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Background: Aberrant glycosylation is a common feature of breast cancer.
Results: Cyclooxygenase-2 (COX-2), an enzyme associated with tumorigenesis in breast cancer, up-regulated the sialyltrans-
ferase ST3Gal-I.
Conclusion: COX-2 can regulate the expression of ST3Gal-I in breast cancer
Significance: Some of the tumorigenic properties associated with COX-2 may be the result of up-regulating ST3Gal-I that can
alter the O-linked glycosylation of tumors.

Aberrant glycosylation is a common feature of malignant
change. Changes inmucin-typeO-linked glycosylation in breast
cancer can result in the expression of truncated core 1-based
sialylated glycans rather than the core 2-based glycans observed
in normal mammary epithelium cells. This has been shown, in
part, to be due to changes in the expression of glycosyltrans-
ferases, including the up-regulation of some sialyltransferases.
Using the breast cancer cell line T47D, we have shown that
PGE2, one of the final products of the cyclooxygenase-2
(COX-2) pathway, can induce the mRNA expression of the sial-
yltransferase �-2,3-sialyltransferase-3 (ST3Gal-I), resulting in
increased sialyltransferase activity, demonstrated by a reduc-
tion in PNA lectin staining. Induction of COX-2 in the MDA-
MB-231 breast cancer cell line also results in the increased
expression of ST3Gal-I, leading to increased sialylation of the
substrate of ST3Gal-I, core 1 Gal�1,3GalNAc. This effect on
sialylation could be reversed by the selective COX-2 inhibitor
celecoxib. The use of siRNA to knock down COX-2 and overex-
pression of COX-2 in MDA-MD-231 cells confirmed the involve-
ment of COX-2 in the up-regulation of ST3Gal-I. Moreover, anal-
ysis of the expressionof ST3Gal-I andCOX-2by 74primary breast
cancers showeda significant correlationbetween the twoenzymes.
COX-2 expression has been associated with a number of tumors,
including breast cancer, where its expression is associated with
poorprognoses.Thus, these results suggest the intriguingpossibil-
ity that some of the malignant characteristics associated with
COX-2 expression may be via the influence that COX-2 exerts on
the glycosylation of tumor cells.

Glycosylation is one of themost frequent forms of posttrans-
lation modifications and is essential for many protein and cel-
lular functions. Changes in the composition of glycans added to
glycoproteins and glycolipids are common events in malig-
nancy (1, 2), and these changes can affect the course of the
disease (3–5). Dramatic changes occur in glycans attached to
serine and threonines in mucin-type O-linkage, and this can
be attributed, at least in part, to changes in the expression of
key glycosyltransferases involved in the synthesis of O-gly-
cans (2, 6).
O-linked glycosylation has been extensively studied in breast

cancer, where a number of tumor-associated glycans are
observed (2, 7).One change involves the expression of sialylated
core 1 (NeuAc�2,3Gal�13GalNAc) chains that are barely
expressed by normalmammary epithelial cells. The presence of
sialylated core 1 chains has been attributed to the overexpres-
sion of the sialyltransferase ST3Gal-I3 by breast cancer com-
pared with normal mammary epithelial cells, which was origi-
nally shown by us (6) and has since been confirmed by others
(8). Increased expression of ST3Gal-I is sometimes accom-
panied by the down-regulation of the glycosyltransferase
C2GnT1, which competes for the same substrate as ST3Gal-I
(9) and is responsible for the initiation of core 2 chains in the
mammary gland (Fig. 1). Thus, in the normal mammary gland,
the mucin-type O-linked glycans are core 2-based, whereas in
breast cancer, sialylated core 1 glycans are found (Fig. 1). We
recently demonstrated the importance of ST3Gal-I in mam-
mary tumor development using a murine model. In this model,
spontaneous Polyoma middle T (PyMT)-induced mammary
tumors developed earlier when human ST3Gal-I was expressed
as a transgene driven by theMUC1 promoter to ensure expres-
sion of the sialyltransferase in the mammary gland (4).
Although sialylated core 1 glycans are not found attached to

mucins in the normal mammary gland, they are found on pro-
teins expressed by leukocytes. Moreover, switching from core
1- to core 2-based glycans is often observed at different stages of
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cell activation. Thus, resting T cells carry sialylated core
1-based glycans but, upon activation, switch to expressing core
2-based glycans (10, 11). Previous work by ourselves and others
(12, 13) has shown that dendritic cells change their O-linked
glycosylation when induced to mature in vitro. Immature den-
dritic cells carry core 2 glycans, but upon maturation, stimuli
down-regulate C2GnT1 and up-regulate ST3Gal-I, resulting in
a change from core 2- to core 1-based glycans (12). Onemethod
used for thematuration of dendritic cells in vitro is the addition
of tumor necrosis factor � and PGE2 (14, 15), and we demon-
strated that PGE2 alone was sufficient for the rapid down-reg-
ulation of C2GnT1 and up-regulation of ST3Gal-I (12).
PGE2 is the principle metabolic product of the enzyme

cyclooxygenase-2 (COX-2), and dysregulation of COX-2 ex-
pression results in increased amounts of PGE2. Aberrant
expression of COX-2 occurs in cancers, and its associationwith
tumorigenesis is particularly strong for colon and breast cancer
(16, 17). Indeed, elevated levels of COX-2 in breast cancers are
associated with a poor prognosis and ductal carcinoma in situ
recurrence (18). Studies show that COX-2 is involved in breast
cancer cell proliferation, migration, and invasion (19, 21), and
when the enzyme is knocked out,mice develop fewermammary
tumors (22), whereas overexpression of COX-2 in the mam-
mary gland induces tumors (23). Moreover, although some-
times contradictory, epidemiological evidence suggests a cor-
relation of intake of non-steroidal anti-inflammatory drugs
(inhibitors of the COX enzymes) with decreased risk of breast
cancer (24). A phase III clinical trial is now underway to assess
the adjuvant benefit of a selective COX-2 inhibitor, celecoxib,
for the treatment of primary breast cancer (25).
Given these data, we investigated the role of COX-2 in the

control of the expression of the sialyltransferase ST3Gal-I in
breast cancer. Here we show that the expression of ST3Gal-I
can be up-regulated by COX-2 via PGE2 in both estrogen
receptor�-positive and -negative cell lines.Moreover, we show
that the expression of the two enzymes is positively correlated
in primary breast cancers. To our knowledge, this is the first
report of the control of ST3Gal-I expression in breast cancer.

EXPERIMENTAL PROCEDURES

Cell Line and Cell Culture—The breast cancer cell lines
MDA-MB-231 and T47D were routinely grown in DMEM
(Lonza) supplemented with 10% FCS (Invitrogen), penicillin
(100 �g/ml), and streptomycin (100 UI/ml). For experimental
procedures, cells were detached from culture flasks using
EDTA (2 mM) in sterile phosphate-buffered saline.
RNA Extraction, Reverse Transcription, and Quantitative

Real-time PCR (qRT-PCR)—Cell samples were snap-frozen
using RNA Later reagent (Qiagen). Total RNA was extracted
from cells using the Nucleospin RNA II kit (Macherey Nagel)
according to the instructions of the manufacturer. RNA from
primary breast cancers was prepared as described in Julien et al.
(26). The tumorswere obtained from theGuy’s and St. Thomas’
Research Breast Tissue Bank. DNased RNA (1–2 �g) was
reverse-transcribed using randomhexamer primers and Super-
script III reverse transcriptase (Invitrogen). qRT-PCR was per-
formed using the Opticon qRT-PCR analysis system (MJ
Research), a hot-start PCR that contained the double strand-

specific DNA-binding dye SYBR Green I (Sigma-Aldrich), and
10 pM of the forward and reverse primers (see below). After 5
min at 95 °C, 40 cycles were performed: 15 s of denaturation at
94 °C, 30 s of annealing at 60 °C, 30 s of extension at 72 °C, and
fluorescence detection at 78 °C. A melting curve fluorescence
analysis was performed on each sample once the amplification
cycles were completed to verify that a single product had been
amplified. Each sample was normalized to the housekeeping
gene PUM1 (homolog of Pumilio, Drosophila) (27). The fold
difference was calculated by subtracting the Ct of the test sam-
ple from the control sample to give ��Ct and then the fold
difference 2���Ct. The following primers were used: PUM1,
5�GATTATTCAGGCACGCAGGT 3� (forward) and 5�AGC-
AGCGCTGATGATGTATG3� (reverse); COX-2, 5�TGAGC-
ATCTACGGTTTGCTG3� (forward) and 5�TGCTTGTCTG-
GAACAACTGC3� (reverse); ST3Gal-I, 5�ATGAGAGGTTC-
AACCAGACC3� (forward) and 5�ATGGTGTCATTCAAGT-
TATTGG3� (reverse); and C2GnT1, 5�AGAAGGATACACA-
AAACGTACC3� (forward) and 5�ACCTTTCTAGCTAACT-
GTGCTC3� (reverse).
Electrophoresis andWestern Blotting—Cell pellets (10–20 �

106 cells) were lysed in 150 mM sodium chloride, 1.0% Nonidet
P-40, 0.5% sodiumdeoxycholate, 0.1% SDS, and 50mMTris (pH
8.0). The protein concentration was measured by Pierce BCA
protein assay (Thermo Scientific). 15 �g of proteins was frac-
tionated by size on SDS 7.5% polyacrylamide gels, and proteins
were transferred onto nitrocellulose sheet paper (Pall Corp.) in
1� SDS transfer buffer. Nitrocellulose membranes were
blocked in blocking buffer (PBS, 0.1% Tween 20, and 5%
skimmed powder milk) and incubated with polyclonal rabbit
anti-human prostaglandin receptor 1,2,3, or 4 antibodies pur-
chased from Cayman Chemicals (Ann Arbor, MI). Mouse anti-
�-actinmonoclonal antibody (SigmaAldrich)was used to iden-
tify beta actin as a loading control. The membrane was then
washed three times for 10 min in wash buffer, and an HRP-
conjugated secondary antibody was added at the appropriate
concentration. The protein bands were visualized with an ECL
system (Amersham Biosciences) according to the instructions
of the manufacturer.
Flow Cytometry Analysis—Cell monolayers were detached

using 5 mmol/liter EDTA in PBS. When necessary, cells were
treatedwith 500mUof typeVneuraminidase fromClostridium
perfringens (Sigma-Aldrich) in serum-free medium for 1 h at
37 °C. Cells (5 � 105 cells) were stained with PNA (peanut
agglutinin) for 1 h. After three washes, samples were incubated
with FITC streptavidin antibody (BD Biosciences) for 30 min
on ice in PBS containing 0.5% BSA. Cells were then fixed in 1%
formaldehyde and analyzed by flow cytometry using a Coulter
EPICSXL cytometerwith Expo32ADCsoftware or a FACScali-
bur cytometer with Cellquest Pro software.
Transient Transfections—MDA-MB-231 cells were tran-

siently cotransfectedwith a pECFP-C1 plasmid containingGFP
cDNA (Clontech) and the COX-2 plasmid (pCMV6-AC,
purchased from Origene) or with the same empty vector
(pCMV6-AC without the insert mock-transfected cells).
Briefly, cells were seeded in T80 flasks (LAB-TEK Nalge Nunc
International) and cultured in standard conditions until they
reached 60–70% of confluence. They were transfected with 9
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�g of pECF-C1 plasmid and 9 �g pCMV6-AC using Lipo-
fectamine LTX (Invitrogen). After transfection, cells were cul-
tured in FCS-containing freshmedium, and after 72 h cells were
harvested and gene expression-analyzed by RT-qPCR.
COX-2 siRNA Transfection—The siRNA COX-2 oligos were

as described in Stasinopoulos et al. (20): Sense, AACAUUCC-
CUUCCUUCGAAAU and antisense, UUUUGUAAGGGAA-
GGAAGCUUUA; sense, AACUGCUCAACACCGGAAU-
UUUU and antisense, UUUUGACGAGUUGUGGCCUUAA-
AAA.MDA-MB-231 (1� 106)were seeded in 6-well plates 18 h
before treatment in complete DMEM without penicillin and
streptomycin. Cells were transfected with COX-2 siRNA using
transfection reagent as suggested by the manufacturer (Santa
Cruz Biotechnology). 24 h after transfection, cells were treated
with 12-O-tetradecanoylphorbol-13-acetate (TPA) for 18 h.
Statistical Analysis—Statistical analysiswas carried out using

Graphpad software using the Student’s t test calculator. A value
of p � 0.05 was considered significant. For the correlation of
ST3Gal-I and COX-2 expression in primary breast cancers,
Spearman’s rank correlation and Pearson’s correlation tests
were applied.

RESULTS

PGE2 Can Induce the Expression of ST3Gal-I in the Breast
Cancer Cell Line T47D—The estrogen receptor-positive breast
cancer cell line T47D expresses the ST3Gal-I enzyme but not
C2GnT1 (9), and so the glycans attached to proteins that carry
mucin-type O-linked glycans in this cell line are core 1-based
(Fig. 1), many being sialylated core 1 (28). To determine
whether ST3Gal-I expression can be induced inT47Dby PGE2,
the cells were incubated with exogenous PGE2 (0.1 �M) for 4 h,
and the expression of ST3Gal-I wasmeasured by qRT-PCR. Fig.
2A shows that exogenous PGE2 could increase the expression
of ST3Gal-I RNA at least 3-fold. To examine whether this
increase in ST3Gal-I RNA expression translated to increased
protein expression and so increased enzyme activity, the pres-
ence of ST3Gal-I substrate (core 1, Gal�1,3GalNAc) was mea-
sured by PNA binding. PNA is a lectin that binds core 1, but the
binding is inhibited when sialic acid is added in an � 2,3 linkage
to the galactose. As can be seen in Fig. 2B, the binding of PNA to
the surface of T47D cells was decreased when the cells were
incubated with PGE2. These data indicate that PGE2 induction
of ST3Gal-I mRNA leads to an increase in ST3Gal-I activity.
TPA Can Induce ST3Gal-I mRNA Expression and Reduce

C2GnT1 mRNA—COX-2 expression in breast cancer has been
associated with both ER� and ER- breast cancers (17, 30).
Therefore, to extend this observation to breast cancers of dif-
ferent phenotypes, we used the estrogen receptor-negative
breast cancer cell lineMDA-MB-231. This cell line also has the
advantage that it expresses the core 2-initiating enzyme
C2GnT1, which competes with ST3Gal-I for the same sub-
strate. However, in MDA-MB-231 cells, the addition of exoge-
nous PGE2 did not affect the expression of ST3Gal-I or
C2GnT1 (data not shown). Analysis of the expression byMDA-
MB-231 and T47D of the two PGE2 receptors most associated
with carcinogenesis, EP2 and EP4 (30, 32), showed that
although T47D expressed EP2 and EP4, MDA-MB-231
expressed the EP4 receptor but extremely low levels of EP2
(data not shown). EP2 and EP4 differ in their sensitivity to

FIGURE 1. Simplified pathway of the initial stages of mucin-type O-linked
glycosylation in mammary cells. Core 1 (Gal�1,3GalNAc) is converted to core 2
(Gal�1,3[GlcNAc�1,6]GalNAc) by the action of C2GnT1, which can then be
extended, as seen in the normal mammary gland, or to sialyl core 1 by the action
of ST3Gal-I, as observed in breast cancer. R, serine or threonine residues of the
protein backbone.

FIGURE 2. PGE2 can induce the expression and activity of ST3Gal-I in the breast cancer cell line T47D. T47D cells were incubated with 100 nM PGE2 or
vehicle. A, after 4 h, cells were taken for RNA extraction, and mRNA for ST3Gal-I was measured by RT-qPCR. The results shown are the average of three
independent biological experiments. B, after 72 h of incubation with PGE2, cells were analyzed by flow cytometry for PNA lectin staining. Green line, cells
incubated with vehicle; red line, cells incubated with 0.1 �m PGE2; blue line and filled gray area, cells incubated with PGE2 or vehicle, respectively, but not
incubated with PNA. The results show one representative of two independent biological experiments.
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PGE2. EP4 is desensitized after short-term exposure, and this,
coupled with the rapid metabolism of PGE2 (33, 34), may
explain the lack of response to exogenous PGE2 of MDA-MB-
231 cells. We therefore investigated the effect of an inducer of
COX-2 on this cell line. MDA-MB-231 was incubated with the
phorbol ester TPA, which, among its many effects, has been
shown to induce COX-2 expression (35). qRT-PCR showed an
increase inCOX-2mRNAafter 18-h exposure toTPA (Fig. 3A).
In parallel, ST3Gal-I expression was increased and C2GnT1
expression decreased (Fig. 3A). Fig. 3B shows a time course of
treatment of MDA-MB-231 with 10 nM TPA. COX-2 mRNA
expression started to rise between 50 and 120 min after the
addition of TPA, whereas ST3Gal-I mRNA expression did not
start to increase until some time after 120 min following the
addition of TPA. The data from the 120-min time point is in
agreement with the induction of ST3Gal-I mRNA being indi-
rect through COX-2.
Analysis of PNA binding to the cells 72 h after TPA stimula-

tion showed a reduction in PNAbinding to TPA-treatedMDA-
MB-231 cells compared with vehicle-treated, indicating an
increase in sialylation of core 1 (Fig. 4A). To confirm that it was
sialic acid inhibiting the binding of PNA, cells were treatedwith
neuraminidase. Fig. 4B shows an increased binding to vehicle-
incubated cells because of the removal of the basal level of sialic
acid on core 1 glycans. As expected, the binding of PNA to
TPA-treated cells now overlaps with the vehicle-incubated
cells. This confirms that the decrease in PNA binding observed

upon TPA treatment was due to sialic acid masking of core 1
and not due to a decrease in the pool of core 1-based structures.
To determine whether the increase in ST3Gal-I activity

mediated by TPA is working through COX-2, the cells were
incubated with the specific inhibitor of COX-2, celecoxib, dur-
ing the stimulation with TPA. Fig. 4C shows again the
decreased binding obtained with PNA when the cells were
treated with TPA, but incubation with TPA in the presence of
celecoxib returned the PNAbinding to that observedwith vehi-
cle alone, strongly suggesting that TPA was increasing
ST3Gal-I mRNA and activity via COX-2 induction.
COX-2 Can Induce the Expression of ST3Gal-I—To further

confirm that COX-2 was inducing the expression of ST3Gal-I,
COX-2 was silenced by siRNA in MDA-MD-231 cells during
incubation with TPA. Fig. 5A shows that COX-2 expression
could be inhibited by 75% by two siRNAs and that this resulted
in a 50% inhibition of ST3Gal-I mRNA expression (B). More-
over, overexpression of COX-2 in MDA-MB-231 by transfec-
tion of COX-2 cDNA resulted in increased COX-2 expression
and increase ST3Gal-I expression (Fig. 5, C and D).
Correlation of COX-2 with ST3Gal-I Expression in Breast

Cancers—To investigate the clinical significance of our find-
ings, we determined the expression of COX-2 and ST3Gal-I
mRNA by RT-PCR in 74 primary breast cancers obtained from
the Guy’s and St. Thomas’ Research Breast Tissue Bank. Fig. 6
shows a plot of the results and the line drawn from the least
squares regression to graphically represent the correlation.We

FIGURE 3. TPA induces the expression of COX-2 and ST3Gal-I in MDA-MB-231 cells. A, MDA-MB-231 cells were incubated with vehicle or 10 nM TPA for 18 h.
mRNA was extracted, and the expression of COX-2, ST3Gal-I, and C2GnT1 was determined by qRT-PCR. Results shown are the average of four independent
biological experiments. B, time course of COX-2 (left panel) and ST3Gal-I (right panel) mRNA induction after incubation with TPA for the times indicated.
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used the Pearson’s product-moment correlation coefficient to
measure the significance of the correlation, which gave a coef-
ficient of 0.274 with a p value of 0.015. We also applied the
Spearman’s rank correlation test to the data, which gave a cor-
relation of 0.309 with a p value of 0.00593. Thus, both tests
confirmed the presence of a moderate but statistically signifi-
cant correlation in the expression of the two enzymes.

DISCUSSION

Increased expression, relative to normal tissue, of ST3Gal-I is
observed in many carcinomas, especially colon (36), bladder
(37), and breast cancer (6, 8). This suggests that the transcrip-
tional regulation of this sialyltransferase is altered during
malignant transformation. Here we have shown that in two
breast cancer cell lines, transcription of ST3Gal-I is increased
byCOX-2 or its product, PGE2. This increase inmRNAexpres-
sion leads to increased activity of ST3Gal-I, as demonstrated by
decreased binding of the lectin PNA, which binds to the sub-
strate of ST3Gal-I (Gal�1,3GalNAc, also known as the
Thomsen–Friedenreich (TF) antigen). Moreover, we have
shown that there is a significant correlation between COX-2
expression and ST3Gal-I expression in primary breast cancers,
indicating that our findings have clinical significance.

Nearly all proteins that are expressed on the cell membrane
or are secreted carry glycans that are involved in cell adhesion,
recognition, molecular trafficking, clearance, and signaling
(38). Aberrant glycosylation occurs in essentially all types of
human cancer and appears to be an early event aswell as playing
a key role in the induction of invasion andmetastases (1–5, 26).
Changes in glycosylation that occur in cancer can also alter
molecular interactionswith the immune system (39) and recep-
tor signaling. Thus, increased expression of ST3Gal-I, which
can result in the expression of truncated sialylated glycans,
could play an important role in the promotion and progression
of cancer. In support of this, we have shown previously that
overexpressing ST3Gal-I in the mammary gland can promote
the early development of spontaneous mammary tumors in a
murine model (4).
Until now, very little was known about the control of expres-

sion of ST3Gal-I in breast cancer cells. Analysis of the promoter
region of ST3Gal-I has identified binding sites for the ubiqui-
tous transcription factors SP1 and USF. However, mutational
studies confirm that other factors must play a role (40). In por-
cine kidney cells, transcriptional activation of this sialyltrans-
ferase can be induced by TGF-�1 (41), and in the colon carci-

FIGURE 4. TPA increases ST3Gal-I activity through COX-2. MDA-MB-231 cells were incubated with 10 nM TPA for 72 h and then analyzed for PNA binding by
flow cytometry. A, PNA binding to MDA-MB-231 after incubation with TPA or vehicle. B, cells were treated with neuraminidase for 30 min at 37 °C before
analyzing for PNA binding. C, cells were treated with TPA in the presence or absence of the COX-2 inhibitor celecoxib and then analyzed for PNA binding. Green
line, cells incubated with vehicle; red lines, cells incubated with TPA; pale green lines, cells incubated with TPA and celecoxib; blue lines and dark gray filled areas
are control cells incubated without PNA. D–F, MDA-MB-231 were incubated with TPA and 10 �M arachidonic acid for 18 hours after which the expression of
COX-2 (D) and the expression of ST3Gal-I (E) were determined by qRT-PCR. F, the secretion of PGE2 was measured by ELISA.
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noma cell line HT-29, tumor necrosis factor � can enhance
ST3Gal-I expression through NF�B binding sites (31).We now
show that increased expression of ST3Gal-I in breast cancer
cells can be induced byCOX-2working through the prostanoid
PGE2. Further studies will be required to demonstrate the tran-
script factors involved.
COX-2 is undetectable in most normal tissues but is

induced by inflammation when activated macrophages and
other cells at sites of inflammation express it. However,
COX-2 expression is also turned on in many cancers, and
increased expression has been reported in colon (16), blad-
der (29), and breast cancers (17). Interestingly, these are all
cancers that show increased expression of ST3Gal-I (6, 8, 36,
37). COX-2 expression has been associated with cell motility
and invasion (19), angiogenesis (20), and lymph node metas-
tasis (21), all processes that involve glycan interactions (3).
Clinical trials investigating the efficacy of the selective
COX-2 inhibitor celecoxib are now underway in colon,
breast, and bladder cancer, and it would be interesting to
measure the expression of ST3Gal-I in tumors from these
patients. The results described here suggest the intriguing
possibility that some of the malignant characteristics associ-
ated with COX-2 expression may be via the influence that
COX-2 exerts on the glycosylation of tumor cells.

FIGURE 5. COX-2 induces the increase expression of ST3Gal-I mRNA. A and B, MDA-MB-231 cells were incubated with TPA after the COX-2 expression was
knocked down by siRNA. A, COX-2 mRNA expression was determined by qRT-PCR. B, ST3Gal-I expression was determined by qRT-PCR. C and D, COX-2
expression was increased in MDA-MB-231 cells by transfection of COX-2 cDNA. C, COX-2 mRNA expression was determined by qRT-PCR. D, ST3Gal-I expression
was determined by qRT-PCR.

FIGURE 6. The expression of COX-2 and ST3Gal-I are correlated in primary
breast cancers. RNA was extracted from 74 primary breast cancers, and the
expression of COX-2 and ST3Gal-I was determined by RT-PCR. The -log of the
�Ct was plotted, and the line was drawn from the least squares regression. To
measure the significance of the correlation of COX-2 and ST3Gal-I expression,
the Pearson’s correlation coefficient and Spearman’s rank correlation was
used. The former gave a correlation coefficient of 0.274, p � 0.0150. The
Spearman’s test gave a correlation 0.309, p � 0.00593.
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