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Abstract: The Tn antigen, which arises from mutation in the Cosmc gene is one of the most common tumor associ-
ated carbohydrate antigens. Cosmc resides in X24 encoded by a single gene and functions as a specific molecular 
chaperone for T-synthase. While the Tn antigen cannot be detected in normal cells, Cosmc mutations inactivate 
T-synthase and consequently result in Tn antigen expression within certain cancers. In addition to this Cosmc muta-
tion-induced expression, the Tn antigen is also expressed in such cell lines as Jurkat T, LSC and LS174T. Whether the 
Cosmc mutation is present in the colon cancer cell line HT-29 is still unclear. Here, we isolate HT-29-Tn+ cells from 
HT-29 cells derived from a female colon cancer patient. These HT-29-Tn+ cells show a loss of the Cosmc gene cod-
ing sequence (CDS) leading to an absence of T-synthase activity and Tn antigen expression. Additionally, almost no 
methylation of Cosmc CpG islands was detected in HT-29-Tn+ as well as in HT-29-Tn- and Tn- tumor cells from male 
patients. In contrast, the methylation frequency of CpG island of Cosmc in normal female cells was ~50%. Only one 
active allele of Cosmc existed in HT-29-Tn+ and HT-29-Tn- cells as based upon detection of SNP sites. These results 
indicate that Tn antigens expression and T-synthase inactivity in HT-29-Tn+ cells can be related to the absence of 
CDS in Cosmc active alleles, while an inactive allele deletion of Cosmc in HT-29 cells has no influence on Cosmc 
function.
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Introduction

T-synthase, a key enzyme of the O-glycosylation 
process, transforms a galactose (Gal) on Gal- 
NAc-α-Ser/Thr (Tn antigen) to generate Galβ1-
3GalNAc-α-Ser/Thr (T-antigen). These T anti-
gens then extend and branch to form the com-
plex O-glycans [1]. O-glycans in human glyco-
proteins and mucins as derived from Tn antigen 
precursors play important roles in vascular biol-
ogy angiogenesis, lymphangiogenesis and leu-
kocyte trafficking [2-5]. Aberrant alterations of 
O-glycosylations are generally associated with 
tumor carbohydrate antigen expression [6-8]. 
Tn antigen is one of the most common tumor 
associated carbohydrate antigens. It is expre- 
ssed in many human carcinomas, including 
breast carcinomas, cervical, colon, ovarian, 
stomach and prostate cancers [9-11]. In addi-
tion, Tn antigen expression is associated with 
the potential for metastasis and poor prognosis 
of tumor cells [12-16]. However, the only cur-
rently known genetic basis for controlling Tn 

antigen expression in humans involves the 
functional loss of Cosmc, an endoplasmic retic-
ulum-localized molecular chaperone encoded 
by a single gene on Xq24. As a molecular chap-
erone of T-synthase, Cosmc promotes the cor-
rect folding of T-synthase into unique functional 
structures that can then specifically interact 
with denatured T-synthase in vitro [17]. Ablation 
of the X-linked Cosmc gene completely causes 
embryonic lethality and Tn antigen expression 
in many tissues of mice [18]. Dysfunction of 
Cosmc is associated with T-synthase but not 
with biosynthesis of other glycosyltransferase 
[19]. Additionally, transfecting WtCosmc into Tn 

positive tumor cells restores T-synthase activity 
and reduces Tn antigen expression [20].

Loss of Cosmc function eliminates T-synthase 
activity and consequent Tn antigen expression 
in several human tumors [5], as well as in other 
diseases, such as Tn syndrome and IgA nep- 
hropathy [21, 22]. Interestingly, different types 
of Cosmc mutations are present in Tn+ cells as 
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derived from various diseases associated with 
Tn antigen expression. The types of Cosmc 
mutations present in certain tumors and Tn 
syndrome patients have been summarized in 
the literature [5]. Recently, Rongjuan Mi, et al. 
[23] observed an epigenetic silencing of Cosmc 
due to hypermethylation of its promoter in Tn4 
cells, derived from Tn-positive lymphocytes of a 
male patient with Tn syndrome. However, the 
mechanisms of Tn antigen expression in IgA 
nephropathy remain unclear.

We recently discovered that HT-29, a colon can-
cer cell line derived from a female donor, was 
mixed with Tn+ and Tn- cells. This two phenotype 
cells were sorted from HT-29 population by 
anti-Tn antibody, and designated HT-29-Tn+ and 
HT-29-Tn- cells. Within HT-29-Tn+ cells, a dele-
tion of the coding region sequence (CDS) in 
Cosmc resulted in lacking T-synthase activity 
and Tn antigen expression. Located on X24, 
Cosmc supposed to have two alleles in normal 
cells from a female. However, while single 
nucleotide polymorphism (SNP) sites, which 
may reflect the numbers of alleles in Cosmc 
[24], could be detected in cells from a normal 
female volunteer in our study, it did not exist in 
HT-29-Tn+ and HT-29-Tn- cells. Clearly, it is 
unlikely to obtain the normal cells from the 
female patient who had HT-29 cells. Under the 
conditions that the normal cells in the female 
patient from which HT-29 cells derived con-
tained the same SNPs in Cosmc non-coding 
region as we discovered in normal female vol-
unteer cells, we considerate that the inactive 
allele of Cosmc in HT-29 cells most likely would 
have been deleted due to the presence of a 

tumor, but it would not affect Cosmc function 
and the absence of CDS only happened in 
Cosmc active allele in HT-29-Tn+ cells. Alter- 
natively, the deletion CDS of Cosmc in HT-29-
Tn+ cells would need to occur on two alleles 
simultaneously, which is possible but very 
unlikely. In addition, X-chromosome inactiva-
tion (XCI) is an epigenetic mechanism that 
silences most X-chromosome genes to com-
pensate for gene dosage between males and 
females [25]. Histone modifications and CpG 
island methylations are responsible for the 
majority of gene silencing on inactive X-chro- 
mosomes [26]. Findings from previous studies 
suggest that although differences exist in the 
CpG islands methylation of X-linked gene 
between males and females, the overall expres-
sion levels were indistinguishable [27]. To iden-
tify whether the inactive allele of Cosmc was 
deleted or not, the CpG methylation in normal 
female cells and in tumor cells were analyzed 
by Bisulfite Sequencing PCR (BSP). We found 
that CpG islands in a normal female cell popu-
lation showed an ~50% methylation, perhaps 
due to X-chromosome inactivation, whereas 
very little methylation was observed in BGC823, 
HT-29-Tn+ and HT-29-Tn- cells. These results 
were consistent with our expectation that an 
inactive X-chromosome in Cosmc as produced 
by CpG island methylation in HT-29 cells had 
been deleted. Therefore, only a single DNA 
sequence was detectable in HT-29-Tn+ and 
HT-29-Tn- cells. Collectively, these findings sug-
gest that an aberrant Tn antigen expression in 
HT-29-Tn+ cells results from a CDS deficiency in 
the active allele of Cosmc. Additionally, the 
absence of an inactive allele in HT-29 cells, 

Table 1. PCR primers
Name Sequence Size of Products
Cosmc cDNA-F 5’-CGTGAGAGGAAACCCGTG-3’  1155 bp
Cosmc cDNA-R 5’-TGTGTGGTTATACCAGTGCC-3’
T-synthase cDNA-F 5’-TCTTACAGAAATACACTTTCGG-3’ 1302 bp
T-synthase cDNA-R 5’-ATTTTATCACACTTCACAGCTC-3’
DNA in Cosmc coding region-F 5’-GTCCATAGAGGAGTTGTTGC-3’ 1218 bp
DNA in Cosmc coding region-R 5’-TCACGCTTTTCTACCACTTC-3’
DNA in Cosmc no-coding region-F 5’-AATGGCACAATCTCGGCTC-3’ 507 bp
DNA in Cosmc no-coding region-R 5’-TGCTCTAACACTCTATGCGGAC-3’
CpG island of Cosmc-F 5’-GCTGGCACTGTGGTTAAG-3’ 1232 bp
CpG island of Cosmc-R 5’-GGAAACAAAACTGCACACG-3’
GAPDH-F 5’-TGGGGAAGGTGAAGGTCGG-3’ 256 bp
GAPDH-R 5’- GGGATCTCGCTCCTGGAAG-3’
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including HT-29-Tn+ and HT-29-Tn- cells, does 
not affect Cosmc function. Such evidence pro-
vides a novel foundation for the study of human 
diseases associated with abnormal Tn antigen 
expression and offers new approaches for the 
diagnosis and therapy of human colorectal 
cancer.  

Materials and methods

Cell culture and PBMC 

The human colorectal carcinoma cell line HT-29 
and human Gastric adenocarcinoma cell line 

BGC823 were purchased from the American 
Type Culture Collection (ATCC), Human Leuk- 
emia cells Jurkat [Clone E6-1] were kindly pro-
vided by Professor Jiang Nan Xue of Bin Zhou 
Medical University. All cell lines, including Tn+ 
and Tn- cells that separated by immune mag-
netic bead from HT-29 cell lines, and were cul-
tured in RPMI1640 media containing 10% FBS 
(Hycolon) in 5% CO2 at 37°C.

Normal peripheral blood mononuclear cells 
(PBMC) as obtained from a healthy female 
donor, a volunteer from Bin Zhou Medical 
University Affiliated Hospital, were separated 

Figure 1. Tn antigen expressed in tumor and normal cells. A and B. Normal cells, BGC823 cells, HT-29 and Jurkat 
cells were stained with anti-Tn mAb and analyzed with flow cytomerty. a represented isotype control. C. Following 
separation from HT-29 cells by microbeads, Tn+ and Tn- cells were stained with Tn mAb and analyzed with flow cy-
tometry. Figure a represented negtive control. D. After blocking with BSA, the cells were first incubated with primary 
anti-Tn mAb and then with the FITC-labeled secondary antibody while cell nuclei were stained with DAPI. Then the 
Cells were analyzed by fluorescence microscopy. The image presented was at 10x magnification.
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from heparinized blood with Ficoll density gra-
dient centrifugation. This study was approved 
by the Institutional Review Board of Binzhou 
Medical University (IRB 2009016). A written 
informed consent was obtained from the 
participant.

Flow cytometry and immunofluorescence 
staining

Cell suspensions were prepared at densities of 
1 × 106/100 µL. Cells were divided into two 
fractions. Initially, 5 μL of mouse anti-Tn mAb 
(IgM, diluted at 1:10 with PBS) kindly provided 
by Dr. Tongzhong Ju of Emory University School 
of Medicine in Altanta, were added to one 
fraction. The controls were incubated with 
control mouse IgM. All fractions were incubated 
at 4°C for 60 min. Cells were then incubated 
with secondary antibody-FITC-labeled goat 
anti-mouse IgM (Santa Cruz, Sc-2082). After 
incubation, cells were washed twice with PBS. 
Cells were analyzed on flow cytometer (BD 
FACS Aria III). For immunofluorescence stain-
ing, 5 × 105 cells were seeded in 24 well cell 

culture clusters (Corning Incorporated) and cul-
tured overnight at 37°C. The cells fixed with 4% 
paraformaldehyde for 30 min, blocked with 1% 
BSA for 1 h, and then incubated with primary 
antibody anti-Tn mAb (IgM, diluted at 1:200) for 
24 h at 4°C. After three washings with PBS the 
cells were incubated with FITC-labeled second-
ary antibody at room temperature for 1 h. Cells 
were again washed three times with PBS and 
nuclei were stained with DAPI. Stained cells 
were then observed under a fluorescence 
microscope (Olympus, Japan) and the images 
were recorded at 10 × magnification.

Cell sorting by microBeads

Cells were harvested with Trypsin-EDTA and 
then washed with Buffer (PBS containing 0.5% 
BSA and 2 mM EDTA, PH 7.2). The cell pellet 
was resuspended with Buffer, with approxi-
mately 9 × 106 cells and labeled with primary 
mouse anti-Tn IgM mAb. Cells were washed 
thrice with the Buffer and then incubated with 
Anti-mouse MicroBeads (Miltenyi Biotec) for 20 
min in 4°C refrigerator. Cells were agitated at 5 

Figure 2. Mutation of the Cosmc gene in Tn+ cells, including Jurkat and HT-29-Tn+ cells, results in lower or a com-
plete absence in T-synthase activity. A. Enzyme activity assay. Cytoplasmic extracts of Tn+ cells, including Jurkat and 
HT-29-Tn+ cells, and Tn- cells including normal, BGC823 and HT-29-Tn- cells. Which were all generated in triplicates 
for T-synthase assay using GalNAc-α-4MU as receptor. B. Analysis of Cosmc and T-synthase expression by RT-PCR. 
mRNA from the cells that we detected was prepared with Trizol, using universal primers to synthesize cDNA. The 
PCR products were analyzed on 1% agarose gel. C. The mutation of Cosmc in Jurkat cells. PCR products generated 
using cDNA as template were analyzed on 1% agarose gel, purified and then sequenced. Arrowhead indicates the 
mutation site.
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min intervals to maintain the suspension. Cells 
were then washed twice, resuspended in 500 
μL Buffer and subjected to magnetic separa-
tion according to the manufacture’s recommen-
dation. Tn+ and Tn- cells were sorted and 
collected.

Preparation of cytoplasmic extraction and en-
zyme activity assays

Approximately 6-8 × 106 cells were collected to 
generate a cytosolic fraction using Nuclear and 
Cytoplasmic Extraction Reagents (Pierce). The 
cytoplasmic protein concentration was deter-
mined using the BCA Protein Assay Kit (Pierce) 
with bovine serum albumin (BSA) used as a 
standard according to the manufacture’s 
instructions. T-synthase activity was measured 
with a fluorescent assay described previously 
[28]. Briefly, GalNAc-α-(4-MU) was used as the 
receptor and UDP-Gal as the donor. 50 μL of 
reaction system containing 1000 μM GalNAc-
α-4-(MU), 500 μM UDP-Gal, 20 mM MnCl2, 
0.2% Triton X-100, 800 units of O-glycosidase, 
50 mM MES-NaOH buffer (pH 6.8) and an 
appropriate amount of enzyme was placed in a 
96-well black plate (Costar). The fluorescence 
intensity was assayed with TECAN GENIOS 
(Austria) after terminating the reaction with the 
use of Gly-NaOH (pH 10.0).

RT-PCR PCR and sequencing

Total RNA and genomic DNA from cells were 
prepared using Trizol and a genomic DNA prep-
aration kit (Bioperfectus Technologies), respec-
tively. RT-PCR for human Cosmc and T-synthase 
were performed with 1 μg total RNA as a tem-
plate using a transcriptor first strand cDNA syn-
thesis kit (Roche) according to the manufac-
ture’s instructions. PCRs for Cosmc, including 
non-coding and coding regions and CpG 
islands, were performed with 100 ng DNA as a 
template using Kapa 2G Robust HotStart (Kapa 
Biosystems) according to the manufacture’s 
protocol. The corresponding primers and band 
size are listed in Table 1. RT-PCR and PCR prod-
ucts were analyzed on 1% TAE agarose gel. The 
expected bands were excised, purified and 
then sequenced (Invitrogen).

Analyzing DNA methylation by bisulfite se-
quencing PCR

Genomic DNA was treated by the MethylCode™ 
Bisulfite Conversion Kit (Life technology) acco- 

rding to the manufacture’s instructions. Treated 
DNA was amplified by PCR using the follow 
primers - Forward primer, 5’-GTAGGTTTATAG- 
TAGTTTTT-3’, and Reverse primer 5’-CTAACC- 
AAACTATTCTAACT-3’. PCR products with 245 bp 
were analyze by 1.5% agarose gel and were 
purified using the DNA purification kit (Axygen). 
The purified PCR fragment was connected to 
the pMD18-T Vector and transformed into E-coli 
DH-5α competent cells. Then multiple mono-
clonal colonies were selected at random for 
sequencing to detect the methylated frequency 
of CpG islands (Invitrogen).

Results

Expression of Tn antigen in tumor and normal 
cells

The Tn antigen was differentially expressed in 
tumor and normal cells. Normal female cells 
PBMC sorted from peripheral blood and the 
BGC823 cells were negative for Tn antigen 
(Figure 1A). Jurkat and HT-29 cells were stained 
with anti-Tn mAb (Figure 1B). HT-29-Tn+ and 
HT-29-Tn- cells were separated from HT-29 cells 
by microbeads based on their expression or not 
of Tn antigen (Figure 1C). Consistent with the 
results of flow cytometry, few HT-29 cells were 
present and the majority of Jurkat and HT-29-
Tn+ cells displayed the Tn (+) phenotype, as 
detected by fluorescence microscopy (Figure 
1D).

Tn antigen positive cells lacking T-synthase 
activity result from an aberrant alteration of 
Cosmc expression

To determine whether tumor cells expressing 
Tn antigen have lower T-synthase activity and 
Cosmc mutation, we first examined T-synthase 
activity of the cells. Consistent with previous 
results [20], Jurkat cells showed lower T-syn- 
thase activity due to the T deletion at position 
473 of the Cosmc gene, which resulted in an 
ORF shift and premature stop codon (Figure 2A 
and 2C). HT-29-Tn- cells showed no difference 
in T-synthase expression as compared with 
that in HT-29 cells, whereas HT-29-Tn+ cells 
lacked T-synthase activity. In addition, T-synt- 
hase activity was normal in Tn negative BGC823 
cells and normal female cells (Figure 2A). 
Despite this absence in T-synthase activity 
within HT-29-Tn+ cells, T-synthase expression 
was not conspicuously different with regard to 
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cDNA levels when compared with HT-29-Tn- 
cells. However, Cosmc transcripts were present 
in all tumor cell lines and normal cells except 
HT-29-Tn+ cells (Figure 2B and 2C). We also 
investigated the Cosmc cDNA mutation in all 
cells which had Cosmc transcripts, with the 
result being that only Jurkat cells had a position 
mutation of Cosmc (Figure 2C). These muta-
tions were not apparent in other cells (data not 
shown). Accordingly, the deletion of Cosmc 

cDNA can abolish T-synthase activity, while 
T-synthase expression remains normal in 
HT-29-Tn+ cells.

Deletion of CDS on Cosmc in HT-29-Tn+ cells 

leads to Cosmc dysfunction

To investigate the mechanisms involved with 
the lack of Cosmc transcript in HT-29-Tn+ cells, 
we examined the integrity of the Cosmc gene, 

Figure 3. Loss of the active Cosmc allele CDS in HT-29-Tn+ cells. A. PCR analysis of the Cosmc gene. gDNA were ex-
tratced from cells and then amplified using corresponding primers. PCR products were analyzed on 1% agarose gel. 
B. Analysis of SNPs in the non-coding region in Cosmc. Non-coding regions were amplified using gDNA as templates. 
PCR products were analyzed on 1.5% agarose gel, purified and then sequenced. 
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including the coding, noncoding regions and 
the promoter of Cosmc with PCR using DNA as 
templates. We found that the Cosmc CDS was 
absent in HT-29-Tn+ cells, while in other cells 
the Cosmc gene was intact (Figure 3A). The 
non-coding region bands for Cosmc are not 
shown. Because there was a very low probabil-
ity that identical mutations would simultane-
ously be present in both alleles, we sequenced 
non-coding regions which contained two SNPs 
at +1258 bp and +1337 bp (rs591040 and rs 
17327439) in HT-29-Tn+ and HT-29-Tn- cells as 
well as in normal female and BGC823 cells. 
Besides SNPs, one mosaic sequence at +1266 
bp was detected in normal female cells, which 
was consistent with a previous report [24]. 
Interestingly, although the DNA from normal 
female cells contained these two SNPs and one 
mosaic sequence, the DNA from HT-29-Tn+, 
HT-29-Tn- and BGC823 cells had only one 
sequence (Figure 3B). These results suggest 
that the inactive allele of Cosmc in HT-29-Tn+, 
HT-29-Tn- cells are absent, but it did not affect 
Cosmc function. The deletion of CDS in an 
active allele appears to result in a Cosmc dys-
function in HT-29-Tn+ cells.

Limited CpG island methylation of Cosmc was 
obtained in HT-29-Tn+ and HT-29-Tn- cells be-
cause of only a single DNA sequence exist in 
these cells

Methylation status of the CpG island of Cosmc 
in cells was examined using BSP as a means to 
determine whether a single active sequence 
remains in HT-29-Tn+ cells and HT-29-Tn- cells. 
The CpG island size in Cosmc was 160 bp and 
contained 25 methylation sites. After treat-
ment with bisulfate, Cytidine (C) was trans-
formed into thymine (T) within non-methylated 
regions but not within methylated regions 
(Figure 4A). We selected 9-10 monoclonal colo-
nies for sequencing. As presented in Figure 4B 
and 4C, all the methylation sites detected were 
represented by dots, with methylated sites indi-
cated by black dots and non-methylated sites 
indicated by white dots. With this presentation, 
the amount of CpG methylation in Cosmc is 
revealed by the ratio of black: total dots. As 
expected, in normal female cells the amount of 
methylation was approximately 50%. The two 
transfactor SP1/3 binding methylation sites 
are contained within the boxed region in this 
presentation. Methylation was close to 50% at 

one of these sites, but only 20% at the other 
methylation sites (Figure 4B). By contrast, CpG 
island methylations of Cosmc in HT-29-Tn+ and 
HT-29-Tn- cells as well as in BGC823 cells were 
very low and SP1/3 binding sites were not 
methylated in these cells (Figure 4C). These 
results reveal that although the inactive allele 
of Cosmc did not affect its function, an active 
allele CDS deletion was associated with the 
absence of Cosmc transcript in HT-29-Tn+ cells.

Discussion

Our results show that the deletion of Cosmc 
CDS gene result in T-synthase inactivity and Tn 
antigen expression in HT-29-Tn+ cells, a sub-
population of Tn positive cells sorted from 
human colon cancer cell line HT-29. SNP analy-
sis suggested that despite deriving from a 
female patient, HT-29 cells have only a single 
allele of the Cosmc gene. Methylation analysis 
revealed a methylation percentage much lower 
than normal female Cosmc. Suggesting that 
perhaps the methylated, inactive copy of 
Cosmc has been deleted in HT-29, but it does 
not affect Cosmc function. The absence of CDS 
gene just occurs in Cosmc active allele of 
HT-29-Tn+ cells. This is the first example that 
shed light on some of the potential mecha-
nisms of abnormal Tn antigen expression in 
HT-29-Tn+ cells.

We chose to examine the colon cancer cell line 
HT-29 because it has been well documented 
that Tn antigen is expressed in HT-29 cells [29, 
30]. To date, no genetic basis for the expres-
sion of Tn antigen in HT-29 cells has been 
reported. An additional consideration for the 
use of this model was that, Tn antigen expres-
sion is associated with tumor cell metastasis 
and prognosis of colorectal carcinoma patients 
[31]. We separated HT-29-Tn+ and HT-29-Tn- 
cells from the parental stock of HT-29 cells, 
which derived from a female patient, based on 
their expression or not of the Tn antigen and 
found that it was the absence of Cosmc CDS 
gene result in Tn antigen expression in HT-29-
Tn+ cells. However, the likelihood for identical 
mutation simultaneously occurring was quite 
remote. To confirm this, we sequenced the non-
coding region of Cosmc containing two SNPs in 
normal female and tumor cells. As expected, 
were SNPs of Cosmc non-coding regions pres-
ent, whereas no SNPs of Cosmc were observed 
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Figure 4. The methylation status of CpG islands in Cosmc. A. The difference between methylated and non-methylated sites after treatment with bisulfate. gDNA 
from cells were treated with bisulfate and amplified by PCR. CpG islands of Cosmc were identified using specific primers. PCR products were analyzed on 1.5% 
agarose gel, purified and then subjected to thymine-adenine (TA) colone sequencing. Portions of the sequencing results are shown including methylation and non-
methylation sites. Methylation sites detected were underlined and SP1/3 binding sites of Cosmc were boxed. B. CpG methylation status of Cosmc in normal female 
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in other cell lines. Suggesting that perhaps the 
active allele of Cosmc had been deleted in 
HT-29 cells, this deletion did not appear to influ-
ence Cosmc function, the absence of CDS just 
happened in Cosmc active allele in HT-29-Tn+ 
cells. Moreover, the SNPs and mosaic sequenc-
es in the non-coding region of Cosmc that we 
observed in normal female cells were identical 
with that reported in the cervical cancer sam-
ple DH85, which Tn antigen expression in this 
sample was caused by loss of the active Cosmc 
allele [24]. Interestingly, in the SNPs at +1337 
bp (rs17327439), thymine (T) remained in the 
Tn antigen positive cells of DH85, which had 
been identified only an inactive allele of Cosmc 
was remained. While adenine (A) was detected 
at this SNP site in HT-29-Tn+ and HT-29-Tn- cells 
as well as in BGC823 cells where an active 
allele of Cosmc was assumed to be present, 
further confirmed that Cosmc inactive allele 
had been deleted in HT-29-Tn+ and HT-29-Tn- 

cells. Furthermore, SNPs located on candidate 
genes have direct relevance to cancer risk [32, 
33] and SNPs may affect protein function 
through altering amino acid sequences [34]. It 
has been reported that an adenine (A) to qua-
nine (G) mutation in the SNP at position 61 of 
the 5’ region upstream of the epidermal growth 
factor (EGF) coding region (rs4444903) was 
associated with an increased risk in various 
malignant tumors [35-39]. Recently, Cao et al. 
[40] demonstrated that the rs3124591 TC gen-
otype of Notch1, one of a family of genes that 
encode a group of conserved transmembrane 
receptors, was correlated with high Notch1 
expression which had been shown to promote 
cancer in normal breast tissue, ductal breast 
carcinomas in situ (DCIS) and other invasive 
ductal breast carcinomas within the Chinese 
population. Such a mechanism may provide a 
theoretical basis for early interventions and 
treatment of breast cancers. Collating these 
findings leads to the proposal that Cosmc SNP 
rs17327439 in the 3’nontranslation region may 
could serve as a biological marker for estimat-
ing the risk of multiple neoplastic lesions. That 
is, the adenine-adenine (AA) genotype at this 
site results in increased expression of Cosmc 
which may modulate (promote or suppress) the 

process of tumor formation. Additional work will 
be required to confirm or refute this hypothesis. 
However, it should be noted that the distribu-
tion of SNPs are distinct among individuals or 
races [32, 41]. Therefore, SNPs of Cosmc in 
normal cells from colon cancer patients who 
possessed HT-29 cells were not always consis-
tent with that observed in the normal female 
cells we studied; it is possible that the deletion 
of CDS may occur simultaneously on two alleles 
of Cosmc, although the possibility is very small.

Findings from previous reports indicate that 
most X-linked gene methylations on CpG 
islands result in XCI methylation in female cells 
and an absence of methylation in male cells 
[42]. Methylation sites located around tran-
scription start sites (TSSs) on CpG islands are 
crucial for gene silencing [43]. To further con-
firm only one active allele remained in HT-29-
Tn+ and HT-29-Tn- cells, the methylation status 
of the CpG island should be examined since 
CpG islands are hypermethylated on inactive X 
chromosomes in somatic cells. In our study 
almost half of the methylation sites examined 
were methylated in normal female cells as 
observed with use of BSP. This may reflect the 
XCI presence in female cells. In addition, two 
transcription factor binding sites were included 
in these methylation sites. Ju et al. [23] report-
ed that methylation of these two sites leads to 
epigenetic silencing of the Chaperone Cosmc in 
Tn4 cells, which were derived from a male 
patient with Tn syndrome. Interestingly, we 
observed that in one of the SNP binding sites 
methylation frequency was nearly 50% while in 
another only 20%. This difference could be due 
to the limited number of random monoclonal 
colonies selected. The exact relationship 
between other methylation sites and Cosmc 
expression remains unclear. As expected, due 
to an active allele, very limited amounts of 
methylation were seen in HT-29-Tn+ and HT-29-
Tn- cells. Nor was methylation detected in cells 
derived from a male patient with a single X 
chromosome (BGC823 cells). Meissner et al. 
[44] reported that CpG islands in female cell 
populations (ES cell-derived and primary astro-
cytes, respectively), which had XCI, showed an 

cells. The amount of CpG island methylation containing 25 methylation sites were examined in normal fenmale cells 
using BSA. Nine monoclonal colonies were selected for sequencing. SP1/3 binding sites of Cosmc were boxed. C. 
The amount of CpG island methylation in BGC823, HT-29-Tn+ and HT-29-Tn- cells. Ten monoclonal colonies were 
selected for sequencing. SP1/3 binding sites in Cosmc were boxed.
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average of ~50% methylation, which is consis-
tent with our results. Up to now, there is so few 
attention is paid for the CpG methylation, espe-
cially for the methylation of transcription factor 
binding sites in female X-chromosome using 
BSP, that more work needs to be directed at 
examining CpG island methylation of Cosmc in 
normal female samples to identify whether the 
same methylated status as in our study exists 
under conditions of coexistence with active and 
inactive X chromosomes.

Our results established some of the genetic 
mechanism of Cosmc dysfunction in HT-29-Tn+ 

cells, which may enable a better understanding 
of Tn antigen expression in human cancer. 
Additionally, an alteration in the Cosmc gene 
abolishes T-synthase activity and consequently 
an abnormal expression of Tn antigens has 
been shown in multiple human tumor cells, 
including colorectal, melanoma cells and cervi-
cal cancer samples, as well as in cells from Tn 
syndrome patients [12, 13]. However, Yoo et al. 
[45] were unable to detect Cosmc mutations 
after examining the ORF of Cosmc in human 
colorectal and breast carcinoma samples by 
SSPS (single strand conformation polymor-
phism). Perhaps these results might be due to 
the fact that the colorectal cell line and sam-
ples were derived from different tissues. 
Moreover, it has been confirmed that aberrant 
Cosmc genes just exist in Tn positive cells, but 
whether the colorectal and breast carcinoma 
samples expressed Tn antigen was uncertain in 
their study. Besides, these investigators did not 
perform determinations at other regions out-
side ORF and the CpG island methylation in 
Cosmc, which may suppress its expression. 

In conclusion, we have shown that in HT-29-Tn+ 
cells, which isolated from colorectal carcino-
ma-derived cell line HT-29, the inactive allele of 
Cosmc caused by CpG island methylation was 
deleted, but this deletion does not affect 
Cosmc function. T-synthase inactivity and Tn 
antigen expression, however, are associated 
with the absence of CDS in Cosmc active allele. 
Our findings provide new information regarding 
the mechanisms of Tn antigen expression in 
tumor cells associated with an abnormal Cosmc 
gene as well as new directions for future 
research on DNA methylation and SNP geno-
type. Our investigation, along with previous 
studies regarding Tn antigen expression in 
tumor cells with dysfunctional Cosmc, laid a 

theoretical basis for the diagnosis and therapy 
of human cancer using Tn antigens or Cosmc 
genes as targets.
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