










termed the phox homology domain (33). Increasing evi-
dence points to a central role of SNXs for vesicle trafficking
processes in oncogenesis and tumor suppression, and
SNX1, SNX2, SNX10, and SNX16 have been shown to be
involved in tumorigenesis (14, 34–37). SNX1 is the mam-
malian homologue of the yeast vacuole protein-sorting
molecule, Vps5p, and is implicated in endosome-to-lyso-
some sorting of cell surface receptors, including multiple
receptor tyrosine kinases (EGFR, PDGFR, the insulin recep-
tor, and the transferrin receptor; ref. 38), G protein–
coupled receptors (protease-activated receptor-1; ref. 39),

and multiple receptor serine–threonine kinases (TGF-b;
ref. 40). Nguyen and colleagues (14) showed that the
protein levels of SNX1 were significantly down-regulated
in 75% (15/20) of human CRCs. Consistent with these past
findings, our results from a large cohort also showed that
SNX1 was significantly down-regulated in the majority of
human CRCs (78%, 114/146). However, the mechanism of
SNX1 underexpression in CRC has not yet been elucidated.
This is the first line of evidence to support the hypothesis
that underexpression of SNX1 in CRC may result from
overexpression of a specific miRNA molecule, miR-95,

Figure 4. Expression of SNX1 is often decreased and inversely correlated with miR-95 expression in human CRC tissues. A, immunohistochemical staining
of SNX1 in tumor tissue and corresponding normal colonic epithelium (a, 100� ). Normal epithelium shows vesicular brown cytoplasmic SNX1 staining
(c, 400� ). This staining is nearly entirely absent from the tumor tissue (b, 400� ). B, SNX1 expression is frequently decreased in tumor tissues when compared
to the matched noncancerous tissues. C, the expression levels of SNX1 in tumor tissues correlated inversely with the miR-95 expression levels
(Spearman r ¼ � 0.197, P ¼ 0.017).

Table 1. The expression levels of SNX1 in CRC tissues

miR-95 levelsa SNX1 protein expressionb Total

Score 0 Score 1 Score 2 Score 3

Low 21 (28.8%) 28 (38.4%) 12 (16.4%) 12 (16.4%) 73
High 35 (47.9%) 20 (27.4%) 5 (6.8%) 13 (17.8%) 73
Total 56 (38.4%) 48 (32.9%) 17 (11.6%) 25 (17.1%) 146

aThe median value of miR-95 levels in 146 CRC tissues is used to divide these cases into 2 groups with low or high miR-95 levels,
respectively.
bThe staining intensities are scored and represented as follows: 0, no staining or faint cytoplasmic blush in less than 25% of tumor
cells; 1, faint cytoplasmic blush inmore than 25%of tumor cells; 2, vesicular pattern nomore intense than adjacent normal epithelium;
3, vesicular pattern more intense than adjacent normal epithelium.
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indicating a new regulating mechanism for vesicle sorting
to drive proliferation of CRC cells.
In summary, we have identified an important prolifera-

tion-promoting miRNA, miR-95, which was frequently over-
expressed in human CRC. Re-expression of miR-95 promoted
CRC cell proliferation through negative regulation of SNX1
expression. Expanding insights into the key of miRNA dys-
regulation implicated in colorectal tumorigenesis will yield
important clues to improve our understanding of the com-
plicated molecular pathogenesis of CRC and may enhance
the development of new therapeutic regimens for CRC
patients.
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