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Introduction

Physiological inflammation is one of the body’s 
early immune defenses against infection 
and tissue injury. Acute inflammation occurs 
as the body works to heal itself and then 
wanes as infection or tissue injury is resolved. 
Conversely, chronic inflammation is harmful 
and linked to a number of serious diseases, 
including cancer.1,2 While investigators have 
confirmed that inflammation is frequently 
linked to tumor progression, the underlying 
mechanisms that contribute to inflammation-
induced tumorigenesis are not fully elucidated. 
Mounting evidence indicates that tissue 
infiltrating inflammatory cells and their chemical 
mediators contribute to deleterious alterations in 
DNA, RNA, proteins, lipids, and metabolites in the local tissue microenvironment.3 

Defining the hallmarks of cancer, which describe distinctive and complementary capabilities displayed 
by tumor cells, provides a framework that conceptualizes the complexities of neoplastic diseases 
(Figure 1.1). Evidence accumulated through decades of research provides information about how 
mutations in tumor suppressor genes and oncogenes ultimately contribute to aberrant cellular 
functions that promote a proinflammatory tumor microenvironment and drive tumor progression.4,5

The aims of this handbook are to provide an overview of information about the links between tumor 
suppressor genes and oncogenes that contribute to cancer-related inflammation, and to provide 
access to detailed protocols for a wide range of experimental techniques, including western blot, 
immunofluorescence analysis, flow cytometry, enzyme-linked immunosorbent assay (ELISA), and 
other tools regularly used to investigate targets associated with cancer biology, immunology, and other 
areas of biomedical research.
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Figure 1.1. The hallmarks of cancer. The hallmarks of cancer, published by 
Hanahan and Weinberg in 2000, initially included six features: self-sufficiency in 
growth signals; insensitivity to anti-growth signals; tissue invasion and metastasis; 
limitless replicative potential; sustained angiogenesis; and evading apoptosis. In 
2011, the authors expanded their unifying concepts, and these fundamentals have 
changed the way scientists study cancer and develop new treatment options. 
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Chronic inflammation and cancer

Physiologic and pathological inflammation
Physiologic inflammation plays a critical role in host 
defense against disease, and occurs in response 
to tissue damage resulting from microbial pathogen 
infection, chemical irritation, and other trauma (Figure 1.2). 
Depending on the trigger, the inflammatory response may 
have different physiological purposes and pathological 
consequences. Of the three possible initiating triggers, 
only infection-induced inflammation is coupled with 
the induction of an immune response.6 Cells recruited 
to the site of inflammation work in concert to defend 
the host against infection. During the primary stages of 
physiological inflammatory responses, neutrophils are 
among the first cells recruited by chemoattractant proteins 
that are produced by rapidly responding macrophages 
and mast cells present in inflamed tissues.7,8 As the 
inflammatory process unfolds, various types of immune-
specific cells (leukocytes, lymphocytes, and other 
inflammatory cells) are activated and recruited to the 
inflamed site by signaling networks comprised of growth 
factors, cytokines, and chemokines. Table 1.1 provides an 
overview of cellular mediators of inflammation.9 Figure 1.3 
and Table 1.2 are non-exhaustive lists of cytokines and 
other proteins that play a role in inflammatory processes. 
The presence of proinflammatory and anti-inflammatory 
molecules, such as prostaglandins, transforming growth 
factor-β (TGF-β), reactive oxygen species (ROS), nitrogen 
intermediates, and other mediators work to reduce tissue 
damage by infection and promote tissue repair. Upon 
elimination of infection and completion of wound healing, 
physiological inflammatory responses are resolved, and 
the affected tissue returns to homeostasis.10–15

Chronic pathological inflammation that does not resolve 
may be associated with the onset and progression of 
serious medical conditions, including autoimmune and 
inflammatory diseases, fibrosis and tissue degeneration, 
and cancer. Chronic pathological responses induce 
tumorigenesis by a number of different mechanisms: 
genetic instability, aberrant cellular responses, and 
chemical mediators that support the formation of the 
tumor microenvironment and contribute to immune 
evasion.

Cancer promoting processes related to inflammation or 
infection are classified as intrinsic pathway events; while 
genetic alterations attributed to oncogenic mutations that 
promote inflammation are considered events associated 
with the extrinsic pathway (Figure 1.4).
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Figure 1.2. Physiological and pathological inflammatory responses.
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Figure 1.3. Cytokine signaling pathways. Both autocrine and paracrine 
signaling influences the various cells of the immune system. Cross-talk can 
refine responses. Note that not all cytokines are shown.
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Multiple different cell types are involved in processes that either propagate or resolve inflammatory responses. Table 1.1 
is a non-exhaustive list that provides an overview of various cell types and some of the associated cell surface markers 
expressed by leukocyte subsets.

To find antibodies specific for these and other cell surface markers, visit 
thermofisher.com/antibodies 

Table 1.1. Representative cell surface markers expressed by leukocytes.

Cell type Key functions Key CD master

Human Mouse

Adaptive immune cells

T cell Helper T cells: Release cytokines to promote cell-mediated immunity 
by cytotoxic T cells and humoral immunity through B cell production of 
antibodies
Cytotoxic T cells: Eliminate intracellular pathogens (i.e., viruses); have 
ability to destroy target cells expressing major histocompatibility complex 
(MHC) class I–bound cognate antigen
Regulatory T cells: Suppress immune responses

CD3
CD4
CD8
CD4/CD25/FOXP3

CD3
CD4
CD8
CD4/CD25/
FOXP3

B cell Activated B cells differentiate into memory, effector, and plasma cells and 
produce antibodies; present antigens to T cells
Release cytokines

CD19
CD20

CD45R/B220
CD19
CD22

NK cell Immune surveillance
Kill target cells in response to strong signals
Cytokine secretion

CD56 CD335 (Nkp46)

Innate immune cells

Macrophage/
monocyte

Monocytes: Precursor to tissue macrophages that migrate into tissues
Macrophages: Activated by IFN-γ and GM-CSF; kill intracellular organisms;
secrete IL-1 and TNFα

CD14
CD33

CD11b/Mac-1
Ly-71 (F4/80)

Dendritic cell Present in the skin, lymph nodes, and other tissues
Act as antigen presenting cells

CD11c
CD123

CD11c
CD123

Granulocyte 
(Neutrophil)

Phagocytose and digest pathogens
Kill cells through oxidative mechanisms

CD66b CD66b
Gr-1/Ly6G
Ly6C

Mast cell Release mediators to generate acute inflammatory responses and type 2 
hypersensitivity reactions associated with atopic allergy

FcεR1a FcεR1a

Abbreviations: CD: cluster of differentiation; Gr-1: a glycophosphatidylinositol (GPI)-linked myeloid differentiation marker also known as 
Ly-6G; B220: a B cell differentiation marker; Ly: lymphocyte antigen; Nkp46: a member of the natural cytotoxicity receptor (NCR) family.

Chronic inflammation and cancer

CD3e/CD3 epsilon Rabbit 
Monoclonal Antibody (SP7).
Immunohistochemical analysis 
of human tonsil cells stained with 
anti-CD3e antibody  
(Cat. No. MA1-90582).

Integrin alpha X/CD11c Mouse 
Monoclonal Antibody (N418). 
Immunofluorescent analysis of 
THP-1 cells stained with anti-CD11c 
antibody (Cat. No. MA11C5) 
(green). Nuclei were stained with 
DAPI (blue).

CD20 Mouse Monoclonal Antibody 
(L26). Flow cytometry analysis of Raji 
cells either unstained control (blue) or 
stained with anti-CD20 antibody  
(Cat. No. MA5-13141) (green).

http://www.thermofisher.com/us/en/home/life-science/antibodies.html
https://www.thermofisher.com/order/genome-database/antibody/CD3e-CD3-epsilon-Antibody-clone-SP7-Monoclonal/MA1-90582
http://www.thermofisher.com/order/genome-database/antibody/Integrin-alpha-X-CD11c-Antibody-clone-N418-Monoclonal/MA11C5
https://www.thermofisher.com/order/genome-database/antibody/CD20-Antibody-clone-L26-Monoclonal/MA5-13141
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Overview of inflammation 

Choose from simple brightfield counting with the Invitrogen™ Countess™ II 
Automated Cell Counter or the flexibility and upgradability of fluorescence 
detection with the Invitrogen™ Countess™ II FL Automated Cell Counter. 

“Quickly and accurately count cells, monitor fluorescent protein expression, 
evaluate apoptosis, and measure cell viability." 

• Flexibility—two optional fluorescent channels 

• Value—reusable counting slide 

• Precision—autofocus improves accuracy 

• Fast—results in less than 10 seconds 

To learn more visit thermofisher.com/countess

Instruments that aid in phenotypic cellular analysis 
To further assist with immunophenotypic analysis of leukocyte populations, our company offers specialized instruments for 
cell imaging, flow cytometry, and other applications.

Our modular Applied Biosystems™ Attune™ NxT Flow Cytometers can be 
configured with up to 4 lasers enabling up to 14-color multiplex experiments. 
The Attune NxT Flow Cytometer employs a revolutionary technology—acoustic-
assisted hydrodynamic focusing, which provides up to 10x greater speed than 
other cytometers, interrogation, with a laser for your multicolor flow cytometry 
analysis. 

• Fast—10x data acquisition speed with no loss of accuracy 

• Easy—simplified sample prep 

• Innovative—distinctive acquisition and analysis software 

• Convenient—compact instrument size 

To learn more visit thermofisher.com/attune

Invitrogen™ EVOS™ Imaging Systems are designed to eliminate the complexities 
of microscopy, thereby allowing researchers to focus on their data rather than 
instrument operation and maintenance.

• Simple—intuitive technologies help remove the complexities of microscopy

• Smart—unique design takes cell imaging out of the darkroom 

• Stunning—high-quality cameras and optics capture ready-to-publish images 

• Versatile—basic transmitted light and fully automated fluorescence systems available

To learn more visit thermofisher.com/EVOS

Automated cell counters

Flow cytometry

EVOS cell imaging

http://www.thermofisher.com/us/en/home/life-science/laboratory-instruments/automated-cell-counters/countess-ii-fl-automated-cell-counter.html
http://www.thermofisher.com/us/en/home/life-science/cell-analysis/flow-cytometry/flow-cytometers/attune-acoustic-focusing-flow-cytometer.html?cid=fl-attune
http://www.thermofisher.com/us/en/home/life-science/cell-analysis/cellular-imaging/cell-imaging-systems.html?cid=fl-we110280
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Overview of inflammation 

Mediators of inflammation
Chemical substances or mediators, released from injured or activated cells, regulate inflammatory processes. Collectively, 
these soluble proteins and their receptors regulate cellular functions including, but not limited to, the actions listed in Table 
1.2.

To find the right antibodies for your specific research applications, visit 
thermofisher.com/antibodies 

Table 1.2. Soluble inflammatory mediators.

Mediators Function

Histamine, serotonin, bradykinin, C3a, C5a, LTC4, LTD4, PGI2, PGE2, PGD2, PGF2, activated Hageman 
factor, kininogen fragments, fibrinopeptides

Vasodilation, increased vascular permeability

TxA2, LTB4, LTC4, LTD4, C5a Vasoconstriction

C3a, C5a, histamine, LTB4, LTC4, LTD4, TxA2, serotonin, PAF, bradykinin Smooth muscle contraction

C5a, C3a Mast cell degranulation

IL-3, G-CSF, GM-CSF (CSF2), M-CSF Granulocyte/macrophage proliferation and differentiation

C5a, LTB4, IL-8, PAF, 5-HETE, histamine, others Chemotaxis

C5a, IL-8, PAF Lysosomal granule release

C3b, iC3b Phagocytosis

TxA2, PAF Platelet aggregation

IL-1, TNF-α, LTB4 Endothelial cell stickiness

IL-1, TNF-α Granuloma formation

PGE2, bradykinin, histamine, serotonin Pain

IL-1, IL-6, TNF-α, PGE2 Fever

Abbreviations: C, complement; LT, leukotriene; PG, prostaglandin; Tx, thromboxane; PAF, platelet activating factor; IL, interleukin; CSF, colony stimulating factor; G-CSF: granulocyte colony stimulating 
factor; GM-CSF: granulocyte macrophage colony stimulating factor; M-CSF: macrophage colony stimulating factor; 5-HETE: 5-hydroxyicosatetraenoic acid; TNF: tumor necrosis factor.
Note that not all mediators are listed.

CSF2 Rabbit Polyclonal Antibody. 
Flow cytometry analysis of HL-60 cells 
using anti-CSF2 antibody  
(Cat. No. PA5-24184); (green) 
compared to a negative control cell 
(blue), followed by a FITC-conjugated 
secondary antibody.

IL-1 Receptor 2 beta/CD122 
Rabbit Polyclonal Antibody. 
Immunofluorescent analysis of HeLa 
cells stained with anti–IL-1 Receptor 2 
beta antibody (green)  
(Cat. No. PA5-28835) (green) and 
Thermo Scientific™ Hoechst™ 33342 
(blue).

C5 Rabbit Polyclonal Antibody. 
Immunohistochemical analysis of C5 
in paraffin-embedded hepatoma using 
anti-C5 antibody (Cat. No. PA5-22183).

To aid in evaluation of these and other proteins important for cancer research, explore our 
extensive portfolio of more than 40,000 high-quality antibodies, supported by a wide-range 
of antibody-related products and custom services. Our antibody assay results are validated 
by thousands of citations worldwide, helping you achieve superior experimental results for a 
breadth of antibody applications.

http://www.thermofisher.com/us/en/home/life-science/antibodies.html
https://www.thermofisher.com/order/genome-database/antibody/CSF2-Antibody-Polyclonal/PA5-24184
https://www.thermofisher.com/order/genome-database/antibody/IL-1-Receptor-2-beta-CD122-Antibody-Polyclonal/PA5-28835
https://www.thermofisher.com/order/genome-database/antibody/C5-Antibody-Polyclonal/PA5-22183
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Overview of inflammation 

Extrinsic and intrinsic pathways
The extrinsic and the intrinsic pathways are thought 
to drive cancer-associated inflammation (Figure 
1.4).8,14 Factors that contribute to the extrinsic pathway 
include chronic inflammation induced by infections or 
autoimmunity that develops in several organs in the 
body, such as the gastrointestinal tract, pancreas, and 
prostate. Similarly, cigarette smoking is known to cause 
inflammation within the respiratory tract, and is another 
extrinsic factor contributing to inflammation. Inflammatory 
conditions associated with extrinsic factors correlate with 
an increased risk for developing cancer of the affected 
tissues. Factors that activate the intrinsic pathway 
include events that result in deleterious cancer-promoting 
genetic mutations. For example, development of cancer-
promoting inflammation has been linked to inactivation 
of tumor suppressor genes and various oncogenic 
mutations, including gain-of-function point mutations, 
chromosomal rearrangements, or amplifications. Resulting 
malignant cellular transformation induces aberrant 
functional responses that produce proinflammatory 
mediators in the tumor microenvironment, even when no 
prior underlying inflammatory condition may have existed.15

Upon convergence of the two pathways, several events 
unfold and contribute to amplification of inflammation. In 
tumor cells, activation of transcription factors—primarily 
nuclear factor-κβ (NF-κβ), signal transducer and activator 
of transcription 3 (STAT3), and hypoxia-inducible factor-
1α (HIF1α)—are noteworthy to mention. Subsequently, 
these transcription regulators induce the production 
of soluble inflammatory mediators, such as cytokines, 
chemokines, and cyclooxygenase-2 (COX-2), which 
are required for prostaglandin production that serve to 
recruit inflammatory cells to the tumor microenvironment 
(Table 1.2). Infiltrating inflammatory cells, particularly 
monocytes, granulocytes, and lymphocytes further drive 
proinflammatory cytokine production, thereby, generating 
a positive feedback loop that amplifies inflammatory 
conditions and perpetuates tumorigenesis.8

COX2 Rabbit Polyclonal Antibody (Cat. No. PA5-27238). 
(Left) Western blot detection of COX 2 in (A) 293T (human 
embryonic kidney) and (B) MOLT4 (immortalized human acute 
lymphoblastic leukemia) cells using anti-COX2 antibody. (Right) 
Immunohistochemical analysis of paraffin-embedded U87 (human 
brain glioblastoma) xenograft using anti-COX2 antibody  
(Cat. No. PA5-27238).

Inflammation or infection
Extrinsic pathway

Oncogene activation
Intrinsic pathway

Transcription factors (NF-κB, STAT3, HIF-1α) 
activated in tumor cells

Chemokines, cytokines, prostaglandins 
(and COX-2) produced by tumor cells

Inflammatory cells recruited:
Macrophage
Myeloid-derived suppressor cell
Mast cell
Eosinophil
Neutrophil

Transcription factors (NF-κB, STAT3, HIF-1α) 
activated in inflammatory cells, stromal cells, 
and tumor cells

Chemokines, cytokines, prostaglandins 
(and COX-2) produced

Cell proliferation, cell survival, and epithelial-mesenchymal transition
Angiogenesis and lymphangiogenesis
Tumor-cell migration, invasion, and metastasis
Inhibition of adaptive immunity
Altered response to hormones and chemotherapeutic agents

Cancer-related inflammation

Figure 1.4. The extrinsic and intrinsic pathways. Two convergent 
pathways are thought to support tumor progression. Proinflammatory 
conditions within the tumor microenvironment spur the recruitment of 
granulocytes that secrete soluble factors that amplify inflammatory conditions 
required to support tumor growth and metastasis.

Tumor-associated inflammatory responses

https://www.thermofisher.com/order/genome-database/antibody/COX2-Antibody-Polyclonal/PA5-27238
https://www.thermofisher.com/order/genome-database/antibody/COX2-Antibody-Polyclonal/PA5-27238
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During the 1940s and 1950s, researchers began 
postulating that the cause of cancer likely had a 
genetic basis.1 Those ideas represented a paradigm 
shift that launched modern molecular cancer 
research. Relying on epidemiological data and 
mathematical models during the 1950s, Nordling 
and other investigators proposed that cancer was 
caused by a succession of mutations (or hits) that 
could explain the increased incidence of a range of 
human cancers in aging populations.2 Seeking to 
understand the minimum number of hits involved 
in cancer development, Knudson initiated studies 
investigating the genetic mechanisms underlying 
retinoblastoma (RB), a tumor of the retina that  
typically develops in early childhood (Figure 2.1).3

Knudson’s statistical analyses predicted that two forms of the disease existed, both involving two 
hits or mutations. In the case of hereditary retinoblastoma, the first hit was linked to the presence 
of a genetic mutation present at conception, whereas the second, subsequent hit was a somatic 
mutation in the other copy of the same gene. Children who inherit familial retinoblastoma are 100,000 
times more likely to develop a second hit compared to individuals that do not carry the mutation. 
Conversely, the model predicted that two somatic mutations—occurring with a similar mutation 
rate—were required to cause the disease in individuals born without the susceptibility gene for 
retinoblastoma.4

Work indirectly leading to the concept of tumor suppressor genes was published in 1971, when 
the two-hit hypothesis of cancer (or the Knudson hypothesis) was proposed 15 years prior to the 
discovery of the RB1 gene, which is mutated in several major cancers including retinoblastoma and 
nearly 28 years prior to the first human chromosome being sequenced.5,6
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Figure 2.1. The two-hit hypothesis. The hypothesis describes how 
individuals with familial retinoblastoma develop multiple tumors in 
both eyes, whereas individuals with the nonhereditary form of the 
disease develop unilateral eye tumors. (A) Individuals usually inherit 
a normal maternal and paternal chromosome and do not have an 
inherited susceptibility for certain types of cancer. (B) Individuals with 
an inherited susceptibility for a certain type of cancer are born with 
abnormal cells because they received the first “hit,” or genetic mutation 
at conception. (C) Rare somatic mutations that deliver the first “hit” may 
occur in individuals born with normal cells. (D) In both hereditary and 
nonhereditary.
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Table 2.1. Representative tumor suppressors.

Syndrome/inherited cancer Gene product Functional defect Links to tumor-associated inflammation

Li-Fraumeni p53 Cell cycle regulation; apoptosis Inflammation and fibrotic matrix microenvironment changes; NF-κβ–
dependent inflammatory microenvironment changes
M2 microenvironment enhancement

Familial retinoblastoma RB Cell cycle regulation Stromal fibroblast proliferation
VEGF level and vessel dilation increased

Familial adenomatous polyposis APC Signal transduction and regulation IL-23 and IL-17 induced

Cowden PTEN Signal transduction Activated NF-κβ cytokine network and stromal cells; Immune 
cell infiltration, angiogenesis, NF-κβ activation increased; ECM 
remodeling, immune cell infiltration, and increased angiogenesis

Von Hippel-Lindau VHL Transcriptional regulation Tumor cells harboring VLH mutations secrete growth factors that 
promote angiogenesis and tumor progression and proinflammatory 
cytokines such as TGF-β

Hereditary nonpolyposis colon 
cancer type 6, and many other 
cancers

TGF-βRII Signal transduction Enhanced myeloid cell infiltration, and metastasis

Juvenile polyposis syndrome Smad4 Signal transduction Inflammatory cell infiltration and tumor progression increased; 
Inflammation, DNA damage, loss of p15, p16, p21; Infiltration of CCR1- 
positive myeloid cells; Inflammation

For more information about the multiple antibody clones that we offer for detecting RB1 
protein, visit thermofisher.com/RB1

Familial cancers
In addition to RB1 genetic mutations, multiple human tumor suppressor genes are associated with familial cancer 
syndromes and noninherited forms of cancer. It is likely that the list of known tumor suppressors will grow as novel 
candidate genes are identified, investigated, and validated.7 The high incidence of cancer associated with RB1 mutations 
underscores the significance of this tumor suppressor gene. Loss of function of RB1 is linked to retinoblastoma in children. 
The protein encoded by the RB1 gene, pRb, is a regulator of the cell cycle, and dysregulation of the RB pathway is 
observed in most forms of human cancer.8 Table 2.1 provides examples of tumor suppressors commonly linked to both 
familial and sporadic cancers.9

Rb[pSpT249/252] ABfinity™ Recombinant Rabbit Monoclonal Antibody. Immunocytochemistry analysis of the human osteosarcoma cell line 
U2OS stained with anti–Rb [pSpT249/252] antibody (Cat. No. 701059). (A) Invitrogen™ Goat Anti–Rabbit IgG Antibody, Alexa Fluor 488 Conjugate 
(Cat. No. A11034) was used as the secondary antibody (green). (B) DAPI was used to stain the nucleus (blue) and (C) Invitrogen™ Alexa Fluor™ 
594 Phalloidin (Cat. No. A12381) was used to stain actin (red). (D) Composite image of cells showing nuclear localization of phosphorylated Rb 
(pRb1). (E) Composite image of cells showing that added pRb competes for antibody staining of in situ pRb1.

http://www.thermofisher.com/order/genome-database/searchResults?searchMode=keyword&CID=&productTypeSelect=antibody&alternateProductTypeSelect=&originalCount=&alternateTargetTypeSelect=&targetTypeSelect=antibody_primary&species=ltechall&otherSpecies=&selectedInputType=&keyword=rb1&sequenceInput=&chromStart=&chromStop=&vcfUpload=&batchText=&batchUpload=&keywordAutocomplete=true&keywordAutocomplete=true
https://www.thermofisher.com/order/genome-database/antibody/Phospho-Retinoblastoma-pSer249-pThr252-Antibody-clone-14H7L14-Monoclonal/701059
https://www.thermofisher.com/order/genome-database/antibody/Goat-anti-Rabbit-IgG-H-L-Secondary-Antibody-Polyclonal/A-11034
https://www.thermofisher.com/order/catalog/product/A12381
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Loss of tumor suppressors
Loss of tumor suppression is also known to contribute 
to inflammatory processes that drive tumorigenesis. 
Functionally, tumor suppressor genes are critical for 
regulating cellular responses to stress and DNA damage, 
and modulating processes associated with the cell cycle, 
senescence, and apoptosis. Multiple lines of experimental 
evidence support a role for the involvement of tumor 
suppressors in modulating cancer-associated inflammatory 
responses.10

• Loss of suppression mediated by p53 correlates with an 
increased risk of colorectal cancer in patients living with 
ulcerative colitis.

• Loss of tumor suppression mediated by APC is linked to 
infections in the colon that upregulate IL-17 production, 
which drives tumorigenesis.

• Loss of TGF-β signaling correlates with an influx of 
inflammatory cells into the tumor microenvironment. 

Figure 2.2 shows examples of known tumor suppressor 
genes that contribute to tumor-associated inflammation, 
and Table 2.1 provides general information about the role 
that several tumor suppressor genes play in the induction of 
inflammation.11

Somatic mutations in the gene encoding the tumor 
suppressor TP53 occur more frequently than mutations 
affecting any other known driver gene in the human 
genome. Dysregulated p53 signaling causes uncontrolled 
cellular proliferation. Moreover, germline defects in TP53 
cause Li-Fraumeni syndrome—a condition that predisposes 
individuals to various early onset cancers. Information about 
p53 was originally published in 1979, and the oncogenic 
properties of the gene were confirmed a decade later.12
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of metabolism
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immortality

Genomic
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Tumor
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Figure 2.2. Loss of tumor suppressors, including p53, TGF-β, APC, 
PTEN, and p27Kip1 increase expression of growth factors, cytokines, and 
chemokines that induce infiltration of inflammatory cells.

p53 Mouse Monoclonal Antibody (DO-7).
Immunohistochemical analysis was performed on formalin-fixed, 
paraffin-embedded human colon carcinoma tissue stained 
with anti-p53 antibody (Cat. No. MA5-12557). Detection was 
performed using an HRP-conjugated secondary reagent followed 
by a colorimetric substrate.

Ki-67 Rabbit Polyclonal Antibody. Immunofluorescence 
analysis of Ki-67 (green) in formalin-fixed HeLa (immortalized 
human cervical cancer) cells stained without (right) or with (left) 
anti–Ki-67 antibody (Cat. No. PA5-16785) and incubated with 
DyLight™ 488 Goat Anti–Rabbit IgG Secondary Antibody  
(Cat. No. 35552). F-actin (red) was stained with DyLight 
554-Phalloidin (Cat. No. 21834) and nuclei (blue) were stained 
with Hoechst 33342. 

Ki-67 is a nuclear protein that is expressed in proliferating cells. 
Ki-67 is preferentially expressed during late G1, S, M, and G2 
phases of the cell cycle, whereas cells in the G0 (quiescent) phase 
downregulate this protein.

https://www.thermofisher.com/order/genome-database/antibody/p53-Antibody-clone-DO-7-Monoclonal/MA5-12557
https://www.thermofisher.com/order/genome-database/antibody/Ki-67-Antibody-Polyclonal/PA5-16785
https://www.thermofisher.com/order/genome-database/antibody/Goat-anti-Rabbit-IgG-H-L-Secondary-Antibody-Polyclonal/35552
https://www.thermofisher.com/order/genome-database/antibody/Phalloidin-/21834
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Wild type p53
To maintain normal homeostasis, wild type p53 is activated 
by DNA damage, hypoxia, and oncogene activation. Wild 
type p53—a sequence-specific transcription factor—
inhibits cell cycle progression, promotes senescence, or 
induces apoptotic cell death in response to stressors. 
Among tumor suppressor genes, TP53 is the most 
extensively studied, and inactivation of p53 has been 
documented in a wide variety of human tumors. 
Deleterious mutations in TP53 lead to aberrant cellular 
proliferation, genome instability, and cancer progression.11,13

p53 additional functions
In addition to the aforementioned functions as a tumor 
suppressor, experimental evidence provides additional 
examples of p53-related functions. Under normal 
conditions, p53 transcriptionally regulates genes associated 
with multiple cellular processes, some of which control 
inflammatory responses (Figure 2.3):13–17

• Ribosome biogenesis

• Control of aging 

• Upregulation of the innate immune system by transcriptional 
regulation of p53 target genes:

 — IFN regulatory factors (IRFs) IRF-9 and IRF-5 (antiviral 
responses)

 — Toll-like receptor 3 (TLR3) recognition of viral infections 
and activation of antiviral responses through induction 
of the IFN pathway

 — Monocyte chemoattractant protein-1 (MCP-1) 
Recruitment and activation of cells of the monocyte-
macrophage lineage

• Transcriptional regulation of genes associated with 
modulation of various cells of the innate and adaptive immune 
system. 

The association of p53 inactivation in the development of 
ulcerative colitis (UC)–associated colorectal cancer is well 
established. The increased frequency of TP53 mutations in 
noncancerous colonic tissue in patients with UC augments 
reactive oxygen species (ROS) and nitric oxide (NO) activity 
that causes DNA damage, tissue injury, and promotes 
tumorigenesis. Mutations of TP53 are also observed in 
sporadic colorectal cancer progression.18 The link between 
TP53 mutations, increased inflammatory responses, and 
tumorigenesis has been described for other forms of cancer 
as well, including tumors of the head and neck, breast, liver, 
and other tissues.11

p53

Exogenous signals
DNA damage
Virus infection
Pathogens

Endogenous signals
ROS/NOS
Hypoxia
Uncontrolled proliferation

Inflammation
REDOX signaling

Innate immunity
TLR signaling
IFN signaling
Interleukin and 
chemokine signaling

Adaptive immunity
T cell activation
NK cell activation
Interleukin signaling

Transcriptional network

Figure 2.3. Both exogenous and endogenous signals contibute to p53-
mediated transcriptional regulation of the immune system.

p53 Mouse Monoclonal Antibody (DO-7).  
Immunofluorescence analysis of formalin-fixed HT29 (human 
colorectal adenocarcinoma) using anti-p53 antibody  
(Cat. No. MA5-12557) (green). F-actin was stained with 
phalloidin (red) and nuclei were stained with Hoechst or DAPI  
dye (blue).

https://www.thermofisher.com/order/genome-database/antibody/p53-Antibody-clone-DO-7-Monoclonal/MA5-12557
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Adenomatous polyposis coli (APC)
Regulation of the Wnt/β-catenin pathway is highly 
complex. Both Wnt and β-catenin are part of core sets 
of developmental signal transduction proteins that were 
originally discovered in Drosophila.19 As a key regulator of 
Wnt/β-catenin pathway signaling, APC is associated with 
structural components of intracellular junctions, including 
conductin, and it competes with E-cadherin for binding 
to specific internal regions of both α- and β-catenin. APC 
regulates the formation of active β-catenin/transcription 
factor 4 (TCF4) complexes. APC is a well-described 
tumor suppressor, and germline mutations resulting in the 
loss or reduction of APC protein are linked with familial 
adenomatous polyposis (FAP), which is associated with 
cancer of the large intestine and rectum. Somatic mutations 
in APC are also associated with malignancies of the lung, 
breast, colon, and other organs.20,21

Figure 2.4. Wnt/β-catenin signaling. β-catenin/Tcf-4 complexes in the 
nucleus regulate c-MYC-mediated functions, such as cellular proliferation 
and contribute to cancer pathogenesis.
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Loss of APC and tumor-associated inflammation
APC is a regulator of gut epithelial cell proliferation, and 
adhesion. Migration and germline allelic loss of APC 
are hallmarks of human familial adenomatous polyposis 
syndrome, and sporadic colorectal cancer. Colorectal 
tumors exhibit immune/inflammatory infiltrates and 
inflammatory gene signatures. As APC is a hallmark 
of colon cancer, these clinical studies suggest a likely 
association between APC deficiency and inflammation. 
Multiple lines of experimental evidence support a role for 
APC deficiency and tumor-associated inflammation in the 
progression of colon cancer. Some representative examples 
include these observations.22,23

• In mouse models of colorectal cancer, loss of APC regulation 
correlated with increased levels of the following pro-
inflammatory soluble factor:

 — Inactivation of the WT APC allele in mouse intestinal 
epithelial cells harboring a mutant APC allele drives 
tumorigenesis 

• IL-23 (expressed in tumor-infiltrating myeloid cells in response 
to invasion of the APC-deficient adenomas by microbial 
products): 

 — Promotes upregulation of IL-17

• IL-17A produced by certain T cells and cells of the innate 
immune system

• Upregulation of IL-17 correlates with progression of colorectal 
cancer and worse prognosis 

• Cyclooxygenase-2 (COX-2) critical for production of 
prostaglandin E2 that promotes neoplastic transformation of 
gut epithelial cells

Nonsteroidal anti-inflammatory drugs (NSAIDs), such as 
aspirin, show a strong preventive effect and were recently 
proposed as an adjuvant therapy for colorectal cancer.11WNT1 Mouse Monoclonal Antibody 

(10C8). Immunofluorescence analysis 
of HeLa (immortalized human cervical 
cancer) cells using anti-Wnt1 antibody 
(Cat. No. MA5-15544) (green). 
Nucleus stained with Thermo Scientific™ 
DRAQ5™ fluorescent DNA dye (blue) 
and actin filaments labeled with DyLight™ 
554-Phalloidin dye (red).

APC Rabbit Polyclonal Antibody. 
Immunohistochemical analysis of formalin-
fixed, paraffin-embedded (FFPE) human 
colon carcinoma using anti-APC antibody  
(Cat. No. PA5-16883) and peroxidase-
conjugate and AEC.

https://www.thermofisher.com/order/genome-database/antibody/WNT1-Antibody-clone-10C8-Monoclonal/MA5-15544
https://www.thermofisher.com/order/genome-database/antibody/APC-Adenomateous-Polyposis-Coli-Antibody-Polyclonal/PA5-16883
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Phosphatase and tensin homolog (PTEN)
The tumor suppressor phosphatase and tensin homolog 
(PTEN) has dual lipid and protein phosphatase activity and 
antagonizes the activity of phosphatidylinositol 3-kinase 
(PI3K)-mediated signaling, thereby inhibiting Akt. It 
functions as a lipid phosphatase and dephosphorylates the 
3' hydroxyl inositol ring of PIP3, and produces PIP2. As a 
negative regulator of the PI3K/Akt/mTOR signaling cascade, 
PTEN plays a vital role in regulating basic cellular functions, 
including proliferation, survival, and energy metabolism 
(Figure 2.5).24,25 In addition to interactions with PIP3, PTEN 
recognizes certain proteins with tyrosine phosphate 
residues, such as PI3K and FAK. PTEN also acts as a 
phosphatase for certain proteins with serine and threonine 
residues, including the signal transduction protein, Shc.26 

Figure 2.5. PTEN signaling is frequently associated with growth factor 
pathways.
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PTEN Mouse Monoclonal Antibody (17.A). 
Immunofluorescence analysis of formalin-fixed MCF-7 
(immortalized human breast adenocarcinoma) cells using anti-
PTEN antibody (Cat. No. MA5-12278). (Right) PTEN in the 
cytoplasm (green) compared to (left) a negative control without 
primary antibody.

A number of clinical and experimental observations have 
supported a role for PTEN in the inhibition of tumor-
associated inflammation. These observations include:11,27 

• Loss of PTEN regulation correlates with monocytic infiltration 
and induction of tumor angiogenesis and upregulation of NF-
κB in human head and neck squamous cell carcinoma.

• Loss of PTEN function correlates with upregulated NF-κB 
activity, stromal activation, and an influx of inflammatory cells 
in a mouse model of pancreatic ductal adenocarcinoma 
driven by oncogenic KRAS.

• Loss of PTEN function has also been reported to drive 
proinflammatory responses that promote the progression 
of breast cancer and prostate cancer.

https://www.thermofisher.com/order/genome-database/antibody/PTEN-Antibody-clone-17-A-Monoclonal/MA5-12278
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TGFBR2 Rabbit Polyclonal 
Antibody. Immunofluorescence 
analysis of HepG2 (human liver 
hepatocellular carcinoma cell line) 
cells using anti-TGFBR2 antibody 
(Cat. No. PA5-35076) (green). 
Nuclei were stained with DAPI (blue).

Transforming growth factor beta (TGF-βRII)
Transforming growth factor beta (TGF-β) is a family of 
structurally homologous dimeric cytokines that also 
includes activins and the bone morphogenic proteins. The 
mammalian isoforms include TGF-β1, TGF-β2, and TGF-β3, 
which, along with associated serine/threonine receptors, 
regulate multiple biologic processes, including but not limited 
to cell proliferation, angiogenesis, immune response, and 
apoptosis. Dysregulated TGF-β signaling is associated with 
abnormal wound healing, tissue fibrosis, cardiovascular 
diseases, autoimmune diseases, and other disorders, 
including cancer. Smads are evolutionarily conserved 
intracellular proteins that are activated by serine/threonine 
kinase receptors, and undergo nuclear translocation and 
subsequently function as transcriptional regulators of TGF-β 
signaling.28,29

TGF-β signaling in tumor suppression
Multiple studies illustrate the involvement of TGF-β pathway 
mediators in tumor suppression.30–32 Sporadic mutations 
have been identified in genes encoding TGF-β receptors 
and Smad proteins in a variety of tumors.33,34 In addition, a 
loss-of-function germline mutation in the gene that encodes 
TGF-βRII is associated with hereditary non-polyposis 
colorectal cancer (HNPCC). Inactivating mutations in TGF-
βRII are known to occur in 20–25% of colon cancers and 
also frequently occur in cancers of the stomach, pancreas, 
breast, liver, and other organs. Inactivating mutations of 
the gene encoding TGF-βR1 have also been reported and 
known to induce cancers of the ovaries, breast, pancreas, 
and T lymphocytes. Multiple studies indicate that tumors 
frequently downregulate TGF-β receptor expression which 
provides escape from TGF-β growth inhibition.30,35,36 Evidence 
of TβRII as a tumor suppressor is supported by these 
representative examples:

• Exogenous expression of wild type TβRII conferred tumor 
growth inhibition in colon, breast, or thyroid carcinoma cells 
that lacked endogenous TGF-βRII functional activity.

• Overexpression of TGF-β1 or TβRII in the skin of transgenic 
mice also provided evidence for tumor suppressor activity. 

• Transgenic overexpression of dominant-negative mutant 
TβRII in the mouse mammary gland and lung augmented 
tumorigenesis in response to a chemical carcinogen.

In addition to tumor suppressor activity, the TGF-β 
pathway also possesses tumor-promoting activity, and this 
dichotomy is not well understood. For example, several 
epithelial caners that do not harbor somatic mutations 
overcome the growth-inhibitory effects of TGF-β.37

TGF-β signaling and inflammation
Various studies indicate that loss of TGF-β signaling 
augments the presence of tumor infiltrating inflammatory 
cells. Furthermore, TGF-βRII mutations in epithelial cells of 
multiple solid organs correlates with tumor progression by 
promoting proinflammatory conditions. In addition, loss of 
TGF-β function in cancer-associated fibroblasts upregulated 
the expression of genes required for proinflammatory 
responses and contributed to tumor progression.11,

Figure 2.6. TGF-β signaling pathway.
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https://www.thermofisher.com/order/genome-database/antibody/TGFBR2-Antibody-Polyclonal/PA5-35076
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SMAD4 Mouse Monoclonal Antibody (4G1C6). 
Immunofluorescence analysis of NIH/3T3 (immortalized mouse 
embryonic fibroblast) cells using anti-SMAD4 antibody  
(Cat. No. MA5-15682) (green). Actin filaments were stained  
with phalloidin (red) and nuclei were stained with DRAQ5 DNA  
dye (blue).

Smad4
Human Smad4 is one of eight human Smad isoforms that 
function downstream of TGF-βRs. The Smad proteins share 
common structural features but are divided into three distinct 
functional classes:38,39

• Receptor-regulated Smad proteins (R-Smads) are directly 
phosphorylated and activated by TGF receptors. 

 — Smad1, Smad5, and Smad9 (mediate BMP signaling)

 — Smad2, Smad3 (mediate TGF-β/activin signaling) 

• Common Smad forms complexes with R-Smads, undergoes 
nuclear translocation, and acts as a transcriptional regulator of 
target genes. 

 — Smad4

• Antagonistic Smads or anti-Smads act as negative regulators 
of signaling. 

 — Smad6 (global TGF-β pathway inhibitor)

 — Smad7 (BMP-specific pathway inhibitor)

Smad4 as a tumor suppressor
The tumor suppressor functions of Smad4 are well 
documented. Pancreatic and colorectal cancers frequently 
harbor Smad4 mutations, and loss of Smad4 function is 
associated with juvenile polyposis syndrome, an inherited 
disorder marked by the presence of noncancerous polyps 
and an increased risk of developing malignancies of the 
gastrointestinal (GI) tract. Smad4 dysregulation has also 
been shown to play a role in breast cancer tumorigenesis 
and metastasis. 

Various reports indicate that Smad4 disruption in colon 
epithelial cells augments recruitment of inflammatory 
myeloid cells that contribute to tumor progression. Smad4 
deletions in T lymphocytes induce secretion of the pro- 
inflammatory cytokines IL-5, IL-6, and IL-13 that contribute 
to the development of GI cancers.40,41

Figure 2.7. TGF-β and SMAD signaling pathway. Mutations in 
Smad2, Smad3, and Smad4 have been detected in a number of different 
carcinomas.
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Like Smad4, both Smad2 and Smad3 have been identified 
as tumor suppressors—although, there have been reports 
that low levels of Smad3 promote tumor progression rather 
than suppression.42,43

Cancer drivers genes and 
inflammation 

https://www.thermofisher.com/order/genome-database/antibody/SMAD4-Antibody-clone-4G1C6-Monoclonal/MA5-15682
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Cancer driver and passenger mutations
For point mutations and translocations detected in cancer 
cells, the majority of the genetic alterations do not affect 
the fitness (or selective growth advantage) of the tumor 
cell (Figure 2.8).44,45 By definition, mutations that never 
enhance the fitness of the tumor cell relative to the normal 
surrounding cells are considered passenger mutations.
In contrast, any mutation that increases the fitness of a 
tumor cell relative to normal surrounding cells is considered 
a driver mutation. Driver genes are those that carry driver 
mutations; however, it is important to note that driver genes 
may also carry passenger mutations.46,47

Like tumor suppressor mutations, oncogenic mutations 
may be classified as driver mutations.48 Oncogenes are 
genes that as proto-oncogenes regulate normal cellular 
processes; however, gain-of-function mutations in proto-
oncogenes give rise to abnormal gene products that have 
the potential to induce tumor transformation and growth 
(Figure 2.9). (See Table 2.2 for a representative list of 
oncogenes).

Accumulation of genetic mutations ultimately disrupts 
mechanisms required for cell cycle regulation. Under 
normal conditions, the production and propagation of 
growth signals and cellular proliferation are highly regulated. 
Stringent control of proliferative processes supports 
maintenance of healthy tissue structure and function. 
Signaling pathways associated with proliferation are usually 
activated when required and switched off when no longer 
needed. One hallmark of malignant cells is the loss of 
homeostatic regulation and sustained, or uncontrolled 
proliferation.49

Oncogenes and tumor-associated inflammation 
In addition to the well-established role of oncogenes as 
initiators of neoplastic cellular transformation, oncogenic 
mutations are associated with induction of tumor 
inflammation and drive the production of proinflammatory 
and angiogenic mediators. For example, mutations in 
the RAS oncogene variants HRAS and KRAS upregulate 
NF-κB and production of proinflammatory cytokines and 
chemokines in human cancer cells. Similarly, mutations 
in the oncogene BRAF have been linked to inflammatory 
programs in melanoma, and oncogenic mutations in genes 
such as MYC, RET, and EGFR have been implemented 
in driving tumor-associated inflammation in various solid 
tumors.50 

Figure 2.8. The progression of malignant cell transformation. 
Transformation of normal cells to ones that are malignant involves 
multi-step processes. While a cell may remain phenotypically normal, 
somatic mutations accumulate over time through several generations 
of cell division. These occurrences are a combination of mutations that 
occur intrinsically as a result of normal cell division and mutagenesis that 
happens when cells are exposed to external insults.
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Figure 2.9. The dual nature of oncogenes. In addition to suppressor 
mutations, driver mutations may also be classified as oncogenes.  
This illustration describes the duality that exists with normal proto-
oncogenes that possess potential for the oncogenic transformation that 
drives tumor progression. 
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Table 2.3. Inflammatory mediators involved in RET signaling and 

tumorigenes.

Target Class of protein Antibody (Cat. No.)

RET Receptor tyrosine kinase MA5-11513

G-CSF Growth factor AHC2034

GM-CSF Growth factor 701136

M-CSF Growth factor PA1-20182

CXCR4 Chemokine receptor PA3-305

CXCL12 Chemokine receptor PA1-29029

CCL2 Chemokine 710002

IL-8 Cytokine 710256

MMP7 Metalloprotease PA5-28076

MMP9 Metalloprotease MA5-15886

MMP10 Metalloprotease PA5-29746

uPA Serine protease PA1-36015

RET oncogene and inflammation 
The RET oncogene signaling pathway provides a well-
characterized example of the link between oncogenic 
signaling and inflammatory responses that promote 
tumorigenesis. The RET proto-oncogene encodes a 
receptor tyrosine kinase that interacts with GDNF-family 
ligands. RET loss-of-function mutations are associated 
with Hirschsprung disease, and oncogeneic mutations 
give rise to cancers that affect the endocrine system and 
the thyroid. For example, transformation of thyrocytes 
may progress to papillary thyroid carcinoma due to 
chromosomal rearrangements of the RET oncogene and 
certain point mutations are linked with medullary thyroid 
carcinoma. Mutations in RET may also induce dysregulation 
of genes that encode inflammatory mediators that control 
thyrocyte function—some of these proteins include growth 
factors, chemokine receptors, cytokines, metaloproteases, 
and other protein classes. (Figure 2.10 and Table 2.3). 
The specific role of these factors in the development of 
cancer are under investigation. There are a number of 
small molecule inhibitors used to treat thyroid cancer that 
are active against RET—a number of which have been 
approved by the Food and Drug Administration (FDA) for  
the treatment of thyroid cancers.51,52  

Figure 2.10. Proteins associated with the RET signaling pathway.
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Table 2.2. Representative oncogenes.

Oncogene Associated cancer Cellular function 

ABL1 CML and other leukemias Tyrosine kinase signal transduction

AKT/PKB Breast, ovarian, colorectal, and other cancers Serine/threonine-specific protein kinase

BRAF Colorectal cancer, metastatic melanoma, other solid tumors, and non-Hodgkin lymphoma Serine/threonine kinase signal transduction

CCND1 Carcinomas of the breast and other tissues, B cell lymphoma Cell cycle regulator/cyclin-dependent kinase regulator

EGFR Epidermal growth factor Tyrosine kinase signal transduction

HER2 Breast cancer and certain gastric cancers Tyrosine kinase signal transduction

KRAS Colorectal cancer GTPase/signal transduction

MYC Lymphomas and carcinomas Transcription factor/cell cycle regulator

PIK3CA Colorectal cancer Catalytic subunit of PI3K/signal transduction

RET Multiple endocrine neoplasia type 2 and hereditary medullary thyroid carcinoma Cellular function: receptor tyrosine kinase

SRC Colorectal, hepatocellular, breast, pancreatic, and other tumors Tyrosine kinase signal transduction

Abbreviations: ABL1, Abelson murine leukemia viral oncogene homolog 1; AKT/PKB, AKT/Protein Kinase B; BRAF, v-raf murine sarcoma viral oncogene homolog B; CCND1, 

Cyclin D1; MYC, v-myc avian myelocytomatosis viral oncogene homolog; EGFR, epidermal growth factor receptor; HER2, human diaminobenzidine epidermal growth 

factor receptor 2; KRAS, Kirsten rat sarcoma viral oncogene homolog; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit alpha; SRC, SRC proto-

oncogene, non-receptor tyrosine kinase.

https://www.thermofisher.com/order/genome-database/antibody/Ret-Oncoprotein-Antibody-clone-3F8-Monoclonal/MA5-11513
https://www.thermofisher.com/order/genome-database/antibody/G-CSF-Antibody-clone-BVD13-3A5-Monoclonal/AHC2034
https://www.thermofisher.com/order/genome-database/antibody/GM-CSF-Antibody-clone-7H3L2-Monoclonal/701136
http://www.thermofisher.com/order/genome-database/antibody/Macrophage-CSF-Antibody-Polyclonal/PA1-20182
http://www.thermofisher.com/order/genome-database/antibody/CXCR4-CD184-Antibody-Polyclonal/PA3-305
http://www.thermofisher.com/order/genome-database/antibody/CXCL12-Antibody-Polyclonal/PA1-29029
http://www.thermofisher.com/order/genome-database/antibody/CCL2-MCP-1-Antibody-Oligoclonal/710002
http://www.thermofisher.com/order/genome-database/antibody/IL-8-Antibody-Oligoclonal/710256
http://www.thermofisher.com/order/genome-database/antibody/MMP7-Antibody-Polyclonal/PA5-28076
http://www.thermofisher.com/order/genome-database/antibody/MMP9-Antibody-clone-5G3-Monoclonal/MA5-15886
http://www.thermofisher.com/order/genome-database/antibody/MMP10-Antibody-Polyclonal/PA5-29746
http://www.thermofisher.com/order/genome-database/antibody/Urokinase-Antibody-Polyclonal/PA1-36015
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Inflammation and tumor progression
Numerous studies have revealed associations between the 
loss of tumor suppressor function and oncogenic activity 
in the development of inflammation that contributes to the 
progression of cancer. Factors such as infection, chemical 
irritation, and tissue injury lead to acute inflammation. In 
addition, genetic instability (mutation) leads to elevated 
expression of chemical mediators that further contribute 
to the local inflammatory response, characterized by 
recruitment, infiltration, and activation of inflammatory and 
stromal cells. When inflammation remains unresolved, 
chronic inflammation supports tumor promotion, the 
process during which initiated cells develop into benign 
lesions, followed by tumor progression, the process during 
which benign tumors progress to malignant carcinomas 
(Figure 2.11). While an abundant volume of data support the 
connection between infection, inflammation, and genetic 
instability in tumor incidence, the precise mechanisms 
of cancer-related inflammation are not fully understood. 
However, central to these cancer-promoting events are the 
presence of macrophages, their inflammatory mediators, 
and other cells of the immune system.53

The tumor microenvironment is highly complex and 
is composed of a collection of cells with both cancer 
promoting and inhibiting functions. Investigators expend 
enormous resources and effort in their quest to elucidate 
the processes that regulate the complex network of 
cells and soluble factors that constitute the tumor 
microenvironment. Efforts are under way to devise and 
test approaches to reduce proinflammatory conditions in 
the tumor microenvironment and to induce conditions that 
may enhance the activities of cells, such as tumoridical 
lymphocytes and NK cells that have the potential to 
enhance tumor rejection.54
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Figure 2.11. Mechanisms involved in development of tumor-related inflammation and progression.
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Antibodies: powerful tools for research 
The ability to produce high-quality antibodies for 
biomedical research contributes to the new discoveries 
seen in the field of cancer biology, year after year. We 
offer thousands of primary and secondary antibodies 
for use in cancer research. Whether your research is 
focused on proliferative signaling, metastasis, apoptosis, 
autophagy, metabolism, inflammation, tumor suppressors, 
or any other cancer-related research area, we have a 
broad selection of research antibodies to help ensure 
your success. Our antibody assay results are validated 
by thousands of citations worldwide, helping you achieve 
superior experimental results in a wide range of antibody 
applications.

Table 2.4. Representative publications referencing our antibodies.

Antibody Reference Application

APC Mouse Monoclonal Antibody (CC-1) 

(Cat. No. MA1-25884)

Zen K, Utech M, Liu Y et al. (2004) Association of BAP31 with CD11b/CD18: potential role in intracellular 

trafficking of CD11b/CD18 in neutrophils. J Biol Chem 279(43):44924–44930.

ICC

c-Myc Mouse Monoclonal Antibody (9E10)

(Cat. No. MA1-980)

Gleyzer N, Scarpulla RC (2013) Activation of a PGC-1–related coactivator (PRC)–dependent inflammatory 

stress program linked to apoptosis and premature senescence. J Biol Chem 288(12):8004–8015.

WB

EGFR Mouse Monoclonal Antibody (H11) 

(Cat. No. MA5-13070)

Kyriakakis E, Maslova K, Frachet A et al. (2013) Cross-talk between EGFR and T-cadherin: EGFR activation 

promotes T-cadherin localization to intercellular contacts. Cell Signal 25(5):1044–1053.

IP, WB, ICC

HER-2/ErbB2 Mouse Monoclonal Antibody (e2-4001 + 3B5)

(Cat. No. MA5-14057)

Ozawa M, Shimojima M, Goto H et al. (2013) A cell-based screening system for influenza A viral RNA 

transcription/replication inhibitors. Sci Rep 3:1106.

WB

p53 Mouse Monoclonal Antibody (DO-7) 

(Cat. No. MA5-12557)

Piccinin S, Tonin E, Sessa S et al. (2012) A “twist box” code of p53 inactivation: twist box:p53 interaction 

promotes p53 degradation. Cancer Cell  22(3):404–415.

IHC

pan RAS Mouse Monoclonal Antibody (Ras10) 

(Cat. No. MA1-012)

Hamer PJ, Trimpe KL, Pullano T et al. (1990) Production and characterization of anti-RAS p21 monoclonal 

antibodies. Hybridoma 9(6):573–587.

FACS

PTEN Mouse Monoclonal Antibody (17.A) 

(Cat. No. MA5-12278)

Volante M, Saviozzi S, Rapa I et al. (2007) Epidermal growth factor ligand/receptor loop and downstream 

signaling activation pattern in completely resected nonsmall cell lung cancer. Cancer 110(6):1321–1328.

IHC

Retinoblastoma Mouse Monoclonal Antibody (1F8 (Rb1))

(Cat. No. MA5-11387)

Canzonieri V, Barzan L, Franchin G et al. (2012) Alteration of G1/S transition regulators influences recurrences 

in head and neck squamous carcinomas. J Cell Physiol 227(1):233–238.

IHC

SMAD4 Mouse Monoclonal Antibody (SMD46 (DCS-46) 

(Cat. No. MA5-14300)

Abe T, Furue M, Kondow A et al (2005) Notch signaling modulates the nuclear localization of carboxy-

terminal-phosphorylated smad2 and controls the competence of ectodermal cells for activin A. Mech Dev 

122(5):671–680.

IF, WB

SRC Mouse Monoclonal Antibody (1F11)

(Cat. No. MA5-15924)

Doisneau-Sixou SF, Cestac P, Chouini S et al. (2003) Contrasting effects of prenyltransferase inhibitors on 

estrogen-dependent cell cycle progression and estrogen receptor-mediated transcriptional activity in MCF-7 

cells. Endocrinology 144(3):989–998.

WB

TGF beta Mouse Monoclonal Antibody (2E6) 

(Cat. No. MA1-21479)

Gresham HD, Dale DM, Potter JW et al. (2000) Negative regulation of phagocytosis in murine macrophages 

by the Src kinase family members, Fgr. J Exp Med 191(3):515–528.

Blocking assay

Abbreviations: FACS, fluorescence-activated cell sorting; ICC, immunocytochemistry; IF, immunofluorescence; IHC, immunohistochemistry; IP, immunoprecipitation; WB, western blot

To access our antibody search tool and find the right antibody for your research, go to 
thermofisher.com/antibodies
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3The tumor microenvironment

Introduction

During the 19th century, the first observations 
linking inflammatory events and cancer progression 
were reported. The numbers of reports providing 
epidemiological, experimental, and clinical evidence 
supporting those earlier observations have grown 
dramatically. While there is currently a great deal 
of information regarding the presence of chronic 
inflammation as a risk factor in the development 
of cancer, the precise mechanisms that drive this 
process are not completely understood.1 

The premalignant stage is characterized by genomic 
defects that result in the activation of pathways 
necessary for cell growth and survival. The 
microenvironment contains immune cells that further 
support and foster the tumorigenic phenotype 
through a process resembling tissue response to 
acute damage. Tumor progression (invasion and 
metastasis) is enhanced when chronic inflammatory 
events go unchecked and are consistently present 
in the tumor microenvironment.2 Neoplastic 
progression has been described as a process 
by which the proliferation of cancer cells alone is 
insufficient to cause tumor progression, but rather is 
dependent upon sustained proliferation in the context 
of a microenvironment rich in inflammatory cells, growth  
factors, activated stromal cells, and DNA-damaging  
agents (Figure 3.1).3
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Figure 3.1. The diagram illustrates the complex interplay between 
environmental factors, genetic instability, and inflammation in the 
progression of cancer.
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3The tumor microenvironment

One of the main roles of immune cell surveillance is to 
ensure maintenance of tissue structure and function and 
mount acute inflammatory responses that protect the host 
from pathogens. During an insult resulting from infection 
or trauma, granulocytes are recruited to sites of acute 
inflammation to confine tissue damage and initiate healing. 
Leukocytes, such as macrophages and other cells types, 
migrate from the peripheral circulation to sites of injury 
to remove damaged cells and debris, which facilitates 
resolution of inflammation. Fibroblasts are required for 
extracellular matrix deposition, and vascular endothelial 
cells mediate angiogenesis—processes required for 
tissue repair. With respect to cancer progression, several 
investigators have revealed that specific populations of 
immune cells possess either anti-tumorigenic properties 
or the ability to promote tumorigenesis, and disease 
progression may depend on the balance of cellular 
subsets and the milieu of soluble mediators. A large body 
of literature has reported that malignancy is frequently 
associated with chronic, persistent, pathological 
inflammation.2–4

Figure 3.2. Representation of cellular components of the 
inflammatory tumor microenvironment. Cells that reside within solid 
tumors, such as tumor-associated macrophages (TAMs), myeloid-derived 
suppressor cells (MDSCs), T regulatory cells (Tregs), and other cells, 
actively suppress antigen-presenting cells, such as dendritic cells, and 
inhibit productive anti-tumor responses mediated by cytotoxic CD8+ T cells 
(CTLs) and natural killer cells.
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A wide variation of cellular subsets comprise the tumor 
microenvironment (Figure 3.2). Recent studies that 
investigated cancer stroma and immune system-based 
biomaker profiles in solid tumors indicated that survival 
and/or response to cancer therapy may either be 
positively or negatively correlated with the ratios of specific 
cellular populations. For example, human breast cancer 
research studies demonstrated that stromal cancer-
associated fibroblasts (CAFs) contribute to the tumorigenic 
microenvironment and are negatively correlated with 
survival. These cells produce the chemokine stromal cell-
derived factor 1 (SDF-1), also known as CXCL12—a strong 
lymphocyte and macrophage chemoattractant—which 
signals through the receptor CXCR4 to promote tumor cell 
growth, invasion, and tumor angiogenesis.5–7

In numerous studies have established that the presence 
of macrophages in a number of different cancers correlate 
with increased vascular density, and a poor clinical 
outcome. The presence of tumor–associated macrophages 
(TAMs) support tumor growth; furthermore, a cellular 
signature comprised of a high level of macrophages and 
CD4+ T cells, relative to low levels of tumor–specific CD8+ 
cytotoxic T lymphocytes (CTLs) was predictive of reduced 
risk-free survival . In addition, various studies employing 
mouse models suggest that manipulation of the tumor 
microenvironment by depletion of mammary TAMs, that 
promote inflammation and inhibit tumoricidal activity, may 
enhance the response to chemotherapy and augment the 
function of tumor–specific CTL.5
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T regulatory cells (Tregs) inhibit other T cell subsets and 
are thought to play a permissive role in tumor progression. 
Induction of FOXP3-mediated differentiation of T effector 
cells into Tregs, has been suggested as a potential factor in 
the high number of Tregs in the tumor microenvironment. 
Tregs which suppress the function of other tumor 
infiltrating lymphocytes, are usually described as providing 
a permissive environment for tumor progression. Tregs 
suppress immune responses through production of IL-10, 
transforming growth factor beta (TGF-β), and engagement 
of cytotoxic T-lymphocyte antigen 4 (CTLA4), thereby 
inhibiting antigen recognition and clearance of tumor 
cells by tumoricidal cells such as CD8+ T cells (also called 
cytotoxic T lymphocytes [CTL]) that have the potential to 
directly kill tumor cells.8,9

CD4+ T cell subsets
There are several types of T cell subsets within solid tumors 
(Figure 3.3). The Th1 and Th2 subsets were the first 
identified and extensively characterized. The Th1 cell 
lineage is regulated by the transcription factor T-bet, 
whereas GATA-3 impacts Th2 differentiation. CD4+ T helper 
1 (Th1) cells suppress tumor angiogenesis and possess 
antitumor properties mediated by recruitment of antigen 
presenting cells (APCs) and NK cells and support the 
function of CD8+ cells by producing cytokines such as 
interleukin-2 (IL-2) and interferon gamma (IFN-γ). In general, 
Th2 cells contribute to antitumor responses by producing 
IL-4 and IL-13—cytokines that recruit tumoricidal 
eosinophils; conversely, Th2 through the secretion of IL-5 
may promote tumor progression. Th17 cells produce IL-17, 
IL-21 and IL-22 that favor antimicrobial tissue inflammation 
and are generally thought to support tumor growth and 
angiogenesis in many cancers. FOXP3+ CD4+ Tregs express 
the FOXP3 transcription factor and are important in 
maintaining immunologic homeostasis and self-tolerance. 
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Figure 3.3. T cell subsets. The T cells then differentiate into different 
subsets of T cells based upon which cytokines are present. The different 
T cell subsets express a different profile of transcription factors and 
cytokines.
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Detection of signature Th1/Th2 cytokines using 
immunoassays
In addition to an extensive line of high-quality primary and 
secondary antibodies, our company offers a wide range 
of ELISA kits for detecting cytokines and other soluble or 
intracellular proteins of interest. To help ensure sensitive, 
accurate, and consistent performance, our ELISA kits are 
quality tested for criteria such as sensitivity, specificity, 
precision, lot-to-lot consistency, recovery, and parallelism. 
Learn more about our ELISA validation and quality 
testing.

Table 3.1. Representative ELISA kits for detecting Th1/Th2 cytokines.*

Th1 cytokines (Cat. Nos.) Representative publications 

Interferon-γ 
IFN-γ ELISA Kit, Human (Cat. No. KAC1231) 
IFN-γ ELISA Kit, Human (Cat. No. KHC4021)

Kemper C, Chan AC, Green JM et al. (2003) Activation of human CD4+ cells with 
CD3 and CD46 induces a T regulatory cell 1 phenotype. Nature 421(6921):388–392.

Interleukin-12
IL-2 ELISA Kit, Human (Cat. No. KHC0121)
IL-12 (p40) ELISA Kit, Human  
(Cat. No. KAC1561)
IL-12 (p70) ELISA Kit, Human  
(Cat. No. KAC1568)

Matsuoka T, Tabata H, Matsushita S (2001) Monocytes are differentially activated 
through HLA-DR, -DQ, and -DP molecules via mitogen-activated protein kinases. 
J Immunol 166(4):2202–2208.

Th2 cytokines (Cat. Nos.) 

Interleukin-4
IL-4 ELISA Kit, Human (Cat. No. KAC1281)
IL-4 ELISA Kit, Human (Cat. No. KHC0041)

Sonmez M, Sonmez B, Eren N et al. (2004) Effects of interferon-alpha-2a on Th3 
cytokine response in multiple myeloma patients. Tumori 90(4):3879–89.

Interleukin-5
IL-5 ELISA Kit, Human (Cat. No. KHC0051)
IL-5 ELISA Kit, Human (Cat. No. EHIL5)

Liu K, Li Y, Prabhu V et al. (2001) Augmentation in expression of activation-induced 
genes differentiates memory from naïve CD4+ T cells and is a molecular mechanism 
for enhanced cellular response of memory CD4+ T cells. J Immunol 166(12):7335–
7344.

Interleukin-13
IL-13 ELISA Kit, Human (Cat. No. KHC0131)
IL-13 Ultrasensitive ELISA Kit, Human  
(Cat. No. KHC0134)

Baramki D, Koester J, Anderson AJ et al. (2002) Modulation of T cell function by 
(R)- and (S)-isomers of albuterol: anti-inflammatory influences of (R)- isomers are 
negated in presence of the (S)-isomer. J Allergy Clin Immunol 109(3):449–454.

*For additional human kits to detect these and other cytokines and kits for detecting protein from multiple different species:  
search thermofisher.com/findelisa

To discover our human and mouse cytokine multiplex Luminex™ kits, visit  
thermofisher.com/luminex

http://www.thermofisher.com/us/en/home/life-science/protein-biology/protein-assays-analysis/elisa/elisa-kits/elisa-validation-quality-testing.html
http://www.thermofisher.com/us/en/home/life-science/protein-biology/protein-assays-analysis/elisa/elisa-kits/elisa-validation-quality-testing.html
https://www.thermofisher.com/order/catalog/product/KAC1231
https://www.thermofisher.com/order/catalog/product/KHC4021
https://www.thermofisher.com/order/catalog/product/KHC0121
https://www.thermofisher.com/order/catalog/product/KAC1561
https://www.thermofisher.com/order/catalog/product/KAC1568
https://www.thermofisher.com/order/catalog/product/KAC1281
https://www.thermofisher.com/order/catalog/product/KHC0041
https://www.thermofisher.com/order/catalog/product/KHC0051
https://www.thermofisher.com/order/catalog/product/EHIL5
https://www.thermofisher.com/order/catalog/product/KHC0131
https://www.thermofisher.com/order/catalog/product/KHC0134
http://www.thermofisher.com/us/en/home/life-science/protein-biology/protein-assays-analysis/elisa/elisa-kits/target-specific-elisa-kits.html?CID=fl-findelisa
http://www.thermofisher.com/us/en/home/life-science/protein-biology/protein-assays-analysis/luminex-assays.html
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Repression of T cell responses is also associated with the 
expression of various inhibitory cell surface molecules. 
Cancer cells, monocytes, macrophages, and dendritic cells 
express the programmed cell death protein 1 ligand 1  
(PD-1L) that engages PD-1 expressed by activated T 
cells. This interaction inhibits T cell proliferation, cytokine 
production, and cytolytic activity in CD8+ T cells.

Regulation of tryptophan catabolism is another means by 
which tumors evade immune destruction. This essential 
amino acid is catabolized through a process that requires 
the enzyme, indoleamine-2,3-dioxygenase (IDO) that is 
expressed in tumor cells, APCs, and myeloid derived 
suppressor cells (MDSCs). The immunosuppressive milieu 
generated by tryptophan catabolites such as kynurenine, 
and the depletion of tryptophan induces anergy and 
apoptosis in tumor-infiltrating lymphocytes. In addition, IDO 
promotes the differentiation of naïve T cells to Tregs.11,12

Within the tumor microenvironment, the activity of 
specific chemokines also impacts the accumulation 
of T cells and other cell types. For example, within the 
tumor microenvironment chemokines may become 
posttranslationally altered. One example is illustrated by 
the posttranslational addition of nitrogen to CCL2. The 
tumor vicinity is rich in reactive oxygen and nitrogen 
species, and the nitration of CCL2 (N-CCL2) contributes to 
sequestration of T cells in the tumor stroma but facilitates 
attraction and enrichment of monocytes within the tumor 
microenviroment.13

The vasculature may also exclude access of effector T 
cells but enable passage of Tregs and myeloid cells. This 
is supported by the observation that tumors with elevated 
levels of endothelial Fas Ligand (FasL) contain few CD8+ T 
cells but have abundant Tregs, which are protected against 
FasL-mediated apoptosis through higher expression of 
c-FLIP. These and other immune evasion mechanisms 
present major limitations to immunotherapeutic strategies 
that might otherwise augment tumor-specific T cell activity.12

Cytotoxic T lymphocytes
Extravasation of T cells into the tumor microenvironment 
and T cell replication and clonal expansion within the tumor 
are likely necessary for CD8+ T cell tumoricidal activity. 
Antigen-specific CTL produce protein such as perforin, 
granzymes, and Fas Ligand (FasL) that induce apoptosis 
in target cells (Figure 3.4). Multiple mechanisms contribute 
to tumor cell immune evasion. Some examples of factors 
that restrict antitumor immune responses include, but are 
not limited to, exclusion of effector T cells from the vicinity 
of cancer cells, reduction in T cell numbers, and diminished 
ability of T cells to recognize and eliminate cancer cells.10  
For example, certain tumor-associated macrophages 
(TAMs) are considered tumorigenic, in part, because they 
secret the inhibitory cytokine, IL-10, that inhibits effector T 
cell functions.

Dendritic 
cell

CD4+ 
T helper cell

Cytokines
IFN-γ
TNF-α

Chemokines
MIP-1α/β
RANTES

Lysis of infected cells
Perforin

Granzymes
Fas/FasL

Naïve CD8+ Memory CD8+ Effector CD8+

Figure 3.4. Activated effector CD8+ T cells produce the cytolytic 
granules, granzyme, and perforin. During cell-cell contact, CD8+ CTL 
releases cytolytic granules that directly kill cells that express cognate 
antigen in the context of human leukocyte antigen 1 (HLA-1) molecules 
HLA-1 (mouse homologue; major histocompatibility complex 1  
(MHC class I)).
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Macrophages and the cancer-related inflammation
Tumor antigen-specific CTL are suppressed by a variety of 
different mechanisms that include the presence of inhibitory 
macrophage subsets (Figure 3.5). Macrophage subsets 
comprise a large proportion of cells within the tumor 
microenvironment and contribute to tissue damage, chronic 
inflammation, and tumor progression through a number 
of different mechanisms. For example, myeloid-derived 
suppressor cells (MDSCs)—upon recruitment to lymphoid 
organs—upregulate production of reactive oxygen species 
(ROS). Through STAT3-mediated mechanisms, MDSCs 
increase arginase 1 (ARG1) activity and reduce levels of 
nitric oxide (NO). In the process of presenting antigen to 
CD8+ T cells, certain forms of ROS, specifically peroxynitrite 
produced by MDSCs, induce nitrosylation of TCRs and 
CD8 molecules expressed by T cells; these processes 
cause anergy in T cells responding to cognate antigen.
Upregulated STAT1 activity has been detected in MDSCs 
that migrate to the tumor where they produce high levels of 
inducible nitric oxide synthase (iNOS), NO, and ARG1 and 
low levels of ROS. In this context, MDSC inhibition of CD8+ 
T cell function occurs in an antigen non-specific manner.14 

Transcriptional regulation through STAT and NF-κB 
pathways mediates the immunosuppression of MDSCs. 
Once activated, MDSCs produce arginase 1, inducible NOS 
(NOS2), IDO, NADPH oxidase, and immunosuppressive 
cytokines that inhibit cytotoxic T lymphocytes, DCs, and NK 
cells and lead to the expansion of Tregs.

Within the tumor microenvironment, MDSCs differentiate 
and give rise to tumor-associated macrophages (TAMs) that 
upregulate arginase 1 or iNOS, but not both simultaneously. 
TAMs contribute to non-specific T cell inhibition through the 
production of suppressive cytokines, such as interleukin-1β/
IL-1β, IL-6, IL-10 and transforming growth factor-β (TGF-β). 
The M1 TAM subset is associated with tumor cytotoxicity; 
in contrast, the M2 subset is linked with tumor progression 
(Figure 3.6).15,16

Figure 3.5. Negative regulation of CTL. In addition to the direct 
inhibitory effects that TAM and MDSCs expert on CTL, MDSCs also induce 
production of Tregs that negatively regulate CD8+ T cell antitumor activity.

Figure 3.6. Myeloid derived suppressor cell subsets.
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Antibodies are used for multiple applications, including 
immunofluorescence imaging, immunohistochemistry, 
western blotting, ELISA, flow cytometry, and other 
applications. Our antibodies are validated by many citations 
worldwide, helping you achieve superior experimental 
results. To access our antibody search tool and find the 
right antibody for your research, go to  
thermofisher.com/antibodies

Table 3.2. Common features associated with leukocytes of the tumor microenvironment.

Marker/cell type Common functions Antibody Representative publications using our antibodies

CD8α Expressed by cytotoxic T 

lymphocytes

CD8 Antibody (SP16)

(Cat. No. MA5-14548)

Kim ST, Jeong H, Woo OH et al. (2013) Tumor-infiltrating lymphocytes, tumor 

characteristics, and recurrence in patients with early breast cancer. Am J 

Clin Oncol 36(3):224–231.

CD4+ Expressed by multiple T cell 

subsets; including helper T 

cells and Tregs

CD4 Antibody (4B12)

(Cat. No. MA5-12259)

Chen CH, Yeh YC, Wu GJ et al. (2010) Tracking the rejection and survival 

of mouse ovarian iso- and allograft in vivo with bioluminescent imaging. 

Reproduction 140(1):105–112.

CD25 Expressed by multiple T cell 

subsets

IL-2R alpha/CD25 Antibody (2R12)

(Cat. No. M10AR)

de Totero D, Tazzari PL, DiSanto JP et al. (1992) Heterogeneous 

immunophenotype of granular lymphocyte expansions: differential 

expression of the CD8 alpha and CD8 beta chains. Blood 80(7):1765–1773. 

FOXP3 Transcripton factor expressed 

by multiple cell types including 

CD4+, CD25+ Tregs

FOXP3 Antibody, FITC Conjugate (3G3)

(Cat. No. MA1-41628)

Silverstein AM, Galigniana MD, Chen MS et al. (1997) Protein phosphatase 

5 is a major component of glucocorticoid receptor hsp90 complexes with 

properties of an FK506-binding immunophilin. J Biol Chem 272(26):

16224–16230.

CD20 B cell marker CD20 Antibody (L26)

(Cat No. MA5-13141)

Aki H, Tuzuner N, Ongoren S et al. (2004) T-cell–rich B-cell lymphoma: a 

clinicopathologic study of 21 cases and comparison with 43 cases of diffuse 

large B-cell lymphoma. Leuk Res 28(3):229–236.

CD14 Human macrophages/ 

monocytes

CD14 Antibody (7)

(Cat. No. MA5-11394)

Carbonnelle-Puscian A, Copie-Bergman C, Baia M et al. (2009) The novel 

immunosuppressive enzyme IL411 is expressed by neoplastic cells of 

several B-cell lymphomas and tumor-associated macrophages. Leukemia 

23(5):952–960.

CD11c Dendritic cells Integrin alpha X/CD11c Antibody (N418)

(Cat. No. MA11C5)

Lloyd CM, Philips AR, Cooper GJ et al. (2008). Three-colour fluorescence 

immunohistochemistry reveals the diversity of cells staining for macrophage 

markers in murine spleen and liver. J Immunol Methods 334(1–2):70–81.

Cancerous tissues consisting of malignant and non-transformed cells comprise the complex tumor microenvironment. In 
addition to T cell and myeloid subsets that possess both tumorigenic and anti-tumor properties, the tumor milieu includes 
several other types of leukocytes, bone marrow–derived inflammatory cells, blood vessels and lymphatics, fibroblasts, 
and adipocytes.12,17 Table 3.2 provides an outline of various cell types, expressed representative markers, and some of their 
known functions. 

http://www.thermofisher.com/us/en/home/life-science/antibodies.html
https://www.thermofisher.com/order/genome-database/antibody/CD8-Antibody-clone-SP16-Monoclonal/MA5-14548
https://www.thermofisher.com/order/genome-database/antibody/CD4-Antibody-clone-4B12-Monoclonal/MA5-12259
https://www.thermofisher.com/order/genome-database/antibody/IL-2R-alpha-CD25-Antibody-clone-2R12-Monoclonal/M10AR
https://www.thermofisher.com/order/genome-database/antibody/FOXP3-Antibody-clone-3G3-Monoclonal/MA1-41628
https://www.thermofisher.com/order/genome-database/antibody/CD20-Antibody-clone-L26-Monoclonal/MA5-13141
https://www.thermofisher.com/order/genome-database/antibody/CD14-Antibody-clone-7-Monoclonal/MA5-11394
https://www.thermofisher.com/order/genome-database/antibody/Integrin-alpha-X-CD11c-Antibody-clone-N418-Monoclonal/MA11C5
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Cytokines are low-molecular-weight proteins that 
mediate communication between cells in the tumor 
microenvironment. Immune cells, such as macrophages 
and lymphocytes, and stromal cells, such as fibroblasts 
and endothelial cells, release cytokines to affect cell 
differentiation, growth, survival, migration, and immune 
cell activation. Cytokines may have a wide impact on 
cancer cells ranging from anti-tumor activity to induction 
of cell transformation and malignancy. The final outcome 
of cytokine activity depends on the balance of pro- and 
anti-inflammatory cytokines, cytokine receptor expression, 
and cellular make-up of the tumor microenvironment.18 Table 
3.3 highlights key features of of cytokines, chemokines, and 
growth factors commonly associated with propagation of 
tumor-associated inflammation. 

Table 3.3. Proteins associated with leukocytes of the tumor microenvironment.

Source Protein Antibody Cat. No. ELISA Kit No. Functions linking inflammation to cancer

TAM TGF-β1 MA1-116 KAC1688 Promote tumor growth in later stages of 
carcinogenesis by creating an immunotolerant 
environment

MDSC, TAM IL-6 700480 KAC1261 Promote tumor growth

MDSC, TAM IL-8 710256 KAC1301 Enhance proliferation, migration, and 
angiogenesis

MDSC, TAM, Tregs IL-10 710170 KAC1321 Anti-inflammatory
Downregulates expression of Th1 cytokines and 
costimulatory molecules on macrophages

Th17 cells IL-17 MA1069 EHIL17A Associated with angiogenesis and poor prognosis

Th17 cells IL-21 710141 EHIL21 Associated with tumor development

Th17 cells IL-22 701031 EHIL22 Promote differentiation of Th17 cells

Macrophages, 
monocytes, neutrophils, 
T-cells, NK-cells

TNF-α 710288 KHC3011 Induce DNA damage and inhibit DNA repair
Promote tumor growth
Induce angiogenic factors

Macrophages, T cells, 
mast cells, NK cells, 
endothelial cells, and 
fibroblasts

GM-CSF 701136 KHC2011 Activate macrophages

Endothelial cells, 
fibroblasts

M-CSF PA1-20182 EHCSF1 Controls production, differentiation, and function 
of macrophages

https://www.thermofisher.com/order/genome-database/antibody/TGF-beta-1-Antibody-clone-E8-4D12-Monoclonal/MA1-116
https://www.thermofisher.com/order/catalog/product/KAC1688
https://www.thermofisher.com/order/genome-database/antibody/IL-6-Antibody-clone-C7H24L3-Monoclonal/700480
https://www.thermofisher.com/order/catalog/product/KAC1261
https://www.thermofisher.com/order/genome-database/antibody/IL-8-Antibody-Oligoclonal/710256
https://www.thermofisher.com/order/catalog/product/KAC1301
https://www.thermofisher.com/order/genome-database/antibody/IL-10-Antibody-Oligoclonal/710170
https://www.thermofisher.com/order/catalog/product/KAC1321
http://www.thermofisher.com/order/genome-database/antibody/IL-17A-Antibody-clone-3-41-2-6-1-Monoclonal/MA1069
https://www.thermofisher.com/order/catalog/product/EHIL17A
https://www.thermofisher.com/order/genome-database/antibody/IL-21-Antibody-Oligoclonal/710141
https://www.thermofisher.com/order/catalog/product/EHIL21
https://www.thermofisher.com/order/genome-database/antibody/IL-22-Antibody-clone-11H16L16-Monoclonal/701031
https://www.thermofisher.com/order/catalog/product/EHIL22
https://www.thermofisher.com/order/genome-database/antibody/TNF-alpha-Antibody-Oligoclonal/710288
https://www.thermofisher.com/order/catalog/product/KHC3011
https://www.thermofisher.com/order/genome-database/antibody/GM-CSF-Antibody-clone-7H3L2-Monoclonal/701136
https://www.thermofisher.com/order/catalog/product/KHC2011
https://www.thermofisher.com/order/genome-database/antibody/Macrophage-CSF-Antibody-Polyclonal/PA1-20182
https://www.thermofisher.com/order/catalog/product/EHCSF1
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The ability to produce high-quality antibodies for 
immunoassays for biomedical research contributes to new 
discoveries seen in the field of neurobiology and other 
research areas. We offer a wide selection of ready-to-use 
ELISA kits, multiplex assays for the Luminex™ platform, and 
antibody pair kits to help you achieve superior experimental 
results. To discover even more about our quality offerings of 
immunoassays for protein quantitation, and to download a 
free copy of the Protein Quantitation Guide visit  
thermofisher.com/proteinquantguide

In the guide, you’ll find information about:
• Neurobiology ELISA kits

• Phosphospecific ELISA kits

• Antibody pair kits

• Singleplex and multiplex assays for the Luminex platform 

Our ELISA kits have been referenced in over 3,000 publications and our multiplex assays cited in over 1,000 publications. 
We offer a wide range of immunodetection-based products—in convenient, ready-to-use formats for sensitive, specific 
detection of intracellular or extracellular proteins. We have developed antibody pair kits, and ELISA kits for single-analyte 
analysis, and multiplex assays for multi-analyte analysis. Our kits undergo a rigorous validation process for criteria such 
as sensitivity, specificity, precision, and lot-to-lot consistency, helping to enable dependably accurate results. You can use 
our Invitrogen™ and Thermo Scientific™ immunoassays to investigate neuroscience degenerative disease research and other 
areas of biomedical research.

If you don’t see what you need in our new guide, it’s not a problem—we also offer extensive 
custom product development services.  
Visit thermofisher.com/buildyourownimmunoassay

https://www.thermofisher.com/us/en/home/global/forms/immunoassay-guide-to-protein-quantitation.html
http://www.thermofisher.com/us/en/home/life-science/protein-biology/protein-assays-analysis/elisa/antibody-pair-kits.html
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Immune modulatory agents to inhibit tumor growth
Over the past decade, researchers have devised a number 
of therapeutic approaches that aim to harness the antitumor 
potential of the immune system. For example, both 
prophylactic and therapeutic vaccines for various cancers 
have been extensively tested with promising success; 
cytokines such as IL-2 have been prescribed to boost 
immune responses against melanoma and other cancers; 
several clinical trials assessing autologous adoptive CD8+ T 
cell therapy studies are underway; and work to evaluate the 
feasibility of employing engineered T cells is an active area 
of reseach.19–21    

T cells express a wide-range of co-stimulatory 
receptors (Figure 3.7), and a deep understanding of 
specific regulatory mechanisms that govern T cell 
activation and effector function has recently led to the 
development of immunotherapeutic antibodies that inhibit 
immunosuppression and enhance T cell-mediated anti-
tumor activity. Two novel agents have sparked a new 
paradigm for the treatment of cancer. Recently, the FDA 
approved inhibitors of the checkpoint proteins, CTLA-4 and 
PD-1, for the treatment of melanoma and non-small cell 
lung carcinoma (NSCLC).  (Table 3.4).22–24

Table 3.4. FDA-approved checkpoint inhibitors for the treatment of cancer.

Agent Target Mechanism of action FDA Approval (year)

Ipilimumab CTLA-4 Following T cell activation, CTLA-4 localizes to the 
plasma membrane and competes with CD28 for B7 
to inhibit T cell receptor signaling. Ipilimumab is a 
monoclonal antibody that inhibits CTLA-4 signaling.

2011; Treatment of unresectable or 
metastatic melanoma

Pembrolizumab PD-1 PD-1 inhibits responses of activated T cells, including 
proliferation, cytokine production, cytolytic activity, 
and cell survival. 

2014; Treatment of unresectable or 
metastatic melanoma following ipilimumab

Nivolumab PD-1 2014; Treatment of metastatic melanoma 
and disease progression following 
ipilimumab

2015; Treatment of metastatic NSCLC with 
progression on or after platinum-based 
chemotherapy

Figure 3.7. T cell co-stimulatory and co-inhibitory molecules and 
their corresponding ligands.
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Introduction

Three common transcription factors—that when dysregulated, promote 
tumor progression—serve as key modulators in the inflammatory 
response pathway: nuclear factor kappa-light-chain-enhancer of 
activated B cells (NF-κB), hypoxia-inducible factors-1 alpha (HIF-1α), 
and signal transducer and activator of transcription (STAT).1 

NF-κB is a regulator of the acute phase of inflammation and is required 
for effective immune defense and elimination of transformed cells. 
NF-κB acts by upregulating the expression of the cytokines that are 
inflammatory mediators. These cytokines include IL-1, IL-6, TNF-α, 
lymphotoxin, and IFN-α. In addition, IL-1 and TNF-α are activators of 
NF-κB, thereby creating a feedback loop. Conversely, many different 
types of cancer constitutively express NF-κB, which supports 
tumorigenesis and progression.2

HIF-1α plays a role in the cellular response to hypoxia. When oxygen levels decrease, HIF-1α induces 
transcription of genes that control processes such as angiogenesis and erythropoiesis. During 
inflammation, immune cells in the surrounding area experience a decrease in oxygen. This decrease 
activates HIF1-α to help them survive longer. A number of cytokines, for example IL-1β, help HIF-1α to 
increase transcription. The use of the cytokines is mediated through NF-κB, which is shown to bind to 
HIF-1α promoters.3

The STAT family of proteins serves multiple functions during inflammation depending on the type of 
inflammatory inducer. The type of inducer determines which cytokines are triggered. Those cytokines 
activate a STAT protein, which either increases or decreases inflammation. For instance, when 
the body comes into contact with a viral infection, various IFNs are triggered and activate STAT1 
and STAT2 that act in an antiviral capacity to decrease inflammation. In contrast, STAT6 helps with 
differentiation of T helper cells. Subject to the type of differentiation, the T helper cells can positively 
influence allergic inflammation and negatively affect autoimmunity.4
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Overview of NF-κB signaling pathway 
NF-κB was discovered as a transcription factor that binds 
to the immunoglobulin light chain enhancer in activated 
B cells. Five members of the NF-κB family have been 
identified: RelA/p65, RelB, c-Rel, NF-κB1, and NF-κB2. 
NFκ-B1 and NF-κB2 (p105 and p100) require proteolytic 
processing to their active forms p50 and p52. NF-κB 
proteins form homo- or heterodimers, which are typically 
bound to the inhibitory IκB family of proteins. p50 and 
p52 lack transcriptional activity; homodimers of these 
proteins act as transcriptional repressors, whereas 
heterodimerization with another family member, such 
as p65 or RelB, results in the formation of an active 
transcription factor.5

The potential role of NF-κB as a signaling protein in cancer 
became apparent following the cloning of the RELA gene 
(encodes for the p65 subunit) and its recognized homology 
to the viral v-REL oncogene. While NF-κB is constitutively 
active in many solid and lymphoid tumors, most of the 
genes encoding proteins within the NF-κB cascade are 
not mutated. For the most part, NF-κB remains active 
in cancer cells through gain–of–function mutations in 
upstream signaling molecules or in response to increased 
secretion of growth factors and cytokines in the tumor 
microenvironment.6

Signaling and tumor-related 
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Figure 4.1. NF-κB activation and signaling.

IL-1R TNFRs TLRs

NEMO
α β

P
P

IκB
p50 RelAIKK

NF-κB

IκB
p50 RelA

P P

IκB
p50 RelA

P P

p50 RelA

p50 RelA

κB

Target genes

Polyubiquitinated 
protein

K48
Proteasome

Barrier molecules
Negative regulators (A20, NF-κBIA)
Chemokines (CXCL1, CXCL2, CSCL10)
Cytokines (TNF, IL-6, IFNβ, IL-1β)
Survival (BCL2L1, PAI2)

ROS
Proinflammatory proteases (CASP1)

In normal cells and in the absence of stimulatory signals, 
NF-κB proteins (and unprocessed p105 and p100) are 
typically bound to the inhibitory IκB family of proteins and 
are localized to the cytoplasm. Factors that lead to  
NF-κB activation are cell type-dependent (Figure 4.1), but 
potent activators include pattern recognition receptors 
(toll-like receptors and nod-like receptors), receptors for 
proinflammatory cytokines (TNF-α and IL-1), and antigen 
receptors. The IκB kinase (IKK) mediates NF-κB activation 
and is composed of two catalytic subunits, IKKα and IKKβ, 
as well as a regulatory subunit IKKγ (also termed NEMO). 
IKK phosphorylates IκB resulting in its ubiquitination and 
degradation. The release of NF-κB from the inhibitory IKK 
allows NF-κB to enter the nucleus where it undergoes 
phosphorylation and acetylation to activate gene 
transcription (Figure 4.1).7

Phospho-NFκB-p65 [pSer276] Rabbit Polyclonal Antibody. 
Immunofluorescence staining of methanol-fixed HeLa cells using 
anti–NFκB-p65 [pSer276] antibody (Cat.No. PA5-37718).

https://www.thermofisher.com/order/genome-database/antibody/Phospho-NFkB-p65-pSer276-Antibody-Polyclonal/PA5-37718
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NF-κB regulated processes
NF-κB plays a dual role in cancer. Full activation of this 
transcription factor in acute inflammatory responses is 
associated with increased activity of cytotoxic immune 
cells directed against cancer cells. However, NF-κB is 
continuously active in many forms of cancer and elicits 
a plethora of tumorigenic responses. NF-κB activation 
induces the upregulation of genes that inhibit apoptosis 
and promote cell survival, and withstand oxidative stress 
within the tumor microenvironment. NF-κB is also involved 
in the expression of a number of cytokines, such as TNF-α, 
IL-1, IL-6, and IL-8 (Figure 4.2).5 A number of other cellular 
processes involved in tumorigenesis are also regulated 
by NF-κB. These include cell proliferation, cell adhesion, 
epithelial-to-mesenchymal transition, cell invasion, 
metastasis, and angiogenesis, and other processes (Figure 
4.2). NF-κB has also been shown to be activated in cancer 
stem cells, a minor subpopulation of cancer cells thought to 
mediate tumor growth and resistance to chemotherapy.6
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Inflammation and STAT3 signaling
Interferons and IL-6 were the first mediators identified as 
activators of the Janus kinase (JAK)-signal transducer 
and the transcription (STAT) signal transduction pathway. 
Multiple cytokines and growth factors are known to signal 
through this pathway (Figure 4.3 and Figure 4.5).8 Of the 
seven STAT protein family members, STAT3 and STAT5 
appear most involved in cancer pathogenesis.9 Several 
recent studies have shown that like cytokines, toll-like 
receptors (TLRs) and nod-like receptors (NLRs) activate the 
JAK–STAT3 pathway, and that STAT3, in turn, promotes the 
expression of TLRs in malignant cells, further promoting 
tumor progression. In normal cells, STAT signaling is 
transient, but enhanced autocrine and paracrine signaling 
from growth factors and cytokines to the JAK-STAT3 
pathways are thought to contribute to genetic instability 
and tumor-related inflammation. Inactive STAT proteins are 
located in the cytosol. Stimulation of membrane receptors 
leads to activation of receptor-associated tyrosine kinases 
of the JAK family, which phosphorylate STAT. JAK1 is the 
major activator of STAT3. Phosphorylated STAT proteins 
form homo or heterodimers through the interaction of Src 
homology domains (SH2). Dimerized STAT proteins enter 
the nucleus and regulate gene transcription (Figure 4.3).6,10

Figure 4.3. NF-κB is a transcriptional regulator that controls many 
facets of normal cellular function and cancer.
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Figure 4.2. NF-κB activation and signaling.
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NF-κB and STAT3 crosstalk
NF-κB and STAT3 have distinct and overlapping roles 
in regulating a vast number of target genes involved in 
cancer pathogenesis. It is estimated that STAT3 binds 
to the promoter region of greater than 3,000 different 
genes, and the NF-κB family likely binds to an even greater 
number of promoters. During tumorigenesis and the 
progression of cancer, some of the genes/pathways might 
be commonly targeted by both NF-κB and STAT3. Notably, 
both transcription factors are regulators of genes that 
control anti-apoptotic processes, angiogenesis, cytokine 
production, inflammation, cytokine genes, the cell cycle, 
and other processes.6

Signaling and tumor-related 
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Figure 4.4. Molecular crosstalk between NF-κB and STAT3.
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NF-κB and STAT can exert dual influence over one another 
through a variety of different mechanisms (Figure 4.4). One 
mechanism occurs through direct physical association, 
which can influence transcriptional activity or DNA-binding. 
STAT3 has been shown to physically interact with p65 
and p50, thereby facilitating the localization of NF-κB to 
STAT promoters, or localization of STAT3 to NF-κB binding 
regions. In addition to STAT3, other transcription factors 
such as p53, the estrogen receptor, ATF3, SMAD3, and 
SMAD4 are also known to bind NF-κB. 

Transcription factors such as NF-κB and STAT3 also bind 
to DNA sequences in close proximity to one other on 
their promoter or enhancer elements to recruit additional 
components of the transcriptional machinery. Furthermore, 
STAT3 has been shown to recruit the acyltransferase p300 
to NF-κB. This is notable, since RelA posttranslational 
acylation increases its localization to the nucleus. A 
feedforward mechanism has been proposed, in which 
STAT-mediated acylation of NF-κB increases the duration of 
NF-κB activity, as does stimulation by growth factors and 
cytokines in the tumor microenvironment. This contributes 
to the constitutive activation of NF-κB in cancer. NF-κB 
activation then results in the release of cytokines, such as 
IL-6, which activate STAT3 (Figure 4.5).5,6

STAT3 Mouse Monoclonal Antibody (9D8). 
Immunohistochemistry was performed on biopsies of normal and 
cancer tissues using anti-STAT3 antibody (Cat. No. MA1-13042). 
Results show both nuclear and cytoplasmic localization of STAT3.

https://www.thermofisher.com/order/genome-database/antibody/STAT3-Antibody-clone-9D8-Monoclonal/MA1-13042
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Both the Invitrogen iBind solution and iBind Flex Western Devices employ sequential lateral flow 
(SLF) technology for automating immunodetection steps in the western workflow 

To discover superior western performance, go to thermofisher.com/ibind

Inducers of NF-kB and STAT3 signaling
Within the tumor microenvironment, stromal cells, tumor 
infiltrating lymphocytes, macrophage, and other cell types 
either express cell surface molecules (such as TLRs and 
NLRs) or produce soluble factors that activate the NF-κB 
and STAT3 pathways. Use our antibody search tool to 
find antibodies that recognize these and other inducers of  
NF-κB and STAT3 signaling.6 In addition to a vast portfolio 
of primary and secondary antibodies, we offer a range of 
manual and automated western blot devices and reagents 
to help you achieve your research aims.

• Flexibility—process up to one midi blot, two mini blots, or six vertically cut strips using the same or different conditions

• Compatibility—use nitrocellulose or PVDF membranes, directly labeled primary or secondary antibody detection (AP, HRP, or 
fluorescent labeled)

• Cost savings—use up to 80% less primary antibody than with traditional tray-based incubation steps for western blotting

For the detection of cell surface and intracellular proteins, rely on our automated western processing system that is 
reproducible and compatible with all western detection protocols. 

NF-κB Activators STAT3 Activators
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Figure 4.5. The common inducers of NF-κB and STAT3 signaling. 
Proteins inlcude pattern recognition molecules (i.e., Nod-like receptors 
(NLRs) and Toll-like receptors); antigen receptors (i.e., T cell receptor 
(TCR)); soluble growth factors (i.e., Epidermal growth factor (EGF), 
Fibroblast growth factor (FGF), Macrophage colony stimuation factor 
(M-CSF), Vascular endothelial growth factor (VEGF); and various 
cytokines that include several interleukins (i.e., interleukin -1 (IL-1)) and 
others, in addition to Tumor necrosis factor (TNF).

The traditional, manual process involves preparing and replacing multiple antibody and wash solutions over several hours 
in a tray containing the blot of interest. The Invitrogen™ iBind™ Western Systems are non-powered devices that automate 
immunodetection steps. Simply load it, walk away, and return 3 hours later to blots that are ready for final detection. Our 
iBind Western Systems improve upon manual western blot processing by helping to reduce hands-on time, enable more 
consistent results, and use less primary antibody.

http://www.thermofisher.com/us/en/home/life-science/protein-biology/protein-assays-analysis/western-blotting/detect-proteins-western-blot/ibind-western-system.html
http://www.thermofisher.com/us/en/home/life-science/antibodies.html
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Interleukin-6 (IL-6) is a powerful inducer of inflammation and is secreted by various T cell subsets, macrophages, 
neutrophils, epithelial cells, tumor cells, and by other cell types within the tumor microenviroment. To find ELISAs for 
detecting IL-6 and other inducers of STAT3, visit thermofisher.com/findelisa 

Table 4.1. Representative ELISA kits for detecting cytokines found in the tumor microenvironment.*

Cytokine (Cat. Nos.) Representative publications

TGF-β
TGF-β1 ELISA Kit, Multispecies (Cat. No. KAC1688)
TGFB2 ELISA Kit, Human (Cat. No. EHTGFB2)

Günaydin RÖ, Kesikli SA, Kansu E et al. (2012) Identification of 
the peripheral blood levels of interleukin-12, interleukin-10, and 
transforming growth factor-β in patients with laryngeal squamous 
cell carcinoma. Head Neck 34(3):393–397.

Interleukin-6
IL-6 ELISA Kit, Human (Cat. No. KAC1261)
IL-6R ELISA Kit, Human (Cat. No. KHR0061)

Grzesiak JJ, Smith KC, Burton BW et al. (2005) GSK3 and PKB/
Akt are associated with integrin-mediated regulation of PTHrP, 
IL-6 and Il-8 expression in FG pancreatic cancer cells. Int J 
Cancer 114(4):522–530.

Interleukin-8
IL-8 ELISA Kit, Human (Cat. No. KAC1301)
IL-8 ELISA Kit, Human (Cat. No. KHC0081)
IL-8 Ultrasensitive ELISA Kit, Human (KHC0084)

Dupoux A, Cartier J, Cathelin S et al. (2009) cIAP1-dependent 
TRAF2 degradation regulates the differentiation of monocytes 
into macrophages and their response to CD40 ligand. Blood 
113(1):175–185.

Interleukin-10
IL-10 ELISA Kit, Human (Cat. No. KHC0101)
IL-10 ELISA Kit, Human (Cat. No. KAC1321)
IL-10 Ultrasensitive ELISA Kit, Human (Cat. No. KHC0104)
IL-10Ra (CD210a) ELISA Kit, Human (Cat. No. EHIL10RA)
IL-10Rb ELISA Kit, Human (Cat. No. EHIL10RB)

Comito G, Giannoni E, Segura CP et al. (2014) Cancer-associated 
fibroblasts and M2-polarized macrophages synergize during 
prostate carcinoma progression. Oncogene 33(19):2423–2431.

Interleukin-17
IL-17 (CTLA8) ELISA Kit, Human (Cat. No. KAC1591)
IL-17A ELISA Kit, Human (Cat. No. EHIL17A)
IL-17B ELISA Kit, Human (Cat. No. EHIL17B)
IL-17F ELISA Kit, Human (Cat. No. EHIL17F)

Aqauqué S, Marcenaro E, Ferranti B et al. (2008) Human natural 
killer cells exposed to IL-2, IL-12, IL-18, or IL-4 differently modulate 
priming of naïve T cells by monocyte-derived dendritic cells. 
Blood 112(5):1776–1783.

Interleukin-23
IL-23 Heterodimer ELISA Kit, Human (Cat. No. KHC0231)

Donato NJ, Fang D, Sun H et al. (2010) Targets and effectors of 
the cellular response to aurora kinase inhibitor MK-0457 (VX-680) 
in imatinib sensitive and resistant chronic myelogenous leukemia. 
Biochem Pharmacol 79(5):688–697.

TNF-α
TNF alpha ELISA Kit, Human (Cat. No. KHC3011)
TNF alpha ELISA Kit, Human (Cat. No. KAC1751)
TNF alpha Ultrasensitive ELISA Kit, Human (Cat. No. KHC3014)

Hirvinen M, Rajecki M, Kapanen M et al. (2015) Immunological 
effects of a tumor necrosis factor alpha-armed oncolytic 
adenovirus. Hum Gene Ther 26(3):134–144.

GM-CSF
GM-CSF ELISA Kit, Human (Cat. No. KHC2011)

Tassi E, Gavazzi F, Albarello L et al. (2008) Carcinoembryonic 
antigen-specific but not antiviral CD4+ T cell immunity is impaired 
in pancreatic carcinoma patients. J Immunol 181(9):6595–6603.

*For additional human kits to detect these and other cytokines and kits for detecting protein from multiple different species,  
search thermofisher.com/findelisa

http://www.thermofisher.com/us/en/home/life-science/protein-biology/protein-assays-analysis/elisa/elisa-kits/target-specific-elisa-kits.html?CID=fl-findelisa
https://www.thermofisher.com/order/catalog/product/KAC1688
https://www.thermofisher.com/order/catalog/product/EHTGFB2
https://www.thermofisher.com/order/catalog/product/KAC1261
https://www.thermofisher.com/order/catalog/product/KHR0061
https://www.thermofisher.com/order/catalog/product/KAC1301
https://www.thermofisher.com/order/catalog/product/KHC0081
https://www.thermofisher.com/order/catalog/product/KHC0084
https://www.thermofisher.com/order/catalog/product/KHC0101
https://www.thermofisher.com/order/catalog/product/KAC1321
https://www.thermofisher.com/order/catalog/product/KHC0104
https://www.thermofisher.com/order/catalog/product/EHIL10RA
https://www.thermofisher.com/order/catalog/product/EHIL10RB
https://www.thermofisher.com/order/catalog/product/KAC1591
https://www.thermofisher.com/order/catalog/product/EHIL17A
https://www.thermofisher.com/order/catalog/product/EHIL17B
https://www.thermofisher.com/order/catalog/product/EHIL17F
https://www.thermofisher.com/order/catalog/product/KHC0231
https://www.thermofisher.com/order/catalog/product/KHC3011
https://www.thermofisher.com/order/catalog/product/KAC1751
https://www.thermofisher.com/order/catalog/product/KHC3014
https://www.thermofisher.com/order/catalog/product/KHC2011
http://www.thermofisher.com/us/en/home/life-science/protein-biology/protein-assays-analysis/elisa/elisa-kits/target-specific-elisa-kits.html?CID=fl-findelisa


4-7  Antibody-based tools for evaluating tumor-related inflammation |  Signaling and tumor-related inflammation

4Signaling and tumor-related 
inflammation
Targets for cancer therapy
Given the central role of the NF-κB and STAT3 transcription 
factor pathways in the evolution of tumor progression, there 
are numerous preclinical and ongoing clinical investigations 
to assess the feasibility of inhibiting NF-κB and STAT3 
signaling pathways and several mediators associated with 
these pathways.11,12 While there are currently no approved 
agents that directly target NF-κB, there are either FDA-
approved agents or compounds in preclinical testing that 
indirectly inhibit NF-κB. Bortezomib—a proteasome inhibitor 
that inactivates NF-κB by preventing IκBα degradation—is 
FDA approved for the treatment of multiple myeloma and 
mantle cell lymphoma and has been investigated, but not 
approved for the treatment of prostate cancer.13,14 

Strategies to target NF-κB signaling include 
development of these approaches:
• Proteasome inhibitors involved in the ubiquitination and 

degradation of IκBα. Therefore, proteasome inhibitors may 
extend IκBα half-life. 

• Acetylation inhibitors that block the posttranslational 
modification of NF-κB (RelA) reducing its localization to the 
nucleus. 

• Gene transfer, cell permeable peptides, and small interfering 
RNA (siRNA) are additional approaches under investigation to 
inhibit NF-κB signaling in cancer.15

Strategies to target STAT3 signaling include 
development of these approaches: 
A number of strategies have been used to inhibit STAT 
signaling. Protein kinases have been widely targeted as 
pharmacological therapies. For the inhibition of STAT, 
the idea is to target tyrosine kinases involved in the 
phosphorylation of STAT that lead to its subsequent 
dimerization and activation.

Tyrosine kinase inhibition in breast cancer cells has been 
shown to inhibit growth and correlate with inhibition 
of constitutive STAT3 activity in cultured cells. Protein 
dephosphorylation is also a key regulatory signal to 
turn signals off and back on. Therefore, modulation of 
protein tyrosine phosphatases has been proposed as 
another potential approach for inhibiting STAT signaling. 
Physiological protein inhibitors of STAT signaling include 
endogenous proteins that directly or indirectly down-
regulate STAT activation. Examples of such proteins 
include SH2-domain containing proteins (suppressor of 
cytokine signaling; SOCS), JAK-binding protein (JAB), and 
STAT-induced STAT inhibitor (SSI). Additional experimental 
mechanisms under investigation to inhibit STAT signaling 
include dimerization disrupters, inhibitors of STAT DNA-
binding and transcriptional activity, and STAT antisense 
oligonucleotides.16 A better understanding of the molecular 
pathways that regulate NF-κB signaling and cancer 
progression may contribute to novel targeted treatment 
options in the future.

STAT3 ABfinity™ Recombinant Rabbit Oligoclonal Antibody 
(3HCLC). Immunohistochemistry analysis of STAT3 showing 
staining in the cytoplasm of paraffin-embedded human cervical 
carcinoma (right) compared to a negative control without primary 
antibody (left). Tissues were blocked and then probed with anti-
STAT3 antibody (Cat. No. 710077). Detection was performed 
using an HRP-conjugated secondary antibody followed by 
colorimetric detection using a DAB kit. 

https://www.thermofisher.com/order/genome-database/antibody/STAT3-Antibody-Oligoclonal/710077
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Hypoxia, inflammation, and cancer
Under normal physiological conditions, the state of 
hypoxia—or levels of low oxygen—contribute to wound 
healing and developmental processes. However, 
uncontrolled hypoxia is associated with multiple different 
medical conditions such as ischemic heart disease, 
inflammatory bowel disease, cancer and other conditions. 
Within the tumor microenvironment, hypoxia is a common 
condition and drives tumorigenesis. Transcriptional 
regulation is mediated, to a large degree, by a diverse set 
of genes that allow cells to adapt. Cellular responses to 
low oxygen are mediated by a group of proteins known 
as hypoxia-inducible factors (HIFs), which is comprised of 
three family members—HIF-1α, -2α, and -3α, with the role of 
HIF-1 in cancer progression being well described.17,18 Some 
of the factors that contribute to the development of hypoxic 
regions associated with chronically inflamed tissues include: 
disruption of oxygen flow within the microvasculature 
due to excessive inflammation and fibrosis; increased 
oxygen consumption by inflamed resident tissue cells and 
metabolically active infiltrating immune cell.19  

The activity of HIF-1 is a well-described link between 
inflammation and angiogenesis as exemplified by 
these observations: In colorectal tumor cells, COX-2 is 
transcriptionally induced by hypoxia via HIF-1, which 
promotes tumor survival and angiogenesis. In fast growing 
tumors, HIF-1 is involved in the activation of numerous 
cellular processes including resistance to apoptosis, 
vascular remodeling and induces a number of genes 
integral to angiogenesis, such as vascular endothelial 
growth factor (VEGF)—a potent mediator of tumor 
progression.20 VEGF family members increase vascular 
permeability; induce endothelial cell proliferation; increase 
leukocyte adhesion; and regulate neovessel lumen 
diameter. Interaction of VEGF family proteins with their 
cognate receptors activates signaling pathways such as 
PI3K/ Akt, Ras/Raf-MEK/ Erk, eNOS/NO—all key factors 
in cancer cell growth and survival. In addition to HIF-1 
regulation of VEGF, it exerts its pro-oncogenic activities 
through mechanisms involving several different transcription 
factors including STAT3, NF-κB, mTOR, TGF-β, and other 
factors. 

Given its core involvement in controlling genes associated 
with tumorigenesis, considerable effort has been made to 
develop drugs that inhibit specific mediators and targets 
involved in HIF-1 signaling. 

The transcription factors NF-κB and STAT3 are key 
modulators of the inflammatory response that promotes 
cancer development, and work in concert with HIF-1α to 
promote tumor progression. The presence of inflammatory 
components in the microenvironment of most neoplastic 
tissue frequently results in enhanced angiogenesis, 
resistance to hormones (in hormone-dependent tumors), 
and inhibition of antitumor immunity. Tumor cells survival, 
proliferation, and eventually invasion and metastasis are all 
regulated by inflammatory mediators present at the tumor 
site.1,21

HIF-1 alpha 
Mouse Monoclonal 
Antibody (H1alpha67). 
Immunohistochemical staining 
of human kidney using anti-
HIF-1 alpha antibody  
(Cat. No. MA1-16504). Renal 
tubular epithelium showed 
moderate membranous, 
cytoplasmic and nuclear 
staining, and glomeruli 
showed faint-to-moderate 
nuclear staining.

Pierce™ HIF-1 beta Mouse Monoclonal Antibody (2B10). 
(Left) Immunofluorescent analysis of HIF-1 beta (green) in A2058 
cells using anti–HIF-1 beta antibody (Cat. No. MA1-515). F-actin 
staining with Phalloidin (red) and nuclei with DAPI dye (blue) is 
shown. (RIght). Cells probed without antibody (control).

http://www.thermofisher.com/order/genome-database/antibody/HIF-1-alpha-Antibody-clone-H1alpha67-Monoclonal/MA1-16504
http://www.thermofisher.com/order/genome-database/antibody/HIF-1-beta-Antibody-clone-2B10-Monoclonal/MA1-515
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Cancer

Integrated

Research

Basic research, molecular innovation, and drug 
discovery
Although the specific genetic defects vary among different 
tumors, oncogene-induced replicative stress or loss-of-
tumor suppression promotes genomic instability—one of 
the many hallmarks of cancer that drives tumor induction 
and progression.1 

Inflammation—which is classified as the seventh cancer 
hallmark—is part of the body’s immune response to 
infectious microorganisms, cell damage, or irritants. Many 
epidemiological and clinical studies estimate that 25% of all 
cancers are linked to chronic inflammation caused by toxic 
environmental agents or by infection.2  

Central to the link between inflammation and cancer 
appears to be the inflammatory cytokine network that 
contributes to genomic instability and the establishment of 
the tumor microenvironment.    

The synergistic relationship between deleterious genetic 
mutations and the tumor microenvironment enables cancer 
cells to evade various tumor surveillance mechanisms and 
acquire a fully malignant phenotype. 

It has been demonstrated that removing the causes of 
chronic inflammation may reduce cancer development; to 
this end, researchers continue working to gain a deeper 
understanding of mechanisms that control the tumor 
microenvironment and develop strategies for controlling 
tumor-associated inflammation.3  

The role of research antibodies in basic and translational 
research cannot be overstated. The ability to produce highly 
purified target-specific antibodies has made it possible to 
detect, quantify, and observe the ways in which specific 
proteins function within tissue, cells, and extracellular 
compartments. The use of research antibodies has an 
important place in the greater context of powerful preclinical 
cancer models, genomics and proteomics tools, and 
cellular imaging modalities that continue to fuel advances in 
basic science and medicine.

Summary
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Our custom antibody services include many competitively priced packages and specialized purification options for 
antibody production, all supported by powerful online tools for peptide design and project tracking. To discover more, go 
to thermofisher.com/customantibodies 

We also offer custom options for ELISA and Luminex™ kits. 
Advantages of our custom ELISA kits:

• Scale up capabilities—selecting existing ELISA kits for bulk processing ensures lot consistency 

• Technical expertise—we specialize in large-scale production of high-quality immunoassay 
reagents and biochemicals 

• Efficiency—purchasing bulk quantities maximizes time-saving measures

To learn more, visit, thermofisher.com/customelisas 

Advantages of our custom blend Luminex kits:
• Selection—our custom option allows you to combine individual protein targets from 

our menu 

• Optimization—each kit is rigorously tested to help ensure low background, high 
signal-to-noise ratios, and linearity of dilution

• Convenience—we will premix reagents for you

We offer a large portfolio of antibodies that are validated 
by many citations worldwide, helping you achieve superior 
experimental results in a wide range of antibody applications. 
Our search tool provides easy access to over 40,000 high-
quality antibodies. To find antibodies for your specific area of 
research, visit thermofisher.com/antibodies

If you need custom antibodies—we can help.
Advantages of our custom antibody services:

• Proven track record—we have over 18,000 custom antibody 
projects completed to date

• Performance—our antibody development, purification, and 
screening services deliver the quality and consistency you need

• Superior support—once underway, track the real-time progress 
of your project via OpenProject™ software 

To select your custom kit visit thermofisher.com/customluminex 

Protein

Bead

Detector
antibody

R-phycoerythrin
(RPE)

Luminex detection 
system

http://www.thermofisher.com/us/en/home/life-science/antibodies/custom-antibodies.html
http://www.thermofisher.com/us/en/home/global/forms/bulk-custom-quote-request.html
https://www.thermofisher.com/us/en/home/life-science/antibodies/custom-antibodies.html
http://www.thermofisher.com/us/en/home/products-and-services/services/custom-services/assay-development-services/custom-biochemical-and-cell-based-assays/custom-luminex-offerings.html?cid=fl-customluminex
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Antibody applications

Primary antibodies 
Further advances in understanding the complex processes 
that contribute to neurodegenerative disease pathogenesis 
may accelerate the development of novel therapies. The 
right mix of tools and technologies are needed to observe, 
follow, and probe deeper into neuronal cell networks.

We offer tools for rapid protein detection and cellular 
imaging, and other high-quality products designed to help 
you reach your research goals. 

To learn more, go to  
thermofisher.com/antibody-applications 

Applications 
• Enzyme-linked immunosorbent assay (ELISA)

• Immunostaining

• Flow cytometry

• Western blotting

• Immunoprecipitation

• Luminex™ assays

Secondary antibodies 
Secondary antibodies are used to indirectly detect target 
antigens. Their use requires more steps than using 
labeled primary antibodies alone, but can offer significant 
advantages, such as increased sensitivity through signal 
amplification, and greater flexibility in labeling and detection 
options. 

We provide an extensive selection of high-quality 
conjugated and unconjugated secondary antibodies for use 
in fluorescence-, colorimetric-, and chemiluminescence-
based detection of primary antibodies in a wide range of 
applications.

To learn more, go to  
thermofisher.com/secondary-antibody 

Secondary antibodies conjugated to 
• Invitrogen™ Alexa Fluor™ dyes

• Classic fluorescent dyes, such as:

 — Fluorescein (FITC)

 — R-Phycoerythrin (RPE)

 — Allophycocyanin (APC)

• Enzymes, such as:

 — Horseradish peroxidase (HRP)

 — Alkaline phosphatase (AP)

Adding to this line of research secondary antibodies, we 
recently launched Invitrogen™ Superclonal™ Secondary 
Antibodies, a novel technology designed to eliminate cross-
reactivity (see page 5.4).

Pierce™ beta-3 Tubulin Mouse Monoclonal 
Antibody (2G10). Flow cytometry analysis of SH-
SY5Y (neuroblastoma cell line) cells stained with anti–
beta-3 Tubulin antibody (Cat. No. MA1-118) (blue) 
or incubated with PBS alone (red). 

Invitrogen™ Goat Anti–Mouse IgG (H+L) 
Superclonal™ Secondary Antibody, Alexa 
Fluor 488 Conjugate. Immunofluorescence 
analysis of U-87 MG human glioblastoma 
cells labeled with Invitrogen™ alpha-Tubulin 
Mouse Monoclonal Antibody (B-5-1-2) 
(Cat. No. 322500) and Goat Anti–Mouse IgG 
(H+L) Superclonal Secondary Antibody, Alexa 
Fluor 488 Conjugate (Cat. No. A28175) 
(green). Nuclei were stained with Invitrogen™ 
SlowFade™ Gold Antifade Mountant using 
DAPI (blue) and F-actin filaments were 
stained with Invitrogen™ Rhodamine Phalloidin  
(Cat No. R415) (red). 

http://www.thermofisher.com/us/en/home/life-science/antibodies/antibody-applications.html?CID=fl-antibody-applications
http://www.thermofisher.com/us/en/home/life-science/antibodies/secondary-antibodies/fluorescent-secondary-antibodies/alexa-fluor-secondary-antibodies.html?CID=fl-Secondary-antibody
https://www.thermofisher.com/order/genome-database/antibody/beta-3-Tubulin-Antibody-2G10-Monoclonal/MA1-118
https://www.thermofisher.com/order/genome-database/antibody/alpha-Tubulin-Antibody-clone-B-5-1-2-Monoclonal/32-2500
https://www.thermofisher.com/order/genome-database/antibody/Goat-anti-Mouse-IgG-H-L-Secondary-Antibody-Oligoclonal/A28175
https://www.thermofisher.com/order/catalog/product/R415
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Antibody applications

Learn more, visit thermofisher.com/superclonal

Invitrogen™ Superclonal Secondary Antibodies produce results with exceptionally low background. 
Immunofluorescence analysis of U-87 MG human glioblastoma cells co-labeled with the primary antibodies, anti–alpha-
Tubulin antibody (Cat. No. 322500) (green) and Pierce™ DISC1 ABfinity Recombinant Rabbit Oligoclonal Antibody  
(Cat. No. 710203) (red). Cells were stained with Invitrogen™ Goat Anti–Mouse IgG (H+L) Secondary Antibody, Alexa 
Fluor 488 Conjugate (Cat. No. A11029) and Invitrogen™ Goat Anti–Rabbit IgG (H+L) Secondary Antibody, Alexa Fluor 555 
Conjugate (Cat. No. A21428) (left), or Goat Anti–Mouse IgG (H+L) Superclonal Secondary Antibody, Alexa Fluor 488 
Conjugate (Cat. No. A28175), and Invitrogen™ Goat Anti–Rabbit IgG (H+L) Superclonal™ Secondary Antibody, Alexa Fluor 
555 Conjugate (Cat. No. A27039) (right). Nuclei were stained with SlowFade Gold Antifade Mountant using DAPI (blue) 
and F-actin filaments were stained with Rhodamine Phalloidin (red).

Superclonal secondary antibodies, a breakthrough 
technology designed to eliminate cross-reactivity

Get accurate and precise detection 
of primary antibodies using a 
completely new category of 
secondary antibodies available only 
from Thermo Fisher Scientific. 

The recombinant technology of 
Superclonal secondary antibodies 
offers you the precision of a 
monoclonal antibody with the 
sensitivity of a polyclonal antibody, 
setting a new standard for detection 
of primary antibodies.

These unique new secondary antibodies are:

• Designed to eliminate cross-reactivity in the detection of primary antibodies

• Developed as recombinant monoclonal antibodies to increase the precision and 
accuracy of detecting primary antibodies

• Formulated to remove animal variability for lot-to-lot consistency

• Selected and optimized to help achieve excellent results in ELISA, western blot, and 
cell imaging (ICC, IF, and IHC) applications

• Available unconjugated and conjugated with biotin, horseradish peroxidase (HRP), 
and select Alexa Fluor 488 to 790 dyes

http://www.thermofisher.com/us/en/home/life-science/antibodies/secondary-antibodies/superclonal-secondary-antibodies.html?CID=fl-superclonal
http://www.thermofisher.com/order/genome-database/antibody/alpha-Tubulin-Antibody-clone-B-5-1-2-Monoclonal/32-2500
https://www.thermofisher.com/order/genome-database/antibody/DISC1-Antibody-Oligoclonal/710203
https://www.thermofisher.com/order/genome-database/antibody/Goat-anti-Mouse-IgG-H-L-Secondary-Antibody-Polyclonal/A-11029
https://www.thermofisher.com/order/genome-database/antibody/Goat-anti-Rabbit-IgG-H-L-Secondary-Antibody-Polyclonal/A-21428
https://www.thermofisher.com/order/genome-database/antibody/Goat-anti-Mouse-IgG-H-L-Secondary-Antibody-Oligoclonal/A28175
https://www.thermofisher.com/order/genome-database/antibody/Goat-anti-Rabbit-IgG-H-L-Secondary-Antibody-Oligoclonal/A27039
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Protocol and resource guide

Enzyme-linked immunosorbent assay (ELISA)
Overview of ELISA Technology 
Assay Development Technical Handbook 
ELISA Development and Optimization 
ELISA Enzyme Substrates Selection Guide

Immunostaining
Immunostaining Guide 
Cell Staining Simulation Tool 
Immunofluorescence Imaging 
Immunohistochemistry 
Molecular Probes™ School of Fluorescence

Flow cytometry
Molecular Probes™ Flow Cytometry Products and Research 
Guide 
Molecular Probes™ Flow Cytometry Reagent Guide and 
Protocols App 
Fluorescence SpectraViewer

Western blotting
Overview of Western Blotting 
Western Blot Workflow Selection Guide 
Western Blot Chemiluminescent Substrate Selection Guide 
Western Blotting Handbook and Troubleshooting Guide

Immunoprecipitation (IP)
IP with Invitrogen™ Dynabeads™ and Other Magnetic Beads 
IP with Agarose and Other Resins 
ChIP, RIP, and Protein—Nucleic Acid Pull-Down Magnetic 
Beads and Kits

Luminex assays
How Luminex™ Technology Works 
Measure Multiple Signaling Proteins in a Single Microplate 
Well 
Luminex™ FAQs

Free guide to protein analysis and antibody 
purification

Image gallery

thermofisher.com/tech-library

Thermo Fisher Scientific technical support 
Let our knowledge work for you

View resources by application >
thermofisher.com/us/en/home/technical-resources

Find your answers online

Access each of the links below for detailed information.

http://www.thermofisher.com/us/en/home/references/protein-analysis-guide/protein-quantitation/overview-of-elisa-technology.html
http://tools.thermofisher.com/content/sfs/brochures/1602127-Assay-Development-Handbook.pdf
http://www.thermofisher.com/us/en/home/life-science/protein-biology/protein-biology-learning-center/protein-biology-resource-library/pierce-protein-methods/elisa-development-optimization.html
http://www.thermofisher.com/us/en/home/life-science/protein-biology/protein-assays-analysis/elisa/elisa-enzyme-substrates-selection-guide.html
https://tools.thermofisher.com/content/sfs/brochures/1601971-Antibody-Immunostaining-Guide.pdf#/legacy=www.piercenet.com
http://www.thermofisher.com/us/en/home/support/research-tools/cell-staining-tool.html
http://www.thermofisher.com/us/en/home/life-science/cell-analysis/cellular-imaging/immunofluorescence.html
http://www.thermofisher.com/us/en/home/life-science/protein-biology/protein-biology-learning-center/protein-biology-resource-library/pierce-protein-methods/overview-immunohistochemistry.html
http://www.thermofisher.com/us/en/home/life-science/cell-analysis/cell-analysis-learning-center/molecular-probes-school-of-fluorescence.html
http://www.thermofisher.com/us/en/home/life-science/cell-analysis/flow-cytometry/flow-cytometry-technical-resources/molecular-probes-flow-cytometry-products-resource-guide.html
http://www.thermofisher.com/us/en/home/life-science/cell-analysis/flow-cytometry/flow-cytometry-technical-resources/molecular-probes-flow-cytometry-products-resource-guide.html
http://www.thermofisher.com/us/en/home/support/research-tools/iphone-apps-and-widgets/flow-cytometry-reagent-selection-guide-protocols-app.html
http://www.thermofisher.com/us/en/home/support/research-tools/iphone-apps-and-widgets/flow-cytometry-reagent-selection-guide-protocols-app.html
http://www.thermofisher.com/us/en/home/life-science/cell-analysis/labeling-chemistry/fluorescence-spectraviewer.html
http://www.thermofisher.com/us/en/home/life-science/protein-biology/protein-biology-learning-center/protein-biology-resource-library/pierce-protein-methods/overview-western-blotting.html
http://www.thermofisher.com/us/en/home/life-science/protein-biology/protein-assays-analysis/western-blotting/western-blot-workflow-selection-guide.html
http://www.thermofisher.com/us/en/home/life-science/protein-biology/protein-assays-analysis/western-blotting/detect-proteins-western-blot/western-blot-detection-reagents/detection-technologies-western-blotting/chemiluminescent-western-blot-detection/western-blot-chemiluminescent-substrate-selection-guide.html
https://tools.thermofisher.com/content/sfs/brochures/1602761-Western-Blotting-Handbook.pdf
http://www.thermofisher.com/us/en/home/life-science/protein-biology/protein-assays-analysis/immunoprecipitation/immunoprecipitation-dynabeads-other-magnetic-beads.html
http://www.thermofisher.com/us/en/home/life-science/protein-biology/protein-assays-analysis/immunoprecipitation/immunoprecipitation-agarose-other-resins.html
http://www.thermofisher.com/us/en/home/life-science/protein-biology/protein-assays-analysis/immunoprecipitation/immunoprecipitation-dynabeads-other-magnetic-beads/chip-rip-protein-nucleic-acid-pull-down-magnetic-beads-kits.html
http://www.thermofisher.com/us/en/home/life-science/protein-biology/protein-assays-analysis/immunoprecipitation/immunoprecipitation-dynabeads-other-magnetic-beads/chip-rip-protein-nucleic-acid-pull-down-magnetic-beads-kits.html
http://www.thermofisher.com/us/en/home/references/protein-analysis-guide/multiplex-assays-luminex-assays/how-luminex-technology-works.html
http://www.thermofisher.com/us/en/home/references/newsletters-and-journals/bioprobes-journal-of-cell-biology-applications/bioprobes-70/luminex-multiplex-immunoassay-kits.html?ICID=ta-lm-luminex-Multiplex%20Immunoassay%20Kits%20for%20the%20Luminex%C2%AE%20Platform
http://www.thermofisher.com/us/en/home/references/newsletters-and-journals/bioprobes-journal-of-cell-biology-applications/bioprobes-70/luminex-multiplex-immunoassay-kits.html?ICID=ta-lm-luminex-Multiplex%20Immunoassay%20Kits%20for%20the%20Luminex%C2%AE%20Platform
http://www.thermofisher.com/search/support/supportSearchAction.action?query=luminex&supportSearchArea=Product+FAQs&initialSearch=true&refineSearch=true&mode=and&ICID=ta-sup-luminex-Product+FAQs
http://www.thermofisher.com/us/en/home/global/forms/protein-handbook-registration.html
http://www.thermofisher.com/us/en/home/global/forms/protein-handbook-registration.html
http://www.lifetechnologies.com/us/en/home/technical-resources/research-tools/image-gallery.html
http://www.thermofisher.com/us/en/home/technical-resources/technical-reference-library.html?CID=fl-tech-library
http://www.thermofisher.com/us/en/home/technical-resources.html
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It’s easy to find the  
antibody you need

Come find the antibody that’s right for you. We’re dedicated to making the experience of finding your 
antibody simple, fast, and reliable. We have over forty-thousand antibodies ready to ship to you, and a 
web experience that makes it easy to find and order yours. We also offer custom antibody services.
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