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Stabilin-2 is a systemic clearance receptor for hyaluronic acid (HA).  HA is typically enriched in the extracellular matrix of

several types of cancer cells, thus, Stabilin-2 may interact with the extracellular matrix of cancer cells depending on the

physiological environment of the tissue.  This is especially relevant for the liver sinusoids and lymph nodes which express

high levels of Stabilin-2 and also are sites of metastases for a number of cancer types.
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1. Introduction

In 1889, Dr. Stephen Paget’s “seed and soil” theory of metastasis stated that a tumor cell (or seed) will find a home in

certain compatible tissues (soil) to continue growing in a suitable environment . Tissues with the highest expression of

Stabilin-2 (sinusoids of liver, lymph node) are also the primary targets (soil) of metastatic cancers from breast, colon,

prostate, gastrointestinal, etc. (seeds) . Metastatic tumor cells often contain distinctive surface markers for enabling

them to escape their indigenous tissue to travel and thrive at a distal site. One of the common markers is CD44 and its

splice variants and this is why it has been of such interest in cancer research. CD44 is a HA binding molecule which is not

highly endocytic and many cancers (as well as immune cells) express variants of CD44 and have abundant pericellular

HA . HA is a ubiquitous molecule and it actually helps to “cloak” or “hide” the cancer cell from immune surveillance.

Metastatic cells that are not detected by the immune system often immobilize in the sinusoids of liver, lymph node and

bone marrow. To investigate why this occurs, Martens et al. analyzed the scavenger receptor profile of these tissues and

found a number of receptors that are pattern recognition receptors as well as specific ligand receptors. These include both

Stabilin-1 and -2, DC-SIGN, mannose receptor (MR), MARCO, and LYVE-1 expressed by the endothelium and resident

macrophages expressing MR, DC-SIGN, Sialoadhesin, CD163, and Thrombomodulin. These receptors represent a

trapping mechanism for metastatic cells. Of these 11 receptors, only Stabilin-2 recognizes and binds with HA. It is

interesting to note that the organ with the highest expression of Stabilin-2 is the spleen, though it is not a site for tumor

metastasis. The spleen only expressed four of the 11 receptors listed here and so it may not have the optimal profile to

immobilize metastatic cells . In light of the hypothesis that Stabilin-2 may aid in the retention of metastatic cells, a study

focused on the remodeling of endothelium in hepatocellular carcinoma (HCC) revealed that the loss of Stabilin-2

expression increased survival of the patients that were sampled. As normal cells become cancerous, they de-differentiate

and lose many of their tissue-specific markers. Unfortunately, loss of Stabilin-2 expression in the peri-tumorous

environment was the least likely to occur of all the SEC markers tested and may be a significant factor for endothelial-

tumor cell adhesion and invasion .

The lymphatic system or “second circulatory system” is a common transportation highway for metastases and tumor

lymphangiogenesis and is common among the various types of cancer. The lymph node itself highly expresses Stabilin-2

and acts as one of the entrapping receptors for metastatic tumor cells. A study in which the investigators injected PC3M-

LN4 prostate cancer cells that are known to be rich in pericellular HA in mice, found that when Stabilin-2 was blocked with

a blocking antibody prior to tumor injection, the number of lymph node metastases was dramatically reduced . A follow-

up human patient study in the evaluation of tongue cancer supports this finding in which the potential of solid tumor lymph

node metastases is positively correlated with Stabilin-2 expression in lymph node . Though it is known that pericellular

HA increases metastatic potential, it also increases interaction with Stabilin-2 which allows for tumors to grow at distal

sites.

2. Influence

Stabilin-2 is the primary scavenger receptor for HA as mentioned previously. Mice lacking Stabilin-2 expression (stab2KO)

have very high HA levels in their circulating plasma, though the mice are physiologically normal in all other aspects . The

role of circulating HA in a metastatic model was carried out in stab2KO mice in which mice were injected with B16F10
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melanoma cells and the number of metastatic nodules was assessed in the lungs. The results are that 1) the number of

metastatic nodules was lower in Stab2KO than WT mice, 2) there was significantly less rolling and tethering of cells in the

Stab2KO mice compared to WT, suggesting the importance of circulating HA, or rather the lack of it, promotes metastatic

cellular attachment . This paper demonstrates that Stabilin-2 does not need to directly interact with metastatic cells, but

the levels of ligands also affect metastatic activity.

CD44 and its splice variants are enriched in a variety of cancer cells and all of these receptors bind HA . Therefore,

the use of HA as a vehicle for nanoparticles to target cancer cells may be a promising therapeutic tool. Evaluation of HA-

based nanoparticles often begin and end in the cell culture stage without further assessment in a physiological model .

In the experimental animal, nanoparticles coated with HA often accumulate in the liver due to Stabilin-2 binding and

endocytosis activities . If HA is required for nanoparticle targeting, then it must be physically or chemically modified

to optimize delivery to the target tissue while avoiding accumulation within the liver. For example, carboxymethylation of

HA allowed for greater drug sequestration and overall efficacy of drug delivery within a limited time window, though the

study lacked some key data for liver or renal clearance . Likewise, nanoparticles coated with low molecular weight HA

have higher internalization rates by tumor cells and better efficacy than nanoparticles without HA and little to no toxicity to

either liver or kidney. However, other treatments, such as radiation, were required to significantly hinder growth of tumors

. The bottom line is that many nanoparticles have been developed for drug delivery to a variety different types of cancer

and there is not yet a developed HA-based nanoparticle that contains optimal drug delivery to the target tissue without off-

target effects while retaining the intrinsic properties of HA for binding to key receptors .
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