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In 2007, William Nait, President of the American Association for Cancer Research, wrote in his open letter of invitation 
to the 2008 AACR Annual Meeting, “Cancer research is now a vast multidisciplinary field encompassing nearly all 
areas of science and technology.” As a life science company, we at Sigma® have independently recognized the truth 
of this observation, as innovative technologies and new areas of focus are being applied to cancer research. Genomics, 
epigenetics, RNA interference, proteomics and metabolomics, cell biology, and cellular signaling methods have all been 
used to further investigate the causes and contributors to or the indicators of malignant transformation of cells.

The combination of areas and techniques is synergistic, allowing researchers to analyze gene regulation and signaling mechanisms that 
occur in cancer development. In addition, there are few other areas of theoretical research that are so closely connected to applied 
research, clinical studies, and personal outcome. The investigation of specific signaling pathways has led to the identification of small 
molecule inhibitors as potential drug candidates and subsequent pre-clinical and clinical trials.

In this issue of BioFiles we discuss two topics of cancer initiation, 
cancer stem cells and chemical initiation of cancer.

�  Many cancers express a small group of stem cells that upon 
activation undergo asymmetric cell division, resulting in a 
replacement stem cell and a differentiated cell that will proceed 
with uncontrolled division. These parent cells provide a possible 
explanation for the recurrence and metastatic spread of cancer; a 
long-lived cancer stem cell may remain quiescent for months or 
years, until triggered to asymmetric mitosis. Cancer stem cells are 
being studied to identify potential biomarkers, and pharmaceutical 
companies are collaborating with small biotechnology companies 
to find drug candidates that specifically target cancer stem cells. 

�  Chemical carcinogens and tumor promoters have long been used 
to in experimental models to recreate human-type malignancies. 
Some of these chemicals have now been shown to cause 
epigenetic mutations that alter gene expression, resulting in the 
silencing of tumor suppressor genes and interfering with gap 
junction intercellular communication pathways.

This issue also includes a tutorial of the Carcinogen Selector,  
the latest addition to Sigma’s Web Toolbox. The Carcinogen 
Selector allows you to find compounds that induce cancer in 
specific physiological systems and organs in mouse models.  
We hope you find the Carcinogen Selector useful, as well as the 
other free web tools available from Sigma at sigma.com/webtoolbox.

Carcinogen Selector

© Laurie O’Keefe

http://www.sigma.com/webtoolbox
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The Cancer Stem Cell Hypothesis
Traditionally, cancer has been viewed as a disease in which 
environmental or endogenous events induce mutations to critical 
oncogenes and tumor suppressor genes within a normal cell. The 
clinical manifestations of cancer appear when these mutations result 
in the cell’s tranformation to a more primitive, highly proliferative 
state from which the leukemia or solid tumor develops by clonal 
expansion.1 This paradigm, however, does not readily explain the 
long developmental latency of many cancers and metastases, 
the mechanism by which the initiating events produce cellular 
dedifferentiation and cellular immortality, or the genesis of the 
functional and phenotypic diversity of the cells within the tumor 
itself. In the past decade, there is growing evidence that malignant 
tumors originate from the transformation of tissue stem cells by 
mutations that lead to the dysregulation of the normal mechanisms 
that control stem cell growth and proliferation.1-9

Adult stem cells populate discrete niches within each organ. They 
are long-lived and multipotent in that they can recapitulate the 
entire range of cell types within that organ. Two salient qualities 
of stem cells are: 

1)  their ability to remain quiescent within the niche environment 
for long periods of time, and,

2)  their capacity for asymmetric cell division giving rise to one 
stem cell, termed self-renewal, and one differentiated progeny.  

In addition, stem cells are resistant to apoptosis, have enhanced 
telomerase and DNA repair activities, and have membrane-bound 
ABC transporters that exclude xenobiotics making them relatively 
resistant to the damaging effects of chemotherapeutic agents 
and other exogenous poisons.9-11 The capacity for self-renewal 
coupled with long quiescent periods allows a stem cell exposed to 
damaging agents to accumulate mutations that may, over time, 
result in malignant transformation.3

In 1926, Bailey and Cushing proposed that cancer was initiated 
and maintained by a small number of transformed precursor 
cells.10,12 However, it was only within the past decade that 
Dick and his coworkers first found strong evidence that all 
the cancer phenotypes present in acute myeloid leukemia 
(AML) were derived from a few rare (0.1-1% of the total cell 
population) leukemic stem cells.2,4 These cells had the cell surface 
markers of normal hematopoietic stem cells, but had a much 
higher rate of self-renewal than normal stem cells and could 
identically reproduce the phenotypic diversity of human AML 
when injected into immune-compromised NOD/SCID mice.

More recently, small populations of stem-like cells have been 
isolated from most leukemias2,4,13 as well as from many solid tumors 
such as brain glioblastomas and medulloblastomas,4,5,10,14,15 and 
breast,3,16 cervical, colorectal,17,18 gastrointestinal, hepatocellular, 
lung, pancreatic, prostate, and skin carcinomas.6,9,19,20 Cancer 
stem cells display the same cell surface markers as their normal 
counterparts (see Table 1), but demonstrate uncontrolled 
proliferation, perhaps due to a reduced responsiveness to negative 
growth regulators or to the loss of contact inhibition and gap 
junction intercellular communication (GJIC).1,10

Stem-like Cell Source Markers References

Brain carcinoma CD133+, nestin+, GFAP¯, 
β-tubulin¯

9, 14

Glioma CD133+ 21

Medulloblastoma CD133+, Hoechst 33342 dye 
exclusion, nestin+

15

Breast carcinoma CD44+, CD24¯/low, lineage¯, 
Oct4+, Cx43¯

3, 9, 10, 13

Prostate carcinoma CD44+, α2β1
hi, CD133+ 9, 10

Acute or Chronic myeloid 
leukemia

CD34+, CD38¯, CD123+ 2, 9, 10, 
11, 13

Multiple myeloma CD138¯, CD19+ 10, 20

Table 1: Cancer Stem Cell Markers

A malignant tumor resembles a new organ composed of 
abnormally differentiated cells that show both genotypic and 
phenotypic diversity.1,4,7 However, only the small populations 
of stem-like cells can form colonies in cell culture systems or 
engraft and recapitulate the entire diversity of the human tumor 
phenotype when injected into NOD/SCID mice. Furthermore, 
there is some evidence for functional diversity within the stem cell 
population of the tumor.

A subset of cancer stem cells, called side population, express the 
multidrug resistance transporters ABCB1 and ABCG2 and can 
be identified by their ability to exclude rhodamine and Hoechst 
dyes. There is evidence that these side population cells are more 
tumorigenic and have greater metastatic potential than other 
cancer stem-like cells; this may be due to an increased ability 
to survive traditional chemotherapeutic regimen.15,18,19 In other 
studies a subset of precancerous stem cells that constitutively 
express VEGFR2 receptors have been identified within some 
tumor cell populations. These cells appear to be the source of the 
intrinsic vasculature and capillary beds of the tumor, and normal 
angiogenic processes may be involved only in attaching this 
intrinsic tumor vasculature to the body’s circulatory system.7

Unlike normal stem cells in which self-renewal terminates when 
the stem cell niche is replenished, the uncontrolled self-renewal 
of cancer stem cells and stem cell-derived cancer progenitor cells 
overpopulates the niche and infiltrates the surrounding tissue.13 
Hedgehog, Notch, Wnt, and PTEN are some of the pathways 
that control the self-renewal, proliferation, and survival of both 
normal and cancer stem cells. Mutations leading to the constitutive 
activation of one or more of these pathways are observed in most 
aggressive cancers.

http://www.sigma.com/order
http://www.sigma.com/techinfo
http://www.sigma.com/lifescience
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Hedgehog and Bmi1
The Hedgehog (Hh) pathway (see Figure 1) regulates adult stem 
cell quiescence and self-renewal. Three Hh ligands have been 
identified in mammals, Sonic hedgehog (Shh), Desert hedgehog 
(Dhh), and Indian hedgehog (Ihh), of which Shh is the best studied. 
In the absence of ligand, the Hh receptor PTCH1 inhibits signaling 
through the catalytic inhibition of the transmembrane protein 
Smoothened (SMO). Ligand occupation of PTCH1 inactivates the 
receptor and allows activation of SMO that, in turn, results in the 
induction of Gli transcription factors; Gli1 and Gli2 are positive 
mediators of Hh signaling while Gli3 is a negative regulator.3,20

Many of the effects of Hh activation are facilitated by the induction 
of Bmi1, a polycomb gene that represses transcription through 
chromatin remodeling and down-regulates the expression of genes 
in the Ink-4A/ADP ribosylation factor (ARF) complex, such as p16 
Ink4A and p19 ARF, that are negative regulators of the cell cycle 
and are involved in stem cell quiescence and differentiation.3,4  
This enables stem cell proliferation and self-renewal via the  
Gli1- and Gli2-induced expression of the growth promoting genes 
cyclin D1, Myc, and Snail as well as upregulation of the Hh pathway 
elements PTCH1, Gli1, and Gli2.19,20

Activation of the Hh pathway is seen in many carcinomas, 
including those from brain, stomach, pancreas, breast, prostate, 
lung, and skin.9,19 Mutations that inactivate PTCH1 or that activate 
SMO are seen in basal cell carcinoma, medulloblastoma, and 
rhabdomyosarcoma,6,20 while aberrant Hh signaling is seen in 
some stomach, lung, and prostate carcinomas and in multiple 

The Notch-γ-Secretase Pathway
Notch signaling promotes the survival and proliferation of 
normal neural stem cells and inhibits their differentiation. Notch 
signaling is highly activated in stem-like cells from many cancer 
cell lines including T cell leukemias, as well as brain, breast, 
ovarian, cervical, colorectal, pancreatic, salivary gland, and 
lung carcinomas.3,6,9,15 In particular, medulloblastoma and T cell 
lymphoblastic leukemia are Notch dependent malignancies.15

Notch activation (see Figure 2) involves the proteolytic cleavage 
of the Notch ligand/receptor complex by γ-secretase to release 
the Notch intracellular domain fragment (NICD) that translocates 
to the nucleus and upregulates expression of Myc, Hes1, and 
other genes.22 When the DAOY medulloblastoma cell line was 
transfected with NICD2 to make Notch signaling constitutively 
active, the transfected cells produced more xenograft tumors than 
the non-transformed DAOY cells and increased the population 
of both CD133+ and side population stem-like cells in culture. In 
contrast, inhibition of γ-secretase reduced the side population to 
0.01% of the total cell count and inhibited by 90% the ability 
of cells to colonize soft agar or to form tumor xenografts in 
immune-compromised mice. NICD2 transfection protected the 
cells from the effects of γ-secretase inhibition.15 Thus, in some 
tumor types, the inhibition of Notch signaling can deplete a 
population of cells that are required for tumor initiation.

a i

X

P16Ink4A
P19ARF

Cyclin D1
Myc
Snail

PTCH1 SMO

Gli

Gli

Bmi 1

Hedgehog Pathway

SHH

Gli

Figure 1.  Hedgehog pathway schematic.  See text for further description.

myeloma.20 There is a signature 11-gene expression profile 
associated with Hh-induced Bmi1 expression that correlates with 
poor prognosis in ten different types of human malignancies.3,9

Inhibition of SMO can inhibit the growth and invasiveness of 
metastatic cancer cells in vitro and in vivo. The most widely studied 
SMO inhibitor, cyclopamine, has been shown to reduce the rate of 
proliferation of stem-like cancer cells and induce apoptotic death of 
metastatic cancer cells, but it has no effect on normal epithelial cells.3,6

CSL

Notch Extracellular Region
Notch Ligand

Notch Transmembrane Region

Myc
Hes1

Notch Pathway

γ-Secretase

NICD

NICD

NICD

Figure 2.  Notch pathway schematic.  See text for further description.
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The Wnt-β-Catenin Pathway 
The Wnt pathway promotes self-renewal, proliferation, and 
transient differentiation of normal stem cells and is involved in 
vertebrate limb development and regeneration.23 It maintains the 
adult stem cell populations of tissues with rapid cellular turnover 
such as hair follicles, mammary gland, skin, and intestinal lining 
and often is constitutively activated in tumors arising in these 
adult stem cell niches.17,23 This pathway also contributes to the 
malignant transformation of cancer stem and progenitor cells 
from stomach, pancreas, liver, prostate, brain, and lung, as 
well as some leukemias such as multiple myeloma and chromic 
myelogenous leukemia.6,9,16,19

Wnt comprises a family of 19 extracellular glycoproteins that 
bind to the Frizzled (Fz) family of receptors, thereby activating a 
pathway that inhibits the proteolytic degradation of β-catenin. 
This allows the accumulation of cytoplasmic β-catenin and its 
translocation to the nucleus where it promotes gene transcription 
through the Tcf/Lef transcription factors. In the absence of Wnt 
activation, the proteins Axin and adenomatous polyposis coli protein 
(APC) form a complex with glycogen synthase kinase 3 (Gsk3) that 
promotes the phosphorylation of cytoplasmic β-catenin that, in 
turn, targets β-catenin for proteolytic degradation.  

Activation of the Wnt pathway requires the association of Fz with 
its coreceptor, LDL receptor-like protein 5/6 (Lrp5/6). Formation 
of the Wnt/Fz/Lrp5/6 complex activates the phosphoprotein 
Dishevelled (Dvl), an integral component of the Fz receptor that, 
in turn, recruits Axin/Gsk3, thus dissociating the Axin/APC/Gsk3 
complex. Lrp5/6 is sequentially phosphoryled by Gsk3 and casein 

The PTEN-mTOR Pathway
Phosphatase and tensin homologue deleted on chromosome 10 
(PTEN) is a tumor suppressor gene that maintains stem cells in 
a quiescent state.25 It is a negative regulator of both STAT3 and 
mTor.18 mTor is a serine-threonine kinase that regulates pathways 
involved in protein synthesis and in cell growth and survival. 
STAT3 is a transcription factor that regulates genes involved in 
stem cell self-renewal.  

When PTEN is mutated or deleted, there is an increased expression 
of genes related to cell cycle activation and DNA replication. 
These stem cells show enhanced self-renewal and maintain their 

Wnt Pathway

Osteopontin
Tenascin C
L1CAM

β-Catenin

β-Catenin
Lef Cft

Axin
Axin

Frizzled

Dvl

 L
 R
 P
5/6

Wnt

GSK3

CK1αGSK3

APC
P

P

Cyclin D
Myc
Survivin

β-CateninAPC
P

proteolysis

Figure 3.  Wnt pathway schematic.  See text for further description.

kinase 1γ (Ck1γ). Phosphorylated Lrp5/6 binds to Axin/Gsk3, 
forming a complex that stabilizes β-catenin by preventing its 
phosphorylation (see Figure 3).

Mutations that either inactivate APC or damage the 
phosphorylation site of β-catenin will produce constitutive 
activation of β-catenin-induced gene transcription.23,24 The 
majority of colorectal cancers involve either the loss of APC 
function or oncogenic mutations to β-catenin.17 Some of the 
genes upregulated by Wnt signaling include those that code for 
cyclin D1, Myc, survivin, osteopontin, tenascin C, and L1CAM. 
Inhibiting the transciption of Myc blocks the expression of 
approximately half the genes induced by Wnt signaling.19,23

multipotency, but proliferation is no longer responsive to negative 
growth factor control.25 Deletion of PTEN is sufficient to convert a 
normal hematopoietic stem cell to the AML phenotype.5 Deletion 
of PTEN in a murine model of prostate cancer reproduces the 
disease progression seen in human prostate cancer.4 PTEN is also 
often mutated or deleted in glioblastoma.25

Rapamycin inhibits mTor and is a downstream inhibitor of the 
PTEN pathway. If rapamycin is administered to mice soon after 
PTEN is deleted, the mice do not develop leukemia; if it is 
administered after the leukemia develops, the mice will live longer 
but will not be cured of the leukemia.13,26

http://www.sigma.com/order
http://www.sigma.com/techinfo
http://www.sigma.com/lifescience
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Conclusions
Currently, cancer chemotherapy is deemed successful if it 
reduces tumor burden by blocking the proliferation and inducing 
apoptosis of cancer cells. However, often the cancer recurs or 
metastases develop at distant sites long after the primary tumor 
has been eradicated. Cancer stem cells are relatively rare. Like 
normal stem cells, they have the capacity to remain quiescent 
within a niche for long periods of time and become activated in 
a growth-permissive microenvironment. Like hematopoietic stem 
cells, they may be able to survive migration in the blood stream 
to distant niches. Much evidence has accumulated indicating 
that only this small population of cancer stem cells can engraft in 
immune-compromised mice, producing tumors that recapitulate 
the total phenotype of the original tumor.   

Cancer stem cells appear to be controlled by pathways that are 
quiescent in normal adult cells, such as Hedgehog, Notch, Wnt, 
and PTEN. Targeting these pathways in addition to the pathways 
targeted by current chemotherapeutics may reduce disease 
recurrence and metastasis and may improve long-term survival rates.
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Products for Cancer Stem Cell Research
Prestige Antibodies™

Prestige Antibodies Powered by Atlas Antibodies are developed and validated by 
the Human Proteome Resource (HPR) project (proteinatlas.org). Each antibody 

is tested by immunohistochemistry against hundreds of normal and 
disease tissues, including leukemic cell lines and twenty cancer  

tissue types. These images can be viewed on the Human Protein 
Atlas (HPA) site.  

For each antibody, the site includes multiple immunohistochemical images and a summary of the protein expression 
and staining level found using different cell lines and tissues. In certain tumor groups, subtypes have been 
included and efforts have been made to include high and low grade malignancies where applicable. Tumor 
heterogenity and inter-individual differences are reflected in diverse expression of proteins resulting in variable 

immunohistochemical staining patterns. The antibodies are also tested using protein array and Western blotting. 

For application protocols and other useful information about Prestige Antibodies and the HPA, visit sigma.com/prestige.

Immunohistochemistry
Anti-CD44: Cat. No. HPA005785: 
Immunoperoxidase staining of formalin-
fixed, paraffin-embedded human salivary 
gland tissue showing membranous 
staining of glandular cells.

Immunohistochemistry
Anti-IL3RA: Cat. No. HPA003539: 
Immunoperoxidase staining of formalin-
fixed, paraffin-embedded human liver 
cancer tissue showing cytoplasmic and 
membranous staining of tumor cells.

Immunohistochemistry
Anti-PTPRC: Cat. No. HPA000440: 
Immunoperoxidase staining of formalin-
fixed, paraffin-embedded human tonsil 
tissue showing membranous and/or cyto-
plasmic staining of follicle cells (cortex) 
as well as non-follicle cells (paracortex).

Immunohistochemistry
Anti-STAT3: Cat. No. HPA001671: 
Immunoperoxidase staining of formalin-
fixed, paraffin-embedded human lung 
tissue showing nuclear as well as cyto-
plasmic staining of alveolar cells.

Prestige Antibodies
Product Name  Host Form Gene Symbol Species Reactivity Application Cat. No.

Anti-CD44  rabbit affinity isolated antibody CD44, human human IHC (p)
PA
WB

HPA005785-100UL

Anti-IL3RA  rabbit affinity isolated antibody IL3RA, human human IHC (p)
PA

HPA003539-100UL

Anti-PTPRC  rabbit affinity isolated antibody PTPRC, human human IHC (p)
PA
WB

HPA000440-100UL

Anti-STAT3  rabbit affinity isolated antibody STAT3, human human IHC (p)
PA
WB

HPA001671-100UL

http://www.sigma.com/order
http://www.sigma.com/techinfo
http://www.sigma.com/lifescience
http://www.proteinatlas.org
http://www.sigma.com/prestige
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=HPA005785&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=HPA003539&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=HPA000440&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=HPA001671&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=HPA005785&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=HPA003539&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=HPA000440&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=HPA001671&Brand=SIGMA
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Tumor Stem Cell Markers

Antibodies
Product Name  Host Clone No Form Gene Symbol Species Reactivity Application Cat. No.

Monoclonal Anti-CD19−PE  mouse SJ25-C1 purified 
immunoglobulin

CD19, human human FACS P7437-50TST
P7437-100TST

Monoclonal Anti-CD38  mouse HI157 purified 
immunoglobulin

CD38, human human FACS C1586-50TST

Monoclonal Anti-CD44  mouse A3D8 purified 
immunoglobulin

CD44, human human FACS C7923-50TST
C7923-100TST

Monoclonal Anti-CD45  mouse BRA-55 purified 
immunoglobulin

PTPRC, human human FACS C7556-50TST

Anti-POU5F1 (Oct4)  rabbit - affinity isolated 
antibody

POU5F1, human
Pou5f1, mouse

Pou5f1, rat

human
rodent

IHC
WB

P0873-100UG

Anti-Vascular Endothelial 
Growth Factor Receptor 2  

goat - affinity isolated 
antibody

Kdr, mouse mouse ELISA (i)
IHC

Neutral
WB

V1014-100UG

Hedgehog Pathway

Antibodies
Product Name  Host Clone No. Form Gene Symbol Species Reactivity Application Cat. No.

Anti-Smoothened  
Drosophila Homolog  

rabbit - affinity isolated 
antibody

SMO, human
Smo, mouse

human
mouse

IHC (p)
WB

S9819-50UL

Monoclonal Anti-Sonic 
Hedgehog  

mouse SH154 purified 
immunoglobulin

SHH, human
Shh, mouse

Shh, rat

human
mouse

rat

ELISA (i)
IHC
WB

S8321-25UL
S8321-200UL

Monoclonal Anti-Sonic 
Hedgehog (N-terminal)  

rat 171018 purified 
immunoglobulin

SHH, human
Shh, mouse

human
mouse

ELISA (c)
IHC (f)
Neutral

WB

S4944-500UG

Proteins and Peptides
Name Physical Form Assay Biochemical/Physiological Actions Cat. No.

Hedgehog-interacting 
Protein from mouse

lyophilized powder ≥90%, SDS-PAGE Hedgehog Interacting Protein (Hip) is a novel component in the 
vertebrate signaling pathway, which has ability to bind Hedgehog 
proteins. Hip encodes a membrane glycoprotein that binds to all three 
mammalian Hedgehog proteins with an affinity comparable to that of 
Ptc-1. Hip, like Ptc-1, is a general transcriptional target of Hedgehog 
signalling. Overexpression of Hip in cartilage where Indian hedgehog 
(Ihh) controls growth leads to a shortened skeleton that resembles 
that seen when Ihh function is lost (B. St-Jacques, M. Hammerschmidt 
& A.P.M., in preparation). bHip attenuates Hedgehog signalling as a 
result of binding to Hedgehog proteins: a negative regulatory feedback 
loop established in this way could thus modulate the responses to any 
Hedgehog signal.

H5163-50UG

Sonic Hedgehog Peptide 
from mouse

lyophilized powder ≥97%, SDS-PAGE Cell signaling peptide involved in embryonic morphogenic development 
of several tissues including Hensen’s node, the notochord, and the 
neural tube.

S0191-25UG

Inhibitors
Name Formula Formula Weight Assay Biochemical/Physiological Actions Cat. No.

Cyclopamine C27H41NO2 411.62 ≥98%, HPLC Hedgehog signaling pathway inhibitor; inhibits the growth of 
medulloblastoma cells.

C4116-1MG
C4116-5MG

Jervine C27H39NO3 425.60 ≥98%, HPLC Jervine is a sonic hedgehog (Shh) pathway inhibitor. J4145-1MG

Antagonist
Name Formula Formula Weight Assay Biochemical/Physiological Actions Cat. No.

SANT-1 C23H27N5 373.49 ≥98%, HPLC SANT-1 is a potent sonic hedgehog pathway (Shh) antagonist. S4572-5MG
S4572-25MG

http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=P7437&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=P7437&Brand=SIGMA
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Notch Pathway

Antibodies
Product Name  Host Clone No. Form Gene Symbol Species Reactivity Application Cat. No.

Anti-Jagged 1  goat - affinity isolated 
antibody

JAG1, human
Jag1, rat

human
rat

ELISA (i)
FACS

Neutral
WB

J4127-.1MG

Monoclonal Anti-Notch1  mouse mN1A purified 
immunoglobulin

NOTCH1, human
Notch1, mouse

human
mouse

ARR
ELISA (i)

ICC
WB

N6786-200UL

Proteins
Name Physical Form Assay Cat. No.

Notch-1/Fc Chimera lyophilized powder ≥90%, SDS-PAGE N9286-50UG

Notch-2/Fc Chimera from rat lyophilized powder ≥90%, SDS-PAGE N9161-50UG

Notch-3/Fc Chimera human lyophilized powder ≥90%, SDS-PAGE N9036-50UG

Notch-3/Fc Chimera from mouse lyophilized powder ≥90%, SDS-PAGE N8911-50UG

Inhibitors
Name Formula Formula Weight Assay Biochemical/Physiological Actions Cat. No.

DAPT C23H26F2N2O4 432.46 ≥98%, HPLC DAPT is a γ-secretase inhibitor. D5942-5MG
D5942-25MG

L-685,458 C39H52O6N4 672.85 >96%, HPLC L-685,458 is a potent, selective, structurally novel γ-secretase 
inhibitor; equipotent inhibitor of both Aβ1-42 and Aβ1-40 production.

L1790-1MG
L1790-5MG

γ-Secretase inhibitor C33H57F2N5O9 705.83 ≥90%, TLC A reversible γ-secretase inhibitor. S2188-1MG

Application Abbreviation Table

Application Abbreviation

ANA-indirect immunofluorescence IF (ANA)

Capture ELISA ELISA (c)

Direct ELISA ELISA (d)

Direct immunofluorescence IF (d)

Dot blot DB

Dot immunobinding DIBA

Electron microscopy EM

Enzyme immunoassay EIA

Flow cytometry FACS

Immunoblotting WB

Immunoblotting (chemiluminescent) WB CL

Immunocytochemistry ICC

Immunoelectrophoresis IEP

Application Abbreviation

Immunohistochemistry IHC

Immunohistochemistry (formalin-fixed, paraffin-embedded sections) IHC (p)

Immunohistochemistry (frozen sections) IHC (f)

Immunoprecipitation IP

Indirect ELISA ELISA (i)

Indirect immunofluorescence IF (i)

Microarray ARR

Neutralization Neutral

Ouchterlony double diffusion ODD

Particle immunofluorescence PIFA

Quantitative precipitin assay QPA

Radioimmunoassay RIA

http://www.sigma.com/order
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Wnt Pathway

Antibodies
Product Name  Host Clone No. Form Gene Symbol Species Reactivity Application Cat. No.

Anti-β-Catenin  rabbit - whole antiserum CTNNB1, human
Ctnnb1, mouse

Ctnnb1, rat

several mammalian 
species

DB
IF (i)
WB

C2206-.2ML
C2206-1ML

Monoclonal Anti-β-Catenin  mouse 6F9 ascites fluid CTNNB1, human bovine
canine
chicken
human

ARR
IF (i)
WB

C7082-.2ML
C7082-.5ML

Monoclonal Anti-β-Catenin  mouse 15B8 ascites fluid CTNNB1, human bovine
canine
chicken
human

ARR
IF (i)

IHC (f)
WB

C7207-.2ML
C7207-.5ML

Anti-Frizzled-1  rabbit - affinity isolated 
antibody

FZD1, human
Fzd1, mouse

Fzd1, rat

human IHC (p) F3804-50UL

Anti-Frizzled-2  rabbit - affinity isolated 
antibody

FZD2, human
Fzd2, mouse

Fzd2, rat

human IHC (p) F3304-50UL

Anti-Frizzled-3  rabbit - affinity isolated 
antibody

FZD3, human
Fzd3, mouse

Fzd3, rat

human IHC (p) F3179-50UL

Anti-Frizzled-4  rabbit - affinity isolated 
antibody

FZD4, human
Fzd4, mouse

Fzd4, rat

human IHC (p) F3429-50UL

Anti-Frizzled-7  rabbit - affinity isolated 
antibody

FZD7, human
Fzd7, mouse

human IHC (p) F3679-50UL

Monoclonal Anti-Glycogen 
Synthase Kinase-3 (GSK-3)  

mouse GSK-3B ascites fluid GSK3B, human
GSK3A, human
Gsk3a, mouse
Gsk3b, mouse

Gsk3b, rat
Gsk3a, rat

human
mouse
rabbit

rat

ARR
ELISA (i)

ICC
WB

G4414-.5ML

Monoclonal Anti-LEF-1 
(β-Catenin binding domain)  

mouse REMB1 purified 
immunoglobulin

LEF1, human human WB L4020-.1MG
L4020-250UG

Anti-Wnt-1  goat - affinity isolated 
antibody

Wnt1, mouse mouse ELISA (i)
WB

W2141-100UG

Monoclonal Anti-Wnt-3a  mouse 217804 IgG fraction of 
antiserum

Wnt3a, mouse mouse ELISA (i)
WB

W2516-500UG

Anti-Wnt-4  goat - affinity isolated 
antibody

Wnt4, mouse mouse ELISA (i)
WB

W2266-100UG

Inhibitors
Name Formula Formula Weight Assay Biochemical/Physiological Actions Cat. No.

AR-A014418 C12H12N4O4S 308.31 ≥98%, HPLC AR-A014418 is a glycogen synthase kinase 3 (GSK3) inhibitor. A3230-5MG
A3230-25MG

BIO C16H10BrN3O2 356.17 ≥98%, HPLC BIO is a potent, selective, reversible, and ATP-competitive  
GSK-3α/β inhibitor.

B1686-5MG
B1686-25MG

http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=C2206&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=C2206&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=C7082&Brand=SIGMA
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http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=F3179&Brand=SIGMA
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http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=L4020&Brand=SIGMA
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PTEN Pathway

Antibodies
Product Name  Host Clone No. Form Gene Symbol Species Reactivity Application Cat. No.

Anti-mTOR  rabbit - affinity isolated 
antibody

FRAP1, human
Frap1, mouse

Frap1, rat

human
mouse

rat

ARR
IF (i)
IP

WB
WB

T2949-200UL

Anti-PTEN  rabbit - IgG fraction of 
antiserum

PTEN, human
Pten, mouse

Pten, rat

human
rat

ARR
WB

P7482-.2ML

Monoclonal Anti-PTEN  mouse PTN-18 purified 
immunoglobulin

PTEN, human
Pten, mouse

Pten, rat

human
mouse

rat

ARR
ELISA (i)

ICC
WB

P3487-.2ML

Anti-STAT3  rabbit - IgG fraction of 
antiserum

STAT3, human
Stat3, mouse

Stat3, rat

human
mouse

rat

ICC
IP

WB CL

S5933-200UG

Inhibitors
Name Formula Formula Weight Assay Biochemical/Physiological Actions Cat. No.

API-59CJ-Ome  
hydrate

C19H19N2O 
· C2H3O2  · xH2O

350.41 ≥98%, HPLC API-59CJ-Ome hydrate is a highly selective Akt/PKB inhibitor. 
Potently inhibited Akt in human endometrial cancer cells  
(where Akt is aberrantly expressed/activated) but not in cancer cells, 
which it is not expressed.

A8979-5MG
A8979-25MG

(−)-Deguelin C23H22O6 394.42 >98%, HPLC Inhibitor of activated Akt. Does not affect MAPK, ERK1/2, or JNK. 
Anticancer, chemoprotective agent.

D0817-5MG
D0817-25MG

Rapamycin from 
Streptomyces 
hygroscopicus

C51H79NO13 914.17 ≥95%, HPLC Rapamycin is a macrocyclic triene antibiotic possessing potent 
immunosuppressant and anticancer activity. It forms a complex  
with FKBP12 that binds to and inhibits the molecular target of 
rapamycin (mTOR). mTOR is a member of the phosphoinositide 
kinase-related kinase (PIKK) family that enhances cellular 
proliferation via the phosphoinositol 3-kinase/Akt signaling pathway. 
Inhibition of this pathway by rapamycin blocks downstream 
elements that result in cell cycle arrest in G1. The effectors of  
mTOR action include 4EBP1 and S6K1.

R0395-1MG

Your Favorite Gene is a search tool that matches  
your gene of interest against thousands of  
research products available from Sigma.

Flexible search options �

Unparalleled product coverage matched to your gene of interest �

Integrated links to public databases, as well as Sigma online tools �

Easy ordering of products including shRNAs and siRNAs �

Your Comprehensive Gene Search Tool from Sigma®

Enter Gene Here TMO

Need Help?  Take the YFG Tour
Flash version  •  HTM version

Suggestions?  Please Click Here

Search Your Favorite Gene at sigma.com/genesearch

sigma-aldrich.com
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Multi-Drug Resistance

Antibodies
Product Name  Host Clone No. Form Gene Symbol Species Reactivity Application Cat. No.

Monoclonal Anti-Breast 
Cancer Resistance Protein  

mouse BXP-34 tissue culture 
supernatant

ABCG2, human human ICC
IHC (f)
IHC (p)

WB

B7684-1ML

Monoclonal Anti-Breast 
Cancer Resistance Protein  

mouse BXP-21 tissue culture 
supernatant

ABCG2, human human ICC
IHC (f)
IHC (p)

WB

B7059-1ML

Anti-Breast Cancer 
Resistance Protein  

rabbit - affinity isolated 
antibody

ABCG2, human
Abcg2, mouse

human
mouse

IHC (p)
WB

B7185-200UL

Monoclonal Anti-P-
Glycoprotein (MDR)  

mouse F4 ascites fluid ABCB1, human hamster
human

ELISA (i)
ICC

IHC (f)
IHC (p)

IP
RIA
WB

P7965-.2ML

Inhibitors
Name Formula Formula Weight Assay Biochemical/Physiological Actions Cat. No.

Fumitremorgin C C22H25N3O3 379.45 >98%, HPLC 
and TLC

Selective inhibitor for the breast cancer resistance protein. F9054-250UG

Idarubicin hydrochloride C26H27NO9 · HCl 533.95 - Topoisomerase II inhibitor I1656-10MG

Reversin 121 C34H47N3O9 641.75 ≥97%, HPLC Peptide chemosensitizer, inhibitor of P-glycoprotein. R1276-3MG

Reversin 205 C41H58N4O12 798.92 ≥98%, HPLC Peptide chemosensitizer, inhibitor of P-glycoprotein. R1401-10MG

Kits
Multi-Drug Resistance Quantitation Kit

For the functional determination of multi-drug resistance in living cells 
(in vitro). The kit provides a fast, sensitive, and quantitative method for 
measuring transport activity of key multi-drug resistance proteins:  
MDR1/P-glycoprotein and MRP1. The kit utilizes Calcein-AM in a 
fluorescence-based assay optimized for flow cytometry. The kit contains 
reagents which will carry out twenty independent tests in triplicate.

A product of Solvo Biotechnology, Inc.

Components

MDR Inhibitor 1 
MDR Inhibitor 2 
MDR 10X Reaction Buffer 
DMSO 
Propidium Iodide 
MDR Fluorescent Cytoplasmic Indicator 
Sodium Bicarbonate 0.23 gram

MDRQ1-1KT 1 kit

http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=B7684&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=B7059&Brand=SIGMA
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Other Cancer Stem Cell Functions

Antibodies
Product Name Host Clone No. Form Gene Symbol Species Reactivity Application Cat. No.

Monoclonal Anti-Bone 
Morphogenetic Protein 4  

mouse 66119.11 purified 
immunoglobulin

BMP4, human human ELISA (i)
Neutral

WB

B9678-.5MG

Anti-CXCR4  rabbit - affinity isolated 
antibody

CXCR4, human
Cxcr4, mouse

Cxcr4, rat

human IHC (p) C3116-50UL

Monoclonal Anti-CXCR4 
(Fusin)  

mouse 44716.111 purified 
immunoglobulin

CXCR4, human
Cxcr4, mouse

feline
human

FACS
IHC (f)
Neutral

C6598-.5MG

Anti-CXCR4 (Fusin) (182-196)  rabbit - IgG fraction of 
antiserum

CXCR4, human human WB C8352-.1MG

Anti-CXCR4 (Fusin), N-Terminal  rabbit - IgG fraction of 
antiserum

CXCR4, human human WB C8227-.1MG

Monoclonal Anti-NF-κB  mouse NF-12 ascites fluid NFKB1, human
Nfkb1, mouse

human
mouse

ARR
ICC
WB

N8523-.2ML

Anti-p53  sheep - fractionated antiserum TP53, human
Trp53, mouse

Tp53, rat

human
mouse

rat

IHC (p)
IP

WB

P4235-250UG

Monoclonal Anti-p53  mouse BP53-12 ascites fluid TP53, human human ARR
ELISA (i)

ICC
IHC (f)
IHC (p)

IP
WB

P5813-.2ML
P5813-.5ML

Monoclonal Anti-p53  mouse DO-1 purified 
immunoglobulin

TP53, human human ARR
ELISA (i)

FACS
ICC
IHC
IP

WB

P6874-25UL
P6874-200UL

Monoclonal Anti-p53  mouse DO-7 purified 
immunoglobulin

TP53, human human ELISA (i)
ICC
IHC
IP

WB

P8999-25UL
P8999-200UL

Monoclonal Anti-p53  mouse DO-2 purified 
immunoglobulin

TP53, human human IP
WB

P7874-25UL
P7874-200UL

Proteins and Small Molecules
Name Formula Formula Weight Assay Biochemical/Physiological Actions Cat. No.

Bone Morphogenetic 
Protein 4 human

- - >95%,  
SDS-PAGE

Cellular responses to BMP-4 are mediated by the formation of 
hetero-oligomeric complexes of type I and type II serine/threonine 
kinase receptors. BMPs stimulate angiogenesis by inducing the 
production of VEGF A by osteoblasts.

B2680-10UG

Parthenolide C15H20O3 248.32 ≥90% Anti-inflammatory agent that inhibits NF-κB activation. P0667-5MG
P0667-25MG
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Stem Cell Culture
Normal attachment, growth, and development of many cell types are dependent on attachment factors and extracellular matrix 
components. While some cells are able to synthesize these components, others require an exogenous source, particularly when grown in 
serum-free culture.

To help facilitate attachment, cell spreading, growth, morphology, differentiation, and motility of your cells, Sigma offers an extensive line 
of attachment and matrix factors. Each lot is cell culture tested to assess its ability to promote cell attachment and spreading.

Attachment Factors
Name Source Storage Temp Target Cells For Attachment Concentration For Use Cat. No.

Chondroitin sulfate A, 
powder

sodium salt from bovine 
trachea

2-8°C Appears to play a regulatory role for chondrocytes, 
neural cells, and some tumor cells

 20 - 2000 μg/cm2 C9819-5G
C9819-25G

Collagen, solution from calf skin 2-8°C Muscle cells, hepatocytes, spinal ganglion, 
embryonic lung cells, Schwann cells. Mediates 
the attachment of many cell types.
Recommended for use as a cell culture 
substratum at 6-10 μg/cm2. Not suitable for 3D 
gel formation.

 6 - 10 μg/cm2 C8919-20ML

Collagen, powder from calf skin 2-8°C Muscle cells, hepatocytes, spinal ganglion, 
embryonic lung cells, Schwann cells. Mediates 
the attachment of many cell types.
Recommended for use as a cell culture 
substratum at 6-10 μg/cm2.

 6 - 10 μg/cm2 C9791-10MG
C9791-50MG
C9791-100MG
C9791-250MG

Collagen, powder from chicken sternal 
cartilage

2-8°C Recommeded for use as a cell culture substratum 
at 6-10 μg/cm2.

 6 - 10 μg/cm2 C9301-5MG
C9301-25MG
C9301-100MG

Collagen, lyophilized powder 
(from sterile-filtered solution)

from Engelbreth-Holm-
Swarm murine sarcoma 
basement membrane

−20°C Epithelial cells, endothelial cells, muscle cells, 
nerve cells
Recommended for use as a cell culture 
substratum at 6-10 μg/cm2.

 6 - 10 μg/cm2 C0543-1VL

Collagen, powder from human placenta −20°C Epithelial cells, endothelial cells, muscle cells, 
nerve cells

 6 - 10 μg/cm2 C5533-5MG

Collagen, powder from kangaroo tail 2-8°C Muscle cells, hepatocytes, spinal ganglion, 
embryonic lung cells, Schwann cells. Mediates 
the attachment of many cell types.

 6 - 10 μg/cm2 C1809-10MG

Collagen, powder from rat tail 2-8°C Muscle cells, hepatocytes, spinal ganglion, 
embryonic lung cells, Schwann cells. Mediates 
the attachment of many cell types.
Recommended for use as a cell culture 
substratum at 6-10 μg/cm2. This product may not 
be suitable for 3-D gel formation.

 6 - 10 μg/cm2 C7661-5MG
C7661-10MG
C7661-25MG
C7661-50MG
C7661-100MG

ECM gel, liquid from Engelbreth-Holm-
Swarm murine sarcoma

−20°C Epithelial cells, endothelial cells, muscle cells, 
nerve cells, tumor cells
Recommended for use as a cell culture substratum.  
For a 24-well plate, use 230-250 μl/well.   
For a 96-well plate, use 50-100 μl/well. Thaw gel 
overnight at 2-8 °C before use. The thawed gel 
may be diluted up to two-fold with cold  
(2-8 °C) Dulbecco’s Modified Eagle’s Medium.   
Gel dilutions should be made before it is added to 
the plate.  ECM will gel within 5 minutes at  
20 °C. For prolonged manipulations, work should 
be conducted below 10 °C. Dispense gel to wells 
of a multiwell plate using pipettes pre-cooled to 
2-8 °C. A gel forms at 37 °C and maintains this 
form with culture medium for at least 14 days.  
Cells may be plated on top of a thin gel layer 
(0.5 mm) or cultured inside a 1 mm layer. When 
cultured inside, cells should be added to the gel 
prior to plating at a recommended density of  
3-4 × 104 cells per mL. To dissociate cells from the 
gel, use protease (dispase) dissolved in PBS without 
calcium, magnesium, and EDTA at a working 
concentration of 0.6-2.4 units/ml.

 6 - 10 μg/cm2 E1270-1ML
E1270-5ML
E1270-10ML

Fibronectin, solution from bovine plasma 2-8°C Epithelial cells, mesenchymal cells, neuronal cells, 
fibroblasts, neural crest cells, endothelial cells

 1 - 5 μg/cm2 F1141-1MG
F1141-2MG
F1141-5MG

Fibronectin, lyophilized 
powder

from bovine plasma −20°C Epithelial cells, mesenchymal cells, neuronal cells, 
fibroblasts, neural crest cells, endothelial cells

 1 - 5 μg/cm2 F4759-1MG
F4759-2MG
F4759-5MG

Fibronectin, lyophilized 
powder

from human foreskin 
fibroblasts

−20°C Epithelial cells, mesenchymal cells, neuronal cells, 
fibroblasts, neural crest cells, endothelial cells

 1 - 5 μg/cm2 F2518-.5MG

http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=C9819&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=C9819&Brand=SIGMA
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http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=C7661&Brand=SIGMA
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Name Source Storage Temp Target Cells For Attachment Concentration For Use Cat. No.

Fibronectin, lyophilized 
powder

from human plasma −20°C Epithelial cells, mesenchymal cells, neuronal cells, 
fibroblasts, neural crest cells, endothelial cells

 1 - 5 μg/cm2 F2006-1MG
F2006-2MG
F2006-5MG

Fibronectin, solution from human plasma 2-8°C Epithelial cells, mesenchymal cells, neuronal cells, 
fibroblasts, neural crest cells, endothelial cells

 1 - 5 μg/cm2 F0895-1MG
F0895-2MG
F0895-5MG

Fibronectin, powder from rat plasma −20°C Epithelial cells, mesenchymal cells, neuronal cells, 
fibroblasts, neural crest cells, endothelial cells

 1 - 5 μg/cm2 F0635-.5MG
F0635-1MG
F0635-2MG

Superfibronectin, solution from human plasma and  
Escherichia coli

2-8°C Epithelial cells, mesenchymal cells, neuronal cells, 
fibroblasts, neural crest cells, endothelial cells
Recommended for use as a cell culture 
substratum at 1 μg/cm2. Optimal conditions for 
attachment must be determined for each cell line 
and application.

 1 μg/cm2 S5171-.5MG

Fibronectin Fragment III1-C, 
lyophilized powder

Escherichia coli −20°C Epithelial cells, mesenchymal cells, neuronal cells, 
fibroblasts, neural crest cells, endothelial cells

 0.45 μg/cm2 F3542-.5MG

Gelatin, solution from bovine skin 2-8°C Used for attachment of a variety of cell types  100 - 200 μg/cm2 G1393-20ML
G1393-100ML

Gelatin, powder from bovine skin - Used for attachment of a variety of cell types  100 - 200 μg/cm2 G9391-100G
G9391-500G

Gelatin, powder from porcine skin - Used for attachment of a variety of cell types  100 - 200 μg/cm2 G1890-100G
G1890-500G
G1890-1KG

Gelatin, lyophilized powder from porcine skin - Used for attachment of a variety of cell types  100 - 200 μg/cm2 G9136-10MG

Laminin, solution from Engelbreth-Holm-
Swarm murine sarcoma 
basement membrane

−20°C Epithelial cells, endothelial cells, muscle cells, 
tumor cells, hepatocytes, Schwannoma

 1 - 2 μg/cm2 L2020-1MG

Laminin, solution from human placenta −70°C Epithelial cells, endothelial cells, muscle cells, 
tumor cells, hepatocytes, Schwannoma

 1 - 2 μg/cm2 L6274-.5MG

SPARC, lyophilized powder from murine parietal yolk 
sac (PYS-2) cells

−20°C Expressed in a variety of tissues, it inhibits cell 
spreading and diminishes focal contacts in vitro.

 4 - 40 μg/cm2 S5174-25UG

Vitronectin, lyophilized 
powder

from bovine plasma 2-8°C Cells with integrin receptors that bind vitronectin; 
platelets, endothelial cells, melanoma cells, 
osteosarcoma

 0.1 μg/cm2 V9881-50UG

Vitronectin, lyophilized 
powder

from human plasma 2-8°C Cells with integrin receptors that bind vitronectin; 
platelets, endothelial cells, melanoma cells, 
osteosarcoma

 0.1 μg/cm2 V8379-50UG

Vitronectin, lyophilized 
powder

from rat plasma 2-8°C Cells with integrin receptors that bind vitronectin; 
platelets, endothelial cells, melanoma cells, 
osteosarcoma

 0.1 μg/cm2 V0132-50UG

Attachment Factors, continued

http://www.sigma.com/order
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Poly-Lysine
Sigma® offers both Poly-D-Lysine and Poly-L-Lysine in several molecular mass ranges. Poly-Lysine enhances electrostatic interaction between 
negatively-charged ions of the cell membrane and positively-charged surface ions of attachment factors on the culture surface. When 
adsorbed to the culture surface, it increases the number of positively-charged sites available for cell binding.

Name Form Molecular Mass Conc. Storage Temp Application Cat. No.

Poly-D-lysine lyophilized powder, 
γ-irradiated

30,000-70,000 - −20°C - P7280-5MG

Poly-D-lysine lyophilized powder, 
γ-irradiated

70,000-150,000 - −20°C - P6407-5MG

Poly-L-lysine sterile-filtered solution 70,000-150,000 0.01% 2-8°C Recommended as a cell culture 
substratum when using 0.5 ml of a 
0.1 mg/ml solution to coat 25 cm2.  
Optimal conditions for attachment must 
be determined for each cell line and 
application.

P4707-50ML

Poly-L-lysine sterile-filtered solution 150,000-300,000 0.01% 2-8°C Recommended as a cell culture 
substratum when using 0.5 ml of a 
0.1 mg/ml solution to coat 25 cm2.  
Optimal conditions for attachment must 
be determined for each cell line and 
application.

P4832-50ML

Poly-L-lysine lyophilized powder, 
γ-irradiated

30,000-70,000 - −20°C Recommended as a cell culture 
substratum when using 0.5 ml of a 
0.1 mg/ml solution to coat 25 cm2.  
Optimal conditions for attachment must 
be determined for each cell line and 
application.

P9155-5MG

Poly-L-lysine lyophilized powder, 
γ-irradiated

70,000-150,000 - −20°C Recommended as a cell culture 
substratum when using 0.5 ml of a 
0.1 mg/ml solution to coat 25 cm2.  
Optimal conditions for attachment must 
be determined for each cell line and 
application.

P6282-5MG

Poly-L-lysine lyophilized powder, 
γ-irradiated

≥300,000 - −20°C Recommended as a cell culture 
substratum when using 0.5 ml of a 
0.1 mg/ml solution to coat 25 cm2.  
Optimal conditions for attachment must 
be determined for each cell line and 
application.

P5899-5MG

Poly-L-ornithine sterile-filtered solution 30,000-70,000 0.01% 2-8°C Recommended as a cell culture 
substratum when using 0.5 ml of a 
0.1 mg/ml solution to coat 25 cm2.

P4957-50ML

It’s Here!

sigma-aldrich.com

The 3rd edition of the Sigma Cell Culture Manual is a hybrid reference and 
product guide designed to be a foundation for your discovery efforts.

■ Extensive cell culture technical information and formulas
■ Our most popular cell culture products and equipment
■ Invaluable tool to help advance your research goals

Order your copy of the 2008–2009 Cell Culture Manual by visiting sigma.com/ccmanual

Our Innovation, Your Research — Shaping the Future of Life Science

http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=P7280&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=P6407&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=P4707&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=P4832&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=P9155&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=P6282&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=P5899&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=P4957&Brand=SIGMA
http://www.sigma-aldrich.com
http://www.sigma.com/ccmanual


18 Order: sigma.com/order  Technical service: sigma.com/techinfosigma.com/lifescience

C
ar

ci
n

o
g

en
es

is
 a

n
d

 E
p

ig
en

et
ic

s

Carcinogenesis and Epigenetics
Cancer research has revealed that the classical model of carcinogenesis, a three step process consisting of initiation, promotion, and 
progression, is not complete. The expansion of the carcinogenesis model into a multi-mechanistic process occurring over an extended time 
period has been supported by experimental studies concerning cancer stem cells, gap junction intercellular communication, and 3D culture 
techniques. Prior carcinogenicity and genotoxicity data collection coupled with current research provides a foundation for understanding 
the intricate carcinogenic process characterized by both mutagenic and epigenetic facets.

Classical Theory of Carcinogenesis, 
Initiators, and Tumor Promotors
The classical model of carcinogenesis (see Figure 1) begins 
with initiation during which exposure to a carcinogen results in 
sequential genetic change to a single cell. Initiation proceeds to 
the promotion phase where additional carcinogenic exposure 
results in enhanced cell division.1,2 Carcinogenic “initiators”, from 
radiation (i.e., UV and X-ray) and chemical sources, combined 
with promoters are used in experimental models to induce 
tumor formation. Genotoxic initiators mutate cellular DNA using 
several mechanisms including alkylation, cytochrome P450 
metabolism, or intracellular reactive oxygen species production. 
If the DNA damage to the cell is not adequately repaired and 
the cell becomes neither senescent nor apoptotic, the somatic 
DNA mutation event may be followed by promoter assisted 
cell proliferation and malignant tumor formation during the 
progression phase. DNA damage and the mechanisms of DNA 
repair are discussed further in a prior issue of BioFiles, Vol. 2, 
Number 4: Cellular Mechanisms and Cancer.

Initiation

Promotion

Clonal Expansion

Progression

Benign Tumor 
Formation

Malignant Tumor 
Transformation

Unrepaired DNA 
Damage

Carcinogenic
Initiator

Acquired 
Mutation

Tumor Promotor

Figure 1.  The classical model of carcinogensis proceedes from initiation to  
promotion and then evolves to progression. See text for further description.

In the experimental model of carcinogenesis, exposure to a 
carcinogenic initiator is followed by the repeated application 
of a non-mutagenic carcinogenic promoter to enhance cell 
proliferation. Specific hormones, drugs, infectious agents, and 
chemical carcinogens have been identified as tumor promoters in 
animal models. Chemical carcinogens that are commonly used to 
promote tumor formation in experimental models are found on 
page 21, Tumor Promotors.

Tumors primarily arise from epithelial cells that form the lining 
of a cavity or duct. In the experimental model, the exposure 
of the epithelium to an initiator and promoter is followed by 
the progression phase, where the accrual of additional genetic 
mutations, oncogene expression, and chromosomal DNA exchange 
leads to carcinomas. Progression involves the transformation of 
the proliferating cells to an increasingly malignant growth state.  
Accrued genetic mutations are required for transformation of 
healthy epithelial cells into a carcinoma exhibiting abnormal 
growth, survival, and invasion properties. The mutations alter the 
function of the proteins encoded by growth-regulating genes  
(i.e., oncogenes and tumor suppressor genes) and ultimately 
influence unregulated cell proliferation.3

Carcinoma is the most common form of human cancer and arises in 
a multitude of epithelial cell layers found in the mouth, esophagus, 
intestines, stomach, mammary gland, pancreas, skin, lung, liver, 
ovary, gallbladder, and urinary bladder. Chemical carcinogens 
frequently used in an applied research setting to initiate mutagenic 
damage for carcinoma research are found on page 21, Carcinogens.

Genotoxicity Data and Testing
The non-initiating carcinogens promote tumor formation via  
non-genetic, mitogenic, or cytotoxic mechanisms. In the 
experimental model of carcinogenesis, tumor promoters drive the 
formation of daughter cell populations from a common progenitor 
cell (i.e., clonal expansion). Clonal expansion is key to the cellular 
acquisition of an additional mutation; the clonal descendents must 
become so numerous that a mutation with a low probability of 
occurance arises within the expanded clonal cell population. The 
promotion phase of carcinogenesis results in a high tumor yield 
and acquisition of additional mutations through clonal expansion 
and cell replication.4 Additionally, tumor progression is driven 
during promoter-activated, repeated cell division as a result of the 
following events3:

1)  Formation of mutant DNA sequences as a result of DNA miscopy

2)  Mobilization of tumor suppressor genes during mitotic 
recombination and faulty chromosomal segregation

3)  Shortening of the telomeric DNA in stem cells

http://www.sigma.com/order
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The study of environmental carcinogen mutagenicity and the 
resultant genotoxicity-based evaluation of cancer risk has been a 
significant focus of cancer research since the development of the 
Ames’ test by Bruce Ames in 1975. The Ames test for mutagenicity 
is performed by combining a carcinogenic test compound with rat 
liver homogenate. This metabolically activated test sample is added 
to a Petri dish containing a special Salmonella strain unable to grow 
without supplemental histidine. Only bacteria that are mutated to a 
histidine-independent genotype will grow. The incidence of colony 
growth correlates to the mutagenicity of the test compound.

Since the introduction of the Ames test, other techniques have 
been developed to gauge the ability of a genotoxic agent to illicit 
damage on DNA and chromosomes. These techniques are used to 
monitor increases in:

1) Mutation, chromosomal aberration, or aneuploidy 

2) DNA adducts or interference with repair of DNA damage

3) Nonspecific DNA or chromosomal damage 

Genotoxicity testing data reported in the United States 
Environmental Protection Agency’s peer-reviewed online database, 
GENE-TOX, is derived from an assortment of in vitro and in vivo 
assays using various prokaryotic, eukaryotic, and mammalian 
species. GENE-TOX is accessible, free of charge, via TOXNET  
(see Table 1 for GENE-TOX and other resources).

It has been argued that the importance placed on the mutagenic 
data derived from in vitro assays and rodent models over the 
past thirty years has not only encouraged the expectation that 
carcinogens deemed mutagenic are cancer-inducing in humans 
but also reinforced the “carcinogen equals mutagen” assumption.  
This could be considered a narrow viewpoint since the complete 
process is not well represented by genotoxicity analysis. 
Carcinogenesis is deemed an intricate process occurring over an 
extended time period and dependent upon epigenetic events 
induced by non-genotoxic carcinogens.5,6

Carcinogenic Resource Information Available Web Site

Sigma’s Carcinogen 
Selector

New web tool exclusively 
available from Sigma that 
locates carcinogenic products 
specific to the type of cancer 
under study. The tool includes 
over 750 carcinogens that 
target 35 specific organs 
across 9 biological systems.

sigma.com/carcinogen

TOXNET: CCRIS NCI maintained data bank 
with over 9,000 chemical 
records with carcinogenicity, 
mutagenicity, tumor 
promotion, and tumor 
inhibition test results.

http://toxnet.nlm.nih.gov

TOXNET: GENE-TOX Database developed by 
the U.S. EPA with genetic 
toxicology (mutagenicity) test 
data from scientific literature 
for 3,000+ chemicals.

http://toxnet.nlm.nih.gov

Carcinogenic Potency 
Database

Database with the results 
of animal cancer tests on 
1,547 chemicals. Prepared by 
the University of California, 
Berkeley and the Lawrence 
Berkeley National Laboratory.

http://potency.berkeley.edu/
index.html

Table 1. Carcinogenic Resources

Epigenetics and Current Techniques
Carcinogens that are non-genotoxic, non-apoptotic, and  
non-cytotoxic to the cell may still contribute to carcinogenesis 
in an epigenetic manner, by directly affecting gene expression 
during transcription, translation, and post-translational events. The 
epigenetic mechanisms used by this special class of carcinogens 
yields heritable or non-heritable changes to the methylation and 
acetylation patterns of DNA and histones.7,8 There are many non-
genotoxic agents that induce epigenetic changes in both proliferating 
and non-proliferating cells. For example, arsenic, an established 
human carcinogen, does not initiate mutagenic damage but rather 
contributes to carcinogenesis by increasing reactive oxygen species 
(ROS) production.9 Arsenic-assisted ROS production, specifically 
reported in a study of pulmonary tissue, resulted in altered gene 
expression with oxidative damage identified as the key contributor.10 
Furthermore, Li, et al. demonstrated that arsenic activates stress gene 
expression of γ-glutamylcysteine synthetase in cultured lung epithelial 
cells.11 Arsenic, DDT,12 phenobarbital,13 saccharin,14 and peroxisome 
proliferators15 have been experimentally shown to contribute to 
carcinogenesis without a genotoxic contribution.6

Aberrations in gene expression, such as those induced by arsenic, 
result in an imbalance between apoptosis, proliferation, and 
differentiation leading to cancer or other disease states.16 Altered 
gene expression is usually preceded by modifications in normal cell 
signaling during translation and intercellular signaling within tissues. 

A multi-cellular organism’s homeostatic balance is dependent on 
intra- and inter-cellular signaling conversations. Carcinogens have been 
implicated for their epigenetic contribution to altered gene expression 
in gap junctional intercellular communication (GJIC). Cells connected 
via gap junctions use GJIC channels to maintain homeostasis.17 
Carcinogenic exposure may disrupt the organism’s homeostatic 
balance by inhibiting GJIC, leading to the “awakening” of a quiescent 
cell that is ordinarily suppressed through contact inhibition.5

Gap junctions are specialized cell membrane domains consisting 
of aggregations of intercellular channels that directly connect the 
cytoplasm of adjacent cells.18 Gap junctions coordinate cellular and 
organ function in tissues and are involved in synchronization of 
cellular physiological activities, growth control, and developmental 
regulation. The gap junction channels allow intercellular exchange of 
ions, nucleotides, and small molecules between adjacent cells. Unlike 
other membrane channels, intercellular channels span two apposed 
plasma membranes and require the contribution of hemi-channels, 
called connexons, from both participating cells.19 Gap junction 
protein levels change in response to disruption of tissue architecture.20 
Reduction or alteration in the levels or types of connexin expressed in 
various cell types correlates with tumor progression and metastasis.

With the expression and function of connexin genes being 
highly relevant to the cell growth cycle, it is not surprising 
that a high percentage of malignant cells are marked by 
dysfunctional GJIC and that tumor cells exhibit altered connexin 
localization, contributing to a lack of cell adhesion functionality.9 
Non-genotoxic promoters can block GJIC at non-cytotoxic 
levels by blocking the “contact-inhibition” between cells and 
allowing them to proliferate.21 This evidence is supportive of 
the concept that GJIC is the cellular mechanism responsible for 

http://www.sigma.com/carcinogen
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tumor promotion and the ability of “initiated” cells to escape 
suppression by intercellular communication.

Compounds previously assumed to initiate mutation to oncogenes in 
the tumors of the chemically exposed animal have been revisited to 
aid in the understanding of their possible epigenetic effect. Cha,  
et al. reported that Ha-ras-1 oncogene mutations in mammary 
epithelial cells do not contribute to initiation of spontaneous 
mammary tumorigenesis in rats and in a second study reported that 
N-nitroso-N-methylurea-induced rat mammary tumors arise from cells 
with preexisting oncogenic Ha-ras-1 gene mutations.22,23 Additionally, 
Brookes et al.24 and Mass and Austin25 previously showed that 
7,12-dimethylbenz[a]anthracene (DMBA) did not mutate the Ki-ras 
and Ha-ras oncogene of the DMBA-transformed cells.17

Recent polycyclic aromatic hydrocarbon (PAH) research also 
exemplifies the re-evaluation of carcinogenic substances as the 
key mutagenic players in carcinogenesis. Since being identified 
as mutagenic, high molecular weight PAHs found in tobacco 
smoke (e.g., benzo[a]pyrene) have been the focus of tobacco-
related cancer research. However, the high molecular weight 
PAHs represent a substantially lower percentage of the chemical 
constituent profile of tobacco smoke. Taking into account the facts 
that (a) the lower molecular weight PAHs have demonstrated high 
carcinogenicity when applied after benzo[a]pyrene treatment,26 
(b) tobacco smoke is a strong promoter and weak complete 
carcinogen,27-30 and (c) that former smokers face the same low risk 
of tobacco-related cancer development as a non-smoker,31 one may 
infer that low molecular weight PAHs contribute in a non-genotoxic 
manner to tobacco-related cancer development.17 Epigenetic-related 
toxicity research on the structure-function relationship of PAHs and 
GJIC inhibition is ongoing.6,32,33

Rosenkranz, et al. conducted a comprehensive structure-activity 
relationship study to uncover correlations between GJIC inhibition 
and molecules with varied toxicological properties. The authors 
suggested that GJIC inhibition is not linked to genotoxic mechanisms, 
but instead GJIC is associated with the balance of cell cycle 
functionality: proliferation, cell differentiation, and apoptosis.34 

Similarly, Trosko et al. championed the importance of epigenetic 
endpoint testing in the mechanistic study of cell cycle function, 
methylation change, and cell-cell communication using normal human 
stem cell 3D in vitro assay techniques.8,35 Rather than conducting 
endpoint testing at the genomic level with DNA microarray gene 
expression analysis, some scientists recommend that the experimental 
focus should be at the tissue level. 3D culture techniques have been 
used to examine the role of interactions between epithelial cells and 
the extracellular matrix (ECM) in regards to apoptotic cell behavior.36 
Since the 3D culture system is currently the best in vitro representation 
of the in vivo cellular microenvironment these techniques are also 
being applied in the study of epigenetic events induced by the stem 
cell microenvironment.37

As a thorough understanding of the mechanistic operation of 
carcinogenesis is elucidated and combined with supplemental 
data from prior research, improved prevention guidelines and 
therapeutic treatments will be developed. The emphasis on 
specific anticancer agents, such as bioactive nutrients, will increase 
as the significance of their interactions is validated by information 
provided through the continued study of carcinogenesis.6
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Tumor Promotors
Name Formula Formula Weight Assay Tumor Promoter Properties Cat. No.

Cyproterone acetate C24H29ClO4 416.94 ≥98% Synthetic steroid; androgen antagonist; potent inhibitor of leukocyte 
migration through endothethial cell monolayers. Liver tumor 
promoter in experimental animal model.

C3412-250MG

Mezerein C38H38O10 654.70 ≥97%, HPLC Potent second stage tumor promotor and inflammatory agent; 
activates protein kinase C at nanomolar concentrations.

M5518-1MG
M5518-5MG

Microcystin LR from 
Microcystis aeruginosa

C49H74N10O12 995.17 ≥95%, HPLC Potent inhibitor of protein phosphatase Types 1 and 2A; has no 
effect on protein kinase. Hepatic tumor promoter in experimental 
animal model.

M2912-.5MG

Nodularin C41H60N8O10 824.96 - Potent inhibitor of protein phosphatases types 1 and 2A. Tumor 
promoter in experimental animal model.

N5148-100UG

Phorbol C20H28O6 364.43 ≥98%, TLC Mammary tumor promoter in experimental models. P8893-5MG

Phorbol 
12,13-dibutyrate

C28H40O8 504.61 ≥98%, TLC Tumor promoting phorbol ester that activates protein kinase C and 
promotes nitric oxide production.

P1269-1MG
P1269-5MG
P1269-10MG

4α-Phorbol 
12,13-didecanoate

C40H64O8 672.93 - Skin tumor promoter in experimental animal model. P8014-1MG
P8014-5MG

4α-Phorbol 
12-myristate 
13-acetate

C36H56O8 616.83 ≥98.0%, HPLC Negative control for phorbol ester activation of protein kinase C. 79352-1MG

Phorbol 12-myristate 
13-acetate

C36H56O8 616.83 ≥98.0%, TLC Potent tumor promoter; activates protein kinase C in vivo and in vitro. 79346-1MG
79346-5MG
79346-25MG

Phorbol 12-myristate 
13-acetate

C36H56O8 616.83 ≥99%, TLC Potent tumor promoter; activates protein kinase C in vivo and in vitro. P8139-1MG
P8139-5MG
P8139-10MG
P8139-25MG

Phorbol 12-myristate 
13-acetate 4-O-methyl 
ether

C37H58O8 630.85 - Weak phorbol ester agonist; very weak inflammatory and tumor 
promoting agent.

P3766-1MG
P3766-5MG

Pristane C19H40 268.52 ≥98%, GC A hydrocarbon oil adjuvant widely used to induce tumorgenesis in 
mice and arthritis and lupus nephritis in rats.

P2870-100ML
P2870-250ML
P2870-500ML

Carcinogens
Name Formula Formula Weight Assay Carcinogenic Properties Cat. No.

1-Acetyl- 
2-phenylhydrazine

C8H10N2O 150.18 ≥98% Vascular tumor initiator in experimental animal model. A4626-25G
A4626-100G

Aflatoxin B1 from 
Aspergillus flavus

C17H12O6 312.27 - Hepatocarcinogen. A6636-1MG
A6636-5MG
A6636-10MG
A6636-50MG

Aflatoxin B2 C17H14O6 314.29 - Hepatocarcinogen.  Food contaminant produced by Aspergillus 
flavus, a common soil fungus.

A9887-1MG
A9887-5MG
A9887-10MG

Aflatoxin G1 C17H12O7 328.27 - Hepatocarcinogen.  Food contaminant produced by Aspergillus 
flavus, a common soil fungus.

A0138-1MG
A0138-10MG

Aflatoxin G2 C17H14O7 330.29 - Hepatocarcinogen.  Food contaminant produced by Aspergillus 
flavus, a common soil fungus.

A0263-1MG
A0263-5MG
A0263-10MG

Aflatoxin M1 C17H12O7 328.27 - Hepatocarcinogen. A6428-5UG
A6428-10UG
A6428-50UG
A6428-250UG

4-Aminobiphenyl C12H11N 169.22 - Hepatic tumor initiator in experimental animal model. A2898-1G
A2898-5G
A2898-25G

Aristolochic acid I C17H11NO7 341.27 - Potent phospholipase A2 inhibitor, including calcium ionophore-
induced phospholipase A2 activity in neutrophils. Kidney tumor 
initiator in experimental animal model.

A5512-25MG
A5512-100MG

Azoxymethane C2H6N2O 74.08 ≥90%, GC
Practical grade

Carcinogen that induces O6-methylguanine adducts in DNA 
leading to G→A transitions.  Induces tumorigenesis in the colon of 
laboratory animals and is used to study the mechanism of cancer 
progression and chemoprevention.

A2853-25MG
A2853-100MG

http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=C3412&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=M5518&Brand=SIGMA
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Name Formula Formula Weight Assay Carcinogenic Properties Cat. No.

Benzidine C12H12N2 184.24 ~95% Initiates tumors in the bladder under experimental conditions. B3503-1G
B3503-5G
B3503-10G

Benzidine C12H12N2 184.24 ~95% Tumor initiator in mammalian liver and urinary bladder. B1883-100MG

ISOPAC®

Benzidine 
dihydrochloride

C12H12N2 · 2HCl 257.16 ≥99%, titration Tumor initiator in mammary glands of experimental animal. B3383-1G
B3383-5G
B3383-10G

Benzo[a]pyrene C20H12 252.31 ≥96%, HPLC A polycyclic aromatic hydrocarbon (PAH), environmental pollutant 
and carcinogen. Used as a chemical carcinogen in experimental 
models of cancer.

B1760-1G

Cyclophosphamide 
monohydrate

C7H15Cl2N2O2P 
· H2O

279.10 97.0-103.0%, 
HPLC

Cytotoxic nitrogen mustard derivative widely used in cancer 
chemotherapy. It cross-links DNA, causes strand breakage, and 
induces mutations.

C0768-1G
C0768-5G
C0768-10G
C0768-25G

bulk package

Cyclophosphamide 
monohydrate

C7H15Cl2N2O2P 
· H2O

279.10 - Cytotoxic nitrogen mustard derivative widely used in cancer 
chemotherapy. It cross-links DNA, causes strand breakage, and 
induces mutations.

C7397-1G

ISOPAC®

3,3′-Dichlorobenzidine 
dihydrochloride

C12H10Cl2N2 · 
2HCl

326.05 - Industrial carcinogen that induces liver and bladder tumors in 
laboratory animals.

D9886-25G

Diethylstilbestrol C18H20O2 268.35 ≥99%, HPLC Synthetic estrogen with carcinogenic properties. Causes renal clear-
cell carcinoma in Syrian hamster. In humans it causes increased risk 
of breast cancer, clear cell adenocarcinoma (CCA) of the vagina 
and cervix, and reproductive anomalies. Used in the treatment of 
prostate cancer to block the production of testosterone.

D4628-1G
D4628-5G
D4628-10G
D4628-25G

7,12-Dimethylbenz[a]
anthracene

C20H16 256.34 ≥95% The oxidation of DMBA by P450 enzymes produces metabolites that 
form covalent adducts with DNA and the formation within DNA of 
depurinated abasic sites. It is most commonly used to induce skin or 
mammary tumors in animals, though it also can induce leukemias 
and tumors at other sites.

D3254-100MG
D3254-1G
D3254-5G

N,N-Dimethylhydrazine C2H8N2 60.10 98% Lung and colon tumor initiator in experimental animal model. D161608-5G
D161608-100G
D161608-500G

N,N′-Dimethylhydrazine 
dihydrochloride

C2H8N2 · 2HCl 133.02 ≥99% Induces colon cancer in rats and mice. D161802-1G
D161802-10G

L-Ethionine C6H13NO2S 163.24 ~99%, TLC An analog of methionine that interferes with the normal methylation 
of DNA and other methylation pathways, and induces pancreatic 
toxicity and liver cancer. However, in animal studies, it has also been 
shown to act synergistically with methionine-depletion to block the 
growth and metastasis of methionine-dependent tumors.

E1260-250MG
E1260-1G

Ethyl 
methanesulfonate

C3H8O3S 124.16 - Ethyl methanesulfonate is a DNA ethylating agent that is mutagenic 
in plants and animals and carcinogenic in mammals. It has been 
used as a model alkylating agent is studies of DNA repair processes.

M0880-1G
M0880-5G
M0880-10G
M0880-25G
M0880-100G

N-(2-Fluorenyl)
acetamide

C15H13NO 223.27 ≥90%, TLC A genotoxic carcinogen that is used to model liver carcinogenesis in 
rat. When N-hydroxylated by cytochrome CYP1A2 in the liver, 2-AAF 
forms adducts with DNA and is tumorigenic in liver and bladder.

A7015-5G
A7015-25G

3-Methylcholanthrene C21H16 268.35 98% Carcinogen used to induce transformation of cultured cells; used to 
induce fibrosarcomas and skin carcinomas in laboratory animals.

213942-100MG
213942-250MG

2-Naphthylamine C10H9N 143.19 - Environmental carcinogen; induces bladder cancer. N8381-500MG
N8381-1G

1-Nitropyrene C16H9NO2 247.25 99% Potent mutagen, carcinogen, environmental pollutant. N22959-1G
N22959-5G

4-Nitroquinoline 
N-oxide

C9H6N2O3 190.16 - Skin and lung tumor initiator under experimental conditions. N8141-250MG
N8141-1G
N8141-5G

N-Nitrosodiethylamine C4H10N2O 102.14 - Carcinogenic in all animal species tested. The main target organs are 
the nasal cavity, trachea, lung, esophagus and liver.

N0258-1G

ISOPAC®

Carcinogens, continued

*ISOPAC® indicates packaging in a 100 mL serum bottle with butyl rubber stopper and aluminum tear seal
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Name Formula Formula Weight Assay Carcinogenic Properties Cat. No.

N-Nitrosodiethylamine C4H10N2O 102.14 - Carcinogenic in all animal species tested. The main target organs are 
the nasal cavity, trachea, lung, esophagus and liver.

N0756-10ML
N0756-25ML

N-Nitrosodimethylamine C2H6N2O 74.08 - Induces gastric, liver, kidney and lung cancer in mice and rats. N3632-1G

ISOPAC®

N-Nitrosodimethylamine C2H6N2O 74.08 - Induces gastric, liver, kidney and lung cancer in mice and rats. N7756-5ML

Bulk package

N-Nitroso-N-ethylurea C3H7N3O2 117.11 - DNA alkylating agent that is carcinogenic in many animal species.  
Induces benign and malignant tumors of numerous types, including 
the nervous tissue, stomach, esophagus, pancreas, respiratory tract, 
intestine, lymphoreticular tissues, skin, and kidney.

N3385-1G

ISOPAC®

N-Nitroso-N-ethylurea C3H7N3O2 117.11 - DNA alkylating agent that is carcinogenic in many animal species.  
Induces benign and malignant tumors of numerous types, including 
the nervous tissue, stomach, esophagus, pancreas, respiratory tract, 
intestine, lymphoreticular tissues, skin, and kidney.

N8509-5G
N8509-25G

Bulk package

N-Nitroso-N-methylurea C2H5N3O2 103.08 - DNA alkylating agent that is carcinogenic in many animal species.  
Although it can induce benign and malignant tumors in most 
organs, MNU is most often used to model mammary tumor initiation 
and progression.

N1517-1G

ISOPAC®

N-Nitroso-N-methylurea C2H5N3O2 103.08 - DNA alkylating agent that is carcinogenic in many animal species.  
Although it can induce benign and malignant tumors in most 
organs, MNU is most often used to model mammary tumor initiation 
and progression.

N4766-25G
N4766-100G

Bulk package

Nitrosomorpholine C4H8N2O2 116.12 - Tumor initiator in rodent liver, trachea, nasal cavity, esophagus, 
kidney, lung, and thyroid.

N7382-1ML
N7382-5ML

1-Nitrosopiperidine C5H10N2O 114.15 - Carcinogen that induces benign and malignant tumors of the 
respiratory tract, stomach and esophagus in rodents; potent nasal 
carcinogen in rats.

N6007-5ML

1-Nitrosopyrrolidine C4H8N2O 100.12 99% Induces hepatocellular carcinomas and lung adenomas in mice.  
Forms DNA adducts that primarily result in A:T to G:C mutations.

158240-10G

Phenacetin C10H13NO2 179.22 - Substrate of CYP1A2 and CYP2D6. A2500-100G
A2500-500G

Safrole C10H10O2 162.19 ≥97% Safrole is a naturally-occurring genotoxic compound found in 
Sassafras root and Areca (betel) quid. It is a hepatocarcinogen, and 
safrole-DNA adducts have also been seen in oral cancers of Areca 
users. Metabolites of safrole form adducts with DNA and induce 
chromasomal aberrations and sister chromatid exchanges.

S9652-50ML
S9652-500ML

Sterigmatocystin C18H12O6 324.28 ≥98%, TLC Initiates lung and liver tumors under experimental conditions. S3255-1MG
S3255-5MG

2,2′-Sulfinyl 
-bis(4,6-dichlorophenol)

C12H6Cl4O3S 372.05 - - S8259-25G
S8259-100G

http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=N0756&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=N0756&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=N3632&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=N7756&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=N3385&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=N8509&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=N8509&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=N1517&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=N4766&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=N4766&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=N7382&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=N7382&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=N6007&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=158240&Brand=ALDRICH
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=A2500&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=A2500&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=S9652&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=S9652&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=S3255&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=S3255&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=S8259&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=S8259&Brand=SIGMA
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DNA Methyltransferase Inhibitors
Name Formula Formula Weight Assay Biochemical/Physiological Actions Cat. No.

(−)-Epigallocatechin 
gallate

C22H18O11 458.37 ≥95% Antioxidant polyphenol flavonoid that inhibits telomerase and DNA 
methyltransferase. EGCG blocks the activation of EGF receptors and 
HER-2 receptors.

E4143-50MG

5-Azacytidine C8H12N4O5 244.20 ≥98%, HPLC Potent growth inhibitor and cytotoxic agent; inhibits DNA 
methyltransferase.
Causes DNA demethylation or hemi-demethylation.

A2385-100MG
A2385-250MG
A2385-1G

5-Aza-2′-deoxycytidine C8H12N4O4 228.21 ≥97% Causes DNA demethylation or hemi-demethylation. A3656-5MG
A3656-10MG
A3656-50MG

Hydralazine 
hydrochloride

C8H8N4 · HCl 196.64 - Inhibits DNA methyltransferase and modulates epigenetic 
regulation of gene expression. Non-selective MAO-A/B inhibitor; 
antihypertensive; semicarbazide-sensitive amine oxidase inhibitor.

H1753-5G
H1753-10G
H1753-50G

Procainamide 
hydrochloride

C13H21N3O · HCl 271.79 - Inhibits DNA methyltransferase and modulates epigenetic regulation 
of gene expression. Na+ channel blocker and Class IA anti-arrhythmic.

P9391-25G
P9391-100G

Procaine hydrochloride C13H20N2O2 
· HCl

272.77 ≥97% Na+ channel blocker. P9879-50G
P9879-100G
P9879-250G

Zebularine C9H12N2O5 228.20 ≥98%, HPLC Zebularine is a cytidine analogue, cytidine deaminase inhibitor, and 
DNA demethylating agent.

Z4775-5MG
Z4775-25MG

Histone Deacetylase Inhibitors
Name Formula Formula Weight Assay Biochemical/Physiological Actions Cat. No.

Apicidin C34H49N5O6 623.78 ≥95% Potent (nM) cell permeable inhibitor of histone deacetylase. A8851-1MG
A8851-5MG

(−)-Depudecin C11H16O4 212.2 >95%, HPLC Inhibitor of histone deacetylase (HDAC) both in vivo and in vitro; 
exhibits anti-angiogenic activity.

D5816-1MG

Oxamflatin C17H14N2O4S 342.37 ≥98%, HPLC Histone deacetylase inhibitor; anti-cancer agent. O3139-1MG
O3139-5MG

Valproic acid sodium salt C8H15NaO2 166.19 ≥98% Anti-convulsant that also has efficacy as a mood stabilizer in  
bipolar disorder.

P4543-10G
P4543-25G
P4543-100G

Trichostatin A C17H22N2O3 302.37 ≥98%, HPLC Trichostatin A inhibits histone deacetylase at nanomolar 
concentrations; resultant histone hyperacetylation leads to chromatin 
relaxation and modulation of gene expression.

T8552-1MG
T8552-5MG

Antibodies
Product Name  Host Clone No. Form Gene Symbol Species Reactivity Application Cat. No.

Anti-Connexin-32 (106-124)  rabbit - affinity isolated 
antibody

GJB1, human
Gjb1, mouse

Gjb1, rat

human
mouse

rat

IHC (f)
WB

C3595-.2ML

Anti-Connexin-32 (265-279)  rabbit - affinity isolated 
antibody

GJB1, human
Gjb1, mouse

Gjb1, rat

human
mouse

rat

ARR
IHC (f)

WB

C3470-.2ML

Monoclonal Anti-
Connexin-32  

mouse CXN-32 ascites fluid GJB1, human
GJB2, human
Gjb1, mouse

Gjb1, rat
Gja1, rat

human
mouse

rat

ARR
ELISA (i)
IHC (f)

WB

C6344-.2ML

Anti-Connexin-43  rabbit - affinity isolated 
antibody

GJA1, human
Gja1, mouse

Gja1, rat

human
mammals

ARR
ICC
IF (i)

IHC (f)
IHC (p)

WB

C6219-.2ML

Monoclonal Anti-
Connexin-43  

mouse CXN-6 ascites fluid GJA1, human
GJA1P1, human

Gja1, mouse
Gja1, rat

bovine
hamster
human
mouse

rat

ARR
ELISA (i)

ICC
IHC (f)
IHC (p)

WB

C8093-.2ML

http://www.sigma.com/order
http://www.sigma.com/techinfo
http://www.sigma.com/lifescience
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=E4143&Brand=SIAL
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Sigma-Aldrich®

Stem Cell Biology Platform!

Infinite Expansion, Infinite Potential!

Sigma-Aldrich is pleased to announce the latest and most comprehensive  
selection of products for stem cell research! This platform is comprised of  
products necessary to the stem cell workflow from isolation and cryopreservation 
to in vivo tracking with all of the related profiling tools in between! 

Please visit sigma.com/stembio to view our complete portfolio!

In addition to our product profiles you will also find the latest references, 
application notes, and a new Bulletin Board feature that will enable stem cell 
scientists like you to consult and exchange ideas and information!

Our Innovation, Your Research — Shaping the Future of Life Science

sigma-aldrich.com

Our NEW Stem Cell 
Biology Platform begins 
with our comprehensive 
web site! Easily find 
products and detailed 
usage information in the 
following stem cell areas:

■  Isolation

■  Expansion

■  Characterization

■  Differentiation

■  Functional Profiling

■  In vivo tracking and

■  Much More!

http://www.sigma.com/stembio
http://www.sigma-aldrich.com
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Imprint™ Chromatin Immunoprecipitation Kit
The fastest and most convenient ChIP kit available!  

Sigma® combines speed and convenience 
with performance in the Imprint Chromatin 
Immunoprecipitation Kit (Cat. No. CHP1).  
The Imprint ChIP Kit provides a complete solution 
for Chromatin Immunoprecipitation including 
columns and reagents for DNA purification 
and an integrated protocol for ChIP DNA 
amplification with our GenomePlex® Whole 
Genome Amplification Kit (Cat. No. WGA2). The 
flexible format allows for immunoprecipitation 
and purification of DNA from mammalian cells or 
tissue in a convenient strip-well format.

Features and Benefits:
■	  Fast – Total protocol time of less than 6 hours 

making the Imprint kit the fastest on the market
■	 	Sensitive – As few as 10,000 cells required for 

each ChIP sample
■	 	Convenient – Fewest steps of any available  

ChIP protocol
■	 	Flexible – Protocols for cells or tissue, and 

convenient strip-well format for high-throughput 
applications.

■	 	Complete – Includes columns and reagents for 
DNA purification as well as an integrated protocol 
for amplification with the GenomePlex technology
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Figure 1

RNA Pol2 Antibody Percent Input Profile

H3K9ac Antibody Percent Input Profile

Ordering Information:

Cat. No. Product Description

CHP1-24RXN
CHP1-96RXN

Imprint Chromatin Immunoprecipitation Kit

Figures 1 & 2. A highly sensitive ChIP assay.  HeLa cells were counted, 
fixed, and immunoprecipitated according to the Imprint Chromatin 
Immunoprecipitation Kit (Cat. No. CHP1) bulletin with optional wash buffer 
method. ChIP assays were performed using anti-H3K9ac (Cat. No. H9286)  
and kit provided antibodies against: human RNA Polymerase II and  
non-specific mouse IgG. To evaluate ChIP enrichment, SYBR® qPCR was 
conducted targeting the GAPDH promoter region (highly expressed  
house-keeping gene). Percent input describes the amount of DNA with 
and without antibody selection. For these antibodies, apparent enrichment 
increased with fewer cells per reaction from diminished non-specific pull-down.

Figure 2
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Did you know?
Sigma’s versatile GenomePlex technology 
has emerged as the preferred method of 
amplification of DNA from Chromatin  
Immunoprecipitation (ChIP).

Go to sigma.com/wga_chip 
for more information!

http://www.sigma.com/order
http://www.sigma.com/techinfo
http://www.sigma.com/lifescience
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=CHP1&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=WGA2&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=CHP1&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=CHP1&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=CHP1&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=H9286&Brand=SIGMA
http://www.sigma.com/wga_chip
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Imprint™ DNA Modification Kit
The fastest and most sensitive bisulfite DNA modification kit available!

Sigma® offers a best-in-class solution for DNA 
methylation analysis with the Imprint DNA 
Modification Kit. This rapid and straightforward 
protocol includes all of the reagents needed for 
bisulfite conversion and post modification clean up 
of DNA samples. Once treated, sample DNA is ready 
for a variety of downstream applications including 
Methylation-Specific PCR (MSP) and Bisulfite 
Sequencing, which allows for the discrimination of 
methylated versus unmethylated DNA.

■  Only 50 picograms of DNA required for conversion 

■  Procedure takes less than 2 hours, as compared to 
overnight methods

■  Greater than 99% conversion rate 

■  Super fast one-step protocol

■  Consistent and reproducible Bisulfite Modification

Figure 2: 100 ng of human genomic DNA was bisulfite treated according 
to each supplier’s protocol followed by qPCR analysis. The modified and 
unmodified primer sets within the β-Actin gene were then used to determine 
bisulfite yield. Ct values were compared to the Ct value of a 10 ng human 
genomic standard. Percent conversion was determined after bisulfite 
modification of 100 ng of human genomic DNA. Comparison of qPCR 
delta Ct values between modified and unmodified primers within β-Actin 
demonstrates conversion rates. The graph above highlights the superior yield 
and conversion rates of the Imprint kit in relation to other suppliers.  

Figure 1: Bisulfite modification was performed on decreasing 
concentrations of human genomic DNA using Imprint DNA Modification Kit 
(Cat. No. MOD50) and kits from two other suppliers. Methylation specific 
PCR (MSP) was then performed on all samples using β-Actin gene specific 
primers (109 bp amplicon). For all suppliers lanes from left to right are  
100 ng, 10 ng, 1 ng, 100 pg, 50 pg and no sample respectively. Suppliers C 
and D (not shown) have no product at 50 pg. These results demonstrate the 
superior sensitivity of the Imprint kit relative to other suppliers.

Figure 1

Company Input DNA Time Required (hours)
Imprint > 50 pg < 2
Supplier A > 100 pg > 6
Supplier B > 1 ug > 24
Supplier C > 1 ng > 6 
Supplier D > 500 ng >10 

50 pg 50 pg 50 pg

 Imprint Supplier A Supplier B

Best-in-class Yield and Conversion

Description Cat. No. Size

Imprint DNA Modification Kit MOD50 50 RXN

Superior Sensitivity

Figure 2
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http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=MOD50&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=MOD50&Brand=SIGMA
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Sigma® and Rosetta Inpharmatics, a recognized 
leader in Bioinformatics, have partnered to take your 
RNAi research to the next level. 

Current studies suggest that the rules used to design 
gene-specific siRNAs have a direct effect on how well 
your siRNA will perform in a RNAi experiment. A good 
siRNA design reduces off-target effects and leads 
to down regulation of all types of genes, not simply 
the more abundant high expressors. Using an siRNA 
designed with a best-in-class algorithm saves time 
and money, enabling you to focus on downstream 
applications, not up-front siRNA design work.

The Rosetta-powered siRNA design algorithm, used 
by Sigma to design MISSION® siRNA druggable 
genome libraries, has been optimized with over 
3 years of continuous development for enhanced 
performance in RNAi applications. New and critical 
rules incorporated into the latest design algorithm 
lead to increased target specificity and knockdown 
for low abundance messages.

Benefits of MISSION siRNA Druggable  
Genome Libraries:
■  siRNAs designed with best-in-class Rosetta design 

algorithm, leading to:
 – Efficient knockdown of low abundance messages
 –  Improved target specificity, due to seed region  

optimization rules
■ Available in flexible gene groupings
■ Arrayed for a range of applications
■ Highest quality siRNA manufacturing 
■  Over 700 functionally validated siRNA

MISSION® siRNA Druggable Genome Libraries
Better siRNA Design, Better RNAi Performance

The MISSION siRNA Performance Guarantee 
Sigma guarantees that 2 out of 3  
siRNA duplexes per target gene will  
achieve knockdown efficiencies  
of greater than or equal to 75%.
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HeLa cells transfected at a concentration of 30 nM siRNA. Remaining 
gene expression levels measured via quantitative real-time PCR  
48 hours after transfection (relative to mock). Data represents the 
mean of 4 biological replicates.
Lower Score = Increased Gene Silencing 

Pre-designed MISSION siRNA provide  
best-in-class gene silencing
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MISSION siRNA Rat Druggable Genome
Cat. No. Product Name Targets  Qty.
SI20100-1SET MISSION siRNA Rat  6025 1 nmol 

 Druggable Genome Library

SI21100-1SET MISSION siRNA Rat Ligase Panel 816 1 nmol

SI22100-1SET MISSION siRNA Rat Kinase Panel 669 1 nmol

SI23100-1SET MISSION siRNA Rat Phosphatase Panel 266 1 nmol

SI24100-1SET MISSION siRNA Rat Growth factors/ 342 1 nmol 
 receptors Panel 

SI25100-1SET MISSION siRNA Rat Cell Adhesion and 433 1 nmol 
 Cytoskeleton Panel

SI26100-1SET MISSION siRNA Rat Ion Channel and  594 1 nmol 
 Transporters Panel

SI27100-1SET MISSION siRNA Rat Assorted 210 1 nmol 
 Function Panel

SI28100-1SET MISSION siRNA Rat GPCR Panel 275 1 nmol

SI29100-1SET MISSION siRNA Rat Hydrolase Panel 188 1 nmol

SI30100-1SET MISSION siRNA Rat Metabolism and  201 1 nmol 
 Cell Traffic Panel

SI31100-1SET MISSION siRNA Rat Nucleic Acid 287 1 nmol 
 Binding Panel

SI32100-1SET MISSION siRNA Rat Oxidoreductase Panel 302 1 nmol

SI33100-1SET MISSION siRNA Rat Protease Panel 341 1 nmol

SI34100-1SET MISSION siRNA Rat Cell Surface and  647 1 nmol 
 Nuclear Receptors Panel

SI35100-1SET MISSION siRNA Rat Cell Regulation Panel 214 1 nmol

SI36100-1SET MISSION siRNA Rat Transfer and Carrier  66 1 nmol 
 Proteins Panel

SI37100-1SET MISSION siRNA Rat Transferase Panel 174 1 nmol

MISSION siRNA Mouse Kinase Library
Cat. No. Product Name Targets  Qty.
SI42050-1SET MISSION siRNA Mouse Kinase Panel 650 500 pmol

MISSION® siRNA Library Format:
■		 21mer siRNA duplexes with TT overhangs
■  3 individual siRNA duplexes per target gene
■  All siRNA duplexes spotted in 96 well microplates 

with 80 duplexes per plate. First and last columns 
of each plate are empty

■ Flexible formatting available

MISSION siRNA Human Druggable Genome
Cat. No. Product Name Targets  Qty.
SI00100-1SET MISSION siRNA Human  6650 1 nmol 

 Druggable Genome Library

SI01100-1SET MISSION siRNA Human Ligase Panel 949 1 nmol

SI02100-1SET MISSION siRNA Human Kinase Panel 714 1 nmol

SI03100-1SET MISSION siRNA Human 293 1 nmol 
 Phosphatase Panel

SI04100-1SET MISSION siRNA Human Growth Factors/ 375 1 nmol 
 Receptors Panel

SI05100-1SET MISSION siRNA Human Cell Adhesion 496 1 nmol 
 and Cytoskeleton Panel

SI06100-1SET MISSION siRNA Human Ion Channel 639 1 nmol 
 and Transporters Panel

SI07100-1SET MISSION siRNA Human Assorted  228 1 nmol 
 Function Panel

SI08100-1SET MISSION siRNA Human GPCR Panel 304 1 nmol

SI09100-1SET MISSION siRNA Human Hydrolase Panel 204 1 nmol

SI10100-1SET MISSION siRNA Human Metabolism 217 1 nmol 
 and Cell Traffic Panel

SI11100-1SET MISSION siRNA Human Nucleic Acid 310 1 nmol 
 Binding Panel

SI12100-1SET MISSION siRNA Human 338 1 nmol 
 Oxidoreductase Panel

SI13100-1SET MISSION siRNA Human Protease Panel 379 1 nmol

SI14100-1SET MISSION siRNA Human Cell Surface 722 1 nmol 
 and Nuclear Receptors Panel

SI15100-1SET MISSION siRNA Human Cell 227 1 nmol 
 Regulation Panel

SI16100-1SET MISSION siRNA Human Transfer and 71 1 nmol 
 Carrier Proteins Panel

SI17100-1SET MISSION siRNA Human Transferase Panel 184 1 nmol

For more information on MISSION  
siRNA Druggable Genome Libraries,  
please visit us on the Web at:  
sigma.com/missionsirna
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The Carcinogen Selector gives researchers the ability to select carcinogens by the mouse organs in which 

they are known to promote cancer. This new, Internet-based tool eliminates the need to scour the literature to 

identify compounds that induce cancer in specific organs. 

Features and Biological System Examples

The selector encompasses over 750 carcinogens that target 35 specific organs across 9 biological systems.

The Carcinogen Selector allows for easy identification of organs from each biological system. Selecting a system 
highlights the target organs in that system. “Mousing” over any organ displays the name of that organ. 

All carcinogens listed in the results tables are products available from Sigma-Aldrich®.

Carcinogen Selector

System examples:

Digestive System

Endocrine SystemRespiratory System

Reproductive System

http://www.sigma.com/order
http://www.sigma.com/techinfo
http://www.sigma.com/lifescience
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Using the tool is easy:

Step 2.   Use the mouse model to select 
an organ.

Try the Carcinogen Selector at sigma.com/carcinogen

Step 1.  Select a biological system.

Step 3.   Select a carcinogen product from 
the results table.

Carcinogen Selector
The Carcinogen Selector gives researchers the ability to select carcinogens by the mouse organs that they promote cancer in. 
The tool includes over 750 carcinogens that target 35 specific organs across 9 biological systems.

Step 1: Select a biological 
system

Step 2: Use the mouse model to 
select an organ

Step 3: Review the organ specific carcinogen table to 
identify products.

Digestive System

Endocrine System

Hematopoietic System

Integumentary System

Reproductive System

Respiratory System

Skeletal System

Vascular System

Endocrine System

Urinary System

Product # Description DescriptionProduct #

© Laurie O’Keefe

Carcinogen Selector
The Carcinogen Selector gives researchers the ability to select carcinogens by the mouse organs that they promote cancer in. 
The tool includes over 750 carcinogens that target 35 specific organs across 9 biological systems.

Step 1: Select a biological 
system

Step 2: Use the mouse model to 
select an organ

Step 3: Review the organ specific carcinogen table to 
identify products.

Pancreas

Digestive System

Endocrine System

Hematopoietic System

Integumentary System

Reproductive System

Respiratory System

Skeletal System

Vascular System

Endocrine System: Pancreas

Urinary System

Product # Description DescriptionProduct #

110124

A70607

78013

A4142

C6643

E7023

G154

T9889

S8281

411701

M3302

59773

308501

C8267

C6643

T9126

33374

1,2,3-Trichloropropane

2-Amino-5-nitrophenol

4-(Methylnitrosamino)-1-(3-pyridyl)-1-(butanone)

Azaserine

Clofibrate

Ethanol

Gabapentin

Malonaldehyde

Safflower seed oil from Carthamus tinctorius seed

1,4,5,6,7,7-Hexachloro-5-norbornene-2,3-
dicarboxylic acid

2-Mercaptobenzothiazole

4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanol

Benzyl butyl phthalate

Corn oil

Ethyl 2-(4-chlorophenoxy)-2-methylpropionate

Glyceryl trioctanoate

Nitrofen

© Laurie O’Keefe

http://www.sigma.com/carcinogen


KNL
70399-506275
0068

©2008 Sigma-Aldrich Co. All rights reserved. SIGMA, , SAFC, , SIGMA-ALDRICH, ALDRICH, , FLUKA, , and SUPELCO,  are trademarks belonging to Sigma-Aldrich Co. 
and its affiliate Sigma-Aldrich Biotechnology, L.P. Sigma brand products are sold through Sigma-Aldrich, Inc. Sigma-Aldrich, Inc. warrants that its products conform to the  information 
contained in this and other Sigma-Aldrich publications. Purchaser must determine the suitability of the product(s) for their particular use. Additional terms and conditions may apply. 
Please see reverse side of the invoice or packing slip. Eppendorf is a registered trademark of Eppendorf-Netheler-Hinz GmbH. Sepharose is a registered trademark of GE Healthcare. 
Coomassie is a registered trademark of Imperial Chemical Industries Ltd. MISSION, Isopac, Sigma-Aldrich and Sigma are registered trademarks of Sigma-Aldrich Biotechnology LP and 
Sigma-Aldrich Co. Prestige Antibodies, Imprint and ProteoSilver are trademarks of Sigma-Aldrich Biotechnology LP and Sigma-Aldrich Co. GenomePlex is a registered trademark of 
Rubicon Genomics, Inc. SYBR is a registered trademark of Molecular Probes, Inc. 

World Headquarters
3050 Spruce St., St. Louis, MO 63103
(314) 771-5765
sigma-aldrich.com

Order/Customer Service  (800) 325-3010 • Fax (800) 325-5052

Technical Service  (800) 325-5832 • sigma-aldrich.com/techservice

Development/Bulk Manufacturing Inquiries  (800) 244-1173

Sigma-Aldrich
3050 Spruce Street
St. Louis, MO 63103  USA
sigma-aldrich.com

Accelerating Customers’ 

Success through Leadership 

in Life Science, High 

Technology and Service

Argentina
SIGMA-ALDRICH DE ARGENTINA S.A. 
Free Tel: 0810 888 7446 
Tel: (+54) 11 4556 1472 
Fax: (+54) 11 4552 1698

Australia
SIGMA-ALDRICH PTY LTD. 
Free Tel: 1800 800 097  
Free Fax: 1800 800 096 
Tel: (+61) 2 9841 0555 
Fax: (+61) 2 9841 0500

Austria
SIGMA-ALDRICH HANDELS GmbH 
Tel: (+43) 1 605 81 90 
Fax: (+43) 1 605 81 20

Belgium
SIGMA-ALDRICH NV/S.A.
Free Tel: 0800 14747 
Free Fax: 0800 14745 
Tel: (+32) 3 899 13 01 
Fax: (+32) 3 899 13 11

Brazil
SIGMA-ALDRICH BRASIL LTDA.
Free Tel: 0800 701 7425 
Tel: (+55) 11 3732 3100 
Fax: (+55) 11 5522 9895

Canada
SIGMA-ALDRICH CANADA LTD.
Free Tel: 1800 565 1400 
Free Fax: 1800 265 3858 
Tel: (+1) 905 829 9500 
Fax: (+1) 905 829 9292

China
SIGMA-ALDRICH (SHANGHAI)  
TRADING CO. LTD.
Free Tel: 800 819 3336 
Tel: (+86) 21 6141 5566 
Fax: (+86) 21 6141 5567

Czech Republic
SIGMA-ALDRICH spol. s r. o. 
Tel: (+420) 246 003 200 
Fax: (+420) 246 003 291

Denmark
SIGMA-ALDRICH DENMARK A/S 
Tel: (+45) 43 56 59 10 
Fax: (+45) 43 56 59 05

Finland
SIGMA-ALDRICH FINLAND OY
Tel: (+358) 9 350 9250 
Fax: (+358) 9 350 92555

France
SIGMA-ALDRICH CHIMIE S.à.r.l. 
Free Tel: 0800 211 408
Free Fax: 0800 031 052
Tel: (+33) 474 82 28 00 
Fax: (+33) 474 95 68 08

Germany
SIGMA-ALDRICH CHEMIE GmbH
Free Tel: 0800 51 55 000 
Free Fax: 0800 64 90 000 
Tel: (+49) 89 6513 0 
Fax: (+49) 89 6513 1160

Greece
SIGMA-ALDRICH (O.M.) LTD.
Tel: (+30) 210 994 8010 
Fax: (+30) 210 994 3831

Hungary
SIGMA-ALDRICH Kft 
Ingyenes zöld telefon: 06 80 355 355 
Ingyenes zöld fax: 06 80 344 344 
Tel: (+36) 1 235 9055 
Fax: (+36) 1 235 9050

India
SIGMA-ALDRICH CHEMICALS  
PRIVATE LIMITED 
Telephone 
Bangalore: (+91) 80 6621 9600 
New Delhi: (+91) 11 4165 4255 
Mumbai: (+91) 22 2570 2364 
Hyderabad: (+91) 40 4015 5488 
Fax 
Bangalore: (+91) 80 6621 9650 
New Delhi: (+91) 11 4165 4266 
Mumbai: (+91) 22 2579 7589 
Hyderabad: (+91) 40 4015 5466

Ireland
SIGMA-ALDRICH IRELAND LTD. 
Free Tel: 1800 200 888 
Free Fax: 1800 600 222 
Tel: (+353) 1 404 1900 
Fax: (+353) 1 404 1910

Israel
SIGMA-ALDRICH ISRAEL LTD.
Free Tel: 1 800 70 2222 
Tel: (+972) 8 948 4100 
Fax: (+972) 8 948 4200

Italy
SIGMA-ALDRICH S.r.l. 
Numero Verde: 800 827018 
Tel: (+39) 02 3341 7310 
Fax: (+39) 02 3801 0737

Japan
SIGMA-ALDRICH JAPAN K.K. 
Tel: (+81) 3 5796 7300 
Fax: (+81) 3 5796 7315

Korea
SIGMA-ALDRICH KOREA 
Free Tel: (+82) 80 023 7111 
Free Fax: (+82) 80 023 8111 
Tel: (+82) 31 329 9000 
Fax: (+82) 31 329 9090

Malaysia
SIGMA-ALDRICH (M) SDN. BHD
Tel: (+60) 3 5635 3321 
Fax: (+60) 3 5635 4116

Mexico
SIGMA-ALDRICH QUÍMICA, S.A. de C.V.
Free Tel: 01 800 007 5300 
Free Fax: 01 800 712 9920 
Tel: 52 722 276 1600 
Fax: 52 722 276 1601

The Netherlands
SIGMA-ALDRICH CHEMIE BV
Free Tel: 0800 022 9088 
Free Fax: 0800 022 9089 
Tel: (+31) 78 620 5411 
Fax: (+31) 78 620 5421

New Zealand
SIGMA-ALDRICH NEW ZEALAND LTD. 
Free Tel: 0800 936 666 
Free Fax: 0800 937 777 
Tel: (+61) 2 9841 0555 
Fax: (+61) 2 9841 0500

Norway
SIGMA-ALDRICH NORWAY AS 
Tel: (+47) 23 17 60 60 
Fax: (+47) 23 17 60 50

Poland
SIGMA-ALDRICH Sp. z o.o. 
Tel: (+48) 61 829 01 00 
Fax: (+48) 61 829 01 20

Portugal
SIGMA-ALDRICH QUÍMICA, S.A.
Free Tel: 800 202 180 
Free Fax: 800 202 178 
Tel: (+351) 21 924 2555 
Fax: (+351) 21 924 2610

Russia
SIGMA-ALDRICH RUS, LLC 
Tel: +7 (495) 621 6037 
 +7 (495) 621 5828 
Fax: +7 (495) 621 5923

Singapore
SIGMA-ALDRICH PTE. LTD.
Tel: (+65) 6779 1200 
Fax: (+65) 6779 1822

South Africa
SIGMA-ALDRICH  
SOUTH AFRICA (PTY) LTD.
Free Tel: 0800 1100 75 
Free Fax: 0800 1100 79 
Tel: (+27) 11 979 1188 
Fax: (+27) 11 979 1119

Spain
SIGMA-ALDRICH QUÍMICA, S.A.
Free Tel: 900 101 376 
Free Fax: 900 102 028 
Tel: (+34) 91 661 99 77 
Fax: (+34) 91 661 96 42

Sweden
SIGMA-ALDRICH SWEDEN AB
Tel: (+46) 8 742 4200 
Fax: (+46) 8 742 4243

Switzerland
SIGMA-ALDRICH CHEMIE GmbH 
Free Tel: 0800 80 00 80 
Free Fax: 0800 80 00 81 
Tel: (+41) 81 755 2828 
Fax: (+41) 81 755 2815

United Kingdom
SIGMA-ALDRICH COMPANY LTD.
Free Tel: 0800 717 181 
Free Fax: 0800 378 785 
Tel: (+44) 1747 833 000 
Fax: (+44) 1747 833 313 
SAFC (UK) Free Tel: 01202 712305

United States
SIGMA-ALDRICH 
P.O. Box 14508 
St. Louis, Missouri 63178 
Toll-Free: 800 325 3010 
Toll-Free Fax: 800 325 5052 
Call Collect: (+1) 314 771 5750 
Tel: (+1) 314 771 5765 
Fax: (+1) 314 771 5757

Internet 
sigma-aldrich.com


