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IHC staining of histone patterns ofMus musculusmesenchymal stem cells

Tulio Matos*, Carlos Cordon-Cardo

Herbert Irving Cancer Research Center, Columbiaivdrsity Medical
Center, New York, New York, 10032, United Statégradrica

*FOCUS ARTICLE

*BACKGROUND

Several families of genes encode proteins of uripédunction. Some known cancer antigens undemal conditions are
only expressed in cells of the germ line and plteceilere we report that the expression in norréduse Mesenchymal
stem cells (MMSCs) is wider spread and can be obsddn with fluorescent labeled staining of Mus cwss mesenchymal
stem cells utilizing immunohistochemistry methodcwith the potential for self-renewal and pl@atency, namely, stem
cells. In this review manuscript, two MSC markesese examined.

INTRODUCTION

Mouse Mesenchymal stem cells (MMSCs) resident ultdztbne marrow are best characterized by theiacigpto
differentiate into various connective tissue delkhges. MMSCs and their progeny also produce e aiichy of cytokines,
chemokines, and adhesion molecules that regulatatopoiesis .More recently, the cells have beemsho suppress T-
cell immunoreactivity in response to alloantigend & benefit the treatment of neurological disesdeardiac disease and
pulmonary fibrosis. Accordingly, various clinicalals are ongoing to evaluate whether these prigsecan be exploited.
Despite these efforts, many basic aspects of M8lodyy, as well as their mechanism of action in mdisgase models,
remain indeterminate. However, expression of tlaggigens is not predictive of the differentiatiostgntial of the cells.
MMSCs are typically enriched from bone marrow byaeliment to tissue culture plastic but studies Istneavn that these
adherent populations are phenotypically and funetily heterogeneous. However, it is unclear if tieserogeneity
contributes to or detracts from the potential cliiutility of MMSCs.

MATERIALS AND METHODS
CELL LINES

Mouse Mesenchymal Stem cells (mmsc) were obtaireed €ordon-Cardo’s Lab (Columbia University) thegra grown
on 18mm glass cover slips in Iscoves Medium witbbIEetal bovine Serum, 1% Penicillin, and 1% L-ghitae at 37°C.
All cell culture reagents were purchased from Giflowitrogen).

IMMUNOFLUORESCENCE

MMSC were grown in 18mm glass cover slips. Theyenfer in 1:1 Methanol Acetone for 10 minutes thesere left to air-
dry. The cells were permeabilized by incubation1f® min on 1% Saponin (Biochemika, Sigma) in ptege-buffered
saline (PBS) at ambient room temperature. The eal® rinsed three times in PBS, and incubated% Donkey Serum
(Jackson ImmunoResearch) for 30 minutes at roorpaéeature. After blocking, the cells were incubated cocktail of
primary antibodies for 1 hour. The dilution of themary antibody used were rabbit polyclonal antethyl-Histone H3
(Lys9/Lys14) (1:250; Cell Signaling), rabbit polgadal anti Pan-Methyl Histone H3 (Lys9) (1:250; Ceijnaling), mouse
monoclonal anti (DM1A) to alpha tubulin (1:1000; ¢bn). Cover slips were then rinsed three timesBi8 Pr five minutes
each and incubated in the dark for one hour witbcktail of Alexa fluor 488(Fluorescein) Donkeytiarabbit igG
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secondary antibody from Invitrogen in PBS (1:200%xa fluor 594 donkey anti-mouse igG secondarybaaty from
Invitrogen in PBS (1:200), Cover slips were wadkraihcubation in the dark with 0.2% PBST (PBS-dmit the cover slips
were then blotted, mounted with Vectashield mowntiredium with DAPI(Vector laboratories).

Stained cells were observed using a Zeiss fluorgésneroscope.

RESULTS

Figure 1. MMSCS Dapi stain, no tubulin. To stain ®ih the nuclei and organelles, 4’,6-diamidino—2phlindole
dihydrochloride (DAPI) was added.
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Figure 2. MMSCS Dapi stained with FITC green staisitive for tubulin.
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Figure. 3. MMSC FITC —green stain
DISCUSSION

MMSCs express a diverse selection of MRNASs, inclgdhose that reflect the developmental potenfighe cells and their
varied functions in bone and marrow. The secontlidectranscripts encoding regulatory proteins thatlulate
angiogenesis, bone turnover, cell motility and camimation, hematopoiesis, immunity and defenseealkag neural
activities. Our analysis revealed that differemissles of regulatory proteins are expressed wigigniic subpopulations of
MMSCs.
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Locus Variant Analysis of Homo sapiendRB1 Tumor suppressor gene in
FFPE Normal Prostate Tissues and Known Prostate Caer Cell Lines

Mackenzie Monach Maika G Mitchel, Tulio A Matos’,
Carlos Cordon-Cardo M.D, PHD

Herbert Irving Cancer Research Center, Columbiaivdrsity Medical
Center, New York, New York, 10032, United Statégradrica

ABSTRACT
The motivation for the research conducted on RBdotu

suppressor gene was intended to uncover asso@ation

between genetic mutations in RB1 and CaP. Thenater
databases were used in the research of the geniés for
known relationships to cancers, relationships theot
genes, the list of known exons and alternative sxand
for downloading the FASTA files used on the CLC
Combined Workbench(v.3.0.1) for all other stepsttodf
project.
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KEY WORDS and ABBREVIATIONS

CaP — Human Prostate Cancer

NaP — Normal Prostate

RB1 — Retinoblastoma 1 gene

AR — Androgen Receptor gene

SNP — Single Nucleotide Polymorphism

BLAST — Basic Local Alignment Search Tool

PCR — Polymerase Chain Reaction

NCBI — National Center for Biotechnology Informatio
In Silico — Biological experiments carried out ealy in a
computer

FASTA files — A DNA sequence alignment package
software.

INTRODUCTION

According to many publications in recent years, ge@e
RB1 has been identified as a tumor suppressor kayd p
role in the aggressiveness of tumorigenesis fostpte
cancer. In this study, DNA from healthy prostatempkes
and four prostate cancer cell lines were extracldee
primers were tested via silico methods and then used in
PCR reactions. The PCR products of the cell lined a
patient samples were purified prior to DNA sequegci
The results were analyzed to test the hypothesethen

relation of RB1 mutations to CaP using a SNP BLAST
database searching method.

MATERIALS

Computer Hardware

Dell Optiplex 745 Desktop with Intel® Core 2 Duo™
Technology

Computer Software

CLC Combined Workbench (v. 3.0.1)

WEBSITES

NCBI website http://www.ncbi.nlm.nih.gov/
UCSC websitehttp://genome.ucsc.edu/index.html
Retinoblastoma Geneticsittp://www.verandi.de/
Invitrogen http://www.invitrogen.com/
PubGenehttp://www.pubgene.org/

GeneWiz http://www.genewiz.com/

REAGENTS

Distilled Water

USB Ex0SAP-IT®

Invitrogen Platinum® PCR SuperMix
Invitrogen UltraPure™ Agarose

1Kb Ladder

6X Loading Dye

LAB EQUIPMENT

Eppendorf and Gilson Pipettes

Applied Biosystems GeneAmp® PCR System 9700
Eppendorf Centrifuge 5417C

Fisher Vortex Genie 2

Bio-Rad SmartSpec™

3 METHODS
IN SILICO INVESTIGATION
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website.
(http://genome.ucsc.edu/index.html?org=Human&db=hg1
8&hgsid=95132828

Through  this site and the NCBI site
(http://www.ncbi.nim.nih.goy we found the information
regarding the RB1 gene. Through the research onVrB1
intended to discover links between genetic mutation
RB1 and CaP. The entirety of the massive gene awawdf
on the sites and needed to be sequenced for thegmiof
proving its possible relationship to CaP. The iméer
databases were used in the research of the geniés for
known relationships to cancers, relationships theot
genes, the list of known exons and alternative sxand
for downloading the FASTA files used on the CLC
Combined Workbench for all other steps of the proje

DNA Isolation from Tissue

Five tissue samples from different healthy prostatere
used in an isolation process for the purificatioh o
genomic DNA. A Qiagen, Inc. DNeasy Blood & Tissue
kit of buffers including proteinase K was used in a
thirteen step protocol to degrade the samples fsofial
tissue to a gelatinous homogeneous solution. Atfter
DNA was isolated from the rest of the compoundghin
tissue it needed to be purified and cleaned. Theesa
Qiagen, Inc. kit was implemented for another protaxf
eight steps. The DNA concentration was tested using
spectrometer, and the four samples with the highest
concentrations were used for the future experiments

Primer Design

The primers for the 43 exons of RB1 were downloaded
from the NCBI online database, designed using th€ C
Combined Workbench (v. 3.0.1), and were createthby
private contractor Invitrogen.
(http://www.invitrogen.com/content.cfm?pageid=1We
found the length of the exons and alternative exorise
uncommonly short in base pairs and exceptionally
plentiful in contrast with most other genes studieith
CaP. The forward and reverse pairs added up ttahdb
thirty desiccated primers which were hydrated for
resuspension in double distilled water. A simplgeakaic
equation was used for each primer depending on
molecular weight and optical density.

PCR Analysis/Electrophoresis

The exons of RB1 were analyzed by way of the PCR
method. We tested them against Formalin Fixed Faraf
Embedded tissue of normal and cancerous prostate
samples. Different known cell lines and patient gkes
were used including the known CaP cell line DU145.
Electrophoresis was performed on the PCR products
using agarose gels in which the samples were asdlyz

for concentration and size. The results were gdgera
good with one band for each gel and all samplesvisigp
up strong.

Gene Sequencing

The company Genewiz, Incht(p://www.genewiz.con)/
was employed to sequence the PCR product informatio
This revealed the concentration and expressionhef t
gene RBL1 in the different samples. Because the B&ie
has such small primers, many of the sequencingtsesu
came out very weak in places, but this was to Ipeeted.
The sequences then became the most important aiata f
the rest of the project. They were used as a lfasithe
outcome of the work and to determine the outconmihnef
hypotheses on RB1's relationship to CaP as a tumor
coding gene when mutated.

SNP BLAST Database Search

After the sequencing results were sent back tavestan

a BLAST search for SNP’s. Over all many were found
and their information was available for collaborati
research on the NCBI website. The myriad mutations
found for multiple patient samples and cell linesrev
incorporated into the research and were annotasetju

In Silico methods.

Results

Fig. 1. RB1 Alternative Exon 1 and NaP-RB1 Exon 1

sequencing data. This image shows two insertion and
SNP mutations in the cell line. They show the cance

potential of the prostate in question.

Fig. 2 RB1 Alternative Exon 5 and NaP-RB1 Exon 5
sequencing data. This image shows the 10 insextidr3

SNP mutations.
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Fig. 3 RB1 Alternative Exon 4 and PC3-RB1 Exon 4 seqirgndata. This image shows the two insertion arel 8NP mutations

Fig. 4: Position of RB1 on chromosome 13 from UCSC BLAST
database search.

Fig.5: Network based on co-occurrence in article for
the "RB1" Gene and Proteins in Homo sapiens
(http://www.pubgene.org/tools/Network/Subset.cgi

Conclusion

After analyzing the mutations in the samples of the

gene and cross-referencing the results with thesitesh

of the NCBI (http://www.ncbi.nlm.nih.gov/) and

Retinoblastoma Geneticditfp://www.verandi.de) we

found that no reported mutations had occurred after
exon 25. In our studies however we found severditiathal mutations occurring later in the gene.ddiirse the largest feat
of discovery seems to be that we found there ateed RB1 exon variants in the prostate cancetinel. From this we can
deduce that the RB1 tumor suppressor gene, whidiréady associated for several cancers, may plrger role in
tumorigenesis for prostate cancer.
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Current Trends in Pathology
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Herbert Irving Cancer Research Center, Columbiaividrsity Medical
Center, New York, New York, 10032, United Statégradrica

REVIEW ARTICLE

Pathology is the branch of medicine that studies th
essential nature of disease, especially the chandesdy
tissues and organs which cause or are caused dgsdis

This medical discipline has been developing thraugh
the years, since its beginnings in Italy in the"-16"
centuries when autopsies were performed by many
clinicians to elucidate the diseases suffered bgirth
patients, until the present day, where all surgical
specimens from patients are being evaluated by
pathologists, who use the classical morphologitadlys
combined with several other techniques to perfonm t
diagnosis of disease.

Pathology is currently important mainly in the diagis
of cancer and in determining its prognosis and kibst
specific treatment a patient can receive.

Main developments have been made in the last two
centuries in pathology: During the 1970s and 80s
important contributions to pathology were made he t
fields of Electron Microscopy (Ultra structure) and
Immunohistochemistry, which represented incremental
gains in diagnostic power and efficiency. These
disciplines, though, did not force substantial gemin
the practice of morphological tissue analysis, faiher
complemented the histological study. It is fromtttiane
that antibodies are applied routinely as diagnoktals
with the aim of assessing tumors of difficult ciéisation

by the use of biological tools, as well as typiregtain
tumors for further therapeutic intervention. Exaegpbf
the former include the use of immunohistochemical
markers to further classify hematological neoplagsms
sarcomas, and other type of tumors that are diffittu
diagnose by means of histological morphology aldre
characterization of tumors for further therapeutic
intervention is well exemplified by the reportingd o
hormonal receptors and the assessment of Her-2/neu
status in breast cancer, or the reporting of pg8ession

in specific stages of bladder cancer.

It was later in the twentieth century that some agien
based technologies were performed in several tumor
samples and started to yield interesting resultghim
genetic classification of cancer. Thus, currertilgre is an
agreement in the importance of the combination of
surgical pathology and molecular biology in thedstwf
cancer with the objective of establishing a britbg@éveen
clinical practice and laboratory. This new view of
pathology has led to the concept of “Molecular
Pathology”.

Molecular Pathology studies the origin and pathegen
of disease based on the characterization of aatjuire
genetic mutations and alterations of gene products.

The main objectives of Molecular Pathology are:

1) to identify and characterize the molecular and
phenotypical alterations associated with the demaknt
and progression of different human tumors,

2) to validate and expand basic laboratory findinge
the analysis of their potential clinical utilityne

3) to develop animal models and engineer cell liass
novel tools to provide the needed mechanistic apgro
for the investigation of tumorigenic processes. The
translational aspects of research involve bothatieve
transfer of relevant observations, which are theilteof
the analysis of primary tumors and clinico-pathatag
correlations, to basic laboratory studies, as waslithe
effective transfer of laboratory findings into tkénical
setting.

In the recent years, based on clinical investigatio
tumor-specific molecular alterations associated hwit
malignant transformation and biological determigathiat
correlate with disease progression in specific tutypes
are being identified. The addition of these objexti
molecular parameters to the diagnostic and prognost
histological tools, and the implementation of dii
protocols guided by biological determinants, cahagce
the ability to predict tumor behavior and to design
effective and individualized treatment regimens.

Thus, Pathology in the twenty-first century has&othe
medical discipline which connects the laboratorythe
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clinic, dealing with patients’ samples to perforth the prognosis and specific therapy in each case
molecular studies needed for determining the diaigno




