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ABSTRACT

Tumor microenvironment plays a key role in regulating tumorigenesis, progression, and metastasis of cancer.
Although it iswell investigated the interactions between cancer cellsand tumor microenvironment, many mechanisms
gtill retain unknown. In the last several years, Chinese scientist achieve many accomplishment in tumor
microenvironment research field refer to tumor immune escaper and anti-tumor immunity; angiogenesis,
lymphangiogenesis and tumor therapy; epigentics and tumorigenesis; proliferation, angiogenesis, invasion and
metastasis of cancer; cancer cell, stromal cells and their chemokines or cytokines; the molecular mechanisms of
cancer invasion and metastasis. Especially, the molecular mechanism has been well elucidated in epigenetics of
breast cancer and anti-angiogenesis, anti-lymphangiogenesis by Endostatin and VEGI (TNFSF15).
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INTRODUCTION

Currently, The Chinese government has invested nmchey in the cancer research field, especiallyzancer
microenvironment research, because of more and cameer patients in China. Chinese scientists hwaae a lot of
effort to illuminate the reason of tumorigenesimgression, and metastasis, and sought preventtreatment for
cancer. This review dedicates to introduce the tumioroenvirenment research of Chinese scientidtériast decade.
These researches of tumor microenvironment incthdé 1) tumor immune escaper and anti-tumor imnyuiix
angiogenesis, lymphangiogenesis and tumor the@pspigenetics and cancer, 4) cancer cell and sirosails, 5)
cancer invasion and metastasis.

It is worth mentioned that epigenetics of breastcea and anti-angiogenesis and anti-lymphangiogenss
Endostatin and VEGI had attracted the close atieriif the international counterparts. Shang’s laimiog from
Peiking University illuminates the epigenetics memism of increased incidence of endometrial caatdnf
tamoxifen, and LSD1 mediating breast cancer met&$gd on Nature and Cell journal. Luo’s lab comifigm
Tsinghua University develops an anti-tumor drugd@star, has been formally approved Chinese FoodDand
Administration. Another lab coming from Nankai Uergity, professor Li lu-yuan systematically elutetathe
mechanism of VEGI anti-tumor, and the recombinantgin VEGI is preparing to clinical trials.

Tumor immune escaper and anti-tumor immunity

One hallmark of cancer cells is immune escape[B]s Igenerally known that CD11b+ Gr-1+ myeloid sell
(myeloid-derived suppressor cells, MDSC) relatimg$cape anti-tumor immune can inhibit T cells @ewdritic cells.
Interestingly, MDSC increase markedly in liver cdown-regulate the NK cells function, and inhibitatpxicity,
NKG2D expression, and INfproduction of NK cells[4]. When adding TGH- neutralization antibody into the
coculture system of MDSC or NK cells could resthit€G2D expression, cytotoxicity, and IFNproduction of NK
cells, whereas supplying exogenous recombinant FGEould not significantly suppress NKG2D expression
cytotoxicity, and IFNy production of NK cells[4]. Furthermore, MDSC, bt Tregs, can significantly restored
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NKG2D expression and IFM-secretion of hepatic NK cells by depletion assélys[hese results present a new
mechanistic that cancer-expanded MDSC can indueeggrof NK cells by membrane-bound T@E; but not
regulatory T cells, to illuminate tumor immune gsef@]. Another, early exposure of high-dose IL-4tlie tumor
stromal cells effectively prevented the generatb®D11b+Gr-1+ cells and led to activate CD8+ T-delpendent
anti-tumor immunity, but IL-4 had no effect a feayd after tumor growth because of CD11b+ Gr-14saathergence
and T cells tolerance[5]. The expression time avgkds important to determine the effects of ILrdtamor growth.

In addition, Wei et al found that inoculating themior with Xenogeneic VEGF and EGFR associated with
tumorigenesis can induce of the autoimmune respagaist VEGF and EGFR in a cross-reaction betviken
xenogeneic homologous and itself protein to treatdrs[6, 7]. So, breaking the immune tolerance regjatself
growth factors or its receptors that associatedh wimor growth is a useful approach to cancer thethrough
activating immunization.

Specific antitumor immunity is a promising approdahcancer therapy. Exosomes derived from heaséd tumor
cells (HS-TEX) are a population of nanometer-sizedmbrane vesicles that can induce specific antitumo
immunity[8]. HS-TEX contain more HSP60, HSP90, ahdmokines compared to those exosomes derivedtirem
untreared-tumor cells (Ex0)[9]. Releasing chemakifeom exosomes via lipid raft-dependent pathwap ca
chemoattract and activate dendritic cells (DC) @rells. CD8+ T cells are the predominant T celisei responsible
for the antitumor effect of HS-TEX. In addition, HEX can more efficiently induce maturation of detid cells in
phenotype and function. CEA+/HS-TEX has superiomimogenicity than CEA+/Exo in inducing CEA-specific
CTL response[10]. Tumor-derived exosomes contaifling can also increase antitumor effects[11]. Ehessults
indicated exosomes derived from HS-TEX is a kindefficient tumor vaccine[8]. Another, fractalkinEK) can
chemoattract T lymphocytes, monocytes and NK cEksgene-modified 3LL lung carcinoma cells can icelCD8+

T cells, CD4+ T cells and DC into the tumor sit€ken the activated DC induces the T-cell-dependatitumor
immunity[12]. In addition, HSP derived from tumaelis have a potent function of adjuvant facilitgtipresentation
of tumor Ags. HSP70 proteins from heat-stressedtuwalls can activate the chemoattracted DC thrdugR4 in a
paracrine manner and induce chemokines of tumts teinitiate antitumor immunity[13]. For a samplésp70-like
protein 1 (Hsp70L1) is structurally and functiogaimilar to Hsp70 that can promote dendritic cefituration[14].
Furthermore, fusion protein CEA576-669-Hsp70L1 agrihg CAP-1 (a HLA-A2-restricted CTL epitope) can
induce dendritic cells to produce IL-12, II3;1 TNF«, MIP-1o, MIP-13 and produce more efficiently
HLA-A2.1-restricted CD8+ CTLs[15]. hMIPBlexpressing in tumor can also induce host antitumaonunity[16].
These results suggest that intratumorally exprgssinreleasing chemokines, cytokines, and HSP fupiotein
derived from HS-TEX is a useful form of cancer gémerapy or efficient tumor vaccine.

Angiogenesis, lymphangiogenesis and tumor therapy

He'’s lab construct transgenetic mouse targeting WE&SFR3 coding region for the ligand-binding domain
(Vegfr3ALBD) or the tyrosine kinase domain with an inadiiva point mutation (Vegfr3TKmut) to investigate
angiogenesis and lymphangiogenesis. They foundvB&F-C&D/VEGFRS3 signal and kinase activity are uiegd
for lymphangiogenesis but not for angiogenesis[ZIi| et al investigated AKT knockout mouse discedethat loss
of Aktl led to abnormal lymphatic development wittduced lymphatic endothelial cell number and Jesize,
smooth muscle cell coverage, and defective valweldpment compare to wildtype, but lymphangiogenegs
induced by restoring VEGF-C expression in lackinglfof adult mice [18]. Phosphorylated Akt is a tahenzyme
known to promote VEGF-induced endothelial NOS (eN@&ivation. PKA, another protein kinase, can alstive
eNOS. Endothelium-specific Gabl KO mice showed tieir vessels and ECs were defective in vasciplianuting
and tube formation induced by VEGF. Furthermore,ghosphorylation of Akt was increased whereas B&W#vity
was significantly decreased in VEGF-induced thesglssand ECs. Reexpressing active forms of PKAccoedcue
VEGF-induced eNOS activation and tube formatiorE@BKO ECs. These results suggested that Gabl regulat
VEGF-induced angiogenesis by the PKA-eNOS pathv@y[fet, TNF/TNFR2 signal recruiting lot of macraaes
infiltration was nitric oxide dependent to prevantnor growth by efficiently inhibited angiogene&ig].

Vascular endothelial cell growth inhibitor (VEGINFSF15), a tumor necrosis factor (TNF) family merfidg, 22],
is produced by endothelial cells[22], induces apsistin proliferating endothelial cells[23], anddswn-regulated in
tumor vasculature[22]. VEGI is a critical componefthe negative control mechanism to tumor angieges in the
cancer microenvironment. VEGF and MCP-1 derivednfreancer cells, tumor-infiltrating macrophages, daneg
cells effectively inhibit VEGI production from enthlial cells to promote neovascularization in déaarcancer[24].
Li's lab found that VEGI can inhibit bone marrowrded Scal+ hematopoietic stem cell differentiatiato
endothelial progenitor cells (EPC)[25]. VEGI-inddcapoptosis of differentiated EPC is, at leastlpamediated by
death receptor-3 (DR3) [25]. It was known that barsrow derived endothelial progenitor cells cdnite to tumor
neovascularization. Furthermore, VEGI can inhilmhé marrow-derived endothelial progenitor cell ipmration
into tumor vascular to prevent the growth of LeWwiag carcinoma tumors[26]. Endostatin, a 20 kD @obttic
fragment of collagen XVIII, is an endogenous angiogsis inhibitor and has potent anti-endotheliadl an
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anti-lymphangiogenesis functions[27, 28]. Nuclepdin endostatin receptor, expressed on the célicaiof vascular
and lymphangiogenic endothelial cells, can mediatiangiogenic and antitumor activity, and dranalycreduce
tumour-associated lymphangiogenesis and lymphatiastasis by combining with endostatin[27, 28]. iCke al
found that phosphatidylinositol 4-kinase type IRI4Klla) may regulate HIF-1a through the HER-2/P|3RK
cascade to promote tumor growth[29]. Knockdown EfiPla eliminates tumor-induced angiogenesis, ehdiil
cell migration, tube formation and the expressi@vel of VEGF[29]. Together, anti-angiogenesis and
anti-lymphangiogenesis, for an example to targstutar and lymphatic endothelial cells, are impart#elds in
cancer therapy.

Epigenetics and cancer

Epigenetics dysregulation is a significant reasiocaocinogenesis and Metastasis. Shang et al fthatdZIP, a novel
zinc finger and G-patch domain-containing proteem recruit the nucleosome remodelling and deaasgyNuRD)
complex which acts as a transcription repressor E@&FR to inhibit cell proliferation and suppressedst
carcinogenesis, once ZIP depletion leads to aidrastast cancer growth in vivo[30]. Lysine-spexifiemethylase 1
(LSD1), an integral component of the Mi-2/NuURD cdexy interacts directly with MTA proteins to inhtbihe
invasion and metastatic potential of breast caoels[2]. The demethylase, JARID1B, specificallyraghylated tri-
and di-methylated forms of histone H3 lysine 4 (M3Kand combining with LSD1/NuRD to form the
JARID1B/LSD1/NuRD complex can decrease the expoessi CCL14 to suppress the angiogenesis and rastast
in breast cancer[31]. IMJD2B, a H3K9 trimethyl démtase, can coordinate H3K4/H3K9 methylation amohmote
breast carcinogenesis through estrogen recegeRa) pathway, but H3K9 demethylation is a prerequifsiteH3K4
methylation[32]. PAX2, as a downstream target ofiER crucially to promote cell proliferation andrtarigenesis in
the endometrium[1]. Estrogen and tamoxifen canvatgi PAX2 expression by hypomethylising its promate
endometrial carcinomas but not in normal endometriBET8-directed H4K20mel is a dual epigenetic noarkhe
E-cadherin and N-cadherin promoters, and cooperatith TWIST to promote EMT and invasion of breaahcer
cells via decreasing the expression of E-cadherihiacreasing the expression of N-cadherin[33hlInepigenetics
widely take part in tumorigenesis, proliferationg@amgenesis, invasion, and metastasis of cancer.

Cancer cell and stromal cells

The stromal cells in tumor microenvironment werenposed of cancer-associated fibroblast (CAF), drediat cell
(EC), pericytes (PC), cancer stem cell (CSC), cacek(CC), invasive cancer cell, immune inflamorgtcells (ICs),
and local and bone marrow derived stromal stemarefirogenetor cells[3]. Wang and their colleagioemd that
CAFs overexpressing PGK1 can increase the invadiprnostate cacer cells via expressing MMP-2, 3agtivating
the AKT and ERK pathways[34]. Stromal fibroblastelaumor cells were coinject into mouse can pronbabeor
growth, but IFNy can down-regulate the VEGF production of fibrotdat block tumor growth by inhibiting
angiogenesis[35]. Tumorigenesis is often accompaitly higher fibroblast proliferation, extensive ffisis, and
chronic inflammation. Carcinogen, TPA, can probfier and accumulate massive FSP1+ fibroblasts tacengkin
carcinogenesis through maintaining MCP-1-recruitedcrophage infiltration and chronic inflammation].36
DMBA/TPA-induced IFN can up-regulated TNF IL-6, TGF3, IL-17 to promote tumorigenesis by enhancing
Thl7-associated inflammation[37]. However, IL-15emxpression in antigen-specific CD4+ T cells cahaamce
themselves proliferaton and anti-tumor effect[3Bin et al found that T and B lymphocytes produdifly-y is not
necessary for tumor immunity, but IFNfrom innate immune cells (such as NK1.1+ cells @ffl1b+ cells) is
sufficient for tumor immunity[39]. Furthermore, 2.can mediate the cooperation between T cellsraraté immune
cells to regulate IFN-induced tumor rejection[39]. The chemokine CXCla®l its receptor CXCR6 regulate the
expression of the proangiogenic factors IL-8 or \FE(@ participate in the regulation of tumor angioggs by the
CXCR6/AKT/mTOR pathway[40]. Stromal-derived facthr- (SDF-ln) was induced in endothelial cells by
PDGF-BB derived from tumor through PI3K/Akt/mTORtipaay, and can increase the motility of pericyted a
recruit them to angiogenesis[41]. So, chemikineb@mokines also play significant roles in tumorigsis and cancer
growth. The relation of stromal cells and tumor wegard as that of soil and seed.

Cancer invasion and metastasis

Metastasis and invasion are the leading cause athde cancer patients and the important fieldsuofor study.
Cellular prion protein (PrPc) is a glycosylphosjdhdinositol (GPI) -anchored membrane protein atad/a pole in
cell adhesive and membrane signaling. Recentlyefahfound that PrPc was higher expressed instatia gastric
cancers than nonmetastatic ones[42]. PrPc incigdsiP11 expression via activating phosphorylated#2 can
significantly promote the adhesive, invasive, aretastatic abilities of gastric cancer[42]. PrPc akwo enhance the
tumorigenesis and proliferation of gastric candeysPI3K/Akt pathway and regulate the G1/S phagasiten
throught activating CyclinD1 signal[43]. Runx3, &RX family member, can upregulate the expressiomibdfP-1
by two RUNXS3 binding sites in the TIMP-1 promot@dssuppresses gastric cancer metastasis becansetbfating
MMP9 [44]. Luo and his colleagues found that prignymor can up-regulate angiopoietin 2 (Angpt2), M8) and
MMP10 to disrupt the vascular integrity in lung whienhanced permeability of pulmonary vasculatfmegreparing
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metastasis. Thereby, the knockdown of Angpt2, MM&&] MMP10 can prevent remarkably lung metastasis i
inoculating MDA-MB-231-Luc-D3H1 cells of nude mieH]]. Secreted Hsp8Joromotes tumor invasiveness through
the MMP-2 pathway whereas blockade of the sectdsg®Qx inhibits significantly tumor invasiveness[46]. Gitab
found that the hepatocellular phosphatidic acidsphatase (HTPAP) was a metastatic suppressor atdwglular
carcinoma (HCC)[47]. HTPAP transcript variant 1 wiasvnregulated in HTPAP tagSNP +357 GG+GC genotgpes
HCC patients, which were remarkably associated witth metastasis and short time of overall surviaad
recurrence time of HCC[48, 49].

microRNAs (miRNAs), another kind of important regidrs, play key roles in cancer growth, invasiond a
metastasis. Downregulating miR-296 might inhibigth of esophageal cancer cells by regulation oficyD1 and
p27[50]. Scientist found that let-7f was downregedain the highly metastatic potential gastric encell lines.
While overexpressing the let-7f could inhibit inias and migration of these cells through targetWWgH9[51].
DICERL is a direct target of miR-107. Up-regulatiohDICERL1 or silencing of miR-107 resulted in aachatic
reduction of gastric cancer cell migration, invasibver metastasis in nude mice[52]. MicroRNA-499-can also
promote invasion and metastasis in colorectal qattu®ugh targeting FOXO4 and PDCD4[53]. miRNA-223
targeting tumor suppressor EPB41L3 promotes gasricer invasion and metastasis[54]. But miR-218Bichibits
invasion and metastasis of gastric cancer by tagehe Slit-Robol pathway[55]. In all, many miRNAghibit
altered expression levels in cancer, and can affiegproliferation, invasion, and metastasis ofigmant cells.

Epithelial-mesenchymal transition (EMT) is an intpat process that promotes cancer invasion andstasia. EMT
has several functional markers including increabedabilities of migration, invasion, scatteringdeelongation of
cell shape, and accompany with increasing the sse of N-cadherin, Snail, Twist, MMP, and deangsthe
expression of E-cadherin[56]. A key regulator imoskeleton formation, RhoE, can increase cell imraand EMT
under hypoxic conditions by up-regulating the mebgmal marker vimentin and MMP2/MMP9, and
down-regulating the epithelial marker E-cadherir][2 HBx-upregulated gene, URG11, can also indtiRe under
hypoxia environment by activating tRecatenin/TCF pathway and suppressing the expres$iBrcadherin[58]. So
EMT is a significant transformation to increase turmetastasis under hypoxia conditions.

Prospect

Although scientists have resolved many mechanidmmuorigenesis, progression, and metastasis afezathe new
problems are re-emerging with in-depth understapdirthe tumor microenvironment complexity. Metagtas the
leading cause of death in cancer patients. Howrictlg define the niche of cancer stem cell? Wieetand how can
CSC niche regulate the cancer metastasis to dista@@t organs? Whether is the CSC niche similagael with adult
stem cell niche in body organs that were metastdsisually by specific cancer cells? How to repthsscancer
growth by anti-immunity and prevent the tumoriges@dany problems still present in cancer researchneed to
be resolved in the future because of more and cwameer patients.
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