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E-selectin is a cell adhesion glycoprotein expressed on endothelial

cells and participates in the development of environmental-

mediated drug resistance and poor clinical outcome in cancer. The

E-selectin antagonist, uproleselan, interrupts leukemic cell homing to

the vascular niche and increases susceptibility to cytotoxic therapies.

Recent clinical data demonstrate a correlation between leukemic

cell surface E-selectin ligands and response to uproleselan, linking E-

selectin ligand expression to response. Multiple genes involved in the

glycan synthesis of E-selectin ligands are highly expressed in pediatric

AML. Expression levels of two of these genes, ST3GAL4 and FUT7 are

associated with poor outcome and are associated with cell surface

E-selectin ligand expression. In the current studies we extend

transcriptome profiling of E-selectin ligand forming glycosylation

genes with an emphasis on ST3GAL4 and FUT7 in different cancers.

Initially, we investigated expression levels of ST3GAL4 and FUT7 in

10,258 samples covering 33 cancer types from the TCGA

PanCanAtlas. ST3GAL4 and FUT7 were consistently expressed in the

majority of cancers evaluated. The cancer types that expressed

ST3GAL4 most highly were melanoma (uveal and skin), kidney

chromophobe, adrenocortical carcinoma and bladder urothelial

carcinoma, while for FUT7, it was AML, diffuse large B-cell lymphoma,

thymoma, testicular germ cell tumors and head and neck squamous

cell carcinoma. Of particular interest was the identification of adult

AML for the highest expression of FUT7 and high expression of ST3GAL4

(mean log2 gene expression = 8.1 and 9.4, respectively). Augmented

expression of FUT7 and ST3GAL4 were also observed in an analysis of

39 AML cell lines among the 1,457 cell lines comprising the Cancer

Cell Line Encyclopedia RNAseq data set. The prognostic significance

of FUT7 and ST3GAL4 in adult AML was further assessed using the

TCGA-LAML RNAseq dataset for differential expression and

associations with overall survival (OS). The data set included 151

RNAseq profiles of bone marrow samples from adult patients with

AML, and within this data set the status of the FMS-like tyrosine kinase

3 (FLT3) proto-oncogene was considered. Mutational alterations of

FLT3 are associated with higher risk of relapse and shorter OS

compared with wild-type FLT3. ST3GAL4 and FUT7 were both identified

as being upregulated (fold-change = 1.73 and 1.40, respectively) in

the mutated FLT3 subset (n=46) as compared to wild type FLT-3

(p=0.000033 and 0.046, respectively). Notably in the FLT-3 ITD mutated

subset, expression of FUT7 was significantly associated with a poor

prognosis and decreased OS (HR = 0.223, p= 0.015). Collectively,

these studies extend the prognostic importance of the E-selectin

ligand glycosylation genes, ST3GAL4 and FUT7, to adult AML where

these genes may be useful as predictive biomarkers. In addition,

these studies suggest potential additional tumor types beyond AML

where treatment protocols with uproleselan may have therapeutic

benefits.
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Survival analysis was performed with the Cox proportional model, associating the

expression levels of FUT7 or ST3GAL4 with overall survival (OS), using the FLT3 ITD

sample set. Expression levels for each gene were dichotomized (high or low)

using the median expression value over the full set of samples.

Figure 3. Expression of FUT7 (A) or ST3GAL4 (B) in the

FLT3 ITD AML Population Defines Poor Outcome
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Study abbreviation Study name Study abbreviation Study name Study abbreviation Study name

LAML Acute myeloid leukemia GBM Glioblastoma multiforme OV Ovarian serous carcinoma

ACC Adrenocortical carcinoma HNSC Head and neck squamous cell 

carcinoma

PAAD Pancreatic adenocarcinoma

BLCA Bladder urothelial carcinoma KICH Kidney chromophobe PCPG Pheochromocytoma and 

paraganglioma

LGG Brain Lower grade glioma KIRC Kidney renal clear cell carcinoma PRAD Prostate adenocarcinoma

BRCA Breast invasive carcinoma KIRP Kidney renal papillary cell 

carcinoma

READ Rectum adenocarcinoma

CESC Cervical squamous cell carcinoma LIHC Liver hepatocellular carcinoma SARC Sarcoma

CHOL Cholangiocarcinoma LUAD Lung adenocarcinoma SKCM Skin cutaneous melanoma

COAD Colon adenocarcinoma LUSC Lung squamous cell carcinoma STAD Stomach adenocarcinoma

ESCA Esophageal carcinoma DLBC Diffuse large B-cell lymphoma TGCT Testicular germ cell tumor

MESO Mesothelioma THCA Thyroid carcinoma UCS Uterine carcinoam

UCEC Uterine corpus endometrial

carcinoma

UVM Uveal melanoma

• These studies extend the prognostic importance of the E-

selectin ligand glycosylation genes FUT7 and ST3GAL4 to

adult AML

• AML patients harboring the FLT3 ITD mutation with high

expression of FUT7 or ST3GAL4 experience poor survival, in

contrast to patients with low expression of FUT7 or ST3GAL4

• These studies suggest additional tumor types beyond AML

where treatment protocols with the E-selectin antagonist,

uproleselan may have therapeutic benefits.

The TCGA-LAML RNAseq dataset was characterized for expression of FUT7 and

ST3GAL4. The dataset included 142 RNAseq profiles of bone marrow samples from

patients with AML with corresponding survival time data, and within this dataset

the status of the FMS-like tyrosine kinase 3 (FLT3) proto-oncogene was considered.

Samples characterized by FLT3 internal tandem duplication (ITD) were obtained

from Rustagi et al., BMC Bioinformatics, 2016, and FLT3 mutation (MUT) status (SNP,

INS or DEL) from the TCGA research network paper supplementary material, also

available on the TCGA website. The remaining samples were classified as FLT3

wild-type (WT). The total number of samples in the FLT3-WT and the FLT3-ITD/MUT

groups were 96 and 46, respectively.

Figure 3. Expression Levels of FUT7 (A) and ST3GAL4

(B) in the TCGA-LAML FLT3 Data Set
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Clinical and RNAseq expression data for 10,258 samples covering 33 cancer types

from the PanCanAtlas of The Cancer Genome Atlas (TCGA) were accessed via

the NIH Genomics Data Commons (GDC). The number of samples from each

tumor type varied, ranging from 45 samples which were available for

cholangiocarcinoma (CHOL) to 1,188 for breast invasive carcinoma (BRCA), with

a median of 198 samples/tumor type. Expression data was log2 transformed.

Where no sequencing reads from a gene were detected in a sample, a low (non-

zero) value was assigned to that sample by the PanCanAtlas project. In many

genes this can be seen as a line at the bottom of the plot for particular cancer

types. The black bar in each tumor type represents mean expression.

Figure 1. Expression Levels of FUT7 (A) and ST3GAL4 (B)

in Each of the 33 Cancer Types in the PanCanAtlas
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The E-selectin ligand glycosylation genes, FUT7 and ST3GAL4, are consistently

expressed in the majority of cancer subtypes. The top five cancer types, based

on mean expression:

FUT7: Acute Myeloid Leukemia (LAML), Lymphoid Neoplasm Diffuse Large B-cell

Lymphoma (DLBC), Thymoma (THYM), Testicular Germ Cell Tumors (TGCT) and

Head and Neck Squamous Cell Carcinoma (HNSC)

ST3GAL4: Uveal Melanoma (UVM), Skin Cutaneous Melanoma (SKCM), Kidney

Chromophobe (KICH), Adrenocortical Carcinoma (ACC) and Bladder Urothelial

Carcinoma

• Recent clinical data has demonstrated a correlation between AML

cell surface E-selectin ligands and response to uproleselan

(DeAngelo et al., 2018)

• In pediatric AML the high expression of two genes involved in the

glycan synthesis of E-selectin ligands, FUT7 and ST3GAL4, are

associated with poor outcome and cell surface E-selectin ligand

expression (Leonti et al., 2019)

• In the current studies, transcriptome profiling of the E-selectin

ligand forming glycosylation genes, FUT7 and ST3GAL4 has been

extended to different tumors and included adult AML

Figure 2. Expression Levels of FUT7 (A) and ST3GAL4

(B) in the 1457 Cell Lines in the Cancer Cell Line

Encyclopedia (CCLE)
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The E-selectin ligand glycosylation genes, FUT7 and ST3GAL4, are also

consistently expressed in tumor cell lines comprising the Cancer Cell

Line Encyclopedia data base. The top five cancer types, based on

mean expression:

FUT7: T Cell Lymphoma, AML, B cell Acute Lymphoblastic Leukemia,

Other Leukemias and Chronic Myelogenous Leukemia (CML)

ST3GAL4: Melanoma, AML, CML, Pancreas and Breast


