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Abstract

The objectives of this study were the quantification of the two major sialic acid (Sig) forms — N-acetylneuraminic
(Neu5Ac) and N-glycolylneuraminic acids (Neu5Gc) — in serum before and after surgical treatment of early endometrial
cancer and the relation of their levels with the progress of surgical therapy. The major Sia forms were liberated from sera
glycoconjugates by mild acid hydrolysis, separated as per-O-benzoylated derivatives by a highly sensitive reversed-phase
HPLC method and detected at 231 nm. Total Sia content in sera of healthy women was not related to age and body weight.
Neu5Ac was identified as the mgjor Siain sera from both cancer patients, healthy individuals as well as in tissue specimens
(=94% of total Sig). In patients with endometrial cancer the total Sia level before surgical treatment (709.5+306.5 mg/I)
was significantly higher (p=0.0001) than that of the control group (213.5+88.7 mg/l). The elevation in Sia level was
exclusively due to NeuS5Ac. Following surgical therapy, serum NeuSAc levels (699.4+305.6 mg/l) were significantly
decreased (305.9+114.5 mg/1). In one case, where NeuSAc level was increased 15 days and eight months after surgery (1.8
and 2.5 times as compared to control, respectively), a metastasis not detected during surgery was recorded. The obtained
results suggest that NeuSAc level in serum may be used as a tumor marker in evaluating the suitability of surgical treatment
in early endometrial cancer. [0 1999 Elsevier Science BV. All rights reserved.
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1. Introduction

Sialic acids congtitute a family of more than 30
derivatives of a monosaccharide called neuraminic
acid  (5-amino-3,5-dideoxy-p-glycero-p-galacto-
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nonulosic acid), most of them being O-acetylated
[1]. N-Acetylneuraminic (NeuS5Ac) and N-gly-
colylneuraminic acids (Neu5Gc) are the most com-
monly occurring derivatives. Because of their termi-
nal location in glycoproteins and glycolipids and
their negative charge at physiological pH, sialic acids
play key biological roles. The most important role is
their ability to act as biological masks preventing
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recognition of receptors by ligands and antigenic
sites by components of the immune-defense system.

Highly sialylated surfaces protect tumor cells from
immune defense and thus facilitate metastatic spread
[2,3]. Sidic acid (Sia) levels are elevated in a
number of different types of cancer, such as breast,
ovary and lung cancer [4—-6] and this has been
attributed to the increased amount and/or activity of
sidyltransferases [7]. The most common type of Sia
in serum of human is NeuSAc. The metastatic cancer
in rat was identified to be closely associated with a
significantly increased synthesis of this major tissue
sidic acid [8]. Sia levels are of limited use for the
initial diagnosis of cancer because of a remarkable
elevation can also be seen in other diseases, such as
myocardial infraction [9], diabetes [10,11], bacterial
infection [12], inflammatory and other diseases
[13,14]. The most tumor markers are specificaly
associated with histological types of cancer, while
Sia do not [15]. Furthermore, Sia as glycoprotein
components are present in larger quantities on the
surface of cancer cells than in normal ones and they
expressed faster than other tumor markers in case of
metastases [16]. It has been proposed, therefore, that
serial measurements of sialic acids can be proved
valuable in detecting the development of metastases
or monitoring the tumor bulk in response to treat-
ment [17].

Endometrial cancer is the most commonly found
tumor of the female genital tract, which when is
early diagnosed has good prognosis and low death
rates [18,19]. It has been recently reported [20] that
mean value of serum Sia in women with endometrial
cancer increases significantly as compared to control
group. The elevation of total Sia was associated to
the burden of the tumor and especially with stages |
and Il1+I11 [20]. However, no information on how
serum Sia levels could be related to the progress of
the disease after surgery is available.

A few methods, which are based on high-per-
formance liquid chromatography (HPLC), are avail-
able for NeuSAc and Neu5Gc analysis in minute
amounts [21,22]. The aim of this study was to
estimate whether the content of NeuSAc and Neu5Gc
in serum could be used as a marker controlling the
efficiency of the surgical treatment at early stages of
the disease. NeuSAc and Neu5Gc contents were
determined following a simple clean-up procedure

for the removal of interfering substances present in
serum and tissue specimens [23] and a highly
sensitive and accurate HPLC method [21].

2. Experimental
2.1. Chemicals and biologic material

NeuSAc, Neu5Gc and N-acetylneuraminyl-o-
(2,3)-lactose from human milk were purchased from
Sigma (St. Louis, MO, USA). Sep-Pek C,, car-
tridges were obtained from Waters (Milford, MA,
USA). All other chemicas used were of analytical
grade. Benzoylation mixture consists of 10% (w/v)
benzoic anhydride, 5% (w/v) p-dimethylaminopyri-
dine in pyridine. The solution was stored at 4°C, and
remained stable for more than a week.

Blood sera from 30 healthy women and 16 women
with endometrial cancer were used. Members of the
healthy group were aged from 40 to 67 years (12
pre- and 18 post-menopausal). A further grouping
was attempted according to body weight (50—65 and
65—90 kg). Patients were aged from 42 to 65 years.
Two of the patients were at the peri-menopausal
stage, the remaining being beyond the menopause.
All patients presented with abnormal uterine bleed-
ing and dilatation curettage (D&C) confirmed the
diagnosis of endometrial carcinoma. All 16 women
included in this study were found to have endometri-
a adenocarcinoma. Histological grading was evalu-
ated according to classification adopted by the
International Federation of Gynecology and Obstet-
rics (FIGO). In 11 cases moderately differentiated
adenomatous carcinoma with partly solid areas was
identified (G2). Five cases identified as highly
differentiated adenomatous carcinoma (G1). The
clinical staging of the disease was stage | according
to the staging classification for carcinoma of the
uterine corpus adopted by the FIGO (carcinoma
confined to the corpus including the isthmus). In all
cases included in the study a total abdomina hy-
sterectomy and bilateral sal pingo-oophorectomy was
performed and a wide vaginal cuff was extracted. No
radical hysterectomy was attempted. After surgery
al women were treated with medroxy-progesterone
acetate for the studied period. The sera from patients
were obtained before and 15 days to eight months
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after surgical treatment. Tissue specimens obtained
from the operations were immediately rinsed with
0.2% NaCl and kept at —40°C until use.

2.2. Sample treatment

221 Serum

A 100-p! volume of serum was mixed with two
volumes of saturated ammonium sulfate, pH 10, and
the mixture was kept at 0°C for 5 min. Following
centrifugation at 11 000 g for 5 min, the precipitate
was dissolved in 200 wl of water and the solution
was chromatographed on a Sephadex G-25 column
(3.0x1.3 cm |.D., PD-10 prepacked column, Phar-
macia, Uppsala, Sweden). The column was washed
with 0.8 ml of water. Following elution of macro-
molecules eluted with the void volume of the column
with 1.5 ml of water, the elute was collected and
kept at —40°C for further analysis.

222 Tissue

A 50-100-mg dry weight amount of endometrial
tissue specimens was homogenized at 0°C for 1 min
with 3 ml of 2Xxdigtilled water. Following washing
of the homogenizing system with 2 ml of water, the
obtained suspension was centrifuged at 11 000 g for
15 min and the supernatant was kept at —40°C until
use.

2.3. Sample hydrolysis and purification

Glycoconjugates were hydrolyzed in 20 mM tri-
fluoroacetic acid (TFA) at 80°C for 2 h in capped
centrifuge tubes. Standards were prepared by treating
known amounts of NeuSAc and Neu5Gc under the
same conditions. Hydrolysates were freeze—dried
and the obtained residues were dissolved in 1 ml of
water. To remove cationic substances, the solutions
were then chromatographed on a Dowex 50X8
column (40x3 mm, I.D., H" form). Sialic acids were
recovered by eluting the column with 1 ml of water.
The elute was partly neutralized to a of pH 3-5 with
0.5 M NH,OH and were then chromatographed on a
—NH, column (Dowex 1AG, 40X3 mm, |.D. 200~
400 mesh, HCOO ™ form). Neutral monosaccharides
were removed by washing the column with 1 ml of
water and sialic acids were eluted with 2 ml of 2 M

formic acid. The latter fraction was collected,
lyophilized and taken for per-O-benzoylation.

2.4. Derivatization procedure

Per-O-benzoylated derivatives were prepared by a
previously described procedure [21]. Briefly, 100 .l
of benzoylation mixture was added to the dry
hydrolysates and the mixture was heated at 80°C for
20 min. The reaction was terminated by adding nine
volumes of water and shaking vigorously on a vortex
mixer. For complete destruction of the remaining
benzoic anhydride, the mixture obtained was heated
for a further 5 min at 80°C. Excess of reagents and
under-benzoylated derivatives were removed by
passing the mixture through a Sep-Pak C,, cartridge,
which had been equilibrated with 5 ml of methanol
and 10 ml of water. After sample addition to the
cartridge, it was washed with 5 ml of water and the
per-O-benzoylated derivatives of sialic acids were
eluted with 5 ml of acetonitrile. After evaporation of
the latter fraction, the dry residue was dissolved in
200 ! of acetonitrile and centrifuged at 10 000 g for
1 min in a Beckman Microfuge. Aliquots of 10—20
wl were taken for HPLC analysis.

2.5. HPLC procedure

The HPLC system used was consisted of an LKB
pump (Pharmacia) equipped with a Reodyne Model
7125 injector with a 50-l loop (Cotati, CA, USA)
and an LDC 1204 A UV detector with an 8-pl flow
cell (LDC, FL, USA). Separation was performed on
a Supelcosil LC-18 column (250x4.6 mm 1.D.),
particle size 5 pm (Supelco, Bellfonte, PA, USA)
equipped with a RP-18 pre-column (30X4.6 mm
I.D., Brownlee Labs., Santa Clara, CA, USA). The
samples were chromatographed with 67% (v/v)
aqueous acetonitrile at room temperature. The flow-
rate of the eluent was 1.5 ml/min. The eluted peaks
were recorded at 231 nm. Quantitation was per-
formed by comparing the peak areas obtained from
the samples with those of standards solutions.

2.6. Satigtical analysis

Statistically significant differences in serum sialic
acid levels between healthy individuals and patients
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with early endometrial cancer as well as of those
before and after surgical treatment were evaluated
using t-test and the two-way completely randomized
analysis (ANOVA) using the origin software (version
5.0).

3. Results

3.1. Method parameters and applicability in
biologic samples

A typica high-performance liquid chromatogram
of the standard per-O-benzoylated derivatives of
NeuSAc and Neu5Gc is given in Fig. 1A. The two
major sialic acid forms were completely separated
from each other. Method quality parameters (sen-
sitivity, linearity and precision) have been examined
for agueous solutions of NeuSAc and NeuS5Gc
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Fig. 1. High-performance liquid chromatographic profiles of
NeuSAc and Neu5Gc in a standard mixture (A), sera from a
healthy woman and with endometrial cancer (B and C, respective-
ly) and a tissue specimen (D). Peaks 1 and 2: per-O-benzoylated
derivatives of NeuSAc and Neu5Gc, respectively.

following the entire procedure, i.e., hydrolysis, puri-
fication and per-O-benzoylation. The relationship
between peak area and concentration of aqueous
solutions of NeuSAc and Neu5Gc was linear within
the range of 5 pg/ml to 5 mg/ml with correlation
coefficients of 0.9995 and 0.9992 (n=12), respec-
tively, in excellent agreement with previously pub-
lished values [24]. The equations of linearity for
NeuSAc and NeuS5Ge were y=—1.13+15.6x (SD=
2.12) and y=-0.75+11.6x (SD=1.38), where y=
peak area and x=concentration of sialic acids in
pg/ml. The detection limit estimated at a signal-to-
noise ratio equal to three corresponded to 0.8 pg/mil.
The precision of the method was determined by 12
repeated analyses of each siaic acid from an aqueous
solution containing NeuS5Ac and Neu5Gc at con-
centrations of 10 and 18 pg/ml, respectively. In-
jections of 10 pl of per-O-benzoylated derivatives
gave relative standard deviations of 2.4% for
Neu5Ac and 2.1% for Neu5Gc.

The HPLC profiles obtained for the serum of a
healthy woman (control), a woman with endometrial
cancer and an endometrial specimen are given in Fig.
1B-D, respectively. The retention times obtained for
the per-O-benzoylated derivatives of NeuSAc and
NeuSGc in sera and tissue samples analyzed were
identical with those of standard compounds (7.5+0.5
min and 17.50.5 min, respectively). This suggested
that the HPLC separation may be accurately applied
for identification of the two major sialic acid forms
in tissue and sera samples. To evaluate the ap-
plicability of the method to serum and tissue sam-
ples, sensitivity, linearity and precision were aso
tested by spiking sera samples and tissue homoge-
nates with various concentrations of standard solu-
tions of NeuSAc and Neu5Gc. Standard solutions
and spiked samples were hydrolyzed separately with
20 mM TFA at 80°C for 2 h. Measuring the peak
areas in spiked samples and comparing with those
obtained with standards treated under the same
hydrolytic conditions it was found that more than
98% of both sialic acids were recovered. Further-
more, both detection limit and linearity of the
methods were not affected when spiked samples
were analyzed. The obtained results were in accord-
ance with those reported when the HPLC method
was applied for the sialic acid analysis in isolated
glycoconjugates [21,24]. The precision of the pro-
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cedure was also determined by six repeated de-
terminations of both sialic acids from spiked serum
and tissue samples. When equa volumes of per-O-
benzoylated sialic acids were injected (10 pl in-
jections from spiked samples containing Neu5Ac and
NeuS5Gc at 10 and 18 pg/ml, respectively), the
relative standard deviations were 2.6% and 2.3% for
NeuSAc and Neu5Gc, respectively. These results
suggested that the clean-up procedure as well as the
HPLC analysis may accurately be used for quantita-
tive analysis of Neu5Ac and Neu5Gc in sera samples
and tissue specimens.

3.2 Quantitation of sialic acids in serum samples
and tissue specimens

Analysis of sialic acids in sera samples and tissue
specimens showed that NeuSAc is the major sialic
acid (=94% of total Sia in control group, patients
with endometrial cancer and tissue specimens)
(Table 1).

The control group was used to determine possible
variation in Sia content according to age and body
weight. No statistically significant differences were
identified in NeuSAc and Neu5Gc levels in 12 pre-
and 18 post-menopausal women as well as between
the two body weight groups of controls (not shown).
The average=SD concentration of total serum Sia
and NeuS5Ac in sera of healthy women were
213.5+88.7 and 196.6+86.8 mg/l, respectively,
whereas those found in sera of women with endo-
metrial cancer were 709.5+306.5 and 699.4+305.6
mg/l, showing a statistically significant (p=0.0001)
increase (3.3 times on the basis of average values)

Table 1
Sialic acid content in serum and tissue specimens from healthy
individuals and women with endometrial cancer®

Neu5Ac Neu5Gc Total Sia
Serum
Control 196.6+-86.8 16.9+6.3 213.5+88.7
Beforesurgery  699.4+305.6* 13.2+5.8  709.5+306.5*
After surgery 305.9+114.5 109+2.2 317.1+114.3
Tissue 639.1+176.4 17.9+81 657.1*+175.1

®Results are expressed as mg/l of serum and wg/g of dry
tissue. Values are means=SD. Asterisks show the statistically
significant differences (p<0.0001) as compared to respective
control values.

(Table 1). The increase was exclusively due to
increased synthesis of the magor sialic acid, the
NeuSAc. The average*=SD level of NeuSAc in sera
from 15 women out of 16 following randomized
analysis for a period from 15 days to eight months
after surgical treatment was 305.9+114.5 mg/l,
which is not statistically different from control value
at the level of p=0.05. In al 15 patients the decrease
of NeuS5Ac concentrations was considered large
enough as to be significant.

In one case, one day after surgery the serum
Neu5Ac level decreased to a value close to that of
the control group. A significant increase (p=0.0001)
of NeuSAc was also observed 15 days after the
surgery (1.8 times higher as compared to control),
whereas eight months later the increase was 2.5
times (Fig. 2). This case was found to have a
metastasis in pelvic lymph nodes. Since most of the
conditions that could affect the NeuSAc level in sera

i * Neu5Ac
Il Neu5Ge
800
*p<0.0001 N
3 600 -
S~
=)
£
s
(72}
k=l
Q *
S 400 |
L
s
%)
200
0 -
g ° 3z =& ¢
Q
= s o Q g
= < < 2 3
(=2 S =
-
(7]

Fig. 2. Concentration of NeuSAc and Neu5Gc in a women before
(0 day) and after (one day, 15 days and eight months) surgical
treatment. This case was identified to have a metastasis in pelvic-
lymph node not detected, however, during surgery. Asterisks show
statistically significant differences as compared to respective
control values.
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were excluded after careful clinical and laboratory
data evaluation, the increase of NeubAc level was
well related with this metastasis. It is worth noticing
that the dtatistically significant elevation in the
concentration of NeuSAc was noted 15 days after the
surgery.

4. Discussion

The mgjority of sialic acids in sera and tissues are
bound to glycoproteins. The siaic acid-containing
water soluble macromolecules were almost com-
pletely precipitated (recovery 98.5%) with saturated
ammonium sulfate, pH 10, at 0°C. Siaic acids were
released from their macromolecules by mild hy-
drolysis, which ensures the lowest possible degra-
dation of liberated sialic acids [21]. With this hy-
drolysis procedure all O-acetyl groups are removed,
whereas N-acyl linkages are stable. Glycosidic link-
ages of neutral hexoses are mainly stable under the
mild hydrolytic conditions used and minute amounts
of them are completely removed with the ion-ex-
change chromatographic steps.

The finding that there are no statistical differences
in Sia content between pre- and post-menopausal
healthy women as well as between the two body
weight shared groups suggests that the functional
condition of the ovary and the amount of body lipid
tissues do not affect the levels of both sialic acids.
Therefore, al healthy women were used for the
estimation of normal range values.

Comparing the mean concentrations of total serum
sialic acids in serum from women with endometrial
cancer with controls, a significant elevation in total
Sia was identified. The average value of Sia level
was 3.3-times higher than the control group. This
was in excellent agreement with recent results [20],
where total serum Sia levels were also compared. In
this study it was further elucidated that the elevation
in Sia is exclusively due to NeuSAc. The average
values of NeuSAc after the surgical treatment were
significantly decreased. In some cases Neu5Ac level
in sera, after the tumor removal, reached normal
level. In one case, eight months after surgery, a
dramatic increase in the concentration of Neu5Ac
was found. This patient was found to have pelvic-
lymph node metastasis. The decrease in NeuSAc

level following surgical treatment may well be
explained by the removal of tumor that isrich in cell
bound siaic acid-containing glycoproteins/glyco-
lipids. In case, however, where a metastasis is in
progress the increase in serum sialic acids could be
attributed to increased cell proliferation of malignant
cells masked with the highly sialylated glycopro-
teins/ glycolipids.

Surgical therapy alone was the original treatment
method for endometrial carcinoma [25]. More radical
surgical approaches seems to be unnecessary for
early stages since only 11% of patients with stage |
endometrial carcinoma will be found to have pelvic-
lymph node metastasis [26]. Moreover, the morbidity
after radical hysterectomy is considerably increased
[27—29]. In our study, all included cases have been
characterized as early adenocarcinoma of the endo-
metrium (up to stage |, G1& G2 according to FIGO).
Clinical data [26,29,30] support the idea of avoiding
radical therapeutic approaches for stage | endometri-
a cancer. Therefore, a tumor marker that could early
detect the cases of recurrent or metastatic disease
would be of great importance, as it will early detect
cases that need further treatment with the above
mentioned available therapeutic alternatives.

The results of this study suggest that NeuSAc level
in serum of women with endometrial cancer was
elevated before the operation and decreased sig-
nificantly after the removal of the tumor bulk,
reaching the normal values. In case of metastasis,
however, the NeuSAc level isincreased significantly.
Therefore, although sialic acids could not be used for
theinitial diagnosis of endometrial cancer as they are
also increased in some other diseases, the quantita-
tive measurement of NeuSAc may greatly help in
monitoring the progress of surgical therapy of early
endometrial cancer and diagnosis of metastasis.
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