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Abstract

Galectin-4 is a member of the galectin family which consists of 15 galactoside-binding proteins. 
Previously, galectin-4 has been shown to have a role in cancer progression and metastasis and it is 
found upregulated in many solid tumours, including colorectal cancer (CRC). Recently, the role in 
the metastatic process was suggested to be via promoting cancer cells to adhere to blood vascular 
endothelium. In the present study, the regulatory region of LGALS4 (galectin-4) in seven colon cell 
lines was investigated with respect to genetic variation that could be linked to expression levels 
and therefore a tumourigenic effect. Interestingly, qRT-PCR and sequencing results revealed that 
galectin-4 upregulation is associated with SNPs rs116896264 and rs73933062. By use of luciferase 
reporter- and pull-down assays, we confirmed the association between the gene upregulation and 
the two SNPs. Also, using pull-down assay followed by mass spectrometry, we found that the 
presence rs116896264 and rs73933062 is changing transcription factors binding sites. In order to 
assess the frequencies of the two SNPs among colon cancer patients and healthy individuals, we 
genotyped 75 colon cancer patients, 12 patients with adenomatous polyposis and 17 patients with 
ulcerative colitis and we performed data mining in the 1000 genomes databank. We found the 
two SNPs co-occuring in 21% of 75 CRC patients, 0 out of 12 patients of adenomatous polyposis, 
and 6 out of 17 patients (35%) with ulcerative colitis. Both in the patient samples and in the 1000 
genomes project, the two SNPs were found to co-occur whenever present (D′ = 1).

Introduction

Colorectal cancer (CRC) is one of the most common cancers and 
accounts for 10% of all new cancer cases and cancer deaths each 
year (1,2) with 1.2 million diagnosed cases every year worldwide (3). 
Approximately half of CRC patients develop metastasis. The occur-
rence of metastatic disease decreases the 5-years survival rate and 

subsequently increases the rate of mortality (4). A  recent 30-year 
follow-up study showed that improved surveillance and early diag-
nosis of disease have reduced the mortality rate (5).

Galectins are a family of animal lectins (6). So far, 15 mamma-
lian galectins have been identified. They are found to be involved in 
many functions, ranging from the mediation of cell adhesion and the 
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promotion of cell–cell interactions to the recognition of pathogens. 
From the structural point of view, prototypic galectins (galectin-1, 
-2, -5, -7, -10,-11, -13, -14, -15) consist entirely of one carbohydrate 
recognition domain (CRD) containing 130 amino acids. Tandem 
repeat galectins (galectin-4, -6, -8, -9 and -12) have two homologous 
CRDs separated by a linker of up to 70 amino acids in a single poly-
peptide chain. A third type of galectin is the chimera type (galectin-3) 
that consists of an N-terminal region connected to a CRD (7–9).

Galectin-4 was found to be expressed only in the alimentary 
canal from the tongue to the large intestine (10,11). As reviewed 
elsewhere, the expression of galectin-4 in epithelial cells enable these 
cells to survive lack of nutrients and growth factors for prolonged 
time of period. Also, within a collection of human epithelial cancer 
cell lines, overexpression of soluble galectin-4 was found in the dif-
ferentiated cells (11).

Although some investigators have found galectin-4 downregu-
lated in colon cancers (12) and AML (13), most studies have found 
that upregulation of galectins are involved in cancer progression and 
metastasis (14,15). This also includes CRC, where several studies 
have shown that circulating galectins, including galectin-4, are nota-
bly increased and potentially promoting angiogenesis and metasta-
sis (16–19). Chen et al. (16) assigned the importance of circulating 
galectins to their contribution to increased circulation of several 
cytokines and chemokines (G-SCF, IL-6 and MCP-1) which in turn 
promote the angiogenesis and metastasis processes. Also, in lung 
cancer, galectin-4 expression was considered as an independent pre-
dictor for lymph node metastasis and poor survival (20). Nagy et al. 
(21) have found that increased percentage of cells expressing galec-
tin-4 is correlated with poor prognosis in colon carcinoma. LGALS4 
was also shown to be overexpressed in mucinous epithelial ovarian 
cancers and absent in normal ovaries (22).

In an expression profiling data set, we have previously observed 
that galctin-4 is upregulated in a cell line with Duke’s D colon cancer 
(KM20L2; unpublished data). Moreover, it was also shown in the 
same data set that it is also overexpressed in a cell line derived from 
familial adenomatous polyposis patients (LT97). From the expres-
sion profiling data, we concluded that galectin-4 upregulation might 
be involved in cancer progression and metastasis, since the upregula-
tion was not shown in other cell lines with different Duke’s stages.

Due to the potential contribution of galectin-4 to cancer pro-
gression and metastasis, the present study aimed to assess regulatory 
mechanism(s) of this gene. We found two SNPs (rs116896264 and 
rs73933062) to be associated with gene upregulation in cell lines. 
Therefore, functional experiments were performed in order to evalu-
ate the effect of these two SNPs on the promoter activity. In parallel, 
the frequency of rs116896264 and rs73933062 was also investi-
gated in 104 patients with CRC and premalignant lesions. A linkage 
disequilibrium for the two SNPs was found and was consistent with 
data from 1000 Genomes Project Phase 3.

Material and methods

Cell lines and cell culture
Seven colon cell lines were used in this study: a normal colon cell 
line CCD-18Co (ATCC), and an adenoma cell line (LT97; gift from 
Brigitte Marian) as well as SW1116, Sw480, Co115, SW620 and 
KM20L2 from Duke’s stage A, B, C primary tumour, C lymph node 
infiltration and D, respectively (gifts from Gabriela Aust, Heike 
Allgayer, Richard Iggo, Francis RAUL, Øystein Fodstad). The cul-
tivation and maintenance of the cells was carried out in the proper 
medium (RPMI and DMEM according to ATCC recommendation 

for each cell line) at 37°C in a humidified atmosphere of 5% 
CO2. LT97 was cultivated in MCDB 302 containing 20% of L15 
Leibovitz medium, 2% FCS (foetal calf serum), 0.2 nM triiodo-l-thy-
ronine, 1 µg/ml hydrocortisone (302 basic medium) supplemented 
with 10 µg/ml insulin, 2 µg/ml transferrin, 5 nM sodium selenite and 
30 ng/ml EGF (epidermal growth factor).

RNA and DNA purification
DNA, RNA and protein samples were isolated from cell pellets with 
Allprep DNA/RNA/Protein mini kit (Qiagen, Hilden, Germany), 
following the protocol suggested by the manufacturer. RNA integ-
rity was evaluated using an Agilent 2100 Bioanalyzer (Agilent 
Technologies, Palo Alto, CA, USA). Only samples with an RNA 
Integrity Number of at least eight were used for microarray analysis.

qRT-PCR for galectin-4 in cell lines and 
immunoblotting
Expression of galectin-4 was assessed by qRT-PCR using Hs_
LGALS4_1_SG QuantiTect Primer Assay, one-step QuantiFast SYBR 
Green RT-PCR Kit (Qiagen, Hilden, Germany) and the Light Cycler 
480 instrument (Roche Diagnostics). Starting with 10 ng of RNA, 
following the manufacturer’s instructions, a reverse transcription 
step was done at 50°C for 10 min followed by PCR initial activation 
step for 5 min at 95°C. Afterwards, 40 cycles of 10 s at 95°C, 20 s 
annealing at 55°C and extension at 68°C for 20 s were performed. 
A final melting curve to check fidelity was done from 95°C for 5 s, 
65°C 1 min with 5–10 signal acquisitions every 1°C up to 97°C. 
Expression levels were normalised relative to the transcription level 
of α-tubulin. All samples were run in triplicate.

Cell pellets were mixed with lysis buffer. Protein samples were 
resolved on SDS-polyacrylamide gel. Then, proteins were electro-
phoretically transferred to nitrocellulose membranes (Amersham 
Pharmacia Biotech, Buckinghamshire, UK) followed by blocking for 
1 h in 3% non-fat milk in TBST. Subsequently, the membrane was 
incubated in the primary antibody against Galectin-4 (R&D system) 
for 1 h. After incubation with HRP conjugated secondary antibody 
(antigoat), bands were detected by chemiluminescence using the 
ECL Western Blotting Detection System (GE Healthcare, Amersham, 
Buckinghamshire, UK).

Promoter sequencing
The promoter sequence of LGALS4 was retrieved using 
Transcriptional Regulatory Element Database (23,24). The 
CpG island was predicted using Methprimer in the first exon 
and first intron. The promoter was sequenced using LGALS4-
700F: TTCACAGTTGCTGGGAGAGG and LGALS4-700R: 
GATGACGAGGGCCAACAGTTAGACGTG. The primers were 
designed using Primer3 (25). The primers were designed to cover 
700 nucleotide (244 nucleotide before TSS to nucleotide 242 after 
the start codon). The amplified products from the seven cell lines 
were Sanger sequenced at the GATC Biotech, Konstanz, Germany.

Luciferase reporter assay
According to the results of promoter sequencing, two frag-
ments of the LGALS4 promoter were cloned into pGL4.1 
firefly-expressing reporter vector (Promega, Madison, WI). 
A  fragment containing the two SNPs found in our study and 
another one with wild-type sequence. PCR fragments were ampli-
fied from the wild-type cell line (Co115) and the variant cell 
line (KM20L2) using the following primers: LGALS4 2var F: 
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AAAAAAAGCTAGCTTCACAGTTGCTGGGAGAGG and LGALS4 
2var R: TTTGGGGAAGCTTGATGACGAGGGCCAACAGTTAGA. 
Following the PCR amplification, the products were digested with 
Hind III and NheI and ligated into pGL4.1 plasmid. Then, the cell 
lines were co-transfected with constructed plasmid and pRL-TK 
using effectene kit (Qiagen, Hilden, Germany). After 24 h, the cells 
were lysed and the cell lysates were analysed for firefly luciferase 
activity with the dual-luciferase reporter assay system (Promega). 
Firefly activity was normalized to Renilla (pRL-TK).

The Co115 cell line was selected for transfection because it 
expresses galectin-4 in low but detectable levels (based on qRT-
PCR results) and therefore it should contain balanced activators/
repressors of galectin-4 promoter. Co115 cells were transfected with 
each construct (which contains Firefly luciferase as a reporter gene) 
and pRL-TK (which has a Renilla luciferase). The Firefly/Renilla 
ratio was calculated for transfection efficiency control and the fold 
changes were calculated by dividing Firefly/Renilla ratio from the 
variant construct over Firefly/Renilla ratio of the wild-type construct.

Pull down-assay and mass spectrometry
PCR fragments covering the two SNPs (244 nucleotide before 
TSS to nucleotide 242 after the start codon), with and with-
out the SNPs, were used as baits for DNA binding proteins. 
Also shorter PCR fragments were used to cover each SNP inde-
pendently. For rs11686264, biotinylated LGALS4 SNP1 F: 
AAAAAAACTCGAGTTCACAGTTGCTGGGAGAGG and LGALS4 
SNP2 R: GGGGGGAAGCTTGCTGCGCTAGTGGCTGGTC were 
used. Also, biotinylated LGALS4 SNP2 F: AAAAAAAGCTAGCCCA 
CCATCTCCCACTCCTG and LGALS4 SNP2 R: TTTGGGGAAG 
CTTGATGACGAGGGCCAACAGTTAGA were used to amplify 
the sequence containing rs73933062. The pull down experiment 
was done using Pierce Pull-Down Biotinylated Protein:Protein 
Interaction kit (Thermo Scientific, Rockford, USA). The kit was mod-
ified to suit DNA:Protein interactions. The promoter fragments were 
amplified using biotinylated primers and linked to an immobilized 
streptavidin column. The nuclear proteins of Co115 (the same cell-
line used for luciferase assays) were extracted by NE-PER Nuclear 
and Cytoplasmic Extraction Reagents (Thermo Scientific, Rockford, 
USA) and diluted in 5X binding buffer (0.1 M Hepes pH 8.0, 0.25 M 
KCl, 25 mM DTT, 0.25 mM EDTA, 5 mM MgCl2, 25% v/v glycerol). 
The nuclear protein extract was incubated on the column for 30 min 
at room temperature. Then, columns were washed with TBST to 
remove unspecific bindings and then the bound proteins were eluted 
with Laemmli buffer at 95°C. Eluted protein samples were resolved 
on SDS-polyacrylamide gel. Subsequently, the unique bands were cut 
for mass spectrometry analysis. The mass spectrometry analysis was 
performed at core facility, DKFZ, Heidelberg, according to a proto-
col described in detail previously (26–28). Proteins with total score 
>50 were considered to be credible. The proteins with single peptide 

signal, or produced by trypsin digestion, and the proteins from skin 
contamination were omitted from the results.

Promoter genotyping in CRC patient samples
The promoter sequences of galectin-4 were screened for the 
two SNPs in samples from CRC patients using LGALS4-
700F: TTCACAGTTGCTGGGAGAGG and LGALS4-700R: 
GATGACGAGGGCCAACAGTTAGACGTG. DNA was isolated 
from 104 samples (Table 1): (i) 18 colorectal tumour tissues from the 
National Center of Tumor Diseases (NCT), Heidelberg, Germany, 
(ii) lesions and their adjacent normal tissues from 54 patients (27 
CRC patients, 15 ulcerative colitis patients, and 12 patients with 
adenomatous polyps) from the Egyptian National Cancer Institute 
(ENCI), Cairo, Egypt, (iii) 15 colorectal tumour samples from the 
Egyptian National Cancer Institute (ENCI), Cairo and (iv) 15 DNA 
samples isolated from whole blood of CRC and two blood sam-
ples from ulcerative colitis patients (the Egyptian National Cancer 
Institute (ENCI), Cairo).

All the patient samples were obtained after ethical approval of 
the relevant review boards at the corresponding institutions; written 
informed consent had been obtained from all donors.

Linkage disequilibrium calculation
The linkage disequilibrium was calculated using the equation: 
D  =  p(AB) − p(A) × p(B), where is p(AB) is the frequency of the 
SNPs pair, p(A) is frequency of 1st SNP, and p(B) is frequency of 
the 2nd SNP. Then, D′ was calculated using the equation: D′ = D/
Dmax. where, if D > 0: Dmax = min(p(A)p(b), p(a)p(B)) or if D < 0: 
Dmax = max(−p(A)p(B), −p(a)p(b)).

Results

rs116896264 and rs73933062 SNPs are associated 
with galectin-4 upregulation in colon cell lines
In order to assess genetic variations potentially affecting Galectin-4 
expression, we screened the regulatory region of this gene in seven 
colon cell lines. In parallel, qRT-PCR was performed for the same 
cells. Five of the cell lines did not reveal any differences from the ref-
erence sequence in the investigated region. However, we found two 
cell lines (LT97 and KM20L2) to harbour alternative nucleotides (A 
and A) in the polymorphic loci rs116896264 and rs73933062 (the 
wild-type alleles being C and G, respectively). Both cell lines (LT97 
and KM20L2) carried both the two SNPs.

Interestingly, the two cell lines carrying the rs116896264 and 
rs73933062 variant alleles, revealed the by far the highest mRNA 
and protein levels of galectin-4 in the selected cell lines, with levels 
several 100-fold higher than the remaining five cell lines (Figure 1a 
and b).

Table 1. Source and types of patient samples

Colorectal lesion Source of samples Collected sample Samples number

Colorectal cancer NCT, Heidelberg, Germany Tumour tissues 18
ENCI, Cairo, Egypt Tumour tissues and adjacent normal samples 27

Tumour tissues 15
Blood 15

Adenomatous polyposis ENCI, Cairo, Egypt Polyps tissue and adjacent normal samples 12
Ulcerative colitis ENCI, Cairo, Egypt Tissue and adjacent normal 15

Blood 2
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The overexpression of galectin-4 in the present study was not 
correlated to degree of cellular differentiation, as we have used 
highly differentiated cell lines like SW1116 (29), moderately and 
less differentiated cells such as SW480 (30,31) and SW620 (31) 
and poorly differentiated as Co115 (32). All of these cells are not 
expressing galectin-4, regardless to the level of differentiation. On 
the other hand, Lt97 which represent colon microadenoma (33) and 
KM20L2 which exhibits lymph node metastasis (30) are highly over-
expressing galectin-4 in mRNA and protein forms.

rs116896264 and rs73933062 increase promoter 
activity
The two SNPs are located in the regulatory region of galectin-4: 
rs116896264 is in the promoter sequence before the transcription 
start site (TSS) and rs73933062 is in a putative enhancer region, 
after the TSS. The impact of the two SNPs on transcriptional acti-
vation was assessed by luciferase activity assay. Promoter sequence 
with or without the two SNPs was evaluated using pGL4.10 con-
structs and transfection of Co115 cells.

Upon transfection with the construct containing the promoter 
sequence with the two SNPs, we observed a 4-fold increase in the 
luciferase activity as compared to the wild type, strongly indicating 
the haplotype carrying the two SNPs to cause elevated galectin-4 
levels (Figure 2).

rs116896264 and rs73933062 influence the protein 
binding sites
In order to understand the mechanism underlying the transcriptional 
upregulation associated with the presence of the two SNPs, a pull 
down experiment followed by mass spectrometry analysis was per-
formed. In this experiment, biotinylated PCR fragments represent-
ing the LGALS4 promoter region were used as baits for potential 
interaction partners in nuclear extracts from Co155 cells. The pull-
down was performed using short PCR fragments containing each 
of the two SNPs (rs116896264 and rs73933062) and their corre-
sponding wild-type sequences. Also, a longer fragment containing 
the two SNPs together (and a corresponding wild-type fragment) 
was analysed.

The presence of rs116896264 influenced the binding affinity 
by generating new binding sites for factors like CSTF3, PRKDC, 
EEF1A, NRF1 and NUP54 and deleting other response elements 
such as FABP5, FLG2 and LBP-1a. The same effect was also found 
by rs73933062: It introduced CSTF3, EEF1A1 and NR6A1 binding 
sites and deleted API5, FBXL7, TP63, TLS and TRAP1 (details are 
shown in Table 2). Also, the pull-down experiment manifested the 
regulatory proteins that bind to galectin-4 promoter regardless to 
the presence or absence of the two SNP. These proteins include eno-
lase-1 (ENO1), fuse-binding protein-1 (FUBP1), fuse-binding pro-
tein-2 (FUBP2 or KSRP), FUS, NCL, AZGP and LBP1a.

In addition to the effects seen when the SNPs were introduced 
one by one, interestingly, we also found that concomitant presence of 
rs116896264 and rs73933062 introduced new, as well as removed 
several protein binding sites: Among the response element that were 
deleted were TP53, Aconitase 1 (ACO1), Retinoblastoma Binding 
Protein-7 (RBBP7), siah binding protein 1 (PUF60) and DAZ asso-
ciated protein. On the other hand, the two SNPs introduced new 
response elements for proteins such as MYB binding protein 1a 
(MYBB1a), fatty acid binding protein 5 (FABP5) and peoxiredoxin 
(PRDX1).

The two SNPs are shown together in patient 
samples
Among 104 patients which were collected from Germany and 
Egypt, rs116896264 and rs73933062 SNPs were found concomi-
tantly in four out of 18 (22.2%) German CRC samples, 13 out of 57 
(22.8%), Egyptian CRC patients, 0 of 12 of Egyptian adenomatous 
polyps patients and 6 out of 17 (35.29%) Egyptian ulcerative colitis 
patients. Of note, the genotype of the two SNPs were assessed in 54 

Figure 1. (A) Galectin-4 mRNA expression in colorectal cancer cell lines as 
observed by qRT-PCR. Expression levels are shown as fold changes relative 
to a normal colon cell line (CCD18Co). All CT values were normalized to alpha 
tubulin. (B) Immunoblotting of galectin-4 in the seven cell lines used in the 
present study and the corresponding alpha-tubulin in each cell line.

Figure 2. Luciferase reporter assay for galectin-4 upstream sequence: the presence of the two SNPs rs116896264 and rs73933062 in the upstream sequence 
increased the promoter activity by 4-fold. Bars indicate transcription activity as Firefly luciferase (vectors containing SNP-variant or wild-type galectin-4 
sequence) relative to renilla luciferase transfection efficiency control, in Co115 cells.
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cases in both colorectal lesion and adjacent normal tissues (27 CRC, 
12 polyps and 15 ulcerative colitis patients); for all these samples the 
genotyping of normal tissue was in concordance with the original 
genotyping from tumour tissue of the same patient.

rs116896264 and rs73933062 are in linkage 
disequilibrium in multiple populations
Since the two SNPs in the present study were only observed concom-
itantly, D′ is equal to 1, reflecting the strong linkage disequilibrium.

By mining the 1000 Genomes Project Phase 3 (www.1000genomes.
org) (34), in order to assess allele frequencies in different popula-
tions, we found rs116896264 and rs73933062 have the identical 
allele frequencies within each population except from the South 
Asian (SAS; Figure 3), where there is a slight difference: here, the 
frequency of the rs116896264 t-allele is 21%, whereas, the corre-
sponding frequency of the rs73933062 T-allele is 22%. Assessing 
the data of the 1000 genomes project data base on the individual 
genotype level, only 7 individuals out of 2504 cases harboured one 
of the SNPs but not the other. So, rs116896264 and rs73933062 are 
showing strong linkage disequilibrium in the 1000 Genomes project 
as well, with D′ approximately equal to 1.

Discussion

In an independent unpublished study, in order to compare gene 
expression patterns of early and late stages of CRC, we have profiled 
the expression of different Duke’s stages of CRC cell lines and a nor-
mal colon cell lines. The correspondence analysis of the expression 
profiling showed a convergence between the benign polyposis cell 
line (LT97) and Duke’s D stage cell line (KM20L2). LT97 is an early 
stage of tumour development and derived from early adenoma cells 
from microadenomas of a patient suffering from hereditary familiar 
polyposis (33). One of the genes which were disregulated in common 
between familial adenomatous polyposis cell lines and Duke’s D cell 
line was galectin-4. So, further promoter sequence analysis was per-
formed in order to outline the potential mechanism(s) of galectin-4 
upregulation. In parallel, the sequencing analysis of 0.7 KB from 
LGALS4 upstream sequence revealed two SNPs (rs116896264 
and rs73933062) in LT97 and KM20L2 which are overexpressing 
galectin-4. Hence, we extended our study to learn more about pro-
moter variation(s) and their influence on the galectin-4 transcription 

activity. The luciferase reporter of the upstream sequence contain-
ing the two SNPs displayed significant upregulation of the promoter 
activity as compared to the wild-type genotype.

Furthermore, using the galectin-4 regulatory sequence as bait, 
protein pull down followed by mass spectrometry was done to 
investigate the regulatory proteins that bind to the promoter with 
or without the SNPs present. The results showed that the two vari-
ations caused deletion and insertion of several regulatory protein 
binding sites.

The presence of rs116896264 caused generation of several 
new binding sites like CSTF3, PRKDC, EEF1A, NRF1 and NUP54 
and deletion of other response elements such as FLG2 and LBP-1a 
(UBP1). Similar effects were also found by rs73933062. It intro-
duced CSTF3, EEF1A1 and NR6A1 binding sites and deleted API5, 
FBXL7, TP63, TLS and TRAP1.

The longer PCR fragment which covers the two SNPs was 
also used to understand the effect of concomitant presence of 
rs116896264 and rs73933062 in comparison to the wild type 
sequence. Among the distinctive proteins found to bind the wild 
type sequence we observed: (i) Aconitase 1 (ACO1), also known 
as iron regulatory element binding protein 1 (IREB1), which is a 
cytosolic protein that regulate ferritin mRNA via its binding to 
iron-responsive elements (IREs). The binding to IREs results in 
repression of ferritin 5′-UTR mRNA (35). So, galectin-4 could 
be negatively regulated by ACO1. (ii) RBBP7 (retinoblastoma 
binding protein-7) which is found previously among several pro-
teins that binds directly to retinoblastoma protein that regulates 
cell proliferation. The encoded protein is found in many histone 
deacetylase complexes (36,37). It is also known by limiting the 
expression of estrogen-responsive genes (38). (iii) PUF60 (poly-U 
binding splicing factor 60 Kda) also known as FIR (FBP inter-
acting repressor): the protein forms a ternary complex with far 
upstream element (FUSE) and FUSE-binding proteins. It can 
repress a c-myc reporter via the FUSE. Also, it is known to target 
transcription factor IIH and inhibits activated transcription (39). 
PUF60 could be also a potential repressor for galectin-4 promoter 
via binding FUSE-binding proteins. (iv) P53 which is known to 
act as transcription activator or repressor (40). Also, there are 
several other proteins with numerous functions ranging from 
transcription activation to repression such as TP63, DDB2 and 
DAZ associated protein-1.

Table 2. Pull-down/mass spectrometry analysis result of binding proteins to LGALS4 promoter

Binding to variant sequence Binding to wild type Binding to both genotypes

rs116896264 CSTF3, EEF1A, HSPA8, LTF, NRF1, 
NUP54, PHGDH, PRKDC, RFC1, LSM8

FLG2, nuclear factor IV, S100A9 UBP1 
(LBP-1a)

AZGP1, CEP164, DNA helicase Q1, DNA 
replication ATP-dependent helicase, DSP, 
GTF2I, HNRNPU, HSP90A, HSPD1, NCL, 
NONO (P54), PARP1, PTBP1, RAD23B, 
SFPQ, FUBP2

rs73933062 CSTF3, EEF1A1, NR6A1 A2LP, API5, EIF5A, FBXL7, HNRN-
PK, NCL, TLS (FUS), TP63, TRAP1

Fabp5, FLG2, GTF2I, HNRNPL, HNRNPU, 
HSP60, HSP90, HSPA8, KHSRP, LBP1A, 
NONO (P54), NR2C2, PARP1, RPA1, SFPQ, 
TFCP2, topoisomerase I, VIM

Both SNPs DNMT1, EEF1A, EEF1A1, IF4A1, 
MYBB1a, NUP54, PRKDC

ACO1, DAZAP1, DDB2, FBRNP, 
FEN1, GTF2I, LSM2, NUP93, PA2G4, 
PUF60, RBBP7, RBM39, RCC1, RU-
VBL1, TP53, TP63

AZGP1, DNA helicase Q1, DNA replication 
ATP-dependent helicase, EIF5A, ENO1, FLG2, 
FUBP1, HNRNPA, HNRNPL, HNRNPU, 
HSP60, HSP90, HSP90A, HSPA8, KHSRP, 
LBP1A, NCL, NONO (P54), NR2C2, NRF1, 
PCBP2, PTBP1, RAD23B, SF3A3, SFPQ, 
TFCP2, TLS, TOP1, TROVE2, VIM
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On the other hand, in the case of concomitant rs116896264 and 
rs73933062 presence, the two SNPs are inserting new binding sites 
for regulatory proteins such as: MYB binding protein-1a which is 
a transcription factor. It is a member of SRC/p160 gene family and 
has been known as a coactivator (41). However, it is also previously 
investigated as a novel co-repressor of NF-ĸB (42).

Both the SNPs investigated in the present study, were origi-
nally found together in both cell lines (LT97 and KM20L2). To 

get a rough estimate of the frequency of the two SNPs in patients, 
104 patients with CRC, adenomatous polyps and ulcerative colitis 
were sequenced. Both rs116896264 and rs73933062 were found 
in roughly 22% if German and Egyptian CRC patients, 0 of 12 of 
adenomatous polyp’s patients and in 35% ulcerative colitis patients. 
Both SNPs were found together in each patient. Although this 
strongly indicated linkage disequilibrium and a D′ close to 1, we 
further investigated the frequency and potential linkage of the two 

Figure 3. Allele frequencies of rs116896264 and rs73933062 in the present study cohort (A) and the frequencies of multiple populations, mined from 1000 
Genomes Project Phase 3 (B).
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SNPs in the published data of the 1000 genomes project (34). Here, 
we also found very similar allele frequencies of rs116896264 and 
rs73933062 and the raw data of these populations revealed only a 
handful of individuals harbouring one of the SNPs without harbour-
ing the other. All in all, both our own data and the data set form the 
1000 genomes project, strongly indicate the two SNPs to be linked, 
with a D′ very close to 1.

Checking the Catalogue of Published Genome-Wide Association 
Studies (www.genome.gov/gwastudies) (43), rs116896264 and 
rs73933062 are not included as high risk SNPs in these 23 pub-
lished GWAS studies. This information could conclude that galec-
tin-4 doesn’t have a role in cancer initiation. But on the other hand, 
a bulk of recent publications highlighted galectin-4 and other 
galectins as metastatic contributors (16,17,44,45). So, the two 
SNPs might have a role in the gene upregulation during metastasis 
process and therefore could reflect prognostic value rather than 
risk factor.

Summing up our results together, rs116896264 and rs73933062 
are linked SNPs and potentially activating galectin-4 expression 
via inserting/deleting new binding sites for transcription activators/
repressors in vitro. Additional studies using biobank resources will 
be needed in the future research to conclude the impact of these 
SNPs in cancer prognosis.
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