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COMMENTARY

Role of endothelial cells in tumor microenvironment
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To the Editor:
Endothelial cells line the vascular system and play

essential roles in regulating tumor initiation, progres-
sion, and metastasis. The application of single-cell RNA
sequencing has identified distinct lineages of endothelial
cells during the spatial–temporal evolution of the tumor
microenvironment (TME). Subgroups of endothelial cells
exist that either promote or prevent tumor progression
from non-invasive to the invasive stage. Mechanisms of
functional tumor endothelial cells (TECs) include cytokine
secretion, which activates receptors on the tumor cells
and/or suppresses antitumor immune reaction via atten-
uating the cytotoxic responses of the immune cells (Fig-
ure 1). There are currently few available methods to detect
TECs in the clinical setting; it would be a promising
approach to leverage TECs targeted therapy to improve the
current treatment regimens for early-stage cancer.
TECs could promote cancer progression by support-

ing tumor metabolism1 or secreting paracrine factors.2
Recently, by single-cell RNA sequencing (scRNA-seq),
we could gain a landscape view of the dynamic gene
network in the TECs.3 For example, in a metastatic
melanoma study, Tirosh et al. identified that the TECs in
the drug-resistant tumors harbored heterogeneous genetic
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signal compared to the normal ECs gene expression.4 The
scRNA-seq analysis aims to discover the unique biomarker
or signaling ligands/receptors on the cell population of
interest. For example, one scRNA-seq profiling of mouse
lung endothelial cells defined a specific lung endothelial
cell population,5 marked by carbonic anhydrase 4 (CA4),
whose expression depends on VEGFA expression AT1-
positive cells.6 The Notch ligand Dll4 was abundantly
expressed by endothelial cells, impacting smooth muscle
cells (SMC) and fibroblasts by binding with their Notch1
or Notch3 receptors (Figure 2).7 The other endothelial-
specific markers include Ephrins8 and Slit2,9 as well as
TEC specific tip cell-specific marker CXCR4, PGF and
LXN, etc.10
The VEGF and Notch signaling pathways in tumor ECs

could be more active than in the normal tissue endothelial
cells, responsible for the upregulation of angiogenesis.11
The downregulation of gene expression related to immune
activation in tumor ECs indicates that tumor ECs would
suppress the antitumor immune function. VEGF or Dll4-
Notch signaling upregulations to play decisive roles in
tumor formation and metastasis, probably through VEGF
or Dll4-mediated formation of TEC subgroups (i.e., tip-
like, transition, and stalk-like cells) (Figure 1), as evidenced
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F IGURE 1 Schematic of tumor microenvironment in the early stage of the malignant tumor

F IGURE 2 Illustration of gene- and regulation-based molecular mechanisms in tumor endothelial microenvironment

by scRNA-seq profiles and tip TEC signature genes arewell
related with patient survival.10
scRNA-seq studies can also reveal the impact of tumor

cells on TECs. The aberrant gene within tumors could
activate the CXCL12 promoter within tumors, which
could bind and activate CXCR4 signaling in endothelial
cells, induce neovascularization, and promote distant
metastasis in hepatocellular carcinoma cells.12,13 The
tumor-initiating cells could impact surrounding endothe-
lial cells by transferring oncogenic sequences to TECs via
extracellular vehicles (EVs), which subsequently induces
micronuclei formation, along with TEC migration and
proliferation (Figure 2).14,15
Thus, the identification and validation of TEC-specific

markers will improve the current diagnosis for early detec-
tion of TMEs. Wang et al. developed an apelin-based syn-
Notch receptors binding system to detect the angiogenic

signaling within tumor.16 Based on scRNA-seq, one sub-
group of TEC, tip TECs, correlated with patient survival.
Therefore, Tip TECs can be considered a potential marker
to evaluate the effectiveness of VEGF blockade therapies.10
Besides, a higher proportion of endothelial cells can be
harvested in clinical core biopsy samples than in surgi-
cal resection samples.17 Due to the technical difficulties of
obtaining TECs, one approach is to apply a set of transge-
netic reporter mice to capture endothelial cells in mouse
models. He et al. used this method to apply scRNA-seq on
mouse brain and lung endothelial cells and studied the vas-
cular populations and transcriptome during development
and disease.18
In addition to the interaction between tumor cells

and TECs, other types of cells in TME (e.g., tumor-
associated macrophage and cancer-associated fibroblasts)
also engage in cell–cell communications with TECs.19
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Dendritic cells were one of the most abundant cells
in the immune microenvironment,20 glioma-associated
macrophages have an emerging role in the promotion
of tumor proliferation, invasion, and metastasis and also
stimulation of neoangiogenesis,21,22 the intense interre-
lation between immune cells and extracellular matrix
molecules in building the TME,23,24 NK cells are also
one important subset of tumor-antagonizing immune
cells that mediate the immunosurveillance of tumor.25
The induction of retinoblastoma protein (Rb)-mediated
senescence on KRAS mutant pancreatic ductal adenocar-
cinoma could produce pro-angiogenic factors and pro-
mote the tumor vasculature normalization, which in turn
enhance drug delivery and efficacy of cytotoxic gem-
citabine chemotherapy.26,27 Meanwhile, endothelial cell
activation could contribute to CD8+ T cells’ infiltra-
tion by induction of VCAM-1, which binds with VLA-
4 on CD8+ T cells. Similarly, IgG4+CD49b+CD73+ B
cells expressing pro-angiogenic cytokine could efficiently
promote endothelial cell tubes’ formation in the tumor
microenvironment.28
Regarding translational therapy, historically, anti-

angiogenesis therapy targets tumor vascular network
growth, which mainly consists of two mechanisms: (a)
angiogenesis, the formation of new blood vessels from
existing vessels, and (b) vasculogenesis, the de novo forma-
tion of blood vessels from endothelial precursors.29 Many
growth factors promote angiogenic output (e.g., FGF,
VEGF, IL-8, and PDGF) and endogenous inhibitors also
exist to block vessel growth (e.g., thrombospondin, tum-
statin, canstatin, endostatin, angiostatin, and interferon-
alpha/beta).30 However, the targeted inhibition of the
VEGF signaling has not always resulted in favorable
outcomes in cancer patients’ treatment.31 Recently, the
combination of anti-PD-L1 and anti-VEGF therapy showed
significant benefit in patients with unresectable hepa-
tocellular carcinoma.32 It is hinted that the anti-VEGF
neutralizing antibody reversed the immunosuppressive
function of TECs and promoted T-cell infiltration in
the tumor. This warrants a better understanding of the
complex interactions between tumor and TECs.
Also, scRNA-seq of TECs provides the potential to iden-

tifymore targeted therapy based on the cellular andmolec-
ular changes within TECs, and overcome the limitations
of anti-angiogenesis therapies. Furthermore, a subgroup
of circulating tumor cells (CTCs) population in colorec-
tal cancer patients’ blood was TECs33; the screening of
TECs in patients’ peripheral blood with different stages
of tumor has the potential to serve as a biomarker for
early tumor diagnosis. It would be valuable to define the
critical regulatory notes within the TEC gene expression
network, explore their expression by multiomics, and,
most importantly, to integrate regulatory nodes’ expres-

sion with patients’ clinical phenomes by way of clinical
transomics.34,35 With the rapid development of biotech-
nologies, a deep understanding of the crosstalk between
tumor cells and TECs at the early stage of tumorigenesis
will help discover more precise and potent biomarkers and
improve clinical outcomes for cancer treatment.

ORCID
DaweiYang https://orcid.org/0000-0002-8928-143X
CharlesA. Powell https://orcid.org/0000-0003-3509-
891X

REFERENCES
1. Yeh WL, Lin CJ, Fu WM. Enhancement of glucose transporter

expression of brain endothelial cells by vascular endothelial
growth factor derived fromglioma exposed to hypoxia.MolPhar-
macol. 2008;73:170-177.

2. Cao Z, Ding B-S, Guo P, et al. Angiocrine factors deployed by
tumor vascular niche induce B cell lymphoma invasiveness and
chemoresistance. Cancer Cell. 2014;25:350-365.

3. Kalucka J, de Rooij LPMH, Goveia J, et al. Single-cell tran-
scriptome atlas of murine endothelial cells. Cell. 2020;180:764-
779.e20.

4. Tirosh I, Izar B, Prakadan SM, et al. Dissecting the multicellu-
lar ecosystem of metastatic melanoma by single-cell RNA-seq.
Science. 2016;352:189-196.

5. Gillich A, Zhang F, Farmer CG, et al. Capillary cell-type special-
ization in the alveolus. Nature. 2020;586:785-789.

6. Vila Ellis L, CainMP,HutchisonV, et al. Epithelial VEGFA spec-
ifies a distinct endothelial population in the mouse lung. Dev
Cell. 2020;52:617-630.e6.

7. Raredon MSB, Adams TS, Suhail Y, et al. Single-cell con-
nectomic analysis of adult mammalian lungs. Sci Adv.
2019;5:eaaw3851.

8. Pandey A, Shao H, Marks RM, Polverini PJ, Dixit VM. Role of
B61, the ligand for the Eck receptor tyrosine kinase, in TNF-
alpha-induced angiogenesis. Science. 1995;268:567-569.

9. Rama N, Dubrac A, Mathivet T, et al. Slit2 signaling through
Robo1 and Robo2 is required for retinal neovascularization. Nat
Med. 2015;21:483-491.

10. Goveia J, Rohlenova K, Taverna F, et al. An integrated gene
expression landscape profiling approach to identify lung tumor
endothelial cell heterogeneity and angiogenic candidates. Can-
cer Cell. 2020;37:21-36.e13.

11. Kim N, Kim HK, Lee K, et al. Single-cell RNA sequencing
demonstrates the molecular and cellular reprogramming of
metastatic lung adenocarcinoma. Nat Commun. 2020;11:2285.

12. Tsai C-N, Yu S-C, Lee C-W, et al. SOX4 activates CXCL12
in hepatocellular carcinoma cells to modulate endothelial cell
migration and angiogenesis in vivo.Oncogene. 2020;39(24):4695-
4710.

13. Williamson T, Sultanpuram N, Sendi H. The role of liver
microenvironment in hepatic metastasis. Clin Transl Med.
2019;8:21.

14. Chennakrishnaiah S, Tsering T, Gregory C, et al. Extracellu-
lar vesicles from genetically unstable, oncogene-driven cancer
cells trigger micronuclei formation in endothelial cells. Sci Rep.
2020;10:8532.

https://orcid.org/0000-0002-8928-143X
https://orcid.org/0000-0002-8928-143X
https://orcid.org/0000-0003-3509-891X
https://orcid.org/0000-0003-3509-891X
https://orcid.org/0000-0003-3509-891X


4 of 4 YANG et al.

15. Shah TG, Predescu D, Predescu S. Mesenchymal stem cells-
derived extracellular vesicles in acute respiratory distress syn-
drome: a review of current literature and potential future treat-
ment options. Clin Transl Med. 2019;8:25.

16. Wang Z, Wang F, Zhong J, et al. Using apelin-based synthetic
Notch receptors to detect angiogenesis and treat solid tumors.
Nat Commun. 2020;11:2163.

17. Slyper M, Porter A, Ashenberg O, et al. A single-cell and single-
nucleus RNA-Seq toolbox for fresh and frozen human tumors.
Nat Med. 2020;26:792-802.

18. He L, Vanlandewijck M, Mae MA, et al. Single-cell RNA
sequencing of mouse brain and lung vascular and vessel-
associated cell types. Sci Data. 2018;5:180160.

19. Zhang L, Ziyi L, Skrzypczynska KM, et al. Single-cell analyses
inform mechanisms of myeloid-targeted therapies in colon can-
cer. Cell. 2020;181:442-459.e29.

20. Deng X, Lin D, Zhang X, et al. Profiles of immune-related genes
and immune cell infiltration in the tumor microenvironment of
diffuse lower-grade gliomas. J Cell Physiol. 2020;235:7321-7331.

21. Hu F, Dzaye OD, Hahn A, et al. Glioma-derived versi-
can promotes tumor expansion via glioma-associated
microglial/macrophages Toll-like receptor 2 signaling. Neuro
Oncol. 2015;17:200-210.

22. Zhu C, Kros JM, Cheng C, Mustafa D. The contribution
of tumor-associated macrophages in glioma neo-angiogenesis
and implications for anti-angiogenic strategies. Neuro Oncol.
2017;19:1435-1446.

23. Jia D, Li S, Li D, et al. Mining TCGA database for genes of prog-
nostic value in glioblastoma microenvironment. Aging (Albany
NY). 2018;10:592-605.

24. Yang S, Liu T, Nan H, et al. Comprehensive analysis of prog-
nostic immune-related genes in the tumormicroenvironment of
cutaneous melanoma. J Cell Physiol. 2020;235:1025-1035.

25. Lei X, Lei Y, Li J-K, et al. Immune cells within the tumor
microenvironment: biological functions and roles in cancer
immunotherapy. Cancer Lett. 2020;470:126-133.

26. Ruscetti M, Morris JP 4th, Mezzadra R, et al. Senescence-
induced vascular remodeling creates therapeutic vulnerabilities
in pancreas cancer. Cell. 2020;181:424-441.e21.

27. Daniel SK, Sullivan KM, Labadie KP, Pillarisetty VG. Hypoxia as
a barrier to immunotherapy in pancreatic adenocarcinoma.Clin
Transl Med. 2019;8:10.

28. van de Veen W, Globinska A, Jansen K, et al. A novel proangio-
genic B cell subset is increased in cancer and chronic inflamma-
tion. Sci Adv. 2020;6:eaaz3559.

29. Junttila MR, de Sauvage FJ. Influence of tumour micro-
environment heterogeneity on therapeutic response. Nature.
2013;501:346-354.

30. Folkman J, Kalluri R. Cancer without disease.Nature. 2004;427:
787-787.

31. Kerbel RS. Tumor angiogenesis. N Engl J Med. 2008;358:2039-
2049.

32. Finn RS, Qin S, Ikeda M, et al. Atezolizumab plus beva-
cizumab in unresectable hepatocellular carcinoma. N Engl J
Med. 2020;382:1894-1905.

33. Cima I, Kong SL, Sengupta D, et al. Tumor-derived circulat-
ing endothelial cell clusters in colorectal cancer. Sci Transl Med.
2016;8:345ra389.

34. Wang W, Wang X. A refocus on the advances of single-cell
biomedicine. Cell Biol Toxicol. 2020;36:395-398.

35. Wang X. Clinical trans-omics: an integration of clinical phe-
nomes with molecular multiomics. Cell Biol Toxicol. 2018;34:
163-166.

How to cite this article: Yang D, Guo P, He T,
Powell CA. Role of endothelial cells in tumor
microenvironment. Clin Transl Med. 2021;11:e450.
https://doi.org/10.1002/ctm2.450

https://doi.org/10.1002/ctm2.450

	Role of endothelial cells in tumor microenvironment
	ORCID
	REFERENCES


