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Group of cancer research and therapies
Shiya Chen, Dan Li, Shijun Li, Zhixiang Liu, Wei Shi, Jingjun Wu, Huichao Zhou 

Tumor metastasis and microenvironment: an unending story
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Why we try this way 
Our group is interested in cancer and its therapies. We hope to find a breakthrough point in this field after scanning all the six “Acquired Capabilities”, i.e. self-sufficiency in growth signals, insensitivity to growth-inhibitory (antigrowth) signals, evasion of programmed cell death (apoptosis), limitless replicative potential, sustained angiogenesis, and tissue invasion and metastasis. It’s a hard task indeed. 
Cancer research has covered all the six aspects after several decades’ efforts. The first three capabilities of cancer have their own signaling networks that have been well studied. The theory of “sustained telomere length” during cancer progression can well explain the acquired “limitless replicative potential”.  
After several times of fruitless group discussion, we narrowed our topic down to “invasion and metastasis of cancer”, especially the way how tumor---stromal interactions work.. Since 90% of the cancer deaths are induced by metastasis, each small step achieved in this area will translate into a major unburdening for society, not to mention the lives saved. So, we wonder if a strategy can be found to trap cancer cells in their original niche. 

What have been achieved during these several decades’ researches in this field
                         Invasion, Metastasis and MMPs

Several cellular activities are required for successful metastasis, including intravasation into the blood or lymphatic system, survival in the circulation, extravasation, and initiation and maintenance of growth at the secondary site. An emerging theme in cancer research is the role of

the microenvironment in modulating the effects of genetic alterations. Regulatory factors, ECM components and MMPs in the stroma can initiate, promote or suppress malignant changes in epithelia.
 When referred to metastasis, it is natural to think about MMPs (matrix metalloproteinases), which facilitates tumor cells invade ECM and metastasis through degrading the ECM components.
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Enzymes Other Names  Substrates®

MMPs
MMP-1 collagenase-1  Col I, I, Il VII, X, GL, EN, LP,
MMP-8  collagenase-2  AG, TN, L-selectin, IGF-BP,
MMP-13  collagenase-3  Pro-MMP-2, -9, a2M, «1PI

MMP-2  gelatinase A GL, Col I, IV, V, VIl, X, XI, EL,
MMP-9  gelatinase B FN, LN, LP, AG, galectin-3,
IGF-BP, VN, FGF receptor-1,
Pro-MMP-2, -9, -13 Figure 1. Cell Surface Activation of Progelatinase A by MT1-MMP
The zymogen (projform of the transmembrane MT1-MMP is acti-
Vated by proteolysis, either in the Golgi by a furin family proteinase
or on the cell surface by a proteinasesuch as plasmin. The activated
MT1-MMP then binds the inhibitor TIMP-2 by its N-terminal inhibi-
tory domain. The C-terminal domain of the bound TIMP-2 then acts
MMP-12  metalloelastase EL, FB, FN, LN, PG, MBP, as a receptor for binding the C-terminal hemopexin domain of pro-

T

MMP-3  stromelysin-1 PG, LN, FN, GL, Col Il IV,
MMP-10  stromelysin-2  V,IX, X, XI, LP, FB, EN, TN, UN,
MMP-7  matrilysin

a2M, L-selectin

PL, 1Pl gelatinase A (proGelA). A second molecule of MT1-MMP cleaves
MMP-14  MT1-MMP Col I, Il I, GL, FN, LN, VN, and activates the bound progelatinase A to give active gelatinase
MMP-15  MT2-MMP PG, Pro-MMP-2, -13. o1Pl, A that can remain membrane-bound or be released.

M

MMP-11 stromelysin3 LN, FN, AG, a1Pl, a2M . - X .
for altering anchorage in vivo. Controlling apoptosis by
Other Proteinases

oA PL. FN, HoF regulating ECM proteolysis is likely to be widespread in
A epithelial tissues, which require adhesion for survival. It
prasmin B, FN, TN, LN, AG, latent may be the loss of responsiveness to this feature of
TGFB B, PG, ProMMP1, ECM signaling that underlies immortalization, the first,

3,-9,-14, C1, C3, C5 critical step toward neoplasia.
In the mammary gland, ECM is remodeled during the
differentiation cycle of pregnancy, lactation, and involu-
BMP-1 td (procollagen  proCOL |, LN-5, latent tion (Coussens and Werb, 1996). Proteinases mediate
C-peplidase)  TGF family ECM degradation, in parllel with apoptosisduring invo-

Kuzbanian ADAM 10 (Kuz)  Notch, cell-bound TNF«, MBP
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Table 1: MMPs and their substrates (from Zena Werb, ECM and cell surface proteolysis: regulating cellular e cology. Cell, Vol. 91, 439–442 1997)
Where the efficient MMPs come from and the factors regulate the expression of them   
After MMPs’ importance in cancer progression and metastasis was discovered, people began to search for the source of MMPs and the factors regulating MMPs’ expression. Early in the 1980’s, it was recognized that in most tumors, these MMPs were abundantly and sometimes exclusively expressed not by tumor cells, but by normal host-derived cells like fibroblasts, vascular endothelial cells, myofibroblasts, pericytes or inflammatory cells that contribute to the tumor microenvironment. So what is the regulating factors of MMPs expression and where are they?
An important regulator of MMPs expression: EMMPRIN

   A simple click on the internet brought us with numerous information on a transmembrane glycoprotein called EMMPRIN (extracellular matrix metalloproteinase inducer)—a member of Ig superfamily, which contributes to most of the production of stromal-derived MMPs in cancer. Stromal-derived MMPs play critical role in cancer metastasis because cancer cells can make use of them to degrade ECM after their generation from jacent stromal cells. The mechanism by which stromal-derived MMPs contribute to tumor metastasis has not been well established yet. It is reported that EMMPRIN promotes tumor metastasis mainly via inducing stromal cells to generate matrix dissolving MMPs which bind to cell surface of cancer cells after secretion. Although in some tumors EMMPRIN expression has been noted in stromal fibroblasts and endothelial cells, in most cases, such as cancers of the lung, breast, bladder, ovary, brain and in lymphomas, EMMPRIN is expressed by tumor cells themselves. How EMMPRIN gets to stomal cells from cancer cell surface involves the microvesicle trafficking between these two kinds of cells.
[image: image3.emf]
Figure 1: the microvesicle vehicle mode of EMMPRIN transportation (from Sukhvinder S Sidhu etl. The microvesicle as a vehicle for EMMPRIN in tumor–stromal interactions. Oncogene (2004) 23, 956–963)
Then came the question that what is the receptor for EMMPRIN on the stromal cell surface.
It has been shown that EMMPRIN serves as its own counter-receptor in homotypic cancer cell interactions, thus stimulating MMPs via homophilic EMMPRIN interaction. So dose the cancer cell-fibroblast interaction? However, in resting fibroblast cells only very low levels of EMMPRIN expression can be detected. Then a more careful study led to the discovery of a novel positive feedback regulatory mechanism of EMMPRIN expression that provides an explanation for the potential role of EMMPRIN as its own counter-receptor in cancer cell-fibroblast interactions. When fibroblasts are exposed to an EMMPRIN stimulus, EMMPRIN expression is upregulated in these cells at both RNA and protein levels. Newly synthesized EMMPRIN is then presented on the cell surface and serves as the counter-receptor for EMMPRIN -dependent signaling between tumour cells and fibroblasts.
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| EMMPRIN

cellular-matrix metalloproteinase inducer
[PRIN; also known as CD147 or basigin), which is
unoglobulin-like superfamily glycoprotein, was
lly identified as a factor that is present on the
teof tumour cells and that induces matrix
loproteinase (MMP) production in fibroblasts and
" helial cells through heterotypic cell
lictions! 1217217, EMMPRIN stimulates MMP

Ti= Receptor?

D Emimpiin

production in tumour cells through homotypic cell
interactions'™. These homotypic and heterotypic
interactions are shown in the figure. A putative
EMMPRIN receptor has not been identified on !
fibroblasts and endothelial cells, but signalling might

involve homophilic EMMPRIN interactions, as tumour

cellsinduce increased EMMPRIN synthesis in fibroblasts!”. As a consequence of its effect on MMP synthesis,
EMMPRIN stimulates invasion in vitro and in vivo''®. It was recently shown that EMMPRIN also stimulates the
production of hyaluronan in mammary carcinoma cells''%, Consequently, EMMPRIN promotes cell-survival signalling
and induces multidrug resistance in a hyaluronan-dependent manner®”. In addition, other studies have shown that
EMMPRIN levels on tumour-cell surfaces correlate with multidrug resistance!'®. Hyaluronan might also stimulate MMP
production, MMP presentation on cell surfaces and invasiveness, independently of EMMPRIN'*-141, EMMPRIN is
therefore a potent inducer of malignant cell properties that functions at least in part through the stimulation of
hyaluronan synthesis.

EMMPRIN levels on the surfaces of tumour cells cor- However, similar manipulations were not effective in





Figure 3 EMMPRIN induces MMP production in fibroblasts and endothelial cells through heterotypic cell interactions, EMMPRIN stimulates MMP production in tumour cells through homotypic cell interactions. EMMPRIN also stimulates the production of hyaluronan in mammary carcinoma cells, which promotes expression of MMPs(from Bryan P. Toole, 2004 .Hyaluronan: from extracellular glue to pericellular cue .NATURE REV. CANCER)
Of course, there are also other tumor-derived cytokines which are potential inducers of the expression of MMPs by stromal cells. They are VEGF, IL-6, TNF-α, TGF-β, SDF-1 etc. They induce MMP-1, MMP-2 and MMP-9 expression separately in different kind of stromal cells.
The known /potential signal map centre to EMMPRIN 
The detailed signaling pathway from EMMPRIN receptor to cytoplasmic expression of MMPs is not clear. But there are evidence that MAPK P38 and hyaluronan signaling are involved in this event. EMMPRINstimulates the production of hyaluronan, then hyaluronan facilitate the production of MMPs( figure 3). The production of EMMPRIN by cancer cells needs the interactions with cyclophili. A major constituents of caveolae-- Caveolin-1 can inhibit the function of EMMPRIN through the interaction depend on the structure of lipid-craft.
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known of the physiological and pathological re
such interactions in vivo. Recently, we reported
CD147 antibodies, as well as non-immunos
CsA analogue, SDZNIMSI1, significantly rec
inflammatory response in a mouse model of
inflammation that closely resembles acute lung
humans.®® Strikingly, treatment of the lipopolys
sensitized mice with anti-CD147 monoclonal
(mAb) or SDZNIM811 led to a 40-50% inhibit
development of neutrophilia within lung tissue
ways. Importantly, treating mice with a comb
anti-CD147 and CsA led to an inhibition of
infiltration only slightly greater than that induc
individual treatments, indicating that anti-C.
CsA are probably acting on the same cyclophil
interactions. This result reduces the possibility
activities of CD147, such as an adhesion molec
tribute to the observed effects of the anti-CD14’

s e on neutrophil recruitment. In more recent s+
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Figure 1. Proposed interactions between cyclophilins and CD147.
CD147 is transported to the cell surface via the Golgi network. Inter-
action between cyclophilin 60 (CyP60) and Pro211 (the residue at




 
Figure 4: Proposed interactions between cyclophilins and CD147/ EMMPRIN. CD147 is transported to the cell surface via the Golgi network. Interaction between cyclophilin 60 (CyP60) and Pro211 (the residue at the interface between the transmembrane and extracellular domains of CD147) occurs in the lumen of Golgi vesicle.(from Vyacheslav Yurchenko etl. Dealing with the family: CD147 interactions with cyclophilins Immunology, 117, 301–309 2005 )
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Figure 6: overview of known regulation of EMMPRIN expression (portrayed by Wei ShShiga bacillus)

The questions remained: 

   The detailed mechanism by which EMMPRIN induces expression of MMPs is not well established; although some evidence indicates MPKA/P38 and hyaluronan signaling are involved.

   Although demonstrated efficacy in mouse cancer models, MMP inhibitors failed to past phase III clinical trials. using marimastat, prinomastat (AG3340), and BAY 12-9566 alone or in combination with standard chemotherapy in patients with advanced cancers (lung, prostate, pancreas, brain, GI tract) got no clinical efficacy. 
   The expression regulation of EMMPRIN may involve many other factors which are not known to us yet, we should portray a relative complete map of this event. 
   As everyone knows different tissue specific tumors/ tumors of different kinds in the same tissue have various potential for metastasis and the time span between tumor initiation and metastasis varies too. eg. SCLCs (small cell lung cancer) own great invasive potential and begins metastasis early, but squamous carcinoma and large cell carcinoma among NSCLCs (non-small cell lung cancer) have less invasive capability and invade late. So what are the factors (both intracellular and extracellular) which regulate the gene expression relevant during the time span of 
tumor initiation and metastasis. How can we take advantages of these putative factors to develop new therapy strategies to trap cancer cells in their prior niche?   
Our goal:

  To reveal the regulator mechanism of EMMPRIN expression and the signal pathways (network) by which EMMPRIN stimulation been transferred to MMPs expression inside the stromal cells. 
   Design specific drugs targeting to EMMPRIN of cancer cells to inhibit its expression and decrease tumor metastasis.

Materials and Methods 

Materials:

Several specific tumor cell lines in which EMMPRIN are overexpression, normal-expression or less-expression; nude mice; EMMPRIN antibodies; experiment equipments for molecular and cell biology, such as electrophoresis apparatus for agarose, class II biosafety cabinet( for cell culture and cell experiment, eg. Transfection(RNAi / ectopic expression in vitro) ,drug test and screening), 5% CO2 incubator (for cell culture) ; SDS-PAGE electrophoresis system, centrifuger and refrigerated centrifuge; refrigerator( 4,-20, -80)………
Methods:

As for regulator mechanisms as well as signal pathways:

Specific cancer cell (in which EMMPRIN is over expression) culture,

Lysis cells, IP(immune precipitate ), identify and separate the proteins interacting with EMMPRIN.
Screening the known metastasis regulating factors in the known signaling network using RNAi or ectopic expression to test whether these factors contribute to the EMMPRIN expression or not. Both in vitro and in vivo experiments or in vivo experiments alone.

Find out the key molecules which mainly determine the expression regulation of EMMPRIN

Be aware of the cross-talk between signal pathways, by adding known metastasis--block drugs to high potential invasive cancer cells, then test the expression quantity of EMMPRIN by Western Blot, reveal whether these drugs affect the EMMPRIN expression mechanism or not. if so, go further till get a complete pathway.

As for drug design:

There are two large division on this issue:

we can synthesis drugs targeting directly to the EMMPRIN molecule   according to the peptide sequence of EMMPRIN’s activity site, we can block EMMPRIN from inducing MMPs expression via binding to the activity site or degrading it. 

Since we had revealed the regulators of EMMPRIN expression, we can also targeting our drugs to the positive regulating factors or synthesis the mimic of negative regulators to decrease the expression of EMMPRIN    
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