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Abstract
Background: Tumor immunology research has led to the identification of a number of tumor-associated self antigens, suggesting that most tumors trigger an immuno-
genic response, as is the case in osteosarcoma, where the detection of natural serum IgM antibodies might achieve the diagnosis of osteosarcoma. Natural IgM antibodies 
to tumor-associated proteins may expand the number of available tumor biomarkers for osteosarcoma and may be used together in a serum profile to enhance test sensitiv-
ity and specificity. Natural IgM antibodies can be consistently detected in the peripheral blood sera months to years before the tumor is diagnosed clinically. The study of 
the level of a potential biomarker many months (or years) prior to diagnosis is fundamentally important. Integrated circulating and imaging markers in clinical practice 
treating osteosarcoma have potential applications for controlling tumor angiogenesis.
Objectives: To study the expression of natural IgM antibodies to the tumor antigens of angiogenesis in the peripheral blood sera of osteosarcoma patients and healthy 
individuals, and to develop serum-based predictive biomarkers.
Methods: Peripheral venous blood samples were collected from 117 osteosarcoma patients and 117 patients with other tumors. All diagnosis was histologically con-
firmed. Staging of patients was performed according to the Enneking Surgical Staging System. The control group consisted of 117 age- and sex- matched healthy indi-
viduals. In this study, novel immunoconjugates were designed, synthesized and then used to develop a rapid, specific and sensitive enzyme-linked immunosorbent assay 
(ELISA) method to detect angiogenin (ANG)–IgM directly in the peripheral blood sera of humans.
Results: Serum ANG–IgM levels are significantly higher in osteosarcoma patients than in healthy individuals (P , 0.005). Serum ANG–IgM levels varied widely, but 
were highly dependent on the concentration of IgM (r = 0.85; P , 0.0005). We found ANG–IgM in the sera of 85% of newly diagnosed osteosarcoma patients and ANG–
IgM levels were significantly higher in osteosarcoma patients compared to any other tumors (P , 0.001).
Conclusions: These results demonstrated that the combined biomarker ANG–IgM has greater sensitivity and specificity in early diagnosis of osteosarcoma patients than 
the traditional biomarkers (ANG and vascular endothelial growth factor). Circulating ANG–IgM immune complexes can potentially serve as a biomarker for increased 
risk of osteosarcoma, because relatively high serum levels were also detected in otherwise healthy individuals with a first degree family history of osteosarcoma and in 
patients with a diagnosis of benign conditions. Immunological aspects of angiogenesis for managing osteosarcoma will have a practical value in early diagnosis, prognosis 
and monitoring response to antiangiogenic therapy.
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Introduction
Osteosarcoma is a primary malignant tumour of the 
skeleton characterized by the direct formation of 
immature bone or osteoid tissue by the tumor cells1 
(Fig. 1). More rarely osteosarcoma may arise in the 
soft tissue.2 World Health Organization (WHO) histo-
logic classification of bone tumors divides osteosar-
coma into central and surface tumors, and recognizes 
a number of subtypes within each group. Classic oste-
osarcoma represents approximately 15% of all biop-
sy-analysed primary bone tumors. Among primary 
malignant bone tumors, osteosarcoma ranks second 
in frequency after multiple myelomas. The incidence 
of classic osteosarcoma is 3 cases/million  population/
year. It represents 0.2% of all malignant tumors. 
 Further reduction in the mortality will require suc-
cessful strategies for the early detection and screen-
ing of osteosarcoma.

Continuing advances in tumor angiogenesis have 
opened up new potential methods to help determine 
the prognosis and prediction of response in many 
solid tumor types, including osteosarcoma. Tradition-
ally, the stage of the disease at clinical presentation 
and patient characteristics (ie, performance status, 
symptom severity, age and tumor size) were the major 
determinants of disease prognosis and treatment strat-
egy. While these traditional factors continue to play 
important roles in treatment choice and outcomes, 
significant strides have been made in the evaluation 
and correlation of circulating and imaging biomarkers 
as potential tools in diagnosis, prognosis, treatment 
strategy and treatment evaluation. This article will 
provide a brief overview of the role of the biomarkers 

involved in tumor angiogenesis and of their value in 
clinical research, and will examine how these circu-
lating and imaging biomarkers may eventually influ-
ence routine clinical practice. The methodology of 
evaluation is more controversial than the markers for 
early detection of osteosarcoma.

The results of imaging tests can be viewed as 
markers for early detection. Because they involve a 
subjective component, the method of evaluation dif-
fers from that of circulating markers. Advances in 
imaging are transforming our understanding of tumor 
angiogenesis of osteosarcoma3–5 (Fig. 2). Vascular 
imaging makes it possible to quantify the number and 
spacing of blood vessels, measure blood flow and vas-
cular permeability, and analyze cellular and molecular 
abnormalities in blood vessel walls.6,7 An examples of 
an imaging marker for the early detection of osteo-
sarcoma is low-dose computed tomography angiog-
raphy (CTA). Imaging angiogenesis in osteosarcoma 
is useful for clarificying the structural and functional 
abnormalities of angiogenic blood vessels.

A sensitive assay to identify serological markers 
that can accurately determine the onset of osteosar-
coma—especially if the technique is of low risk to 
the patient, such as taking a blood sample—is ideal 
for the early detection of cancer. Immunoassays are 
of general interest for all proteomic and diagnostic 
approaches in which several parameters have to be 
determined simultaneously from a limited amount of 
sample material. The Human Proteome Organization 
states that blood still represents an ideal clinical source 
of biomarkers because of its minimally invasive and 
standardized acquisition methods, and because of its 
known role in reflecting systemic changes associ-
ated with disease. Improved analytical methods are 
required to accommodate the analysis of large num-
bers of samples for biological and epidemiological 
monitoring.8,9 Enzyme-linked immunosorbent assays 
(ELISAs), which have been used widely since the 
1970s for clinical analyses10,11 and, more recently, for 
environmental analyses,12,13 have been developed for 
several biomarkers of exposure found in human blood. 
ELISA is a sensitive, high-throughput technique that 
quantitatively measures the amount of analyte pres-
ent in a physiological fluid such as serum. The ques-
tion remains whether ELISAs should be introduced 
as routine. We examined this clinically important Figure 1. Photograph of osteosarcoma after surgical removal.
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Figure 2. example of osteosarcoma reconstruction by volume-rendered 3D CTA image in anatomic orientation. A) This volume-rendered 3D CTA 
image, in anteroposterior projection, demonstrates the vascularity of the pelvic region, especially near the lytic lesion of the right pelvic bones. B) This 
 volume-rendered 3D CTA image, in posteroanterior projection, demonstrates the vascularity of the pelvic region, especially near the lytic lesion of the right 
pelvic bones. c) reconstruction of osteosarcoma by 3D CTA with bone sustraction showing the arterial vascularity of pelvic region.
notes: CTA demonstrates a high sensivity and specificity, and positive predictive value for evaluating osteosarcoma. CTA imaging shows the adjacent 
blood vessels and clearer details of the extent of bone destruction. Being able to see the relationship of these structures to the tumor is very important in 
planning the appropriate surgery for removal of osteosarcoma tumors.

ANG is the unique factor for all mammals.28,29 
Human ANG is a single chain, non-glycosylated 
polypeptide of 14.4 kDa.30,31 ANG shows 33% homol-
ogy to ribonuclease A. The homology of human 
and bovine ANG is 65% at the protein level. The 
ANG gene has been called RNASE5 (ribonuclease 
A family 5). ANG is homologous with pancreatic 
ribonuclease (RNASE1) and yeast RNASE1. The 
understanding that the growth of tumors is dependent 
on angiogenesis has led to the development of new 
approaches to treatment and new agents directed at 
tumor vasculature.7,32

The expression of ANG is currently regarded as the 
major pro-angiogenic factor for most types of human 
cancer. ANG displays multiple physiological and 
pathological functions by targeting both vascular and 
non-vascular systems.6,33,34 In contrast to the detection 
of serum tumor angiogenic antigens, the detection of 
natural serum immunoglobin M (IgM) antibodies to 
tumor-associated antigen may provide reliable mark-
ers for osteosarcoma diagnosis and prognosis.20,35–38 
Natural IgM antibodies to tumor-associated anti-
gens circulate in the blood much earlier than serum 
antigen.39–41 Natural IgM antibodies produced against 

question by studying a large number of the sera from 
patients with established osteosarcoma using a simple 
ELISA assay system.

Tumor angiogenesis is one of the most important 
hallmarks of cancer, which enables its development, 
progression and metastasis.14 Osteosarcoma is a het-
erogeneous disease with tumors that express a vari-
ety of aberrant proteins of angiogenesis.15–17 Current 
blood tests that identify circulating tumor antigens 
associated with angiogenesis are elevated most com-
monly in patients with metastatic disease and appear 
to reflect tumor bulk. They are too insensitive to be 
used for screening and early diagnosis of primary 
osteosarcoma.18 Angiogenesis analysis of peripheral 
blood serum shows the presence of biomarkers that 
characterize cancer. Pro-angiogenic factors are found 
in the serum osteosarcoma patients, ie, vascular 
endothelial growth factor (VEGF), placental growth 
factor (PLGF), basic fibroblast growth factor (bFGF) 
and angiogenin (ANG).7,18–20 Elevated levels of serum 
ANG, VEGF, PLGF and bFGF are also valuable diag-
nostic parameters.7,21,22 However, because of the diffi-
culties in general standardization, this parameter may 
be difficult to interpret in younger patients.23–27
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such tumor-associated antigens of angiogenesis may 
provide an in vivo amplification of an early carcino-
genic signal and therefore may allow earlier detec-
tion of cancer than current methods allow.42 Natural 
IgM antibodies to tumor antigens have been reported 
in patients with early-stage cancer, and a panel of 
serum antibodies can detect cancer many years prior 
to radiograph detection.4,35,43–45 Early tumor detection 
is a key to ensure effective treatment. The immune 
system thus may play a role in preventing osteosar-
coma by destroying cancer cells soon after they arise 
or by destroying viruses that lead to cancer or both. 
It stands to reason that maintaining a healthy immune 
system will help prevent cancer.46,47

Natural antibodies of the IgM isotype are predom-
inantly present in healthy individuals. Natural IgM 
has multiple roles in the immune system. They are 
key to the homeostasis of the immune system, par-
ticularly relating to B lymphocytes and autoimmu-
nity. All the tumor-specific antibodies belong nearly 
exclusively to the IgM class. It makes sense that anti-
tumor immunity seems to be a part of natural immu-
nity, and immune memory is not needed and therefore 
not induced. The detection of natural IgM antibodies 
against tumor-specific antigens of angiogenesis, such 
as ANG in osteosarcoma, has raised the possibility of 
an auto-immune aspect to this disease.43,48,49

Investigators in the European Organization for 
Research and Treatment of Cancer have been study-
ing marker–IgM immune complexes, which play a 
role in diagnosis and prognosis in cancer. We have 
recently discovered the occurrence of cancer mark-
ers associated with IgM in liver and colorectal can-
cer, and we have demonstrated that marker–IgM 
immune complexes are a novel class of tumor mark-
ers with a greater diagnostic potential compared to 
the corresponding free biomarker (Fig. 3). When 
detected as IgM complexes, both alpha-fetoprotein 
(AFP; the conventional serological marker for the 
detection of hepatocellular carcinoma (HCC)) and 
squamous cell carcinoma antigen (SCCA; a novel 
HCC biomarker),50 improved our diagnosis of liver 
cancer.50–52 Further evidence of the diagnostic rel-
evance of IgM immune complexes in cancer was 
also provided by carcinoembryonic antigen (CEA), 
which is the serological gold standard for the diag-
nosis of colorectal cancer (CRC).53 The assessment 
of CEA–IgM levels in CRC patients allowed the 
identification of a much higher number of patients 
compared to free CEA, and co-determination of 
both biomarkers increased sensitivity without com-
promising assay specificity.53

To our knowledge, no investigations have been 
reported on the occurrence of ANG–IgM immune 
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Figure 3. Schematic illustration of the immune response to cancer and development of IgM immune complexes in the bloodstream.
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complexes in the serum of patients with osteosarcoma. 
It has been established that natural IgM antibodies are 
useful serological markers in the diagnosis of systemic 
autoimmune diseases54,55,66 and that their diagnos-
tic value is related to their immunologic specificity. 
Since natural IgM antibodies are prevalent in human 
sera and are part of the normal immune response,26,56 
one important problem that is inherent to IgM-based 
methods for identifying tumor-related antigens 
is demonstrating their tumor relevance.27 Natural 
IgM antibodies to angiogenic proteins encoded by 
oncogenes and tumor suppressor have been thought 
to represent prime candidates for biomarkers for early 
diagnosis of osteosarcoma. Numerous angiogenic 
antigens found in the sera of osteosarcoma patients 
have been proposed as diagnostic or prognostic mark-
ers of the disease.57–62 More recently, high throughput 
technologies have made major contributions to the 
study of self-antigen–antibody systems as serologic 
biomarkers in osteosarcoma.10,11

In this study, we have used a novel ELISA to eval-
uate the presence of circulating ANG–IgM immune 
complexes in the peripheral blood sera of patients 
with osteosarcoma and healthy individuals, and also 
to evaluate the usefulness of ANG–IgM detection for 
an early diagnosis of osteosarcoma.

Materials and Methods
Patients
The study included 117 patients with newly diagnosed 
osteosarcoma in the Department of Bone Tumors of 
the National Institute of Rehabilitation, Mexico City, 
Mexico between January 2007 and September 2009; 
their mean age was 23.8 years (range: 4–74 years), 
and 76 men and 41 women took part. Tumor stag-
ing was based on radiography, computed tomog-
raphy, operative findings and pathology reports in 
accordance with the Enneking Surgical Staging Sys-
tem. All patients had histopathologic confirmation 
of osteosarcoma according the WHO classification. 
The median follow-up time was 43 months (range: 
24–72 months).  Individual patient records were traced 
where possible.

The comparative group consisted of 117 patients with 
other tumors (osteocondroma, fibrous displasia, encon-
droma, condroblastoma, Ewing’s tumor, giant cell bone 
tumor, desmoplastic fibroma, chondromyxoid fibroma, 
simple bone cyst, aneurysmal bone cyst, Langerhans’ 

cell histiocytosis) matched for age (±5 years), gender and 
ethnicity in the Department of Bone Tumors of National 
Institute of Rehabilitation, Mexico City, Mexico.

Control subjects
The general reference (normal) control samples 
consisted of 117 healthy individuals (75 men and 
42 women with a mean age of 25.2 years; range: 
5–73 years) in the Blood Transfusion Service of the 
National Institute of Rehabilitation. The absence of 
disease was confirmed by physical examination, clin-
ical history and routine laboratory tests.

Blood sampling
Seven milliliters of the peripheral venous blood was 
drawn into a serum separator tube (Vacutainer Sys-
tems, code 607213, Becton-Dickinson, USA). Blood 
was allowed to clot for 1 h at room temperature (RT). 
Sera was obtained after centrifugation at 3000 r.p.m. 
for 10 min at 4 °C. All serum samples were stored in 
300 µL aliquots at -80 °C until analysis. Peripheral 
venous blood samples were collected from cancer 
patients before or after surgery, and during antiangio-
genic therapy.

reagents
All reagents were of analytical grade and were 
obtained from Sigma–Aldrich Ltd, Poole, UK, unless 
otherwise indicated.

Gel-filtration
Serum samples from 117 patients with biopsy-proven 
osteosarcoma were grouped and subjected to gel-
 filtration analysis. One hundred microliters of pooled 
sera were analyzed as previously described. The pres-
ence of ANG–IgM and ANG in the fractions collected 
from the gel-filtration column every 30s were tested 
by ELISA.

Ang–IgM assay
In this study, novel immunoconjugates were designed, 
synthesized and then used to develop a rapid, specific 
and sensitive ELISA method to detect ANG–IgM 
directly in the peripheral blood sera of humans.

Human ANG was coupled with high molecular 
weight matrix (HMWM; polyphenylacrilate) 
according to “in-house” protocols provided by Tis-
sue Engineering, Cell Therapy and Regenerative 
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Medicine Unit (National Institute of Rehabilitation). 
Briefly, 4 mg of HMWM was coupled with 4 mg of 
ANG in 0.1 M buffer, pH 4.5, containing 2 mg of 
1-ethyl-3-[3- dimethylaminopropyl] carbodiimide 
 hydrochloride (EDC) in a final volume of 1.6 mL. 
The mixture was incubated for 2 h at RT. The con-
jugated ANG–HMWM was then dialyzed against 
phosphate buffered saline (PBS), pH 7.4, at 4  °C. 
Polystyrene microtiter ELISA plates with 96 wells 
(Maxi-sorb, NUNC, Rochester, NY, USA) were 
incubated overnight at 4  °C with ANG–HMWM 
(1 µg/mL) in 0.1 M carbonate/bicarbonate buffer, 
pH 9.6. The final volume of this (as well as of all 
other steps) was 100 µL per well, unless stated oth-
erwise. After washing the plates twice with PBS, 
residual binding sites were blocked (1 h at RT) with 
200 µL per well of PBS containing 2% w/v human 
serum albumin (HAS). Human sera were appropri-
ately diluted in assay buffer (veronal buffer con-
taining 0.1% w/v HSA, 2 mM CaCl2 and 0.1% w/v 
Tween-20; pH 7.4), and incubated for 1 h at RT. 
After this and the subsequent incubation steps, the 
plates were washed with PBS containing 0.1% w/v 
Tween-20 (PBST). IgM bound to ANG–HWMM 
was quantified with horseradish peroxidase-labeled 
anti-human IgM (IgM-HPR) diluted in assay buffer. 
Finally, horseradish peroxidase activity was visual-
ized by incubation with 100 µg/mL 3.3´,5.5´-tetra-
methylbenzidine (TMB) in 0.11 M sodium acetate, 
pH 5.5, containing 0.003% v/v H2O2. The reaction 
was stopped after 10 min by addition of 2 M H2SO4, 
and the absorbance at 450 nm was measured in a 
microtiter plate reader (Bio-Kinetics Reader; Bio-
Tek Instruments, Winooski, VT, USA). Tests were 
performed in duplicate. All measurement (patients 
and control subjects) were made on the same day and 
under the same experimental conditions.

Dilutions of a pool of normal sera obtained from 
117 healthy volunteers were used to generate a stan-
dard curve in each microtiter plate. This standard was 
arbitrarily proposed to contain ANG–IgM. Results 
with serum samples were related to this standard and 
expressed as ANG–IgM. The specificity of the bind-
ing of ANG–IgM to ANG–HWMM was determined 
by competition immunoassay. The standard curve 
was pre-incubated with increasing amounts of the 
competitors (VEGF, bFGF and PLGF). After 1 h incu-
bation, the standard, with or without competitors, was 

added to the ANG–HWMM-coated plates and tested 
as described above.

Ang detection
The ANG levels of gel-filtration fractionswere 
determined as follows: 96-well ELISA plates were 
coated with 1 mg of goat anti-human ANG antibody 
in 100 mL of PBS (pH 7.2) per well at 4  °C over-
night and then blocked for 2 h with 3% bovine serum 
albumin (BSA) in PBS. After blocking, 100 mL of 
ANG gel-filtration fractions containing 1% HSA and 
0.05% Tween 20 were incubated for 1 h at RT. The 
wells were then washed with PBS containing 0.05% 
Tween 20 and incubated with 100 mL of rabbit anti-
human ANG diluted in PBST at a final concentration 
of 10 mg/mL. ANG was revealed using peroxidase-
conjugated goat anti-rabbit IgG (Sigma–Aldrich) 
and developed with 2,20-azino-bis(3-ethylbenzothi-
azoline-6-sulfonic acid) (ABTS) (Sigma–Aldrich) 
and hydrogen peroxide as the substrate. The results 
of ANG determination in the gel-filtration fractions 
were reported in optical density (OD).

Purification of human ANG–IgM
Serum samples donated by normal human volunteers 
were collected through the Blood Transfusion Service 
of National Institute of Rehabilitation. Human IgM was 
purified in an IgM affinity column (HiTrap IgM Puri-
fication HP, Amersham Pharmacia Biotech, NJ, USA) 
and AKTAFPLC (Amersham Pharmacia Biotech). 
Procedures were carried out according to the manufac-
turer’s instructions. Briefly, serum samples were first 
prepared with ammonium sulfate until the final con-
centration was 0.8 M. The prepared sera were applied 
to the affinity column which had been pre-calibrated. 
IgM affinity binding buffer (20 nM sodium phosphate 
and 0.8 M (NH4)2SO4, pH 7.5) was then applied to 
wash out unbound factors; bound IgM was eluted by 
20 nM sodium phosphate, pH 7.5. The flow rate of the 
overall purification procedure was 1 mL/min.

Affinity of ANG–IgM
Immunoabsorbent columns were prepared with the 
antigens of interest coupled with cyanogen bromide-
activated Sepharose (Pharmacia Biotech).49 Two mil-
ligrams of protein were used for coupling with 1.5 mL 
CNBr-activated Sepharose. One gram of IVIg in 
100 mL of PBS was loaded on the immunoadsorbent 
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columm and run twice on the column at a speed of 
1 mL/min at RT, followed by washing with PBS until 
the absorbance of the flow-through at 280 nm reached 
baseline values. Bound antibodies were eluted using 
a glycine–HCl (0.1 M) buffer, pH 2.8, and 2 M NaCl 
followed by PBS and then diethanolamine (0.1 M) 
buffer, pH 11, and 2 M NaCl. The eluates obtained 
at different pH levels were brought to pH 7.0 and 
pooled. Two milliliters of the flow-through fractions 
were allowed to run through the sorbents for two more 
cycles and then used as effluent fractions. Eluates and 
effluents were dialyzed against PBS.

Quantification of total IgM
Total IgM concentration was determined by neph-
elometry (Behring Nephelometer Analyzer, Marburg, 
Germany), according to standard procedures.

Total Ang and VegF measurement
The concentrations of total ANG and VEGF were 
measured by using commercially available ELISA 
kits (Quantikine Human Angiogenic Factor Immu-
noassay, R&D Systems, Minneapolis, MS, USA) 
according to the manufacturer’s protocol.

histology
At the National Institute of Rehabilitation, malig-
nant pathologic study is a routine part of evaluating 
osteosarcoma. Each fresh biopsy specimen was fixed 
in formalin, embedded in paraffin and subjected to 
histological evaluation. Formalin-fixed and paraffin-
embedded sections were subjected to histological 
evaluation by light microscopy including staining by 
hematoxylin-and-eosin (H&E) staining ccording to 
standard conditions. Serial sections were examined 
with a Zeiss Axiophoto microscope (Cal Zeiss, Inc. 
Jena, Germany). Each section was reviewed by two 
pathologists specializing in bone tumors.

Vascular imaging  
of osteosarcoma by CTA
CTA was performed in all of the osteosarcoma 
patients.3 Iopamidol 370 was administered via injec-
tion at a rate of 7 mL/s into the celiac artery, or 4 mL/s 
via the right, the left or the proper hepatic artery, 
depending on tumor location. Tumor vascularity 
was assessed by enhancement during the arterial 
phase of CTA. In brief, tumors that were markedly 

enhanced by CTA were assessed as very hypervas-
cular lesions, those minimally to mildly enhanced 
by CTA were assessed as hypervascular, and those 
slightly enhanced or not enhanced by CTA were 
assessed as hypovascular.

ethical approval
All patients and healthy controls provided informed, 
written consent and the study was approved by the 
Ethics Committee of National Institute of Rehabilita-
tion, Mexico City, Mexico.

Statistical analysis
Statistically significant differences between the 
groups were determined by the median test and the 
differences were shown by using box–whisker plots. 
All analyzes were performed using Analyse-it® soft-
ware (Analyse-it Software, Leeds, UK).

Results
Patient characteristics
The clinicopathological characteristics of 117 patients 
with osteosarcoma are listed in Table 1.

Quantification of serum  
Ang–IgM with eLISA
To quantify ANG–IgM in humans, an ELISA 
was developed using ANG coupled with HMWM 
(polyphenilacrilat) as the capture antigen on the 
plates (Fig. 4). The coating antigen was validated 
by assessing VEGF binding, which has a similar 
specificity to ANG–IgM. In general, IgM is noto-
rious for non-specific antigens sticking to its solid 
phases. Hence, we included a number of controls 
to rule out the possibility that the observed binding 
of IgM to ANG–HMWM was specific. Binding of 
IgM to HMWM- or non-coated plates upon incu-
bation with dilutions of normal human sera (NHS) 
was negligible. However, significant binding of 
IgM to VEGF–HMWM was observed, although this 
binding was less than that to ANG–HMWM-coated 
plates. We did competition experiments to further 
substantiate the specificity of the ELISA for ANG-
IgM (Table 2).

Binding of IgM to ANG–HMWM-coated plates 
was almost completely inhibited in the presence 
of increasing concentrations of ANG during the 
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sample incubation. In addition, four sera absorbed 
into ANG–Sepharose yielded negative results in the 
ELISA with ANG–HMWM-coated plates, whereas 
the same sera absorbed onto glycine–Sepharose exhib-
ited unaffected IgM binding to ANG–HMWM-coated 
plates. Together, these experiments demonstrated the 

Table 1. Clinicopathological characteristics of osteosar-
coma patients.

number of patients
sex
 Women 41
 Men 76
Age
 Mean (years) 23.8
 SD (years) 16.6
 range (years) 4–74
Tumor site
 humerus and radius 12
 Pelvis 10
 Femur 66
 Tibia 21
 Fibula 6
 Tarsal bones 2
extent of tumor
 Intraosseous 6
 +cortical breakthrough 16
 +soft tissue extension 95
Type of osteosarcoma
 Classical high grade 98
 Other types 19
Largest tumor diameter
 Mean (cm) 10.1
 SD (cm) 3.9
 range (cm) 3–20
Diagnostic delay
 Mean (months) 5.3
 SD (months) 3.9
 range (months) 3–20
Type of surgical treatment
 none 5
 Tumor resection 26
 Amputation 86
Histological radicality of sugery
 Intralesional 4
 Marginal resection 5
 Wide resection (radical) 49
 Amputation (radical) 54
Recurrent disease
 no recurrence 51
 +recurrence 56
 Persistent disease 10
survival status
 Survivors 58
 Death caused by osteosarcoma 58
 Death from unrelated disease 1

specificity of the ELISA with ANG–HMWM-coated 
plates for ANG–IgM.

We next tested the effect of the method of blood 
collection, and that of freezing and thawing of sam-
ples, on levels of ANG–IgM as measured using ELISA 
(Table 3). IgM antibodies reacting to ANG were pres-
ent in the sera of patients with osteosarcoma as well 
as in the sera of normal individuals. Serum  ANG–IgM 
levels were significantly higher in all patients (100%) 
with osteosarcoma than in healthy individuals 
(P , 0.005). Serum ANG–IgM levels were signifi-
cantly higher in the group of osteosarcoma patients 
as compared with other tumors (P , 0.001).

Multivariate Analysis of angiogenic 
serum factors in osteosarcoma patients
The sera of patients with biopsy-proven osteosarcoma 
(Fig. 5) were analyzed with gel filtration. This is the 
first evidence of circulating ANG–IgM complexes. 
Serum samples from 117 patients with primary and 
advanced osteosarcoma were analyzed for the pres-
ence of ANG–IgM immune complexes (Table 4). The 
serum levels of ANG–IgM were significantly higher 
in the group of advanced osteosarcoma patients than 
in those with primary osteosarcoma. Serum ANG–
IgM is a promising approach for early detection and 
diagnosis of osteosarcoma. Once refined, the assay 
must be applied to a prospective patient population 
to demonstrate its applicability. Our results shows 
the indexes of diagnostic accuracy obtained by using 
ANG–IgM assays in order to differentiate patients 
with primary bone osteosarcoma from patients with 
metastasis. ANG–IgM detected by the novel ELISA 
methods are candidate biomarkers that could be useful 
for the early diagnosis of osteosarcoma and are likely 
to be present in the early stages of tumorigenesis.

Serum Ang–IgM and tumor 
angiogenesis progression assessed  
by CTA in osteosarcoma patients
The present study demonstrated increased ANG–IgM 
expression in the peripheral blood sera of osteosar-
coma patients and a positive correlation between its 
expression levels and tumor vascularity as evalu-
ated by CTA. Osteosarcoma patients were catego-
rized into three groups based on tumor vascularity 
as assessed by CTA. Mean serum ANG–IgM levels 
were 621 ± 121, ODx1000 in the hypovascular group, 
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Figure 4. Scheme of synthesis and structure of hapten–hMWM (ie, 
angiogenin–polyphenilacrilat) conjugates used as coating antigens for 
eLISA.

Table 2. Reproducibility, sensitivity and specificity of detection 
of natural IgM antibodies in osteosarcoma (OS) patients.

% self antigen
AnG VeGF bFGF pDFG

reproducibility 97 95 89 87
Sensitivity
OS stage IA 29 21 11 9
OS stage III 18 9 5 4
Specificity 96 96 91 89

Table 3. Serum Ang–IgM levels detected in patients with 
early diagnosed cancer compared with healthy individuals: 
eLISA test.

study group n serum AnG–IgM 
levels, ODx1000

P-value

Osteosarcoma 117 825 ± 265 0.005
Other tumors 117 525 ± 118 0.001
healthy individuals 117 499 ± 163

755 ± 118, ODx1000 in the hypervascular group, and 
921 ± 195 in the very hypervascular group, the differ-
ence in the serum ANG–IgM among the three groups 
is statistically significant (P , 0.001; Table 5).

Detection of early antiangiogenic 
response in patients with  
osteosarcoma using Ang–IgM eLISA
The intrinsic redundancy of the signaling mechanisms 
associated with angiogenesis will lead to partial or 
complete resistance of the tumor vessels to antian-
giogenic therapy. Antiangiogenic therapy needs to be 
administered for several months to a year or more.21,63 
Interest in circulating markers techniques that can 
provide early indicators of effectiveness at serum 
level has therefore increased. The response of osteo-
sarcoma to treatment can be detected by ELISA, and 
this can be used to monitor changes.

Fifty patients received antiangiogenic therapy for 
the treatment of osteosarcoma. Serum was taken from 
these patients before and after antiangiogenic therapy, 
and samples were frozen for analysis. After antiangio-
genic therapy, all patients achieved a response, with 

serum ANG–IgM levels being significantly lower 
compared to untreated patients (mean (m) ± standard 
deviation (SD), OD x100: 623 ± 155 versus 835 ± 195; 
P , 0.05), but still higher than in healthy controls 
(m ± SD: 499 ± 163 versus 623 ± 155; P , 0.01) (Fig. 6). 
Higher serum ANG–IgM levels were significantly 
associated with poor treatment response (P , 0.001). 
Serum ANG–IgM concentration decreased after suc-
cessful treatment and increased in five cases of recur-
rent osteosarcoma, indicating that measuring serum 
ANG–IgM concentrations may be useful in monitoring 
treatment efficacy. The fact that the patients with the 
concentrations higher than 650, ODx1000 had a worse 
prognosis supports the previous notion that the higher 
the vascularity, the worse the prognosis.

We have shown that ANG–IgM could be used as a 
specific biomarker for monitoring the efficacy of anti-
angiogenic therapy in patients with osteosarcoma. 
The association of laboratory investigations with 
clinical trials will be instrumental for the validation 
of this biomarker of angiogenesis (ANG–IgM), and 
for improving the design, monitoring and evaluation 
of antiangiogenic treatments.

Affinity of osteosarcoma-associated 
human Ang–IgM antibodies
In a traditional approach, identifying the tumor bio-
marker is the first step. After that, it is necessary to 
isolate natural antibodies against this biomarker. 

Table 4. eLISA characterization of collected Ang–IgM 
fractions.

study group serum AnG–IgM  
level, ODx1000

P-value

Primary osteosarcoma 675 ± 105 0.005
Advanced ostesarcoma 917 ± 191 0.006
healthy individuals 499 ± 163
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by native or adaptive immune effectors and, in most 
cases, can destroy the cancer cells before they become 
clinically apparent.18,56

However, the immune response is often too inef-
ficient to prevent the development of cancer, either 
because tumor cells that can evade the immune 
response survive and invad, or because tumor antigen-
specific immunotolerance is induced.56 Tumor antigens 
associated with immunoglobulins, mainly IgG, can 
form circulating immune complexes, and this has been 
reported for few biomarkers, such as carcinoembry-
onic antigen (CEA) and TA90 for colon cancer,67,68 and 
MUC-1 or p53 for breast cancer.69 We have recently 
reported that alfa-fetoprotein (AFP) and squamous cell 
carcinoma antigen (SCCA) (for liver cancer) and CEA 
( for colorectal cancer) could be detected in the serum 
of patients with cancer, forming complexes with IgM, 
opening a new gateway for cancer detection.50–52

Multivalent IgMs are typically the main component 
of innate immunity, with the ability to bind a wide 
range of tumor antigens.70 It is well established that 
natural IgM plays an important role in the first line 
of defense against infectious agents, in regulating 
the proliferation of immune cells and in immuno-
surveillance against transformed malignant cells.71 
It may be speculated that the observed enhancement 
of diagnostic indexes of ANG–IgM immune 

A B

C D

E

Figure 5. representative histologic images of specimens of telangiectatic osteosarcoma by computer-assisted imaging analysis. A, B) Photomicrograph 
of fine needle aspiration biopsy of a humeral lesion (×10). Photograph B shows that the humeral lesion is composed of multinucleated giant cells (×40).  
c, D) Photomicrograph of a cell with irregular and hypercromatic nuclei that are obviously malignant. Another view (D) shows a cell with large, irregular 
and hypercromatic nuclei. e) Photomacrograph of the product of disarticulation of a telangiectatic osteosarcoma. The photograph shows a litic, destructive 
and hemorrhagic humeral lesion.

Affinity chromatography yielded ANG-specific IgM 
from the sera of healthy individuals (Fig. 7).  Purified 
ANG–IgM displayed the expected  characteristics and 
was fully functionally active. Low affinity ANG–IgM 
was the predominant isotype of natural antibodies 
present in healthy individuals. The  affinity constants 
ranged between 10-6 and 10-7 M. The affinity con-
stants of ANG–IgM purified from osteosarcoma 
patients ranged between10-9 and 10-11 M. Serum 
ANG–IgM was detectable in 85% of osteosarcoma 
patients, with 100% specificity for osteosarcoma. 
ANG–IgM showed no cross-reactivity to other 
structurally similar inhibitors. Identification of novel 
broadly cross-reactive osteosarcoma-neutralizing 
ANG–IgM in the sera has major implications for the 
development of treatment, angiogenesis, and tools 
to study the mechanisms of this type of cancer.

Discussion
Investigations into tumor immunology has led to the 
identification of a number of tumor-associated anti-
gens, suggesting that most tumors trigger an immuno-
genic response, as is the case in osteosarcoma,64 where 
the detection of serum IgG antibodies might achieve 
the diagnosis of prostate cancer.64,65 Cancer immu-
nosurveillance predicts that the immune system can 
recognize the precursors of cancer (immunoediting) 
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Table 5. Correlation between circulating and imaging biomarkers of tumor angiogenesis in patients with osteosarcoma.

serum AnG–IgM  
levels, ODx1000

Type of vascularity P-value

621 ± 121 hypo 0.001

755 ± 118 hyper 0.002

921 ± 195 Very hyper 0.001

499 ± 136 healthy individuals

complexes for cancer diagnosis could be linked 
to the ability of natural IgM antibodies to act as 
“early markers” for the recognition and binding of 
abnormal proteins synthesized by the transformed 
cells.18 Although osteosarcoma patients were not 
submitted to radical surgery to remove the tumor 
for biopsy, it can be assumed that they did not har-
bor any cancer because all patients underwent an 
adequate biopsy sampling and none of them had a 
diagnosis of osteosarcoma within a year after the 
original biopsy.

In this study, novel immunoconjugates were 
designed, synthesized and then used to develop a 
rapid, specific and sensitive indirect ELISA method 
to detect ANG–IgM directly in the peripheral blood 

sera of humans. The hapten ANG was first designed 
and used to covalently couple to HMWM. Based on 
the “substructural coating antigen” concept, an opti-
mized indirect ELISA method was established that 
exhibited good specificity and high sensitivity for 
detecting ANG–IgM.

The analysis of osteosarcoma patients’ sera con-
firmed the presence of specific ANG–IgM, whereas 
all control sera from healthy subjects were negative 
(100% specificity). ANG–IgM test discriminated the 
benign condition of the disease with greater  resolution. 
The ANG–IgM test also improved diagnostic sensi-
tivity for the identification of ostosarcoma patients 
compared to the ANG assay. The data presented here 
are the first evidence of the occurrence of ANG–IgM 
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in patients affected by osteosarcoma. The ANG–IgM 
assay also improved sensitivity and specificity 
indexes with respect to the ANG test for differentiat-
ing patients with advanced osteosarcoma.

We describe a specific and reproducible ELISA for 
ANG–IgM. Levels of this IgM differ by up to 100-fold 
among healthy persons. ANG–IgM levels were signifi-
cantly elevated in the patients with osteosarcoma with 
ANG in the range of 350–558 ng/mL compared to the 
patients with benign metastasis, achieving a diagnosis 
of cancer in the “grey zone” of osteosarcoma, where the 
outcome of biopsies is highly equivocal and unpredict-
able.72 The gain achieved in cancer detection by using 
the combination of ANG and IgM suggests that the 
ANG–IgM complex could be a complementary sero-
logical biomarker of osteosarcoma. Immunological 

aspects of angiogenesis for the management of osteo-
sarcoma will have a practical value in early diagnosis, 
prognosis and monitoring response to antiangiogenic 
therapy.

In conclusion, we describe a specific and reproduc-
ible ELISA for ANG–IgM. We demonstrate a good 
correlation between the levels of circulating ANG–
IgM and osteosarcoma vascularity. Future studies on 
ANG–IgM should delineate its role in human diseases 
such as osteosarcoma. Immune markers of angio-
genesis may serve an important part in predicting a 
particular patient’s clinical course. In addition, angio-
genesis markers may help to indicatewhich patients 
with osteosarcoma may benefit most from antiangio-
genic therapies and can be used to monitor patients 
receiving these therapies.
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Figure 7. Affinity chromatography produced ANG-specific IgM from the sera of healthy individuals. A) concentration of Ang–IgM before chromatography. 
B) concentration of Ang–IgM after chromatography.
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Figure 6. Dynamic changes of serum Ang–IgM levels in patients with osteosarcoma during antiangiogenic therapy.
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basic fibroblast growth factor; BSA, bovine serum 
albumin; CTA, computed tomography angiogra-
phy; EDC, 1-ethyl-3-[3-dimethylaminopropyl] car-
bodiimide hydrochloride; ELISA, enzyme-linked 
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immunoglobulin M; IgM–HRP, immunoglobulin 
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with Tween 20; PDGF, platelet-derived growth fac-
tor; TMB, 3,3´,5,5´-tetramethylbenzidine; VEGF, 
vascular endothelial growth factor.
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