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ABSTRACT

Alpha-1-acid glycoprotein (AGP) is a glycoprotein found in the alpha-1 globulin fraction of human plasma pro-
teins. AGP is an important representative of acute-phase proteins. Although numerous articles have been de-
voted to AGP, its exact biological function remains obscure. AGP levels increase with a number of diseases. One
of them is a tumor disease. In our paper, we discuss the role of increased AGP levels in cancer patients. We
deal with the role of AGP as a drug-binding protein and its effect on the efficacy of chemotherapy in oncologi-
cal patients. Other problems that are discussed in our paper include the role of AGP as an immunomodulatory
protein and its relationship to angiogenesis because angiogenesis plays an important role in the progression of

cancer (Ref. 57). Text in PDF www.elis.sk.
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Introduction

When treating oncology patients, we are often confronted with
the fact that the same treatment for the same type of tumor may
have different effects in different patients. One of the vital factors
that determine the success of chemotherapy is the bioavailability of
the drug. Drugs are bound to different proteins in blood plasma and
only a free, unbound fraction is really active. There are, therefore,
several plasma proteins that can affect the success of therapy and
thus the overall outcome of treatment. One such plasma protein
could also be alpha-1-acid glycoprotein.

Alpha-1-acid glycoprotein (AGP), also known as orosomucoid
(ORM) is one of the most extensively studied plasma acute-phase
proteins. AGP is a glycoprotein found in the alpha-1 fraction of
plasma proteins. It was first described by Schmid (1) and Winzler et
al (2). Itis a protein with a very low isoelectric point (pI =2.8-3.8)
and a high carbohydrate content (up to 45 %). Its molecular weight
is about 37,000-54,000 Da depending on the extent of glycosyl-
ation. The AGP molecule forms a single polypeptide chain com-
posed of 183 amino acids. The main site of synthesis is the liver.
The standard level of AGP for humans is 400-1200 mg.I"'. AGP
is considered to be a member of the acute-phase protein family.
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Alpha-1-acid glycoprotein is an important representative of
type 1 acute-phase proteins (type 1 acute-phase proteins are pro-
teins regulated by IL-1, IL-6 and glucocorticoids). The human
alpha-1-acid glycoprotein is the product of three adjacent genes
AGP-A, AGP-B and AGP-B’ located on the long arm of chromo-
some 9 (3). AGP-A is expressed in the liver and encodes the vari-
ant of ORM1, which represents the major part of the serum AGP
(about 75 % of the total amount of AGP in the serum). The remain-
ing two genes encode the ORM2 variant (4). Only AGP-A can be
induced by acute-phase stimuli so that ORMI1 can be considered
as the only acute phase protein in the ORM family.

Although numerous articles have been devoted to AGP, its ex-
act biological function remains obscure. Many biological proper-
ties of ORM have already been discussed in the existing literature:
a) AGP is known as an acute-phase reactant and a disease marker,
b) AGP is considered as a natural anti-inflammatory and immuno-
modulatory agent due to its anti-neutrophil and anti-complement
activity (5) and the stimulation of the secretion of an IL-1 inhibitor
by macrophages (6, 7), ¢) it is now generally accepted that AGP is
an important drug-binding protein in the blood plasma as it binds
both exogenous and endogenous ligands.

In our contribution we want to focus on the role of AGP in
oncological patients.

Changes of blood plasma levels of alpha-1-acid glycoprotein
in cancer patients

A systemic injury induces a significant rise in the hepatic
synthesis of acute-phase proteins and therefore, the rise of syn-
thesis of AGP. AGP concentration can rise up to 10 times higher
in comparison to the reference range, depending on the severity of
the disease state. Aberrant glycosylation of ORM suggests it is a
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strong candidate as a marker of the progression and prognosis of
various types of cancer, with various glycoforms containing highly
fucosylated tri- and tetra-antennary oligosaccharide side chains,
which indicate a poor prognosis (8). It is known that plasma levels
of orosomucoid are increased in several types of tumors.

Gastrointestinal malignancies

Several papers describe elevated values of AGP in patients
with gastrointestinal tumors. There is data about increased ORM
levels in patients with hepatocellular, cholangiocellular, colorectal
and gastric carcinoma. Bachtiar et al (10) showed that AGP levels
were significantly higher in hepatocellular carcinoma (HCC) pa-
tients than in chronic liver disease with 77 % sensitivity and 83 %
accuracy. The results of Gani et al (11) showed that combination
of AFP and AGP determination is superior to either marker alone
in diagnosing HCC in liver cirrhosis patients. The combination
of plasma AFP and AGP determination may be used to prompt an
early diagnosis screening of hepatocellular carcinoma. Zhang et
al (12) studied the glycosylation change of ORM in patients with
HCC and with liver cirrhosis. The sialylation and fucosylation of
AGP were different among hepatocellular carcinoma, liver cirrho-
sis and control group. The changes in glycosylation showed an ex-
cellent diagnostic ability to differentiate hepatocellular carcinoma
from cirrhosis. Tanabe et al (13) described similar differences in
the degree of glycosylation of AGP in patients with HCC and liver
cirrhosis. They showed that AGP with multifucosylated tetraanten-
nary N-glycans was significantly elevated in hepatocellular carci-
noma patients, whereas the single fucosylated derivative was not.

The cholangiocellular carcinoma is another malignant tumor
of the liver. It is a tumor with relatively ineffective diagnosis.
Rucksaken et al (14) observed overexpression of ORM?2 in the
cytoplasm of bile duct tumor cells and in the adjacent normal he-
patocytes. The determination of plasma ORM2 levels showed sig-
nificantly higher values in patients with cholangiocarcinoma than
in the control group. The sensitivity and specificity of ORM2 in
distinguishing cholangiocarcinoma patients from healthy persons
were 92.86 % and 73.68 %, respectively.

Colorectal cancer is the most commonly diagnosed gastro-
intestinal cancer. Yiiceyar et al (15) studied AGP in combination
with alpha-1-antitrypsin (AAT), C-reactive protein (CRP), car-
cinoembryonic antigen (CEA) and CA 19-9 at its preoperative
staging. There was no correlation between sera CEA, AAT and
CRP levels in relation to the stage of disease. There is a signifi-
cant correlation between CA 19-9, AGP and the extent of disease.
Yiiceyar et al (15) believed that serum AGP levels in combination
with serum CA 19-9 levels may have an important role in the pre-
operative staging of colorectal cancer. Gao et al (16) investigated
ORM2 levels to validate the prognostic significance of plasma
ORM?2 in patients with colorectal cancer. The results showed
that ORM2 levels in stage II of colorectal cancer patients were
significantly higher than those of healthy controls. They found
also association between plasma ORM2 level with local invasion
of stage II of colorectal cancer and lymph node numbers. The
patients with elevated plasma ORM2 had significantly shorter
survival rates. These findings demonstrate that plasma ORM2 is
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an independent prognostic factor in patients with stage II of the
colorectal cancer.

Ohbatake et al (17) reported elevated levels of AGP in sera and
ascitic fluid of patients with gastric cancer in comparison to the
healthy volunteers. Rashid et al (18) found out that after dividing pa-
tients with gastric cancer according to whether the AGP was within
normal limits or elevated ones, the survival chance of the two groups
was significantly different. The patients with normal AGP levels
had a significantly longer survival rate than those with raised levels.

Gynecological malignancies

In the literature there are numerous contributions about ovarian
cancer and AGP. In women with ovarian carcinoma a significant
rise of orosomucoid was found, as compared with non-tumorous
diseases with the exception of adnexitis (19, 20). Piver et al (21)
in their study presented the results based on monitoring of fifty-six
patients with ovarian carcinoma with serum AGP levels. According
to their results the specificity of the AGP was 100 %, the sensitivity
was only 12.5 % and the overall accuracy 37 %. Fish et al (22) used
the determination of serum alphal-acid glycoprotein as an indicator
of the effectiveness of cis-diamminedichloroplatinum in ovarian
cancer patients. The results of their study showed that alpha-1-acid
glycoprotein levels correlate with tumor burden before the therapy
and the follow-up. Miyamoto et al (23) described aberrant glycosyl-
ation of alpha-1-acid glycoprotein in patients with ovarian cancer.

Patel et al (24) published the results of study of ORM in women
with benign breast diseases and women with breast cancer. Oro-
somucoid was significantly elevated in untreated patients with
breast cancer when compared with healthy women and patients
who had benign breast diseases. A good correlation was observed
between favorable treatment response and the decline in orosomu-
coid levels. AGP levels in patients who did not respond to anti-
cancer therapy remained stable or increased during the follow-up.

Hematological malignancies

AGP was commonly increased in patients with multiple my-
eloma. There was no difference between the AGP levels in group
of patients >65 years old and group of patients <65 years old
(25). Alexandrakis et al (26) found that AGP is an independent
prognostic factor for survival in patients with multiple myeloma.

AGP was studied also in lymphomas. The levels of AGP were
increased in sera of experimental animals with lymphoma (27, 28)
and also in patients with non-Hodgkin lymphomas (29). Serum
AGP was higher at a diagnostic stage than after anti-neoplastic treat-
ment. The treatment resulted in a gradual decrease in serum AGP
concentrations after 4 weeks of treatment and these concentrations
returned to values comparable with those of control healthy group
by 12 weeks of treatment. Winkel et al (28) concluded that AGP
may be a useful protein marker for monitoring of anti-neoplastic
treatment in experimental animals with lymphoma. The AGP levels
were increased also in patients with advanced Hodgkin's disease
(30). These concentrations were significantly reduced by the ad-
ministration of chemotherapy. They concluded that serum concen-
tration of AGP can serve as a useful marker for the assessment
of tumor activity in patients with advanced Hodgkin's disease.
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Lung cancer

The lung cancer is a leading cause of cancer death in both
developed and developing countries. Charet et al (31) reported
increased levels of AGP in the group of patients with lung cancer.
There was no significant difference in pretreatment levels of AGP
between non-small-cell carcinoma and a small-cell-carcinoma.
When comparing the results of remission and progression, groups
have confirmed that AGP drops with the remission or rises with
the progression. Yildrim et al (32) also found increased levels of
AGP in patients with primary lung cancer. The levels were in-
creased both in the non-small-cell and the small-cell lung cancer.
Ayyub et al (33) found increased levels of AGP in patients with
the squamous cell carcinoma (2.93 g/1) and adenocarcinoma (2.39
g/1) when compared with the healthy controls (0.83 g/l).

Other malignancies

AGP levels were increased also in patients with pheochromo-
cytoma (34). The tumor removal led to a significant decrease in
orosomucoid levels. Serum concentrations of bound sialic acid,
free sialic acid and AGP in patients with laryngeal cancer were
compared to those in serum specimens from the healthy controls.
The mean levels of bound sialic acid and AGP were significantly
increased in the laryngeal cancer patients versus the controls. There
was no difference in serum free sialic acid levels between patients
and the controls. As the stage of the cancer advanced, progressively
higher levels of AGP were observed. The results indicate that se-
rum AGP shows correlation with the stage of laryngeal carcinoma
(35). The serum levels of AGP were investigated in patients with
glioblastoma multiforme in relation to their prognosis. AGP was
higher in patients who died within one year after admission than in
those with a longer survival time. It is suggested that serum AGP
profiles provide prognostic information in patients with glioblas-
toma multiforme (36). The study of Li et al (37) showed increased
urinary levels of ORM1 in patients with bladder cancer. The cor-
relation analysis indicated that urinary ORMI1 had high positive
correlation with the pathology classification of bladder cancer. Au-
thors of this study concluded, that elevated urinary ORM1 could
be a useful biomarker for bladder cancer.

Alpha-1-acid glycoprotein as a drug-transporting and a
drug-binding protein

Itis generally accepted that ORM is an important drug-binding
and drug-transporting protein. Human plasma albumin and ORM
are the most important drug-binding proteins that have important
pharmacokinetic implications (38). In recent decades, drug-pro-
tein interactions have been widely studied and several methods of
analysis of these phenomena have been developed and improved
(39). The changes in AGP plasma concentrations occurring during
various pathological states can considerably alter the free plasma
drug level without affecting its total plasma concentration. Due to
its physical-chemical properties, orosomucoid mainly binds basic
and neutral drugs. It is generally assumed that in plasma, acidic
drugs are mainly bound to albumin. However, binding to ORM will
contribute significantly to the total plasma binding of these drugs,

especially in diseases in which plasma level of ORM increases and/
or albumin level decreases (40). In addition, the existence of two
forms of ORM in the blood plasma has also an influence on the
drug-binding affinity. It was demonstrated that drugs like metha-
done, propafenone and amitryptiline bind selectively to ORM2,
as opposed to warfarin, imatinib and dipyridamole, which prefer
the ORM1 variant (41).

We assume that changes in serum AGP levels in patients with
oncological diseases could result in a change in the pharmaco-
kinetics of the administered drugs. Elevated serum AGP levels
commonly observed in oncology patients and associated increased
anti-cancer drug binding to AGP may result in the reduction in the
free, biologically active fraction of the anti-cancer drug and thus
lead to anti-tumor treatment failure.

Docetaxel is one of anticancer drugs with high affinity to al-
pha-1 acid glycoprotein. Docetaxel is an antitumor agent that be-
longs to the taxane family and is used in the treatment of various
types of cancer (e.g. breast cancer, head and neck cancer, stom-
ach cancer, prostate cancer and non-small-cell lung cancer) and
neutropenia is a dose-limiting factor for its clinical use. AGP and
albumin are the main carriers of docetaxel in plasma, and owing
to the high inter-individual variability of AGP plasma concentra-
tions, particularly in cancer, it was concluded that AGP should
be the main determinant of docetaxel plasma binding variabil-
ity. Drugs potentially co-administered with docetaxel (cispla-
tin, dexamethasone, doxorubicin, etoposide, vinblastine) did not
modify the docetaxel plasma binding (42). Pharmacokinetic and
pharmacodynamic analyses conducted during the development of
docetaxel showed that patients with non-small-cell lung cancer
with high baseline alpha-1-acid glycoprotein levels had a shorter
time to progression and eventually to death. Kenmotsu et al (43)
studied the effects of advanced age and serum AGP on docetaxel
unbound exposure and neutropenia, dose-limiting toxicity, in can-
cer patients. The clearance of docetaxel and the degree of unbound
fraction were significantly associated with serum AGP level, but
not with age. Regardless of ageing, serum levels of AGP determine
docetaxel unbound exposure and related dose-limiting toxicity. Se-
rum AGP level and absolute neutrophil count at baseline appear to
be predictive of neutropenia for patients of all ages following the
administration of docetaxel. Similar results were also presented
by Fukae et al (44). They showed in their study that albumin and
AGP negatively correlated with the development of neutropenia
and that the time course of neutrophil counts was predictable.

Imatinib (STI-571) is a potent inhibitor of tyrosine kinase ac-
tivity of ber/abl, an oncogenic fusion protein that causes chronic
myelogenous leukemia (CML). Animal experiments showed that
tumors regressed initially in all imatinib-treated mice, but all
mice treated 15 days after the injection of tumor cells eventually
relapsed. These animals did not respond to further imatinib treat-
ment and their bre/abl kinase activity in vivo was not inhibited by
imatinib, despite high plasma concentrations of the drug. However,
the tumor cells from resistant animals were sensitive to imatinib
in vitro, suggesting that a molecule in the plasma of relapsed ani-
mals may inactivate the drug. Plasma AGP bound to imatinib at
physiological concentrations in vitro and blocked the ability of
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imatinib to inhibit ber/abl kinase activity in a dose-dependent man-
ner. Erythromycin competed with imatinib for AGP binding. When
animals with large tumors were treated with imatinib alone or with
a combination of imatinib and erythromycin, greater tumor reduc-
tions and better long-term tumor-free survival were observed after
the combination treatment (45). They concluded that AGP binds
to imatinib, preventing this compound from inhibiting the bcr/abl
tyrosine kinase. Molecules such as erythromycin that compete with
imatinib for binding to AGP may enhance the therapeutic poten-
tial of this drug. Gambacorti-Passerini et al (46) have undertaken
a pharmacokinetic analysis of imatinib in chronic myelogenous
leukemia. A positive correlation between AGP and imatinib plasma
levels was observed. In vitro experiments using fresh blasts from
CML patients showed, that AGP, at concentrations observed in
the patients, decreased imatinib intracellular concentrations up
to 10 times and blocked imatinib activity. The incubation with
clindamycin restored imatinib intracellular concentrations and
biological activity. Based on these results it can be concluded that
AGP exerts significant effects on the pharmacokinetics, plasma
concentrations and intracellular distribution of imatinib in CML
patients. Zhong et al (47) studied the relationship between serum
AGP, disease progression, and efficacy of imatinib treatment in
CML patients. Serum AGP levels of no response group were sig-
nificantly higher than those of a complete cytogenetic response,
a complete hematologic response and the control group. Serum
AGP levels of accelerated/blastic phase group were significantly
higher than in complete cytogenetic response group. Suttorp et
al (48) described similar effects of alpha-1-acid glycoprotein on
pharmacokinetics of imatinib in pediatric patients.

Another anticancer drug that is known to bind to AGP is pa-
clitaxel. Paclitaxel (PTX) is used to treat a number of types of
cancer (e.g. ovarian cancer, breast cancer, lung cancer, Kaposi
sarcoma, cervical cancer and pancreatic cancer). Paclitaxel is
often used to treat gastric cancer patients with peritoneal carci-
nomatosis because it can disseminate easily, with a high rate of
passage from the systemic circulation into the peritoneal cavity.
Drugs in peripheral circulation are present as free compounds or
bound to plasma proteins. In general, only the free fraction has
pharmacodynamics activity because only free unbound drug can
diffuse across biological barriers and be transported to their sites
of action. A large fraction of PTX binds to AGP. It is known that
AGP concentrations are increased in cancer patients. These find-
ings suggested that increased AGP concentrations in gastric can-
cer patients reduce the unbound fraction of PTX and suppress the
activity of PTX. The study of Ohbatake et al (17) sought to clarify
whether AGP binds to PTX and alters its anticancer effects. The
mean AGP concentrations in the serum and ascites of gastric cancer
patients were higher than the mean AGP concentration observed
in the sera of the healthy controls. Increased AGP concentrations
significantly suppressed the cell growth inhibitory effect of PTX
in vitro, but the co-administration of erythromycin restored it.
Authors of this study showed that AGP is an important regulatory
factor modulating the anticancer activity of intraperitoneal PTX.
The co-administration of PTX and erythromycin may be effective
in treating gastric cancer patients with peritoneal carcinomatosis.
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Trabectedin and its analogue lurbinectedin are effective drugs
used in the treatment of ovarian cancer. Erba et al (49) described
the possibility that AGP present in ascites of patients with ovarian
cancer might reduce the activity of lurbinectedin and trabectedin.

Immuno-modulating effects of alpha-1-acid glycoprotein

The importance of influencing the immune system in the treat-
ment of cancer is also confirmed by the fact that two important
immunologists J.P. Allison and T. Honjo were awarded the Nobel
Prize in Medicine in 2018 for their discovery of cancer therapy
by inhibition of negative immune regulation (50).

Orosomucoid has been found to have immune-modulatory ef-
fects, such as inhibiting leukocyte rolling/adhesion and migration in
vivo, and the chemotaxis response in vitro (51). It can decrease neu-
trophil chemotaxis, migration, and superoxide production, which
consequently increases susceptibility to sepsis in diabetic mice
(52), ORMI can reversible inhibit the proliferation of lymphocytes
while decreasing IL-2 synthesis (53). Human AGP was found to
significantly inhibit the proliferation response of human peripheral
blood lymphocytes to phytohemagglutinin. The inhibitory effect of
AGP was at the level of both the lymphocyte and the mitogen. AGP
also inhibited blastogenesis induced by ConA. The inhibitory effect
of AGP was directed mainly against T-cells and not B-cells (54).

Inhibition of lymphocyte proliferation by AGP was demon-
strated to correlate with a decrease in interleukin IL-2 synthesis
by the lymphocytes (55). All these experiments required doses of
AGP that were in the range of normal or inflamed serum levels.
It has been hypothesized that this nonspecific immunosuppres-
sive activity of AGP can be a major problem in cancer patients
because an impaired immune defense against the tumor may re-
sult in immune escape of the tumor (55). In contrast, AGP has
also been shown to inhibit growth of several types of tumor cells
in vitro (56). Impairment of cellular immune responses to tumor
elimination is common in hosts bearing progressively growing
malignant tumors. The lymphocytes from tumor-bearing hosts are
hypo-responsive to various mitogenic and antigenic stimuli. The
immunosuppression has been attributed to the presence of a vari-
ety of soluble factors such as tumor antigens, immune complexes
and other immune-regulatory proteins (57). One of these serum
immunosuppressive factors could be AGP, the level of which is
significantly increased in tumor disease.

Pro-angiogenic properties of orosomucoid

Another potential function of orosomucoid is its participation
in the regulation of angiogenesis. Angiogenesis is the physiological
process through which new blood vessels form from pre-existing
vessels. Angiogenesis is a normal and vital process in growth
and development. However, it is also a fundamental step in the
transition of tumors from a benign to a malignant state. Chemical
regulation of angiogenesis is performed by various angiogenic
activators and inhibitors. Among these factors VEGF is the key
regulator of physiological and pathological angiogenesis and acts
as a survival factor for endothelial cells. Tumors induce blood
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vessel growth (angiogenesis) by secreting various growth factors
(e.g. VEGF). Growth factors such as FGF and VEGF can induce
capillary growth into the tumor. Angiogenesis is also required for
the spread of tumor, or metastasis. Irmak et al (56) analyzed the
potential role of ORM in angiogenesis. They showed that ORM
increases endothelial cell migration in a dose dependent manner
and supports the VEGF-A induced endothelial tube formation in
vitro when VEGF and ORM are applied simultaneously. While in
vitro ORM alone does not induce endothelial tubes, it increases
the number of blood vessels in vivo in chorioallantoic membrane
tissue. Also in chorioallantoic membrane assay ORM enhances
the VEGF-A —induced new vessel formation. These data suggest
for the first time that ORM is involved in angiogenesis and sup-
ports VEGF-A mediated new vessel formation. The results of this
study suggest that ORM produced by endothelial cells acts in an
autocrine and the circulating ORM in paracrine manner on vas-
cular endothelial cells. ORM is essentially involved in the regu-
lation of angiogenesis, particularly in the presence of VEGF-A,
and with these, pro-angiogenic properties ORM may play a role
in tumor vascularization.

Conclusion

We can conclude that changes in plasma levels of alpha-1-acid
glycoprotein could affect the overall outcome of treatment of a
cancer patient. Some chemotherapeutics significantly bind to oro-
somucoid and their free fraction is dependent on the concentra-
tion of this protein in the blood. Elevated levels of orosomucoid
found in most cancer patients can cause increased drug binding to
the protein and reduce the free, biologically active fraction. The
higher the plasma level of orosomucoid, the lower the level of
the bioavailable drug, which may cause treatment failure. When
using antitumor drugs that bind to orosomucoid, it is essential to
know the plasma level of this protein, and if there is a significant
increase, co-administer any other drug that competitively displaces
the antitumor drug from the orosomucoid binding and thereby in-
crease the efficacy of the treatment. High levels of orosomucoid
may affect the outcome of treatment of tumor disease also due to
its immunomodulatory effect and the ability to affect angiogenesis.
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