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Hypoxia is a condition defined by low oxygen
 
levels (< 5%) and is a naturally occurring phenomenon 

during normal embryogenesis.  Prior to the formation of a definitive embryonic vasculature and organ 
system, diffusion from extra-embryonic sites provides the oxygen necessary for development.  During 
organogenesis, the local hypoxic environment seems to serve as a signal for blood vessel formation  
stimulating the production of angiogenic factors in a manner similar to the induction of angiogenic 
molecules that accompanies hypoxia in various tumor cells.1 Hemangioblasts (primitive angiogenic 
cells) differentiate into endothelial cells that begin to form rudimentary tubes or vessels, and into 
hematopoietic stem cells that embed in the wall of these developing vessels. 2,3  
This process (vasculogenesis) precedes the subsequent maturation and remodeling process of 
angiogenesis.2 One molecule known to be essential for the initiation of vasculogenesis is vascular 
endothelial growth factor (VEGF). VEGF has pronounced mitogenic activity on vascular elements  
and is synthesized in response to hypoxia.4 

HIF-1 (hypoxia inducible factor-1) is a key transcriptional regulator for hypoxic regulation of embryonic 
vascular development.  HIF-1 is an oxygen-sensitive, dimeric complex composed of HIF-1a and HIF-
1b/ARNT (aryl hydrocarbon receptor nuclear translocator) subunits.5 During conditions of normoxia, 
HIF-1b is found in the nucleus, while HIF-1a is cytoplasmic and rapidly degraded by a ubiquitin-
proteosome system. In mammalian cells, reduced oxygen levels permit the accumulation of HIF-1a 
protein in the cytoplasm. Subsequently, HIF-1a translocates to the nucleus, engages HIF-1b, and  
forms the HIF-1 complex that initiates VEGF transcription and mRNA stabilization.6 Formation of the 
HIF-1 complex typically occurs during solid tumor formation (increased oxygen demand) and fetal 
development (inadequate oxygen delivery). 

In the fetus, the HIF-1/VEGF connection is a current area of investigation to help explain the larger  
issue of circulatory system development. Mice lacking HIF-1 activity due to HIF-1a or HIF-1b/ARNT  
null mutations develop extensive cardiovascular defects including inadequate vessel formation  
and aberrant vascular remodeling.7,8 The ubiquitous expression pattern and generalized placental  

HIF-1 & Vascular Development

Figure 1.  Differentiation of hematopoietic cells (HCs) and proper vessel development requires HIF-1-dependent factors. HIF-1  
promotes the survival of HCs, which supply VEGF.   VEGF induces vasculogenesis by increasing production and proliferation of endo-
thelial cells. Loss of HIF-1b/ARNT results in HIF deficiency, increased apoptosis of HCs, reduction in VEGF production  
and endothelial cell number, and inadequate vessel growth and branching. (Adapted from reference 9).
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Adiponectin & Apoptotic Cell Clearance
Adiponectin, also known as Acrp30, is an adipocyte-specific secreted 
protein with wide ranging effects on metabolism and inflammation.  
Adiponectin regulates glucose and fatty acid metabolism, insulin 
responsiveness, and adipocyte differentiation.1 It has multiple anti-
inflammatory properties (Box 1) that distinguish it from other 
adipocytokines such as leptin, resistin, and visfatin.2  These various 
functions are mediated by the interaction of adiponectin with the 
receptors AdipoR1, AdipoR2, and, potentially, with cadherin-13/T-
cadherin.3,4 Adiponectin is the focus of much clinical interest for its 
involvement in the development of type II diabetes, obesity, and 
cardiovascular disease.1

Adiponectin consists of a globular domain and a collagen-like tail, 
both of which contribute to its association into multiple low, middle,  
and high molecular weight multimeric forms.5 Adiponectin complexes 
are structurally similar to C1q and the collectins, molecules that parti-

cipate in the clearance of apoptotic cells by macrophages.6 The  
high circulating concentration of these molecules in the blood 
enables them to bind ligands with high avidity, suggesting regula-
tory functions.

Inspired by the structural parallels between these molecules, 
Takemura et al.7 recently elucidated how adiponectin also mediates 
the in vivo clearance of apoptotic cells, in a manner analagous to  
C1q and the collectins. In this mechanism, adiponectin preferen-
tially binds to apoptotic blebs on dying cells, leading to phagocytosis 
by monocyte-derived macrophages. This adiponectin-dependent  
engulfment is restricted to early apoptotic cells, suggesting signal 
transduction via membrane receptors. Interestingly, this opsoniza-
tion does not require AdipoR1, AdipoR2, or cadherin-13 on the target 
cells. Rather, the authors identify the apoptotic cell determinant as 
calreticulin.

Calreticulin, typically identified as a calcium-binding chaperone of 
the endoplasmic reticulum8, has been shown to be upregulated in 
patches on the surface of apoptotic cells.9   This calreticulin clustering 
is coordinated with a decrease in CD47, a molecule whose interac-
tion with macrophage SIRP-a prevents phagocytosis of viable cells 
(Figure 1).  In addition, calreticulin is expressed on the macrophage 
in association with the phagocytic receptor LRP/CD91.5,9,10 The 
interaction of adiponectin with calreticulin on both the apoptotic 
cell and the macrophage is critical for the apoptotic cell clearance,  
as experimental knockdown of either calreticulin or LRP blocks 
adiponectin-dependent phagocytosis.5 Apoptotic cells opsonized  
by C1q, or the collectins MBL, SP-A, and SP-D, are cleared by a sim-
ilar mechanism involving calreticulin and LRP.9,10 Such molecular 
redundancy is consistent with the partial decrease in apoptotic cell 
clearance observed in adiponectin knockout mice.5 

The recognition and clearance of apoptotic cells helps prevent sys-
temic inflammation.12  These dying cells, if not cleared safely, would 
become necrotic, disintegrate, and release pro-inflammatory mole-
cules.  The failure to clear apoptotic cells has also been linked to the 
production of auto-antibodies.12  Adiponectin-deficient mice, in fact, 
show increased severity of autoimmune symptoms.5   Apoptotic cell 
clearance is a novel function of adiponectin that operates in tandem 
with adiponectin’s other anti-inflammatory functions.
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Figure 1.  Viable cells express CD47 which 
binds SIRP-a on macrophages to prevent 
phagocytosis. Early apoptotic cells down-
regulate CD47 and upregulate calreticulin 
in patches. Adiponectin recognizes calre-
ticulin and promotes LRP-dependent clear-
ance of apoptotic cells.

ANTI-INFLAMMATORY EFFECTS OF ADIPONECTIN2

		Decreased production of CXCL8, IFN-g, IL-6, and TNF-a

		Increased production of IL-1ra and IL-10

		Decreased activation of NFκB

		Downregulation of vasular endothelial cell adhesion molecules

		Inhibition of macrophage-foam cell development
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Establishment and maintenance of a proper maternal-fetal interface 
is essential for successful mammalian pregnancy.  Not only must the 
non-pregnant uterus be transformed into a cellular and molecular 
environment capable of implantation and fetal survival (deciduali-
zation), but a maternally-based immune tolerance of the semi-
allogenic fetus must also develop and be sustained.  The trophoblast 
is the extraembryonic layer of cells that invade the maternal tissue 
and form the fetal portion of the placenta (chorion).  Communication 
between fetal trophoblast cells and maternal immune cells dictates 
placental development and vasculogenesis during early pregnancy. 
It also establishes and maintains immune privilege throughout 
gestation. Recent studies identify chemokines as critical factors in 
this process. 

Chemokines are a family of structurally-related, small, secreted 
proteins that render their chemoattractant effect through interac-
tion with a subgroup of seven transmembrane domain G-protein-
coupled receptors. Traditionally known to recruit immune cells to 
mediate inflammation, chemokines are now recognized as regulators 
in central nervous system development and hematopoiesis.1,2  During 
placental development, cytotrophoblasts release CCL3/MIP-1a and 
decidual trophoblast cells lining maternal blood vessels secrete 
CXCL12/SDF-1, attracting CCR5+ and CXCR4+ Natural Killer (NK) cells, 
respectively, from the maternal circulation.3,4  In response to local 
environmental cues (e.g. IL-15) NK cells recruited to the decidua (dNK 
cells) alter their phenotypic profile by down-regulating their 
chemokine receptors, and losing their cytolytic activity following 
engagement with HLA-G, a non-classical MHC Class I molecule 
expressed on trophoblast cells.3,5,6   Recently, Hanna et al. proposed a 
positive role for dNK cells, demonstrating them to be sources of 
angiogenic growth factors following activation of the NK-activating 
receptor NKp44 by ligand-bearing cytotrophoblasts.7 In addition to 
VEGF and PlGF, dNK cells release CXCL8/IL-8 and CXCL10/IP-10.  These 
are chemokines that direct CXCR1+ and CXCR3+ trophoblast cells, 
towards endovascular invasion and vascular remodeling.7  Thus, the 
mutual chemokine-mediated attraction between dNK cells and 
invading trophoblasts appears necessary for developing a functional 
maternal-fetal interface early in pregnancy.  

The regulation of the inflammatory response by 
chemokines has also been implicated in mis-
carriage. A recent epidemiological study asses-
sing chemokine levels in the serum of pregnant 
women found that elevated concentrations of 
CXCL5/ENA-78 and CCL5/RANTES were associ-
ated with higher risk of miscarriage.8  Although 
both of these chemokines have been localized to 
decidual cells, it is uncertain if these circulating 
levels represent a placental imbalance. 

Research by Martinez de la Torre and colleagues 
support a detrimental consequence theory of  
placental chemokines by reporting a beneficial 
role of the D6 chemokine receptor decoy in mouse 
fetal survival.9  D6 is a silent receptor expressed  
on lymphatic endothelium that scavenges pro-
inflammatory chemokines, thus reducing ligand 
availability to signaling receptors.10 Following 

identification of D6 expression in human and mouse placenta, these 
authors investigated the effect of chemokines and D6 function in 
fetal immune privilege by subjecting pregnant wild-type (WT) and 
D6-/- mice to lipopolysaccharide (LPS) injection, an animal model of 
inflammation-related fetal loss. Systemic LPS injection induced an 
increase in both circulating and placental levels of inflammatory 
chemokines CCL22/MDC, CCL2/MCP-1/JE and CCL11/Eotaxin in WT 
mice, with exaggerated levels in D6-/- animals. Furthermore, LPS in-
jection increased fetal loss, with significantly higher frequency ob-
served in D6-/- mice relative to WT mice.  Attenuation of LPS-induced 
fetal mortality was achieved by administering neutralizing antibod-
ies to inflammatory cytokines. Collectively, the results support the 
critical role of inflammatory chemokines in pregnancy, and identifies 
D6’s protective role in pregnancy as a scavenger receptor.9

Undoubtedly, future research will aim to unravel the impact of 
chemokines on fetal development, addressing issues such as time, 
location, relative concentration, and cellular environment.  Such data 
will be critical in developing treatments for reproductive challenges, 
such as infertility, preeclampsia, chorioamnioitis, and miscarriage.
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Figure 1.  The trophoblast cell expresses numerous membrane receptors and soluble molecules that contribute to 
fetal immune privilege and promote placental development at the maternal-fetal interface.  



Arthritis, defined as inflammation of the joints, occurs in many forms.1 
Although most arthritic conditions include joint remodeling, a 
distinguishing feature of rheumatoid arthritis (RA) is the presence of 
bone erosion without signs of repair. For example, bony growths 
called osteophytes are present in osteoarthritis (degenerative arth-
ritis) and other forms of arthritis, yet absent in RA. Thus, RA includes 
both excessive bone resorption and inadequate bone replacement. 
Many proposed or recently initiated treatments for RA are aimed 
either at reducing inflammation or at curbing bone resorption, while 
less progress has been made toward enhancing bone replacement.  
A recent paper by Diarra and coworkers identifies suppression of 
signaling in the Wnt pathway as a key factor in the imbalance 
between bone resorption and replacement signals in RA joints.3

Signaling via the classical Wnt pathway is critical for bone deposi-
tion, both during development and bone remodeling in the adult.3, 4  
This signaling is under tight control and is limited by multiple 
endogenous mechanisms.  In one such regulation, Dickkopf proteins 
(Dkk) bind and promote the internalization of lipoprotein receptor-
related protein (LRP)-5 or LRP-6. Blocking these Wnt receptor 
components effectively downregulates Wnt signaling. Diarra and 
coworkers have discovered that overexpression of Dkk-1 in RA joints 
leads to excess inhibition of classical Wnt signaling, and is a critical 
factor in the bone erosion seen in RA.2  

The authors reported increased Dkk-1 expression in the serum or 
synovial fluid of three mouse models of RA, including one transgenic 
model that overexpresses the human inflammatory mediator TNF-a 
(hTNFtg).  Dkk-1 expression was also increased in human RA, but was 
low in ankylosing spondylitis, a joint disease with a high prevalence 
of osteophytes.  Treatment of hTNFtg mice with a Dkk-1 neutralizing 
antibody reversed the process of bone erosion but did not alter 
indicators of inflammation, suggesting that erosion is not a direct 
result of inflammation.

In addition to attenuation of bone loss, hTNFtg mice treated with 
Dkk-1 antibody exhibited osteophyte formation, suggesting an onset 

of bone deposition. Osteoblasts, the cells responsible for bone de-
position, rely on Wnt signaling for their maturation.4 Osteoblasts also 
control production of osteoclasts, the cells responsible for bone 
resorption. This occurs via production of the osteoclast-promoting 
growth factors M-CSF and RANKL/TRANCE, as well as the osteoclast-
limiting RANKL/TRANCE antagonist, osteoprotegerin (OPG).4, 5  Wnt 
signaling enhances OPG production, while inhibiting RANKL/TRANCE. 
In the mouse arthritis model, inhibition of Dkk-1 allows increased 
production of OPG, increased population of osteoblasts, and 
decreased numbers of osteoclasts within the joint,2 thus favoring 
bone replacement.  

High Dkk-1 expression may be pathogenic and has been shown in 
other bone-reducing conditions such as multiple myeloma, Paget’s 
disease and glucocorticoid-induced osteoporosis.6-8 Several stud-
ies have proposed that Dkk-1 antagonism promotes bone deposition 
in these pathologies.2, 9 As TNF-a signaling is upstream of increased 
Dkk-1 production, therapeutic inhibition of TNF-a (an effective 
treatment of RA) is also likely to modulate Dkk-1 production.1,2  In RA 
models, however, it has yet to be shown that a normal balance 
between resorption and deposition of bone can be re-established 
without incurring the production of osteophytes.
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Figure 1.  In normal joints, bone deposition by osteoblasts is in balance with bone resorption by osteoclasts. Wnt signaling is not over-inhibited by Dkk-1, and osteoclast formation 
is controlled by balanced amounts of RANKL/TRANCE and OPG.  In rheumatoid arthritis, TNF-a promotes Dkk-1 overexpression, which in turn causes decreased OPG expression.  These 
signaling events inhibit osteoblasts, while promoting osteoclasts and tipping the balance toward bone resorption.
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function of HIF subunits during embryo-
genesis confound the analysis of vascular 
irregularities seen in HIF-deficient embryos. 
In order to evaluate the role of HIF-1 in 
vascular and hematopoietic development of 
the embryo independent of deleterious 
effects caused by abnormal circulation or 
placentation, para-aortic splanchnopleural 
(P-Sp) explant assays have been utilized.9  
These P-Sp explants are derived from a site 
within the embryo where definitive hema-
topoietic stem cells are committed from 
hemangioblasts, and the cultures support 
both  angiogenesis and hematopoiesis.10 As 
compared to those derived from wild type, 
P-Sp explants from HIF-1b/ARNT-/- mice ex-
hibit reduced levels of VEGF protein, in-
creased numbers of apoptotic hematopoietic 
cells, and abnormal vasculogenesis, angio-
genesis, and hematopoiesis.9  When sources 
for VEGF are added to the system, both 
endothelial and hematopoietic cell (HC) 
precursors appear.9 Whether added exo-
genously or supplied via HCs, VEGF rescues 
endothelial cell production and vascular 
morphogenesis (see Figure 1).  These results 
indicate that both decreased survival of, and 
VEGF production by, HCs contribute to the 
abnormal vessel development observed in 
HIF-1b/ARNT-/- explants, and suggest that HIF 
is critical for intraembryonic blood and vessel 
development.9 These results may comple-
ment previous studies identifying HIF-1 sig-
naling via the angiopoietin/Tie-2 system11 
and hypoxic regulation of VEGF receptor 
expression/activity on endothelial cells,12 
further elucidating the precise role of HIF-1 
during vascular development.

References

 1. Lee, Y.M. et al. (2001) Dev. Dyn. 220:175.

 2. Fischer, C. et al. (2006) Handb. Exp. Pharmacol. 

  176 (Pt 2):157.

 3. de Bruijn, M. et al. (2002) Immunity 16:673.

 4. Ferrara, N. (2004) Endocr. Rev. 25:581.

 5. Gordan, J.D. & M. C. Simon (2007) Curr. Opin. Genet. 

  Dev. 17:71

 6. Liu, L.X. et al. (2002) Biochem. Biophys. Res. Commun. 

  291:908.  

 7. Ryan, H.E. et al. (1998). EMBO J. 17:3005.  

 8. Adelman, D.M. et al. (1999) Genes Dev. 13:2478.

 9. Ramirez-Bergeron, D.L. et al. (2006) Dev. Cell 11:81.  

 10. Takakura, N. et al. (2000) Cell 102:199.

 11. Yamakawa, M. et al. (2003) Circ. Res. 93:664.  

 12. Nilsson, I. et al. (2004) FASEB J. 18:1507.  

This symbol denotes references that cite the use of  
R&D Systems products. Quantikine and IVD are registered trademarks of R&D Systems, Inc.



6 For research use only. Not for use in diagnostic procedures.

New Reference Materials Available from R&D Systems

Association of Medical Laboratory Immunologists (AMLI)

Chicago, IL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .August 9-12, 2007

3rd World Congress on Regenerative Medicine

Leipzig, Germany . . . . . . . . . . . . . . . . . . . . . . . . . . October 18-20, 2007

International Cytokine Society

San Francisco, CA  . . . . . . . . . . . . . . . . . . . . . . . . . October 27-29, 2007

ISEH Society for Hematology & Stem Cells

Hamburg, Germany . . . . . . . . . . . . . . . . . . . . .September 28-30, 2007

Society for Neuroscience (SFN)

San Diego, CA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . November 3-7, 2007

American Society for Cell Biology (ASCB)

Washington, D.C.  . . . . . . . . . . . . . . . . . . . . . . . . . .December 1-5, 2007

MEETINGS  R&D Systems Representatives will be available at the following meetings:

R&D Systems Reference Guides
We know that you rely on primary literature to aid in your selection of dependable research reagents. R&D Systems maintains a reference database that contains 
published, peer-reviewed scientific journal articles citing the use of our products. Many of these studies incorporate unique sample types or applications, demon-
strating the range and specificity of R&D Systems reagents. We have thousands of references in this database and more are added monthly.  

Each Reference Guide highlights a portion of our database specific for a product line and/or research topic. Each guide presents our products in alphabetical order 
by analyte, accompanied by references from our database and the sample type(s) tested within each reference.
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QuantiGlo Chemiluminescent Human VEGF Catalog # QVE00B

Sensitivity: 3.30 pg/mL

Range: 6.4-20,000 pg/mL

Sample Volume: 50 μL

Validated Sample Type(s): cell culture supernate, plasma (EDTA, heparin), saliva, serum, 

urine.

Christensen, J. G. et al. (2005) Plasma vascular endothelial growth factor and interleukin-8 

as biomarkers of antitumor effi  cacy of a prototypical erbB family tyrosine kinase inhibitor. 

Mol. Cancer Ther. 4: 938. 

Sample(s) Tested: Xenograft human tumor and human plasma (heparin).

Cartwright, L. et al. (2006) Dynamic contrast-enhanced MRI to quantify VEGF-enhanced 

tissue-engineered bladder graft neovascularization: Pilot study. J. Biomed. Mater. Res. 

77A:390. 

Sample(s) Tested: rabbit cell supernate.

Quantikine  Mouse VEGF Catalog # MMV00

Sensitivity: 3 pg/mL

Range: 7.8-500 pg/mL

Sample Volume: 50 μL

Validated Sample Type(s): cell culture supernate, serum.

 Stathopoulos, G. T. et al. (2006) Nuclear factor-κB aff ects tumor progression in a mouse 

model of malignant pleural eff usion. Am. J. Respir. Cell Mol. Biol. 34:142. 

Sample(s) Tested: mouse serum.

Berry, J. E. et al. (2006) JunB as a downstream mediator of PTHrP actions in cementoblasts. 

J. Bone. Miner. Res. 21:246. 

Sample(s) Tested: mouse cell supernate.

Hallaq, H. et al. (2004) A null mutation of Hhex results in abnormal cardiac development, 

defective vasculogenesis and elevated VEGF-A levels. Development 131:5197. 

Sample(s) Tested: mouse heart tissue homogenate.

Wislez, M. et al. (2006) High expression of ligands for chemokine receptor CXCR2 in alveo-

lar epithelial neoplasia induced by oncogenic Kras. Cancer Res. 66:4198. 

Sample(s) Tested: mouse lung tissue homogenate, mouse BALF, mouse cell supernate.

Margetts, P. J. et al. (2001) Gene transfer of transforming growth factor−β1 to the rat 

peritoneum: eff ects on membrane function. J. Am. Soc. Nephrol. 12:2029. 

Sample(s) Tested: rat peritoneal fl uid and rat peritoneal mesothelial cell culture supernate.

Quantikine  Rat VEGF Catalog # RRV00

Sensitivity: 8.4 pg/mL

Range: 31.2-2000 pg/mL

Sample Volume: 50 μL

Validated Sample Type(s): cell culture supernate, plasma (EDTA, heparin), serum.

Jesmin, S. et al. (2004) Characterization of regional cerebral blood fl ow and expression of 

angiogenic growth factors in the frontal cortex of juvenile male SHRSP and SHR. Brain Res. 

1030: 172. 

Sample(s) Tested: rat tissue homogenate.

Mowa, C. N. et al. (2004) Characterization of vascular endothelial growth factor (VEGF) 

in the uterine cervix over pregnancy: eff ects of denervation and implications for cervical 

ripening. J. Histochem. Cytochem. 52:1665. 

Sample(s) Tested: rat tissue homogenate.

VEGF-C
Quantikine Human VEGF-C Catalog # DVEC00

Sensitivity: 13.5 pg/mL

Range: 109-7000 pg/mL

Sample Volume: 50 μL

Validated Sample Type(s): cell culture supernate, plasma (EDTA, heparin), saliva, serum.

Zhao, B. et al. (2006) VEGF-A regulates the expression of VEGF-C in human retinal pigment 

epithelial cells. Br. J. Ophthalmol. 90:1052

Sample(s) Tested: human cell culture supernate.

Mitsuhashi, A. et al. (2005) Serum vascular endothelial growth factor (VEGF) and VEGF-C 

levels as tumor markers in patients with cervical carcinoma. Cancer 103:724. 

Sample(s) Tested: human serum.

VEGF-D
Quantikine Human VEGF-D Catalog # DVED00

Sensitivity: 11.4 pg/mL

Range: 62.5-4000 pg/mL

Sample Volume: 100 μL

Validated Sample Type(s): cell culture supernate, plasma (EDTA, heparin), serum.

George, M. L. et al. (2001) VEGF-A, VEGF-C, and VEGF-D in colorectal cancer progression. 

Neoplasia 3:420. 

Sample(s) Tested: human serum.

Kümmel, S. et. al. (2006) Changes in the circulating plasma levels of VEGF and VEGF-D after 

adjuvant chemotherapy in patients with breast cancer and 1 to 3 positive lymph nodes. 

Anticancer Res. 26:1719. 

Sample(s) Tested: human plasma (EDTA).

sVEGF R1/Flt-1
Quantikine Human sVEGF R1/Flt-1 Catalog # DVR100B*

Sensitivity: 3.5 pg/mL

Range: 31.2-20000 pg/mL

Sample Volume: 100 μL

Validated Sample Type(s): cell culture supernate, cell lysate, follicular fl uid,

plasma (EDTA), saliva, serum.

Levine, R. J. et al. (2006) Soluble endoglin and other circulating antiangiogenic factors in 

preeclampsia. N. Engl. J. Med. 355:992. 

Sample(s) Tested: human serum.

Harding, T. C. et al. (2006) AAV serotype 8-mediated gene delivery of a soluble VEGF recep-

tor to the CNS for the treatment of glioblastoma. Mol. Ther. 13:956. 

Sample(s) Tested: human transfected cells.

Itoh, H. et al. (2006) Hypoxia regulates vascular endothelial growth factor and soluble fms-

like tyrosine kinase-1 secretion by human oviductal epithelial cells and stromal fi broblasts. 

Fertil. Steril. 85:1097. 

Sample(s) Tested: human oviduct epithelial cells (OEC) and oviductal stromal fi broblasts 

(OSF).
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Application: Immunohistochemistry

Product: Human CXCR3 Monoclonal 
Catalog # MAB160

Reference(s):
Sfriso, P. et al. (2006) Epithelial CXCR3-B regulates 

chemokines bioavailability in normal, but not in Sjogren’s 

syndrome, salivary glands. J. Immunol. 176:2581.

Sample(s) Tested: human labial salivary glands

Srivastava, B.I. & M.D. Srivastava. (2005) Establishment 

and characterization of SRIK-NKL: a novel CD8+ natural 

killer/T cell line derived from a patient with leukemic phase 

of acute lymphoblastic lymphoma. Leuk. Res. 29:771.

Sample(s) Tested: human SRIK-NKL blast cells

Kawada, K. et al. (2004) Pivotal role of CXCR3 in melanoma 

cell metastasis to lymph nodes. Cancer Res. 64:4010.

Sample(s) Tested: human melanoma

Lim, H.W. et al. (2004) Regulatory T cells can migrate to 

follicles upon T cell activation and suppress GC-Th cells and 

GC-Th cell-driven B cell responses. J. Clin. Invest. 114:1640.

Sample(s) Tested: human tonsil mononuclear cells

Application: Western Blot
Product: Human CXCR3 Monoclonal 

Catalog # MAB160
Reference(s):
Yang, J. & A. Richmond. (2004) The angiostatic activity 

of interferon-inducible protein-10/CXCL10 in human 

melanoma depends on binding to CXCR3 but not to 

glycosaminoglycan. Mol. Ther. 9:846.
Sample(s) Tested: chinese hamster ovary cells transfected 

with human CXCR3

CXCR4
Application: Flow Cytometry
Product: Human CXCR4 PE Monoclonal 

Catalog # FAB173P
Reference(s):
Watanabe, S. et al. (2007) Hematopoietic stem cell-

engrafted NOD/SCID/IL2Rg null mice develop human 

lymphoid systems and induce long-lasting HIV-1 infection 

with specific humoral immune responses. Blood 109:212.

Sample(s) Tested: human T cells

Hatse, S. et al. (2003) Mutations at the CXCR4 interaction 

sites for AMD3100 influence anti-CXCR4 antibody binding 

and HIV-1 entry. FEBS Lett. 546:300.
Sample(s) Tested: human astroglial cells and U87.CD4 as-

troglioma cell line stabily transfected with CXCR4 variants

Application: Immunohistochemistry

Product: Human CXCR4 Monoclonal 
Catalog # MAB170

Reference(s):
Lisignoli, G. et al. (2006) Hyaluronan-based polymer 

scaffold modulates the expression of inflammatory and 

degradative factors in mesenchymal stem cells: Involve-

ment of Cd44 and Cd54. J. Cell. Physiol. 207:364.
Sample(s) Tested: human mesenchymal stem cells

CXCR4 Expression on Human Peripheral Blood 

Mononuclear Cells (PBMC).  CXCR4 was detected on 

human PBMC with anti-human CXCR4 monoclonal 

antibody (Catalog #  MAB172).  Cells were stained 

using a Rhodamine Red X-conjugated anti-mouse IgG 

secondary antibody (red) and counterstained with 

FluoroNissl green. 

Reference(s):
Fotopoulos, G. et al. (2002) Transepithelial transport of 

HIV-1 by M cells is receptor-mediated. Proc. Natl. Acad. Sci. 

U.S.A. 99:9410.
Sample(s) Tested: human Caco-2 colon carcinoma cell line 

and Peyer’s patches of distal ileum

Application: Neutralization
Product: Human CXCR4 Monoclonal 

Catalog # MAB170
Reference(s):
Lee, R.H. et al. (2006) A subset of human rapidly self-

renewing marrow stromal cells preferentially engraft in 

mice. Blood 107:2153.
Sample(s) Tested: human mesenchymal stem cells

Application: Western Blot
Product: Human CXCR4 Monoclonal 

Catalog # MAB173
Reference(s):
Mochizuki, H. et al. (2004) Interaction of ligand-receptor 

system between stromal-cell-derived factor-1 and CXC 

chemokine receptor 4 in human prostate cancer: a possible 

predictor of metastasis. Biochem. Biophys. Res. Commun. 

320:656.
Sample(s) Tested: human DU145, LNCaP, and PC3 prostate 

cancer cell lines

CXCR6
Application: Flow Cytometry
Product: Mouse CXCR6 Monoclonal 

Catalog # MAB2145
Reference(s):
Lee, J.H. et al. (2007) FoxP3+ T cells undergo conventional 

first switch to lymphoid tissue homing receptors in thymus 

but accelerated second switch to nonlymphoid tissue hom-

ing receptors in secondary lymphoid tissues. 
J. Immunol. 178:301.
Sample(s) Tested: mouse T cells

Product: Human CXCR6 Monoclonal 
Catalog # MAB699

Reference(s):
Patel, D.N. et al. (2006) TLR4-NOX4-AP-1 signaling medi-

ates lipopolysaccharide-induced CXCR6 expression in 

human aortic smooth muscle cells. Biochem. Biophys. 

Res. Commun. 347:1113.
Sample(s) Tested: human aortic smooth muscle cells

Application: Immunohistochemistry

Product: Human CXCR6 Monoclonal 
Catalog # MAB699

Reference(s):
Ruth, J.H. et al. (2006) CXCL16-mediated cell recruitment 

to rheumatoid arthritis synovial tissue and murine lymph 

nodes is dependent upon the MAPK pathway. Arthritis 

Rheum. 54:765.
Sample(s) Tested: human synovial tissue

Dectin-1/CLEC7A
Application: Flow Cytometry
Product: Human Dectin-1/CLEC7A Polyclonal 

Catalog # AF1859
Reference(s):
Meyer-Wentrup, F. et al. (2007) Dectin-1 interaction with 

tetraspanin CD37 inhibits IL-6 production. J. Immunol. 

178:154.
Sample(s) Tested: human macrophages and dendritic cells

Application: Immunohistochemistry

Product: Mouse Dectin-1/CLEC7A Polyclonal 
Catalog # AF1756

Reference(s):
Rappleye, C.A. et al. (2007) Histoplasma capsulatum 

a-1,3-glucan blocks innate immune recognition by the 

b-glucan receptor. Proc. Natl. Acad. Sci. U.S.A. 104:1366.

Sample(s) Tested: mouse 3T3 fibroblasts and P388D1 

macrophages transfected with mouse Dectin-1

Immunology Antibody 
Reference Guide  2007
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If you do not see a reference for your analyte or 

application, please contact Technical Service . We would 

be happy to check if there is an applicable reference  

for your needs.

R&D Systems POSTER

Concepts in Mineral Homeostasis
Review calcium (Ca2+) and phosphorous (Pi) metabolism in multiple  
organ systems with our new poster.

The importance of both Ca2+ and Pi in organismal physiology is reflect-
ed in the exquisite hormonal regulation associated with each element. 
Although most Ca2+ (99%) and Pi (85%) exist as a complex within 
bone, each has a number of critical non-structural functions. These 
range from roles in phospholipid synthesis and signal transduction, to 
regulating nervous system activity and muscle contraction.

Antibody Reference Guides

Request your FREE reference guides and poster at www.RnDSystems.com/go/Request



TECHNICAL NOTES:  
R&D Systems Is With You Every Step of the Way – Analyzing Proteins of Interest 

R&D Systems Cytokine Bulletin  |  summer  |  2007 7

STEP 1

Use one of our Proteome Profiler Arrays as a screening tool to identify proteins of interest

R&D Systems Human Cytokine Array Kit, Panel A (Catalog # ARY005) utilizes capture antibodies spotted onto a nitrocellulose membrane to allow high-throughput multi-analyte 
profiling of 36 cytokines, chemokines and acute phase proteins in a single sample. Chemiluminescent detection (left) and calculated pixel density histogram (right) show relative 
protein expression in human peripheral blood mononuclear cells incubated with PHA for 24 hours.  Select proteins are highlighted for orientation.  For a complete list of cytokines 
assayed in the Human Cytokine Array and the Mouse Cytokine Array, Panel A (Catalog # ARY006), please visit www. RnDSystems.com/go/ProteomeProfiler.
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Quantify your results with our dependable  
ELISA/Assay Kits
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TNF-a and IFN-g in Activated T 
Cells.  The production of TNF-a 
and IFN-g in the supernatant of 
PHA-activated human T cells (se-
lected from peripheral blood 
mononuclear cells) are stimulated 
by CD3 activation using mouse 
anti-human CD3 monoclonal anti-
body (Catalog # MAB100). Cyto-
kines were measured using hu-
man Quantikine ELISA kits for 
TNF-a (Catalog # DTA00C) and for 
IFN-g (Catalog # DIF50). 

GROa in Peripheral Blood Mononuclear 
Cells (PBMC). PBMC were treated with 
PHA for 24 hours and assessed for CXCL1/
GROa using the Human CXCL1/GROa 
Quantikine ELISA Kit (Catalog # DGR00).  

STEP �

Select from a wide range of antibodies and proteins to 
provide additional information in many types of 

experimental procedures 

Intracellular Detection of TNF-a by Flow Cytometry. Human peripheral blood 
mononuclear cells treated with PMA and calcium ionomycin were stained with  
phycoerythrin (PE)-conjugated-mouse anti-human TNF-a monoclonal antibody 
(Catalog # IC210P; filled histogram). Staining with PE-conjugated isotype control 
(Catalog # IC002P; open histogram) highlights the specificity of the TNF-a anti-
body.

TNF-a Immunocytochemistry in Human 
Peripheral Blood Mononuclear Cells 
(PBMC). TNF-a was detected in human 
PBMC using anti-human TNF-a/TNFSF1A 
polyclonal antibody (Catalog # AF-210-NA).  
Cells were stained using a Rhodamine Red™ 
X-conjugated anti-goat IgG secondary  
antibody (red) and counterstained with 
FluoroNissl™ green.
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STEP 3

Rhodamine Red and FluoroNissl are trademarks of Molecular Probes, Inc.
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NEW TOOLS:  Recombinant Active Protein Kinases
Protein kinases play critical roles in signal transduction, and their physiological activities in cellular processes are important in defining 
signaling pathways.  Likewise, unregulated activities of protein kinases are of particular interest in understanding pathological processes such 
as cancer and chronic inflammatory diseases. Protein kinases often have multiple physiological substrates and cellular functions. Therefore, 
specific inhibitors of protein kinases are of interest in drug development.  R&D Systems now offers a wide range of new recombinant active 
kinases that can be used in studies of their activities and inhibitors. These include members of the Src family, and kinases involved in the  
PI 3-kinase and MAP kinase signaling pathways.
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Figure 1.  The phosphorylation of inactive p38a by recombi-
nant human active MKK6 (Catalog # 1604-MK) was quantified at 
the indicated timepoints using the Phospho-p38a (T180/Y182) 
DuoSet IC Kinase Assay (Catalog # DYC869). The same samples 
were also immunoblotted (insert) with either anti-phospho-p38 
MAPK polyclonal antibody (Catalog # AF869) or anti-p38a mono-
clonal antibody (Catalog # MAB869).  

CATEGORY ACTIVE KINASE   SPECIES CATALOG # ASSAY SUBSTRATE FOR ACTIVE KINASE

Cell Cycle Chk1 Human 16�0-KS KKKVSRSGLYRSPSMPENLNRPR

 Chk2 Human 1��8-KS KKKVSRSGLYRSPSMPENLNRPR

 NEK2 Human �706-KS Myelin basic protein (MBP)

MAP Kinase ASK1 Human ��7�-KS Myelin basic protein (MBP)

 ERK1 Human 1879-KS Myelin basic protein (MBP)

 JNK1 Mouse 1776-KS Recombinant Activating Transcription 
Factor (ATF)-2

 MAPKAPK2 Human �70�-KS RRLNRQLSVA-amide

 MKK6 Human 1604-MK p�8 alpha (inactive; catalog # 869-P�),  
Myelin basic protein (MBP)

 p�8 alpha Human 1806-P� Myelin basic protein (MBP)

 Raf-1 Human �708-KS Myelin basic protein (MBP)

PI �-kinase Akt1 Human 177�-KS RPRAATF

 GSK-� beta Human 2�06-KS YRRAAVPPSPSLSRHSSPHQ(pS)EDEEE

 p70 S6 Kinase Human 896-KS CKRRRLASLR

 SGK1 Human �200-KS RPRAATF

Src Lck Human �704-KS Poly (Glu:Tyr, 4:1)

 Src Viral ��89-KS KVEKIGEGTYGVVYK

T cell Receptor ZAP70 Human �709-KS Poly (Glu:Tyr, 4:1)

USA & Canada
R&D Systems, Inc.
614 McKinley Place NE, Minneapolis, MN 55413
Tel:  (800) 343-7475  (612) 379-2956
Fax:  (612) 656-4400
info@RnDSystems.com

Europe
 R&D Systems Europe, Ltd.

Tel:  +44 (0)1235 529449
info@RnDSystems.co.uk


