exosomes on ceIIs track proteln delivery

ExoQuick Antibo&ies EE, I Exo-Flow

Rapid exosome 'Exo\some: Abs E xasome eple\ted Immunopurify ~Sequence e;oFiNA
isolation and ELISAs medla Ieme specific exosomes forbiomarkers




	C2
	fmii
	fmv
	fmvi
	fmvii
	bmi
	bmii
	C3
	C4



