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β-1,4-GalTs are a family of glycosyltransferases, all having similar properties (i.e., they exclusively transfer galactose

residues from a donor UDP-galactose via β-1,4 linkage to acceptor sugars, N-acetyl glucosamine (GlcNAc),glucose (Gl)c,

and xylose(Xyl), which can be components of protein or lipids that have different functions).
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1. Stem Cells and β-1,4-GalT-V

Aside from the galactosylation of glucosylceramide to form LacCer, β-1,4-GalT-V also galactosylates the β 1to β 6 branch

arm of the highly branched N-glycan residues in glycoproteins. Since the malignant transformation of such N-glycan

accompanies malignant transformation, it suggests that β-1,4-GalT-V has a pivotal position in stem cell cancers. This

tenet is substantiated by reports on breast, prostate, hematopoietic, pancreatic, neck, colorectal, and brain cancers ,

wherein β-1,4-GalT-V is overexpressed compared to healthy subjects. In addition, glioblastomas are known to express 10-

fold more of β-1,4-GalT-V than other cancers. This is because of the self-renewal of glioma-initiating stem cells.

Conversely, downregulation of β-1,4-GalT-V using corresponding shRNA dose-dependently reduced β-1-4 GalT-V mRNA

and protein in a mouse xenograft model of glioblastoma. This was accompanied by reduced cell proliferation in mice

bearing gliomas . As glioma-initiating stem cells are characterized by neural stem cell markers, e.g., nestin and CD133,

downregulation of β-1,4-GalT-V was also accompanied by reduced mRNA expression of these neural stem cell markers,

suggesting that CD133 and nestin may well have β-1-4 galactosylated epitope. And indeed, Western immunoblot assays

of xenograft tumor samples from β-1-4 GalT-V shRNA treated mice revealed a decrease in the mass of CD-133 and

nestin. In sum, this research revealed that stem cell biomarkers, e.g., CD133 and nestin, may well have a β-1,4-GalT

epitope. And that malignant transformation of stem cells may involve galactosylation, resulting in overexpression of these

proteins and consequent increase in phenotypes, e.g., proliferation, migration, angiogenesis, and tumor malignancy.

These studies opened the possibility that there may be other phenotypes wherein the β-1,4-GalT epitope may well

regulate tumorgenicity. A case in point was Notch1, which was implicated in a demonstration that N-glycosylation

regulates cell behavior through regulating membrane protein signaling. Notch1 is a glycoprotein, an N-glycan signaling

pathway known to monitor cell differentiation, proliferation, and apoptosis. Studies show that N-glycation of Notch1 can

regulate Notch-1 stability. To examine the role of β-1,4-GalT-V in Notch1 galactosylation, β-1,4-GalT-V expression was

depleted using shRNA in a primary culture of human brain tumor cells (T698968). Depletion of β-1,4-GalT-V blocked

β-1,4-galactosylation of Notch1 associated with a decrease in the migration of Notch1 to the cell surface. It binds to

Galectin-3, as Notch1 binding to Galectin is also found to be galactosylation-dependent . Thus, reduced galactosylation

of Notch1 resulted in decreased degradation. Since Notch1 antibody immunoprecipitated β-1,4-GalT-V suggests that

Notch-1 may be a substrate for β-1,4-GalT-V-mediated galactosylation (Figure 1).
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Figure 1. Signaling pathways by which β-1,4-GalT-V regulate various effector molecules in colorectal cancer (CRC).

One study also showed that β-1,4-GalT-V depletion blocked the trans-differentiation of glioma stem cells into endothelial

cells and possibly angiogenesis . Inactivation of this pathway with y-secretase or Notch1 knockdown leads to inhibition

of glioma stem-like cells into endothelial cells. Recently, it was found that glioma stem-like cells transdifferentiate into

tumor vascular endothelial cells, which was indicated as a new mechanism for VEGF-independent angiogenesis in

malignant glioblastoma. N-glycans play a large role in regulating the activation of Notch signaling by manipulating the

Notch receptor–ligand interaction. A study explores the role of β-1,4-GalT-V in gliomas (its trans-differentiation of glioma

stem-like cells into endothelial cells) and the mechanism of Notch to develop better therapeutic drugs for this aggressive

human cancer. It is important because it was shown, for the first time, that β-1,4-GalT-V can regulate trans-differentiation

of glioma stem-like cells into endothelial cells, and depleting β-1,4-GalT-V was a key step in improving the survival of mice

with glioblastoma tumors. N-glycan in tumor angiogenesis has been accumulating evidence as playing a critical role in

tumor angiogenesis. β-1,4-GalT-V was also found to regulate Notch1 signaling in the trans-differentiation process of

glioma stem-like cells into vascular endothelial cells (Figure 1); by decreasing the expression of β-1,4-GalT-V, Notch1

cleavage was reduced. Although the mechanism is currently unknown, the connection between β-1,4-GalT-V and Notch1

was discovered in this research, which is crucial to tumor angiogenesis, leading to possible cancer therapies .

2. Cell Migration and β-1,4-GalT-V

Members of the Frizzled family of integral membrane proteins are implicated in many developmental events, including

specifying cell fate, orienting cell/planar polarity, and directing cell migration. Members of the Frizzled family function as

cell surface receptors for secreted Wnt proteins. β-1,4-GalT-V glycosylates Frizzled1 (Figure 1), which plays a crucial role

in promoting cell migration. Secreted Frizzled-related protein 1 (SFRP1) is a member of the SFRP family that modulates

the Wnt signal transduction pathway. Downregulation of SFRP1 expression has been observed in CRC. Studies have

shown that SFRP1 also suppresses cell proliferation, migration, and invasion and promotes apoptosis in CRC cells.

Changes in the N-glycan structure of glycoproteins in glioma cells affect cell migration and tumor malignancy. GnT-V

activates EGF-mediated signaling and, in part, promotes cell migration through the modification of N-glycans on receptor

protein tyrosine phosphatase kappa (RPTPκ). Studies have shown that membrane-proximal N-glycosylation on integrin β1

positively regulates cell migration by promoting β1 activation. This suggests a novel regulatory mechanism wherein N-

glycosylation near the cell membrane on β1 may serve as a platform that facilitates its complex formation on the cell

membrane, thereby affecting integrin-mediated functions .

3. Upregulation of β-1,4-GalT-V in Cell Proliferation and Tumor Growth

In addition to aberrant glycosylation, it has been discovered that β-1,4-GalT-V also participates in cellular processes as an

oncogenic signal transducer. This was demonstrated in CRC, where β-1,4-GalT-V exhibits increased expression levels
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(approximately 6.5-fold) as compared to normal tissues. There is also an increase in its enzymatic activity and its product

LacCer in CRC . As a matter of fact, while studies in many human cancer cell lines have shown β-1,4-GalT transferases

to have little change in enzymatic activity upon malignant transformation, the same studies show β-1,4-GalT-V to have a

2-3-fold increase in cancer cells such as NIG 3T3 and MTAg. Furthermore, similar studies found that human cancer cells

showed up to 5 times more levels of increase of β-1,4-GalT-V. In a human colorectal cancer cell line (HCT-116), the

gene/protein expression of β-1,4-GalT-V, LacCer mass, and cell proliferation has a cell density-dependent increase, which

was concomitantly mitigated by treatment with D-PDMP. In addition, another study revealed that the mRNA levels of

β-1,4GalT-V were specifically increased in human colorectal cancer, contributing to tumor growth and metastasis. There

was also an upregulation of both β-1,4-GalT-V activity and mass, as well as a most noticeable increase in the level of

LacCer shown in human colorectal cancer tissues . Thus, an overexpression of β-1,4-GalT-V was shown to increase

tumor growth, while suppression by gene ablation diminished tumor growth. Furthermore, β-1,4-GalT-V upregulation could

also lead to the increased activity of several other CRC gene biomarkers, which is crucial to the diagnosis and treatment

of CRC. This could also be generalized to other forms of cancer as well .

β-1,4-GalT-V was also revealed to be highly enriched in vascular tissues—especially in single layers of endothelial cells,

which take up most of the surface of the blood capillaries and are directly exposed to circulating blood. Large amounts of

β-1,4-GalT-V are also associated with the cytoplasm in human colorectal cancer cells. When a non-coding DNA strand of

β-1,4-GalT-V was introduced into cancer cells in an animal model, the tumor development was suppressed. Patients with

inflammatory bowel disease (IBD) who have a greater risk of developing CRC have an elevated count of β-1,4-GalT-V. It

can become an important biomarker for patients . As shown in previous studies, VEGF was shown to stimulate β-1,4-

GalT-V and to generate LacCer, eventually leading to angiogenesis using an “oxygen sensitive signaling” pathway.

Tumors need VEGF to facilitate angiogenesis in many tumor types. One study connected the findings of recent studies to

tumor growth as well as cell proliferation to investigate whether inhibiting glycosphingolipid synthesis would mitigate these

phenotypes. It was shown that inhibiting LacCer synthase activity and reducing LacCer may reduce renal cancer in mice.

Moreover, from these results, it was shown that β-1,4-GalT-V activity leading to LacCer production is central to signaling

events involved in angiogenesis and cell proliferation, which led to decreased renal cancer tumors.
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