
“ H u m a n  T i e 2 - ex pr ess i n g  p r o a n g i o gen i c  m o n o c yt e s  

( T E M s) ”  

Background and Description of Invention. Human CD14+ monocytes can be divided into two main 

subsets according to the expression of CD16, a Fc gamma receptor III. CD14highCD16– cells are the most 

abundant monocytes in peripheral blood and are thought to represent classical monocytes that mediate 

inflammatory responses (‘inflammatory’ monocytes), whereas CD14lowCD16+ cells are a less characterised 

subset, which are thought to represent the precursors of tissue-resident macrophages and are referred to 

as ‘resident’ monocytes. Interestingly, the inventors found that a subset of CD14lowCD16+ monocytes 

expressed the TIE2 angiopoietin receptor. 

 

 

 

 

 

 

 

 

 

These Tie2-expressing monocytes (TEMs), but not the other monocytes, markedly promoted angiogenesis 

in xenotransplanted human tumours. In human cancer patients, TEMs were observed in the blood and 

were specifically recruited to the tumors, where they represented the main monocyte population distinct 

from tumour-associated macrophages (TAMs). In vitro, human TEMs migrated towards Angiopoietin-2 

(ANG2), a TIE2 ligand and proangiogenic factor released by activated endothelial cells and angiogenic 

vessels (Venneri et al., Blood. 2007; De Palma M et al., Trends Immunol. 2007).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In mouse tumor models, TEMs promote angiogenesis by associating with sprouting blood vessels (De 

Palma M et al., Cancer Cell. 2005. De Palma M et al., Cancer Cell. 2008; Pucci F et al., Blood. 2009). The 

inventors found that ANG2 blockade regresses the tumor vasculature and inhibits progression of late-stage, 

metastatic tumor models. Although ANG2 blockade did not inhibit TEM recruitment to the tumors, it 

impeded TEM’s upregulation of TIE2, their association with blood vessels and ability to promote tumor 

angiogenesis. Furthermore, conditional Tie2 gene knockdown in TEMs was sufficient to decrease tumor 

angiogenesis (Mazzieri et al., Cancer Cell. 2011; De Palma M, Naldini L. Clin Cancer Res. 2011). Thus, 

TEMs represent important regulators of tumor angiogenesis. Human TEMs may thus provide a novel, 

biologically relevant marker of angiogenesis and represent a previously unrecognized target of 

cancer therapy.  

Patent information. Patent granted in US (US7833789) covers human proangiogenic cells, and 

pharmaceutical compositions thereof. 

Figure 1. Expression of CD14 and CD16 identifies 

two distinct monocyte subsets. The gated cell 

populations (stained in different colors) were analysed 

for expression of TIE2 (upper right dot plots) versus 

isotype control (lower right dot plots). Note that the 

CD14lowCD16+ fraction (resident monocytes; red dots) 

is highly enriched in TIE2+ cells, whereas the 

CD14+CD16– fraction (inflammatory monocytes; violet 

dots) contains few TIE2+ cells.  
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Figure 2. TEM recruitment to tumors. A, a human glioblastoma orthotopically injected in the mouse brain shows 

several TEMs (labeled by green fluorescent protein, green) associated with the tumor blood vessels (red, stained by 

an anti-CD31 monoclonal antibody). B, a human gastric adenocarcinoma stained with an anti-Tie2 monoclonal 

antibody. Note the Tie2+ blood vessels and the presence of scattered Tie2+ mononuclear cells (TEMs, arrows) in the 

stroma. Section was counterstained by H&E. C, a human colon carcinoma stained with a fluorescent anti-Tie2 

monoclonal antibody (red) shows Tie2+ blood vessels and scattered Tie2+CD14+ TEMs (arrows). Green, CD14+ 

monocytes were stained with a FITC-conjugated anti-CD14 monoclonal antibody. Double-positive cells (i.e., TEMs) 

appear yellow. Bar, 50 Am 
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Potential Applications and Competitive Advantages. The identification of human Tie2+ monocytes 

may open a number of avenues in the development of novel anticancer therapies. Tie2+ monocytes may 

represent targets of novel antiangiogenic therapies and biological readouts in the circulation to monitor 

pathological angiogenesis. Furthermore, TEMs can be used as gene delivery vehicles in the setting of an 

autologous bone marrow transplant or adoptive transfer (De Palma M et al., Cancer Cell. 2008).  

Among other circulating Tie2+ proangiogenic cells such as circulating endothelial cells (CECs) and 

progenitors (EPCs), TEMs should represent ideal candidates to monitor/target angiogenesis, for the 

following reasons: 

• TEMs are more abundant in the peripheral blood than the elusive CECs  

• TEMs can be easily distinguished from other hematopoietic cells subsets by the combination of at least 

three surface markers.  

• TEMs circulate in the peripheral blood, thus they could be assayed by a simple procedure. TEMs might 

serve as a quantitative pharmacodynamic marker to monitor the angiogenic phenotype in a living 

organism or a patient and the effectiveness of antiangiogenic therapies.    

• TEMs have superior proangiogenic activity among a number of hematopoietic cell populations tested, 

including classical inflammatory monocytes and CECs/EPCs. Furthermore, TEMs are committed to a 

proangiogenic function already when they circulate in the peripheral blood, appearing to be a distinct 

lineage of previously unknown cells with dedicated (proangiogenic) function. Thus, TEMs may be targets 

of novel cancer therapies, once molecular features are identified that selectively distinguish the activity of 

these cells.  

• Strategies to deplete TEMs or reprogram them toward an angiostatic/proinflammatory phenotype may 

enhance the therapeutic activity of various anticancer therapies and counteract tumor resistance to 

chemotherapy (Squadrito, M.L. & De Palma, M. Mol Aspects Med. 2011). 

Stage of Development. The inventors show that human TEMs are distinct from classical 

proinflammatory cells, migrate towards Angiopoietin-2, are preferentially recruited to tumors, and display 

marked proangiogenic activity. Interfering with Tie2 expression in TEMs, or neutralizing the TIE2 ligand, 

ANG2, limits the formation of intratumoral vascular networks. Mazzieri et al. (2011) recently showed that 

ANG2 blockade: (i) inhibits angiogenesis and induces vascular regression in multiple tumor models, 

including tumors that are prone to develop resistance to anti- VEGF/VEGFR therapy; (ii) inhibits tumor 

growth in multiple tumor models, including late-stage spontaneous tumors; (iii) limits the metastatic 

dissemination of primary tumors and the outgrowth of established metastasis; and (iv) impedes, in tumor-

infiltrating TEMs, the transcriptional upregulation of Tie2, which is required for their association with tumor 

blood vessels and proangiogenic activity. 
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We seek a commercial partner with a strong pipeline in angiogenesis/cancer therapeutics to 

further explore TEM’s depletion or reprogramming to angiostatic/proinflammatory phenotype to 

enhance the therapeutic activity of anticancer therapies, and counteract tumor resistance to 

chemotherapy. 
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