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Serum from patients with different malignancies fractions. AAG showed abnormal levels in 7/15 oral
contain an abnormal concentration of α1-acidic-gly- cavity tumor patients’ sera, 2/5 oropharynx and 5/10
coprotein (AAG) and also, increased levels of AAG larynx tumors; increased AAG serum levels
are associated with the presence of tumor mass. In belonged to patients with disseminated disease. On
the present report, serum levels of AAG were mea- the other hand, the presence of AAG and sialyl
sured by radial immunodiffusion in squamous cell Lewis x were demonstrated in carcinoma cells and in
carcinoma of the head and neck (SCCHN) patients derived fractions from tumor tissues belonging to
taking into account disease status parameters such patients with elevated AAG serum levels. In the preas tumor localization, stage and extension of disease. sent study, we have found elevated levels of AAG in
Immunohistochemical methods, SDS-PAGE and serum samples from SCCHN patients; these neoWestern-blotting were employed to study the plastic cells are capable to express AAG. (Pathology
expression of AAG and a carbohydrate related anti- Oncology Research Vol 7, No 2, 111–117, 2001)
gen (sialyl Lewis x) in tumor tissues and derived
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Introduction
Head and neck tumors are common malignancies diagnosed at various stages of tumor progression and dissemination; approximately half of patients with cancer arising
in the mucosa of the upper aerodigestive tract are cured of
their initial tumor. The failure to achieve better therapeutic result should be attributed either to the advanced stage
of disease at time of diagnosis or to insufficient effectiveness of treatment strategies, frequently as a consequence
of the limited understanding of tumor biology as well as
immunomodulatory molecular aspects on this type of
tumors.
Serum from patients with different malignancies contains abnormal concentrations of acute phase proteins
(APP) including squamous cell carcinoma of the head and
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neck (SCCHN).2,19 These plasmatic proteins constitute a
group of serum factors related to different immunological
regulator functions and they have also been associated
with tumor development and growth. In this sense,
increased levels of α1 acidic glycoprotein (AAG) have
been reported in patients with different malignant diseases,28,29 it has been also detected in association with specific antibodies in serum samples belonging to patients
with advanced esophagous cancer.3
Furthermore, AAG can behave as an immunomodulatory agent inducing a marked inhibition on the proliferative
response of human peripheral blood lymphocytes.1,6 In
inflammatory conditions, de Graaf et al8 have reported the
expression of sialyl-Lewis x in AAG and Dage et al7
developed a sensitive method to verify the presence of sialyl Lewis x on AAG molecule; this antigen is frequently
expressed on neoplastic cells and it has been strongly
related to cellular migration and metastatic process.25
With regard to carcinoma cell expression of acute phase
proteins, there is evidence5,12 suggesting that neoplastic
cells are able to synthesize these reactants. While
increased levels of AAG are associated with the presence
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of tumor mass, the hepatic and/or tumor source of this
AAG is less clear; furthermore, its biological and/or
immunological roles have not been yet clarified27 although
there is evidence that it may behave as an immunosuppressive factor in cancer.9
The present study was performed on serum and tumor
samples belonging to advanced SCCHN patients with the
purpose of measure AAG serum levels and to investigate
whether their tumor tissues express this molecule as well
as a related carbohydrate antigen, the sialyl Lewis x.
Materials and Methods
Serum and tumor tissue samples
Serum and tumor samples were selected from patients at
the Department of Surgery, University Hospital, La Plata,
Argentina. The written consent of patients and controls
involved in this research was obtained before beginning
the study, according to the Convention for the Protection
of Human Rights and Dignity of the Human Beings with
regard to the application of Biology and Medicine of
Europe, Strasbourg, 1996.
The project was approved by the Ethical Committee of
the University Hospital.
Criteria for patient inclusion in this study were as follows: 1) a histologically confirmed diagnosis of SCCHN
of the upper aerodigestive tract, 2) absence of history of
any other tumor localization such as non-head and neck
squamous cell carcinoma and 3) absence of clinical local
or systemic infection. Therefore, patients with a previous
malignancy (SCCHN or non-SCCHN), treated with anti
cancer therapy and individuals with local infection, sepsis,
immunosuppression and autoimmune disease were
excluded from this study.
Tissue and serum samples from previously untreated
patients with primary SCCHN were studied from 30
patients (28 men and 2 women); mean age at diagnosis
was 63.7 years (range, 40-80 years). Data of tumor localization were as follows: oral cavity (n =15), larynx
(n =10) and oropharynx (n = 5). All tumours were classified according to UICC criteria TNM Classification of
Malignant Tumors, 5 th edition.15 One patient had a tumor
stage I; another one, stage II while 24 presented stages III
and IV while 4 remained undetermined; at time of diagnosis, 40% of patients had nodular metastasis and only
three presented pulmonary metastasis; patients data are
shown in Table 1.
Tumor and serum samples from 7 patients with colorectal cancer (Dukes C stage), age and sex matched were
included as positive controls. AAG median serum level
was 170 mg/dl (range, 135-204) and all tumor tissue samples expressed AAG by immunohistochemical methods.
A group of 20 healthy age and sex matched donors were
included as controls. Venous blood was obtained asepti-

cally from patients and controls, allowed to clot at room
temperature and centrifuged at 3000 x g at 4°C; sera were
separated, aliquoted and frozen at –80°C. Samples were
thawed out only once before used.
Normal squamous epithelial tissues were obtained by
biopsy at the same localization and included as controls.
AAG detection
Serum AAG was measured by radial immunodiffusion
using DIFFU-PLATE plates (Biocientífica, Argentina).
AAG values in a range from 43 to130 mg/dl were considered as normal.
Preparation of extranuclear membrane fractions
Fractions were prepared from human tumor tissues.26
Briefly, tissues were homogeneized in 1.41 M PBS, pH
7.2, at 4 ml/g; homogenates were centrifuged at 600 x g
and at 105000 x g at 4°C and precipitates containing
extranuclear membrane fractions were resuspended in
1.41M PBS, liophylized and stored at –20°C for subsequent density gradient centrifugation.
SDS-PAGE and immunoblotting
Fractions were collected and dialysed against 1.41 M
PBS at 4°C for 48 h and then liophylised, resuspended in
SDS-PAGE sample buffer at reducing conditions and run
following standard procedures20 in a discontinuous buffer
system. After electrophoresis gels were either stained with
Coomassie blue or were transferred electrophoretically to
nitrocellulose membranes32 and incubated with different
monoclonal antibodies.
Immunohistochemical analysis
This technique was developed according to a previous
report,4 with minor modifications. All specimens were fixed
in phosphate buffered formalin, embedded in paraffin and
cut into 5 µm serial sections. Deparaffinized sections were
treated with 10 mM sodium citrate buffer at 100°C for 5
minutes,3 then, they were incubated overnight at 4°C with
mouse monoclonal antibodies. Controls were incubated
with PBS instead of monoclonal antibodies. The whole area
of each sample was observed by sequentially examining
low power (x10) optical fields and with higher magnifications (x40, x63, x100); the staining of cytoplasm, plasma
and nuclear membranes were also evaluated. Cells were
considered as positive when at least one of these components was stained; the heterogeneous reactivity was graded
according to the positive reaction, intensity and distribution.
Staining intensity was graded as negative, low, moderate
and strong.10
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Results

Monoclonal antibody KM93 (IgM), an anti sialyl-Lewis
x14 and a rabbit anti-human orosomucoid (α1 acidic glycoprotein) (Code No. A011, DAKO, USA) were assayed for
immunohistochemical analysis as well as immunoblotting
assays.
Statistical analysis
Normal distribution and homoscedasticity of data were
studied by Kolmogorov test and Bartlett methods, respectively. Each variable was analyzed by ANOVA and multiple comparisons among groups were performed by Tukey
(HSD) test (p <0.05).34 Spearman and Kendall rank correlation was run among variables.
Table 1. Summary of clinicopathological features and
AAG levels in pretreatment head and neck cancer
patients.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Tumor
localization
OC
OC
OC
OC
OC
OC
OC
OC
OC
OC
OC
OC
OC
OC
OC
OP
OP
OP
OP
OP
LA
LA
LA
LA
LA
LA
LA
LA
LA
LA

TNM
T1N0M0
T2N0M0
T3N0M0
T3N0M0
T2N3M0
T3N3M0
T3N0M1
T2N3M0
T2N2M0
T4N2M0
T3N2M0
T3N2M1
ND
T3N2M0
ND
T3N3M0
T4N0M0
T3N3M0
T3N3M0
ND
T3N1M0
T3N0M0
T4N0M0
T4N0M0
T4N0M0
T4N1M0
T4N2M0
T3N0M1
T4N2M0
ND

Stage

AAG

I
II
III
III
IVc
IVb
IVc
IVb
IVa
IVb
IVa
IVb
ND
IVa
ND
IVb
IVa
IVb
IVb
ND
III
III
IVa
IVa
IVa
IVb
IVb
IVc
IVb
ND

33,3
75,1
58
42,4
135,5
113,8
75,1
101,5
214,3
93,7
214,3
182,9
93,2
182,9
28,3
113,8
208,9
93,7
214,3
42,4
158,4
75,1
135,5
135,3
75,1
114
113,8
158,4
154
93,7

ND: not determined. AAG: α-1-Acidic Glycoprotein; OC: oral
cavity; OP: oropharynx; LA: larynx. – AAG levels are
expressed in mg/dl.
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Serum measurements
Table 1 shows results obtained in pretreatment serum
samples from all SCCHN tumor localizations included in
this investigation.
AAG measurement demonstrated that 7 out of 15 (46%)
patients with oral cavity tumors presented abnormal values, two patients had AAG values below normal and one
near the lower limit (patient no.4, 42,4 mg/dl) (Table 1)
while five patients showed serum levels above normal. In
oropharynx localization, 2 out of 5 patients presented
increased levels while another serum showed AAG values
near the lower limit; on the other hand, in larynx located
tumors, values were elevated in 50% (5/10).
No statistical differences in AAG serum levels were
observed when tumor localization was considered (Figure
1); however, AAG levels showed an increasing tendency
according with tumor stage; AAG was about 33,3 mg/dl in
the patient of stage I and 75 mg/dl in the patient at stage II;
AAG median levels yielded 83,5 in stage III (range 42.4158.4) and 141,5 in stage IV (range 75-214), (normal values vary from 43 to 130 mg/dl). Furthermore, a high proportion of patients (9/12, 75%) showing increased levels
of AAG had node involvement and/or pulmonar metastatic dissemination, while the other 3 patients presented
tumors identified as T4 (cases no.17, 23 and 24; Table 1).
Samples from 20 healthy controls revealed a mean level
of 75 mg/dl (SD=26). Positive controls were also included as it has been mentioned in Materials and Methods.
Tissue analysis
By routine techniques, histopathological examination
was performed; all head and neck tumors were diagnosed
as invasive squamous cell carcinoma.

260
220

AAG (mg/dl)

Antibodies

Case
number

113

180
140
100
±Std. Dev.
60
20

±Std. Err.
OC

OP
G

LA

Mean

Figure 1. AAG levels (mg/dl) according to tumor localization.
ANOVA test with Tukey analysis was performed; no difference
among groups was detected. OC: oral cavity; OP: oropharynx
and LA: larynx.
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Figure 2a. Immunohistochemical analysis in an oropharynx
squamous cell carcinoma incubated with anti-AAG antibody;
this area shows cytoplasm staining with a discontinuous pattern at the plasma membrane and intercellular bridges (x63).

A group of 8 colorectal adenocarcinoma reacting positively with AAG as well as with sialyl Lewis x were
employed as positive controls. The AAG reaction of some
samples consisted in a strong and diffuse staining mostly
at cytoplasmic level (Figure 4a); some other tumor samples showed a different pattern since membranes were
mainly reactive.
Anti sialyl Lewis x MAb showed well-defined areas
with a moderate or weak staining; it was possible to
observe the distribution of some positive cells in several
malignant glands which reacted either at the cytoplasm
and/or at the apical cell membrane (Figure 4b); debris
showed also a positive immune reaction.
In some cases, it was possible to examine both the primary tumor and the metastatic regional node; in two laryngeal carcinomas, the primary tumor was stained positively
with anti AAG (Figure 5a) and with anti sialyl-Lewis x
while in lymph node, neoplastic cells reacted only with
anti-AAG (Figure 5b).
In colorectal carcinoma, a primary tumor and a metastatic node from the same patient reacted strongly with antiAAG and with anti-sialyl Lewis x (data not shown).
The immune reaction obtained with the antibodies assayed
here were significantly higher in advanced stages compared
with earlier counterparts of these malignant diseases.
SDS-PAGE and Western-blotting analysis

Figure 2b. Head and neck with anti sialyl Lewis xMAb
(KM93); some cells show a positive reaction at the cytoplasm
and plasma membrane (x63).

In order to study AAG expression in tumor cells, immunohistochemical studies were done; when anti-AAG antibody
was assayed, 40% of the tumors showed a positive reaction
in some cells with a homogeneous cytoplasmic staining while
with a discontinuous pattern in nuclear and plasma membrane; the common feature observed was a strong reaction in
some areas of the tumor mass (Figure 2a) while some other
parts remained negative. Sialyl Lewis x–containing structures
have been described as a part of AAG; to determine whether
SCCHN cells express sialyl Lewis x, KM93 (anti-sialyl
Lewis x MAb) was employed; in several tumors, reactivity
was strong in cellular membranes of several cells including
cytoplasmic staining in some of them (Figure 2b).
In normal squamous epithelium belonging to the same
localization, AAG expression was observed restricted to
some cells at different layers with a diffuse and moderately cytoplasmic pattern (Figure 3) while sialyl Lewis x was
expressed in a few basal lining cells.

Extranuclear membranes were prepared and analysed by
SDS-PAGE and Western-blotting (WB) employing antiAAG antibody. Figure 6 shows this reaction in a sample
belonging to a larynx carcinoma; a smear pattern of reactivity was obtained with several bands of low molecular
weight that clearly show the presence of AAG.
ENM fractions belonging to different head and neck
tumor localizations showed a positive reaction when antisialyl Lewis x MAb was tested.

Figure 3. Normal oral tissue incubated with anti-AAG antibody. A mild perinuclear reaction with a granular pattern is
observed mainly in basal cells (x63).
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Fractions belonging to colorectal tumors showed WB
similar results while normal tissues of head and neck
localization did not express neither AAG nor sialyl Lewis
x (data not shown).
Discussion

Figure 4b. Immunohistochemistry of a colorectal adenocarcinoma
incubated with KM93 MAb (anti sialyl Lewis x). A positive reaction at the apical plasma membrane and cellular debris is found;
a superficial droplets of mucosubstance are observed (x63).

APP are not tumor specific since the acute phase
response is non-specific and can be induced by any change
in homeostasis. APP show usually abnormal levels during
infections, neoplasia, autoimmune diseases and also in
stressed or traumatic conditions; they depend on the
cytokine network modulation. AAG is considered one of
the major APP; the gene encoding this protein is positively controlled at the transcriptional level by cytokines such
as IL-1, IL-6 and tumor necrosis factor alpha as well as by
glucocorticoids. Human hepatocytes are normally the site
of AAG production but it is uncertain whether AAG serum
levels increase as a response of the host to tumor growth
or as a consequence of neoplastic cell production. It has
been found that cells from SCCHN21 and some other
tumors33 can synthesize different interleukins including
IL-6 as well as some APP such as AAG.
Our study has revealed that patients with advanced tumor
stages present increased levels of AAG; other authors2 have
obtained similar results in head and neck cancer; furthermore, in the same tumor localization, Suárez-Nieto et al30
have found that only AAG values greater than 150 mg/dl
(compared with haptoglobin, α1-antitrypsin, α2-H5 glycoprotein and prealbumin) were a prognostic factor of a similar precision to those of tumor stage.
We have obtained by immunohistochemistry an interesting result such as the detection of this APP in tumor tissue
sections in coincidence with its isolation from tumor fractions. The SDS-PAGE and Western blotting of ENM prepared from tumor tissues from SCCNH and colorectal can-

Figure 5a. Immunohistochemical staining of a larynx squamous cell carcinoma with anti-AAG antibody. A positive granular pattern staining is observed in some cells while in others it
is negative (x63).

Figure 5b. Immunohistochemistry on a lymphatic node section
belonging to the same patient of Figure 5a incubated with AAG
antibody. Some sinus located metastatic cells showed a cytoplasmic and plasma membrane staining (x63).

Figure 4a. Colorectal tumor section incubated with anti AAG
antibody. The positive reaction is observed at the plasma membrane, on the left of the picture a cytoplasmic staining is seen
(x63).
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Figure 6. SDS PAGE and Western-blotting of subcellular fractions derived from a larynx tumor. After incubation with antiAAG antibody; a positive reaction with a smear pattern at low
molecular weight (less than 45kD) was obtained.

cer showed a smear pattern at low molecular weight. In
AAG derived from serum samples, bands of low molecular weight were identified,25 the presence of several bands
are coincident with AAG molecular structure since different chains have been previously described.5
On the other hand, another goal of our research has been
AAG expression associated with sialyl Lewis x reactivity
in some samples of SCCHN and in colorectal cancer samples as positive controls. These observations are consistent
with previous findings since it is known that sialyl Lewis
x is predominantly expressed in digestive tract cancers.18 It
is interesting to point out that cells belonging to normal
tissues may express these antigens which agrees with
results obtained by most investigators, taking into account
that tumor associated antigens are not exclusively
expressed by neoplastic cells; usually there is either an

increase or a different pattern of expression observed in
neoplastic versus normal cells.
Tumor cells can gain either lymphatic or blood vessels
and adhere to their walls through the expression of carbohydrate chains which facilitate cancer cell migration; several authors16,24 have described the expression of sialyl Lewis
x and sialyl Lewis a in association with invasion and metastases in different neoplasias. Moreover, it has been demonstrated the expression of sialyl-Lewis a in SCCHN both in
tumor sections as well as in tumor cell lines.17,22 The presence of these carbohydrate ligands have been described in
AAG molecules,8 this is also consistent with the association
of AAG with tumor spreading. However, it has been reported that mucins as well as some other glycoproteins and glycolipids may behave as possible sialyl Lewis x carriers.11,23
Hakomori et al13 and other authors have considered that different glycans may be involved in tumor spreading and also
they may participate in diverse molecule structures.
This report shows that a high proportion of patients presents AAG abnormal levels; taking into account that most
patients showed advanced tumor stages, AAG values may
be associated with progression of disease. We have also
observed that there was no apparent correlation between
AAG increased levels and tumor localization; this finding
should be expected in markers related to carcinoma
growth and progression, since they may share a similar
function regardless the site of tumor origin.
The identification of a common denominator in different
types of cancer despite their localization but with a coincident stage of dissemination, may provide the means to
enhance biological understanding and knowledge of clinical relevance in these neoplastic conditions. Further investigations of AAG and its relation to malignancy may delineate a possible indirect control that it exerts in many
aspects of SCCHN growth and progression.
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