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Introduction 

 

The clinical study of human inflammatory and neoplastic pathologies requires 

an accurate evaluation of tissues microenvironment to better understand the 

complex mechanisms which may represent the cause of the physiopathological 

evolution of these diseases. In this perspective immunohistochemistry (IHC) 

potentially represents an ideal investigative tool which may be very useful in 

the preliminary approach addressed to the preparation of innovative 

radiolabeled drug used in nuclear medicine diagnosis and therapy of the above 

mentioned pathologies. Potential new antigens and/or receptors involved in the 

progression of tumors or inflammatory conditions, and discovered in sick 

tissues by IHC, may lead to an interesting selective determination of novel 

radiolabeled ligands or anti-targets antibodies. For these reasons in this Ph.D. 

thesis we have tried to establish some intriguing and possibly important 

correlations between growth factors and/or inflammatory cytokines 

“immunolabeling” granted by IHC and their potential application in nuclear 

medicine. The majority of humans neoplasms demonstrates a concrete 

correlation between factors stimulating vessels’ growth (especially VEGF) and 

progression of the tumor.  

Clinical trials with antiangiogenic drugs revealed their potential against cancer. 

However, a large percentage of patients still does not benefit from this 

therapeutic approach highlighting the need of diagnostic tools to non-invasively 

evaluate and monitor response to therapy. In this perspective the role of 

Nuclear Medicine remains pivotal, being the discipline that allows the more 

effective approach to non-invasive lesion detection, especially neoplastic ones, 

with encouraging results even in advances diseases. It would also allow to 

predict which patient will likely benefit from antiangiogenic therapy. Reasons 

for treatment failure may be that low expression of drug’s targets or prevalence 

of other pathways, therefore, molecular imaging has been explored as a 
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diagnostic technique of choice. Since the VEGF/VEGFR pathway is the main 

responsible of tumor angiogenesis, many new drugs target either the soluble 

ligand or its receptor to inhibit signaling leading to tumor regression. It is 

currently impossible to evaluate local VEGF or VEGFR levels and their non-

invasive measurement in tumors might give insight to the available target for 

VEGF/VEGFR-dependent antiangiogenic therapies allowing therapy decision 

making and monitoring of response. Angiogenesis is the process that leads to 

the formation of new blood vessels, and, if induced by tumors, can also 

contribute to the growth of the disorganized vasculature able to sustain cancer 

progression over 2-3 mm and metastasization (1). The events that trigger 

tumor angiogenesis derive from the interaction between cancer cells and host 

microenvironment that includes immune cells, connective tissue and soluble 

factors. Vascular endothelial growth factor (VEGF) and its receptor (VEGFR) are 

the main contributors to proliferation of endothelial cells, thus representing 

suitable targets for antiangiogenic therapies (2). 

 

VEGF 

 

Vascular endothelial growth factor (VEGF) is the most important mediator of 

angiogenesis. It is overexpressed in various tumors, stimulating endothelial cell 

proliferation and migration, and leading to the formation of new blood vessels 

from preexisting ones (8). The VEGF family is composed of five glycoproteins 

(VEGF-A, VEGF-B, VEGF-C, VEGF-D and VEGF-E). VEGF-A is a homodimeric, 

disulfide-bound glycoprotein, which exists in several isoforms with different 

numbers of amino acid residues, such as VEGF121, VEGF165, VEGF189 and 

VEGF206. Different VEGF-A isoforms exhibit varying biological properties, such as 

the ability to bind to cell surface heparin sulfate proteoglycans. VEGF121, 

commonly existing as a homodimer, is freely diffusible without heparin binding. 

The angiogenic actions of VEGF are mediated primarily via two closely related 

endothelium-specific receptor tyrosine kinases, Flt-1 (VEGFR1) and Flk-1/KDR 
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(VEGFR2) (9). Both are largely restricted to vascular endothelial cells and are 

overexpressed on the endothelium of tumor vasculature, yet they are almost 

undetectable in the vascular endothelium of adjacent normal tissues (10). All of 

the VEGF-A isoforms bind to both VEGFR1 and VEGFR2. VEGF and its receptors 

are overexpressed in a variety of solid tumor biopsy specimens, and over-

expression of VEGFR2 or VEGF-A has been considered as a poor prognostic 

marker in various clinical studies (11-13). Indeed, new vasculature allows 

tumor cells to grow by supplying nutrients and oxygen, enabling disposal of 

metabolic waste products and providing a route for metastatic spreading. VEGF 

production by tumor cells is thought to be regulated by hypoxemia, growth 

factors signaling, cytokines, and cell differentiation (8).  

Given the role of VEGF and VEGFR in several oncological and non oncological 

diseases, pharmaceutical companies and researchers are deeply involved in 

developing agents potentially useful in the prevention of VEGF-A binding to its 

receptors (14), or antibodies  blocking VEGFR2 (11) or small molecules that 

inhibit the kinase activity of VEGFR2 (15, 16) and thereby block growth factor 

signaling. 

Indeed, VEGF/VEGFR targeting has already been proved successful in many 

cancer types (17). 

 

The VEGF/VEGFR pathway 

 

The VEGF-VEGFR system is unique in that it consists of a very limited number 

of molecules that play a central role in angiogenesis. The likely mechanism is 

that bevacizumab binds to VEGF both soluble and bound to the extracellular 

matrix and thereby prevents VEGF binding to its receptors, blocking the biologic 

pathways induced after VEGF binding. Bevacizumab is approved both by the 

United States Food and Drug Administration (FDA) and the European Medicines 

Agency (EMA) for the treatment of metastatic colorectal cancer, non small cell 
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lung cancer, breast cancer and glioblastoma multiforme in combination with 

chemotherapy. 

VEGF-A and its receptors are the best-characterized signaling pathway in 

developmental angiogenesis as well as tumor angiogenesis (10). VEGFR2 

appears to be the most important receptor in VEGF-induced mitogenesis, 

angiogenesis, and permeability increase, whereas the role of VEGFR1 in 

endothelial cell function is less clear (18). During the exponential growth stage, 

VEGFR expression is highly up-regulated on the newly developed tumor 

vasculature. Being the naturally existing VEGFR ligand, VEGF121 offers several 

advantages over the synthetic small-molecule VEGFR ligands or anti-VEGFR 

antibodies, especially as a tracer. It has much higher binding affinity to VEGFR 

(nanomolar range) than reported peptidic VEGFR inhibitors (submicromolar to 

micromolar range) (19, 20). If Compared to antibody-based 

radiopharmaceuticals, VEGF121 clears much faster from the blood pool and the 

non-targeting organs because of its smaller size.  Regulation of inflammatory 

cell recruitment by VEGFR1 appears to be exerted mainly through placental 

growth factor (PGF). Notably, the expression of PGF is very low under 

physiological conditions, but it may be strongly upregulated in various cell types 

by different pathological stimuli such as hypoxia, inflammatory cytokines, or 

oncogenes (21-23). PGF has recently been regarded as an attractive candidate 

for anti-angiogenic therapy. Indeed, it has been shown that PGF plays a key 

role in promoting pathological angiogenesis associated with tumor progression 

(24) and overexpression of PGF in a mouse melanoma model resulted in 

increased tumor growth and metastasis (25). Tumor cells may also express 

VEGFR2, although epithelial and mesenchymal tumor cells typically express 

VEGFR1 rather than VEGFR2 (26, 27). Nevertheless, increased expression of 

VEGFR2 on tumor cells has been described for melanoma and hematological 

malignancies (28). It has been shown that VEGFR2-mediated signaling allowed 

survival of cancer cells under chronic hypoxic conditions and might contribute 

to a more aggressive phenotype (29). VEGF-C, VEGFR3 and its involvement in 

lymphatic endothelial cell proliferation should also be considered for their 
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potential important role in the pathogenesis of reticulo-endothelial diseases. A 

soluble form of the VEGFR2 (sVEGFR2) has been also described and it may 

have important biological roles. sVEGFR2 binds VEGFC and prevents activation 

of VEGFR3, consequently inhibiting lymphatic endothelial cell proliferation (31). 

Notably, regulation of sVEGFR2 in advanced metastatic neuroblastoma may 

promote lymphogenic spread of metastases (32). The expression of VEGFR3 in 

tumor cells is still controversial (33); however, it has been ascertained  that 

inhibition of VEGFR3 activity arrests tumor vascularization, leading to decreased 

vascular density in several tumor models (34). The axis VEGF-C/VEGFR3 plays 

a fundamental role in the tumor microenvironment by promoting the formation 

of new lymphatic vessels from preexisting ones (35). VEGF-C, produced by 

neoplastic cells, induces lymphatic endothelial destabilization, resulting in 

endothelial sprouting as well as leakage and enlargement of the vessels. These 

modifications induce entry of tumor cells into the lymphatics vessels and further 

dissemination of metastasis to sentinel lymph nodes (36, 37).  

 

 

VEGF and cancer-related inflammation 

 

Growing evidence supports an important link between chronic inflammation and 

tumor development. Induction of VEGFR2 expression in tumor cells, and also in 

intestinal epithelium during colitis, is mediated by the pro-inflammatory 

cytokine interleukin-6, which is a strong promoter of tumor growth in 

experimental colitis-associated colon cancer (30). High expression of VEGFs 

and/or VEGFRs in various tumor biopsy specimens is indicative of poor 

prognosis for cancer patients (2, 38, 39). Therefore, non-invasive imaging and 

quantification of VEGFR expression is of relevant importance in cancer patient 

management. Many strategies have been adopted to block the VEGF/VEGFR 

signaling pathway for cancer treatment, such as agents that can bind to VEGF-

A to prevent its interaction with VEGFRs (bevacizumab, VEGF-trap, etc.) (40, 
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41) antibodies/antibody fragments that target VEGFR-2 (ramucirumab, CDP791, 

etc.) (42, 43) and small molecule inhibitors that interrupt the downstream 

signaling of VEGFR-2 (axitinib, sunitinib, sorafenib, etc.) (44–45). Many of 

these agents have been approved by the Food and Drug Administration (FDA) 

for various medical indications in cancer therapy (2, 46).  

VEGFR-2 mediates the majority of VEGF-A signaling in the tumor 

microenvironment including microvascular permeability and endothelial cell 

proliferation (8, 10). Several agents, including anti- bodies and soluble receptor 

constructs, have been developed to target the VEGF system. The drug that is 

currently most widely used in the clinical practice to modulate VEGF-A is the 

humanized monoclonal antibody. It blocks VEGF-induced endothelial cell 

proliferation, permeability, and survival, and it inhibits human tumor cell line 

growth. One of the greatest challenges in bevacizumab therapy is the lack of 

predictive biomarkers and tools that can predict the efficacy of anti-VEGF 

therapy (48). 

 

Anti-VEGF drugs 

 

Development of anti-angiogenic therapy including anti-VEGF antibodies and 

VEGF-tyrosine kinase receptors has been a major landmark in cancer therapy 

leading improvement in survival in several cancers. 

The pharmacologic inhibition of angiogenesis via the VEGF pathway is an 

important therapeutic approach that prevents cancer growth and metastasis 

formation. In addition to anti-VEGF antibodies, other strategies have been 

explored and include the blocking of its signaling receptor, receptor tyrosine 

kinase inhibitors (49-52), and gene therapy approaches, in which the vector 

produces an antisense molecule or a soluble receptor that acts in a dominant 

negative manner (53).  

Several studies have shown that anti-VEGF treatment, in association with 

chemotherapy (54) or radiation therapy (55, 56), results in greater anti-tumor 
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effects than either treatment alone. An issue that is now being debated is the 

mechanism of such potentiation, and a variety of hypotheses, which are not 

mutually exclusive, have been put forward. Klement et al. proposed that 

chemotherapy, especially when delivered at low dose, preferentially damages 

endothelial cells and the blockade of VEGF blunts a key survival signal for 

endothelial cells, thereby amplifying the antitumor-cell effects of chemotherapy 

(54). Jain et al. proposed that antiangiogenic therapy ‘normalizes’ the tumor 

vasculature, leading to pruning of excessive endothelial cells and perivascular 

cells, reduction in vessel tortuosity and drop in interstitial pressure and 

consequent improved oxygenation and delivery of chemotherapy to tumor cells 

(57). These effects are accompanied by a reduction in permeability of 

macromolecules (58, 59). Most recently, Willett et al. have shown that VEGF 

blockade by bevacizumab decreases tumor perfusion, vascular volume, 

microvascular density, interstitial fluid pressure and the number of viable 

circulating endothelial and progenitor cells in colorectal cancer patients (60). 

Surprisingly, these studies have also shown that permeability to small 

molecules actually increases following VEGF blockade (60). 

Bevacizumab has been initially approved for the treatment of metastatic 

colorectal cancer in combination with intravenous 5-fluorouracil-based 

chemotherapy (61). Subsequently, bevacizumab has been approved for various 

indications in nonsquamous cell lung carcinoma (NSCLC), metastatic renal cell 

carcinoma, and glioblastoma multiforme (62-66). The antitumor activity of 

bevacizumab is primarily manifested in combination with chemotherapy, except 

for renal cell carcinoma, where it has shown efficacy as a single agent (67). 

Presently, bevacizumab is being used in nearly 1000 clinical trials, and despite 

promising results, its effects in many types of cancer are modest or even 

irrelevant (68). Furthermore, recent studies have raised the possibility that 

treatment with bevacizumab may be associated with a more aggressive 

invasive tumor phenotype, particularly in glioblastoma (69), which is often a 

greatly vascularized brain tumor. Although the clinical impact of these results is 

far from clear, it is obvious that antiangiogenic therapy will have to be closely 
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evaluated depending on disease stage and molecular profile of different 

patients and tumours. 

 Preclinical data with anti-VEGFR2 antibodies have demonstrated a reduction in 

VEGF-induced signaling as well as angiogenesis and primary or metastatic 

growth in a variety of different tumor models (70 - 73); therefore, the specific, 

antibody-based blockade of VEGFR2 has also received special attention in 

clinical trials. Ramucirumab (IMC-1121B; Imclone Systems) is currently being 

tested in several clinical trials, including breast cancer, gastric cancer, and HCC 

(74). Basing on preliminary results, this antibody has shown activity in patients 

previously treated with other antiangiogenic agents, suggesting a more efficient 

antitumor response by direct targeting of VEGFR2. 

Small molecule inhibitors of VEGFR tyrosine kinase activity represent another 

major approach to blocking VEGF-mediated angiogenesis. Several tyrosine 

kinase inhibitors have been developed to selectively inhibit VEGFR2, but they 

have also activity on other VEGFRs and tyrosine kinase receptors, including 

basic fibroblast growth factor (FGF) receptor, EGFR family members, PDGFR-a, 

PDGFR-b, c-kit, and Flt3. Sunitinib was approved in 2006 for its clinical use in 

imatinib-resistant gastrointestinal stromal tumors and advanced metastatic 

renal cell carcinoma (75, 76), whereas sorafenib received FDA approval for the 

treatment of metastatic renal cell carcinoma (77) and HCC (78).  Sunitinib and 

sorafenib have shown clinical efficacy as single agents, possibly due to their 

ability to inhibit multiple RTKs and in particular those regulating tumor 

angiogenesis. Additional clinical trials aimed to evaluate combinations of 

sorafenib and sunitinib with different chemotherapeutic agents and other 

antiangiogenic agents are under evaluation 

There has been a worldwide research program to develop antiangiogenic 

agents for the treatment of cancer. Many families of antiangiogenic drugs now 

exist, but their clinical development has been hampered by scarce data 

concerning the optimal biologically active dose. In addition, although the 

classical phase I study design focuses on toxicity as an endpoint to establish 

the maximum tolerated dose, many humanized monoclonal antibodies have no 
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clinically significant toxicity, which precludes identification of the maximum 

tolerated dose. Furthermore, biologic dose–response relationships may follow a 

bell-shaped curve (79) and therefore the maximum tolerated dose may not 

even be the best dose for clinical applications. To overcome these issues, 

biologic pharmacodynamic investigations (80) have entered phase I clinical trial 

design with the goal of establishing the optimum biologically active dose.  

 

Efficacy of anti-VEGF therapy 

 

Antiangiogenic therapies are promising approaches for cancer treatment. 

However, their systematic application remains problematic because of poor 

understanding of mechanisms of action and occurrence of resistance (81). 

Indeed, a significant fraction of patients do not respond to antiangiogenic drugs 

(82), whereas those who respond have relatively modest benefits, mostly in 

progression-free survival rather than in overall survival. In addition, a number 

of significant toxicities have been observed in patients treated with 

antiangiogenic agents, emphasizing that a careful assessment of the risk-

benefit ratio needs to be conducted in individual patients. Despite disease 

stabilization and increase in the proportion of patients with progression-free 

survival, tumors eventually become resistant to antiangiogenic agents and 

relapse (83 - 86).  

Antiangiogenic therapy depends on several factors, including the tumor stage, 

the nature of the tumor vascular bed and the origin and genotype of  the 

neoplastic cells. Tumorigenesis (87), and progression (88) are often associated 

with a modified   expression of different angiogenic factors (88). Advanced 

human breast cancers may express different pro-angiogenic factors, including 

VEGF, acidic and basic fibroblast growth factors (aFGF and bFGF), transforming 

growth factor β1 (TGFβ1), platelet-derived growth factor (PDGF), placental 

growth factor (PGF) and pleiotrophin (88). The mechanism of action of certain 

drugs is also different at various stages of tumorigenesis. For example, the 
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release of VEGF, following the remodelling of the extracellular matrix by matrix 

metalloproteinase 9 (MMP9), is reported to be a component of the RIP1–Tag2 

angiogenic switch (89, 90-93). Inhibition of VEGF is not effective against 

established β-cell islet tumors (90, 94), and this finding may led to hypothesize 

that the vasculature matures with increased pericyte coverage, thereby 

reducing dependence on VEGFR2. The success of targeted therapies, such as 

trastuzumab (Genentech), is often dependent on the expression of the drug’s 

target by the tumor (95). Given that bevacizumab is a monoclonal antibody 

with a well-defined target, it is logical that VEGF expression might predict 

benefit. However, in retrospective subset analyses, VEGF expression by primary 

tumors of metastatic, treatment-refractory breast cancers (96) or metastatic 

colorectal cancers did not predict benefit from the addition of bevacizumab 

(97). The reasons responsible for this behaviour are not entirely clear. Perhaps 

VEGF expression by primary tumors is not representative of metastatic disease, 

but detailed research indicates that they are equivalent (98).  

 

Imaging of tumor angiogenesis 

 

Positron emission tomography (PET), very sensitive technique (down to 10-12 

molar) and quantitative with superb tissue penetration, has been widely used in 

clinical oncology for tumor staging and treatment monitoring, where 18F-FDG ( 

fluorodeoxyglucose) was used as the tracer for measuring tumor glucose 

metabolism (107, 108). High-resolution PET scanners continue to be developed 

and made available for imaging small animals, improving the capacity for in 

vivo studies in mice, primates, and humans (Fig. 1 and 2). 

As already discussed, anti-angiogenic targeted therapies are a promising 

approach for the treatment of cancer. However, clinical trials showed variable 

response due to intra- and inter-tumor heterogeneity and non-invasive tools to 

monitor treatment response and drug efficacy are needed. 
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Several methods have been developed to image tumor angiogenesis, but there 

is no general agreement as to which strategy is the most suitable for 

monitoring anti-angiogenic therapy in single-center and multicenter trials. 

There is also evidence that angiogenic imaging data may be a useful predictor 

of response to chemo-radiotherapy, the success of which depends on good 

perfusion of the tumor (Fig. 3). 

Personalized medicine allows to identify the right patient population for the 

right therapy at the right time, as well as to provide quantitative, non-invasive, 

and accurate information about the therapeutic responses in real-time. In this 

scenario nuclear medicine offers several radiopharmaceuticals for “in vivo” 

imaging of angiogenic markers, but to date, none emerged as a gold standard.  

As an example, radiolabeled bevacizumab is one of the most studied 

radiopharmaceuticals since it is able to bind VEGF with high affinity. Indeed, 

development of a bevacizumab-based imaging agent can play important roles 

in these aspects, as well as elucidating the function and modulation of 

VEGF/VEGFR signaling during cancer development/intervention.  

 

Targeting vascular endothelial growth factor  

 

Being the most important angiogenic effector and already established 

therapeutic target, many VEGF-targeting radiopharmaceuticals were developed 

and studied in vitro and in vivo. In particular, the mAb bevacizumab is one of 

the most studied radiolabelled anti-VEGF drugs and, to date, it has been 

labeled with a number of PET isotopes such 89Zr (109, 110), 124In (111), 86Y 

(112), and 64Cu (113). In addition, it has also been investigated with various 

other imaging techniques such as single photon emission computed 

tomography (SPECT) (114, 115), ultrasound (116), and optical imaging (117, 

118). Studies with radiolabeled bevacizumab for imaging tumor angiogenesis 

were performed in preclinical models proposing that its accumulation in the 

tumor was due to interactions with the VEGF-A-165 and -189 isoforms, 
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associated with the tumor cell surface and/or the extracellular matrix (137-

139). However, in a clinical study with 111In-bevacizumab in patients affected 

by colorectal cancer liver metastases, there was a lack of correlation between 

radiolabelled bevacizumab uptake and VEGF-A expression in the lesions (140). 

Authors speculated that the accumulation of the mAb was due to enhanced 

vascular permeability leading to unspecific uptake in the tumor. This could limit 

the usefulness of radiolabeled bevacizumab in imaging tumor angiogenesis. 

However, this radiopharmaceutical showed promising results in many other 

cancers like breast cancer. Various studies have reported overexpression of 

VEGF-A in the breast cancer microenvironment, compared with normal breast 

tissue (142-145). All VEGF-A splice variants are bound by the clinically used 

monoclonal antibody bevacizumab. When labeled with the PET isotope 89Zr, it 

preserves its VEGF-A–binding properties. Thus, tracer dosages of radiolabeled 

bevacizumab can be used for tumor-specific, whole-body imaging of VEGF-A. In 

preclinical studies (146, 147) and in a study in renal cell cancer patients (148), 

we have already shown an excellent tumor-to-background ratio with an 

optimum at 4 d after tracer injection when using 89Zr-bevacizumab. 89Zr-

bevacizumab might be potentially valuable for biologic characterization of 

tumors and for prediction and evaluation of the effect of VEGF-A–targeting 

therapeutics. VEGF-A is reported in several studies to be over expressed in 

malignant breast tumors and in ductal carcinoma in situ (145,149), thus 

covering the full spectrum from early-stage breast cancer to more advanced 

stages. More frequent VEGF-A staining was found to be related to 

aggressiveness as assessed by VEGF-A staining in a study with 1,788 breast 

tumors (145). 89Zr-bevacizumab PET proved to be able to detect a broad range 

of VEGF-A expression levels. Quantitative tumor analyses showed a more than 

10-fold difference between individual SUV(standardized uptake value)max 

measurements, suggesting large differences in VEGF-A tumor levels between 

patients, 89Zr-bevacizumab might be potentially valuable for biologic 

characterization of tumors and for prediction and evaluation of the effect of 

VEGF-A–targeting therapeutics. 
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Because of better and more accurate scatter and attenuation corrections 

associated with PET, 86Y-labeled bevacizumab was developed for imaging 

VEGF-A tumor angiogenesis and as a surrogate marker for 90Y-based RIT 

(Radioimmunotherapy Trial). The 111In and 89Zr-labeled probes have been 

proposed as surrogate imaging markers for 90Y therapy, however, deviations 

were observed due to subtle differences in the metalchelate complexes and 

metabolism (150, 151) highlighting the need for the development of isotopically 

matched 86Y-labeled probes for 90Y. 

However, 86Y possesses its own set of challenges, in particular, its high positron 

energy (Emax 1⁄4 3.1 MeV) and emission of 1.08 MeV (83% abundance), 

which can significantly affect the image quality and recovery coefficients due to 

spurious coincidences. When appropriate corrections are performed, the image 

quality is greatly improved and is quantifiable (152 – 154).  

PET imaging with 86Y-CHX-A00-DTPA-bevacizumab may have a useful role in 

patient selection for bevacizumab-related therapy as it would indicate 

accessibility of the antibody to VEGF-A target sites. However, 86Y-CHX-A00-

DTPA-bevacizumab imaging by itself may not predict the response to therapy 

as it is only indicative of how much bevacizumab reaches the tumor and not 

the overall tumor microenvironment and the biomolecular characteristics. The 

primary use of 86Y-CHX-A00- DTPA-bevacizumab will be for the selection of 

patients for 90Y-CHX-A00-DTPA-bevacizumab RIT, monitoring of those patients 

during therapy as well as to provide information for dosimetry calculations 

(150, 155) To achieve the long-term goal of clinical translation of 86Y-CHX-A00- 

DTPA-bevacizumab, PET/CT and MRI studies are currently being performed 

with mice bearing orthotopic and disseminated ascites forming colorectal and 

ovarian tumors. 

In conclusion, the utility of 86Y-CHX-A00-DTPA-bevacizmab for noninvasive PET 

imaging of VEGF-A secreting tumors in preclinical models has been 

demonstrated (156) 86Y-CHX-A00-DTPA-bevacizumab may be useful for the 

assessment of bevacizumab uptake and localization, which may be important 

for risk stratification, patient screening and appropriate dosage selection. 
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Ultimately, 86Y-CHX-A00- DTPA-bevacizumab would serve as a surrogate PET 

marker for dosimetry and selection of subjects for 90Y CHX-A00-DTPA-

bevacizumab RIT of VEGF-A–secreting cancers (156). 

The limiting factor for more general application of imaging with radionuclides is 

the radiation burden. In a study comparing the risks of radiation-induced 

cancer from mammography, molecular breast imaging, and positron emitting 

mammography, the cumulative cancer incidence is 15–30 times higher for 

positron emission mammography and molecular breast imaging than for 

mammography (157). The estimated radiation burden of 89Zr-bevacizumab-PET 

is 19 mSv per tracer injection, on the basis of extrapolation from 111In-

bevacizumab data and a dosimetry study on 89Zr-U36, compared with 5.3 mSv 

for 18F-FDG PET (158-161).   

Besides bevacizumab, other radiolabeled anti-VEGF antibodies such as I-labeled 

VG76e (121) and HuMV833 (122) have been reported. Phase I trials of the 

latter revealed that antibody distribution and clearance was quite 

heterogeneous, not only between and within patients but also between and 

within individual tumors, which underscored the importance of patient selection 

to achieve maximum therapeutic effect.  

 

Targeting VEGF receptor  

 

In addition to VEGF, VEGFR is another important target for cancer diagnosis 

and monitoring the therapeutic efficacy of anti-angiogenic therapies. Over the 

last decade, imaging of VEGFR expression has gained enormous interest not 

only in cancer but also in many other angiogenesis-related diseases (119, 120). 

Examination of the tumor in the same animals or cancer patients with both 

VEGF- and VEGFR-targeted radiopharmaceuticals or fluorescent probes in 

comparison to IHC expression of VEGFR1 and VEGFR2 in tissue animals (Fig. 4 

and 5) or in human neoplastic tissues (Fig. 6 and 7) may give important 

insights about distribution and expression kinetics of VEGF and VEGFRs during 
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cancer development and cancer therapy. Substantial effort has been devoted to 

non-invasive imaging of VEGFR expression in cancer over the last two decades 

and various agents have been developed for SPECT (125–128), PET (126, 129–

133), optical imaging, magnetic resonance imaging (MRI) (134) and ultrasound 

(US) (135). Because of the high affinity to VEGFRs, VEGF121 has emerged as a 

particularly desirable candidate for tracer development in the literature (123). 

To avoid significant interference with VEGFR binding, site-specific labeling of 

VEGF-based proteins has been adopted in many literature reports which 

typically utilizes a cysteine residue for radiolabeling (126, 136). However, in 

many of the reported studies, liver and kidney uptake of the tracer was very 

high (in some cases > 100 percentage of injected dose per gram of tissue 

[%ID/g]) which significantly hampered the clinical translation/applications of 

these tracers. The aim is to develop a PET tracer for the imaging of VEGFR 

expression using lysine tagged recombinant human VEGF121 (denoted as K3-

VEGF121). The three lysine residues at the N-terminus, far from the VEGFR 

binding sites, can facilitate radiolabeling without affecting the biological activity 

and receptor binding. In the design of novel radiotracers, it is important to 

minimize the radiation dose to normal organs without compromising the 

imaging characteristics. VEGF121 and its derivatives have been labeled with 

many PET/SPECT isotopes.  

Considered these premises about the importance of IHC in the detection of new 

potential targets in nuclear medicine management of neoplastic and 

inflammatory conditions in the 2nd chapter of this thesis are reported the results 

of a previously published study which correlates the immunohistochemical 

expression of neutotrophins between meningiomas and normal dura mater. In 

the 3rd chapter are presented the results of a study performed on human GH-

secreting pituitary adenomas to investigate the IHC expression of 

neurotrophins, their receptors and Ki-67. In the 4th chapter I report the results 

of an experimental study which investigates the IHC expression of VEGF, TGF-  

and PGE2 in human pterygium and normal conjunctiva. In the 5th chapter are 

presented the experimental evidences of IHC expression of some growth 
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factors, their receptors and markers of proliferation of human osteosarcomas. 

In the 6th chapter are illustrated the experimental results of a study performed 

on IHC expression cytokines and growth factors in vestibular schwannomas and 

normal vestibular nerve. In the 7th chapter are discussed the experimental 

results of an IHC study on the involvement and the expression of some pro-

inflammatory cytokines and growth factors in the pathogenesis of Dupuytren’s 

contracture. In the 8th chapter are discussed the results of a study (submitted 

for publication) concerning the tumor uptake of 99mTc-HINIC-VEGF165 which 

correlates with VEGF production and not with VEGFR expression. In the chapter 

9th are finally discussed the conclusions and the future perspectives deriving 

from the analysis of the obtained results and from possible applications in the 

field of the nuclear medicine.  
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FIGURE 1. Coronal CT image (A) with clear subcutaneous localization of SKOV- 

3 tumor (arrow). Fusion of microPET and CT images (B) (168 h after injection) 

enables adequate quantitative measurement of 89Zr-bevacizumab in the tumor. 

FROM: J Nucl Med. 2007;48:1313-1319 

 

 

FIGURE 2. Coronal planes of microPET images 24 h (A), 72 h (B), and 168 h 

(C) after injection of 89Zr-bevacizumab. At 24 h, most uptake is in well-perfused 

organs. In time, relative uptake in the tumor (arrow) increases. 

FROM: J Nucl Med. 2007;48:1313-1319 
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FIGURE 3. (A) In-111-bevacizumab scan: Scintigraphic imaging of a liver 

metastasis with In-111-bevacizumab. (B) 4-phase CT scan: Imaging of liver 

metastasis. (C) PET/CT scan: Combined FDG-PET scan and CT scan of the liver 

lesion. FROM: European Journal of Cancer. 2008;44:1835-1840 

 

 

FIGURE 4. IHC analysis. Expression of VEGFR1 in mouse subcutaneous tissue 

implanted and colonized by human HT 29 colon carcinoma cells. VEGFR1 

appears heterogeneously distributed between tumor cells. (10x, boxed area: 

20x).
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FIGURE 5. IHC analysis. Expression of VEGFR2 in mouse subcutaneous tissue 

implanted and colonized by human HT-29 colon carcinoma cells (10x). VEGFR2 

immunoreactivity is present between tumor cells and it is particularly expressed 

in the wall of the blood vessels. (boxed area: 40x) 

 

FIGURE 6.   Immunohistochemical staining for VEGF-A in human glioblastoma 
(GBM) in a 7-year old patient. Numerous tumor cells show strong cytoplasmic 
staining for VEGF-A. Human GBM stem-like cells (giant multinucleated cells 
proliferating) form three typical rings (GBSCs). (40x) 
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FIGURE 7.  Immunohistochemical staining for VEGF-A in a case of 

nasopharyngeal angiofibroma (age of patient: 14 years). Marked 

immunoreactivity is visible in the fibrous tissue and in pathological vessels. IHC 

for VEGF demonstrates expression in more than 50% of stromal cells (boxed 

area: 40x). 
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Abstract 

 

The immunohistochemical profile of neurotrophins and their receptors in the 

human cranial dura mater was studied by examining some dural zones in 

specimens harvested from different regions (frontal, temporal, parietal and 

occipital).  Dural specimens were obtained (pending the informed written 

consent of the patients) during neurosurgical operations performed in ten 

patients for surgical treatment of intracranial lesions (meningiomas, traumas, 

gliomas, vascular malformations). The dural fragments were taken in the area 

of the craniotomy  at least 8 centimeters from the lesion as well as in the area 

in which the meningioma had its the dural attachment. Immunohistochemical 

characterization and distribution of  neurotrophins, with their receptors, were 

analyzed and discussed. The concrete role played by these neurotrophic factors 

in  general regulation, vascular permeability, algic responsivity and release of 

locally active substances in the human dura mater is still controversial. Our 

study revealed a general structural alteration of dural tissue due to the strong 

invasivity of meningiomatous lesions, together with an improved expression of 

BDNF in highly proliferating neoplastic cells and an evident production of NGF 

in inflammatory cells, suggesting  that BDNF has a role in supporting the 

proliferation rate of neoplastic cells, while NGF is envolved in the activation of a 

chronic inflammatory response in  neoplastic areas. 

 

Introduction 

 

Meningiomas are the most common benign intracranial tumors but some 

meningiomas show malignancy with invasion into the surrounding structures, 

as well as a high recurrence rate and extracranial metastases (1). Meningiomas 

arise from arachnoidal cells, most of which lie in close proximity to the venous 

sinuses: in fact, this is the most common site  for meningioma formation. They 

http://en.wikipedia.org/wiki/Benign
http://en.wikipedia.org/wiki/Tumor
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are most frequently attached to the dura mater over the superior parasagittal 

surface of the frontal and parietal lobes, along the sphenoid ridge, in the 

olfactory grooves, the Sylvian region, superior cerebellum along the falx 

cerebri, cerebellopontine angle, and spinal cord. The tumor is usually well-

circumscribed, with the base lying on the dura mater. 

Histologically, the cells are relatively uniform, with a tendency to form highly-

circumscribed whorls and to generally disrupt the distribution and the structure 

of collagen fibers (main component of dural tissue) and to originate 

“psammoma bodies” (laminated concretions) which can calcify, and are often 

strongly vascularized. 

The remarkable proliferation rate and vascularisation which determine a rapid 

replacement of normal dural tissue by the neoplastic cells, is regulated by 

several different growth factors, such as NGF related to an increased activation 

of the inflammatory cells at the beginning of the neoplastic invasion, and BDNF, 

involved in the increased activation of the tumoral cells. 

Neurotrophins (NTs), also known as neurotrophic factors, constitute a family of 

dimeric proteins working as polypeptidic growth factors and acting like 

extracellular ligands. NTs , including NGF (Levi-Montalcini , 1952), BDNF, NT-3, 

NT-4, are involved in vertebrate neuronal cell development, differentiation, 

survival and functional activities.  

Neurotrophins are also involved in the modulation of adult central nervous 

system functions and organization, as well as in the neural control of different 

activities related to  vegetative innervation of several organs (2-6). A definite 

role of NTs in the dural and leptomeningeal compartments is not well 

ascertained but a previous study on the expression of mRNAs for NTs revealed 

high levels of NT3  and NGF in the normal rat dura mater (7). Our observations 

on the localization and possible roles in different non-neuronal tissues as 

lymphoid, lung and prostate (8-11) encouraged us to persist in  our 

experimental investigations in order to find a possible involvement of NTs in 

dura mater, both  in  physiological and  pathological conditions (meningiomas). 

http://en.wikipedia.org/w/index.php?title=Sphenoid_ridge&action=edit&redlink=1
http://en.wikipedia.org/wiki/Olfactory
http://en.wikipedia.org/w/index.php?title=Sylvian_region&action=edit&redlink=1
http://en.wikipedia.org/wiki/Cerebellum
http://en.wikipedia.org/wiki/Falx_cerebri
http://en.wikipedia.org/wiki/Falx_cerebri
http://en.wikipedia.org/wiki/Cerebellopontine_angle
http://en.wikipedia.org/wiki/Spinal_cord
http://en.wikipedia.org/wiki/Dura
http://en.wikipedia.org/wiki/Psammoma_body
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In fact our study investigates the immunohistochemical localization of NTs and 

their receptors both in the normal human cranial dura mater and in the dural 

tissue close to the dural attachment of the meningiomatous mass, focusing on 

a possible correlation between the dural distribution of these neurotrophic 

factors and the physiopathological mechanisms involved in meningioma 

development. 

 

Materials and Methods 

 

Patients 

Neurosurgical operations were performed on ten adult patients (age range 30-

75 years) and 2 fragments (for each subject) of dura mater were obtained  

from occipital (1 basal -posterior cranial fossa and 1 apical), frontal (1 basal -

anterior cranial fossa- and 1 apical -parasagittal-), parietal (1 parasagittal and 1 

convexity), and temporal (1 basal -middle cranial fossa- and 1 apical- 

corresponding with the dural area located at least 1 cm behind the temporal 

crest ) regions.  

The dural fragments were taken from the craniotomy area  distant at least 8 

centimeters from the lesion or in the areas close to the meningioma (four 

meningotheliomatous-psammomatous and five transitional). Human dural 

tissue was surgically removed  and processed for immunohistochemical and RT-

PCR analysis. Experiments were performed in compliance with the Italian laws 

and guidelines concerning the informed consent of the patients. The following 

molecules were investigated: nerve growth factor (NGF), brain derived 

neurotrophic factor (BDNF), NT-3, NT-4 and the neurotrophin receptors such as 

tyrosine kinase A (TrKA), tyrosine kinase B (TrKB), tyrosine kinase C (TrKC) and 

protein 75 (p75). 
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Immunohistochemistry 

Small fragments of dural tissue were washed in PBS, fixed in 10 % formalin 

and embedded in paraffin according to a standard procedure. Serial 10 m 

thick sections were cut using a rotatory microtome, mounted on gelatin-coated 

slides and processed for immunohistochemistry. To study the 

immunolocalization of neurotrophins and their own receptors, the antibodies 

used were: i) rabbit anti nerve growth factor (anti NGF)  polyclonal antibody 

(Santa Cruz, CA, U.S.A.). It displayed less than 1% cross-reactivity against 

recombinant human NT-3, NT-4 and BDNF; ii) rabbit anti tyrosine kinase A ( 

anti TrKA) polyclonal antibody (Santa Cruz, CA, USA). It recognized an epitope 

corresponding to aminoacids 763 to 777, mapping adjacent to the carboxy 

terminus of human TrKA p140; iii) goat polyclonal antibody to human p75 NT 

receptor (Santa Cruz, CA, U.S.A.). It recognized the amino acid sequence 

mapping the carboxy terminus of the  p75 NT receptor precursor of human 

origin; iv) rabbit anti brain derived neurotrophic factor (anti-BDNF) polyclonal 

antibody (Santa Cruz, CA, U.S.A.). It recognized the amino-terminal of mouse 

BDNF; v) rabbit anti tyrosine kinase B (anti TrKB) polyclonal antibody (Santa 

Cruz, CA, U.S.A.). It recognized an epitope corresponding to aminoacids 794 to 

808 of mouse TrKB p145; vi) rabbit anti neurotrophin 3 (anti NT-3) polyclonal 

antibody (Santa Cruz, CA, U.S.A.). It was raised against the amino-terminal of 

mouse NT-3; vii) rabbit polyclonal anti tyrosine kinase C (anti TrKC) antibody 

(Santa Cruz, CA, U.S.A.). It recognized an epitope corresponding to aminoacids 

798 to 812 of porcine TrKC p140. The immunohistochemical recognition of 

macrophages was performed using a mouse monoclonal anti human CD68 

antibody (DakoCytomation, Denmark). Incubation with primary antibodies was 

performed overnight at 4° C at a final concentration of 2-5 μg/ml. Optimal 

antisera dilutions and incubation times were assessed in a series of preliminary 

experiments. After exposure to the primary antibodies, slides were rinsed twice 

in phosphate buffer and incubated (1 h and 30 min at room temperature) with 

the appropriate secondary antibody conjugated to horseradish peroxidase 
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(HRP) (final dilution 1:100). The secondary antibody-HRP linked against rabbit 

immunoglobulins was purchased from Boehringer (Boehringer Mannheim 

GmbH, Mannheim, Germany),  while secondary antibodies-HRP linked against 

mouse and goat immunoglobulins were from Sigma (Sigma Chemicals Co, St 

Louis, MO, USA). After a further wash with phosphate buffer, slides were 

treated with 0.05% 3,3-diaminobenzidine and 0.1% H2O2. Finally, sections 

were counterstained with Mayer's hematoxylin and observed by using a light 

microscope. To block endogenous peroxidase activity, slides were pretreated 

with 3 % H2O2, whereas the non-specific binding of immunoglobulins was 

prevented by adding 3 % fetal calf serum to the incubation medium. Negative 

control experiments were done: i) by omitting the primary antibody; ii) by 

substituting the primary antibody with equivalent amount of non specific 

immunoglobulins; iii) by pre-incubating the primary antibody with the specific 

blocking peptide (antigen/antibody = 5 according to customer's instructions). 

In preliminary experiments, immunohistochemistry was also performed on 

frozen sections of human dural tissue. No differences were found in the 

intensity or distribution of immunostaining using the two types of sections, but 

microanatomical details were better preserved in paraffin-embedded material. 

The intensity of immune reaction was assessed microdensitometrically by an 

IAS 2000 image analyzer (Delta Sistemi, Rome, Italy) connected via a TV 

camera to the microscope. The system was calibrated taking  the background 

obtained in sections exposed to non-immune serum as zero. Ten 100 μm
2
 

areas were delineated in each section by a measuring diaphragm. Quantitative 

data of the intensity of the immune staining were analyzed statistically by 

analysis of variance (ANOVA) followed by Duncan's multiple range test as a 

post hoc  test.  The parameters examined by quantitative analysis were: 1) the 

dural regions from which the fragments were taken  (A=basal region of the 

cranial dura, B=apical region of the cranial dura); 2) examined zones (I = vasal 

zone, strictly corresponding to vasal perimeter; II=perivasal zone, 

corresponding to a ring 100 m in diameter around the vessel; III = dural or 
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intervasal zone, at least 50 m away from the nearest vessel boundary); 3) 

distribution of the immunoreactivity. These values were transformed into a 

single number expressed as conventional unit, including the standard deviation. 

This number can be read on the display of the Quantimet 500 image analyzer. 

 

RT-PCR 

Total RNA was isolated from human dural tissue by using TRIzol reagent 

(Invitrogen, Carlsbad, CA, USA) according to customer’s instructions. cDNA was 

synthezised from 1 g  total RNA in a final reaction volume of 20 l. Briefly, a 

mixture of total RNA, oligo (dT), dNTP mix and DEPC-treated distilled water 

was preincubated for 5 min at 65 °C; then SuperScript III reverse transcriptase 

(200U), RNase Ribonuclease Inhibitor, DTT and buffer (250 mM Tris pH 8.3, 

375 mM KCl, 15 mM MgCl2) were added to the mixture and incubation was 

continued for 45 min at 50°C. Finally, Superscript III was disactivated by 

heating for 15 min at 70° C. All reagents were from Invitrogen. Three to five l 

of the resulting cDNA were amplified by polymerase chain reaction (PCR). Each 

PCR tube contained the following reagents: 0.2 mM of both sense and 

antisense primers, 3 to 5 ml template cDNA, 0.2 mM 4-dNTP mix (Invitrogen, 

CA, U.S.A.), 2.5 U Platinum Taq DNA polymerase (Invitrogen, CA, U.S.A.) and 

1X reaction buffer (Invitrogen, CA, U.S.A.). MgCl2 was added at a final 

concentration of 1 mM for BDNF, NT3, TrKA and TrKB and at a final 

concentration of 1.5 mM for NGF, TrKC and p75. The final volume was 50 ml. 

The PCR primers used for amplifying neurotrophins and their receptors (M-

Medical, Florence, Italy) were: for NGF forward TCATCATCCCATCCCATCTT, 

reverse CTTGACAAAGGTGTGAGTCG; for BDNF forward 

AGCCTCCTCTGCTCTTTCTGCTGGA, reverse CTTTTGTCTATGCCCCTGCAGCCTT; 

for NT3 forward TTTCTCGCTTATCTCCGTGGCATCC, reverse 

GGCAGGGTGCTCTGGTAATTTTCCT; for NT4 forward GCTGTGGACTTGCGTGG, 

reverse GCCCGCACATAGGACTG; for TrKA forward TCTTCACTGAGTTCCTGGAG, 

reverse TTCTCCACCGGGTCTCCAGA; for TrKB forward 
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AAGACCCTGAAGGATGCCAG, reverse AGTAGTCAGTGCTGTACACG; for TrKC 

forward GGAAAGGTCTTCCTGGCCGAGTGC, reverse 

GCTTTCCATAGGTGAAGATCTCCC; for p75 forward TGGACAGCGTGACGTTCTCC, 

reverse GATCTCCTCGCACTCGGCGT. The specificity of the primers was verified 

by searching for every possible homology to cDNAs of unrelated known 

proteins in the NCBI data base. PCR reaction consisted of incubation for 2 min 

at 94° C followed by 30-35 cycles of incubation at 94° C for 30 sec, 56° C (for 

NGF, NT4, TrKA and TrKB) or 62° C (for BDNF, NT3, p75 and TrKC) for 30 sec 

and 72° C for 1 min. PCR products were separated by agarose gel 

electrophoresis (Submarine Agarose Gel Unit, Hoefer, San Francisco, CA, USA) 

and visualized using a digital gel documentation system (GelDoc 2000 

System/Quantity One Software; Bio-Rad Laboratories, Hercules, CA, USA). 

 

Results 

 

Immunohistochemistry 

Immunoreactivity for neurotrophins and their receptors has been observed both 

in the normal dura mater and in the dural tissue close to the meningiomatous 

area.  The sections harvested from normal dura mater generally  revealed a 

marked immunoreactivity in the endothelium of the dural vessels, in collagene 

fibers  and in fibroblasts . 

In fact, immunoreaction for NGF was clearly demonstrated in fibroblasts and 

collagen fibers and also appeared to same degree in the endothelium of the 

dural vessels (Fig.1A).  In the same way TrkA immunoreactivity was strongly 

marked in the dural vessel endothelium, in fibroblasts and collagen fibers 

(Fig.1C).  A moderate immunoreactivity for the p75NTR was demonstrated in 

the dural vessel endothelium and weakly expressed in fibroblasts and collagene 

fibers (Fig.1E).  BDNF immunoreactivity was appreciable in the dural vessel 

wall, in fibroblasts and collagen fibers (Fig.2A), and in the same compartments 

we observed a reaction for TrkB (Fig.2C).  Moderate immunoreactivity was 
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demonstrated for NT-3 and NT-4 in the previous compartments (Fig.3A,3C). On 

the other hand,  TrkC immunoreactivity was appreciable in the same areas 

(Fig.3E ). Meningiomatous sections revealed a general structural alteration of 

collagen fiber with compressed fibroblasts within the well-circumscribed whorls, 

which completely replaced the normal dural tissue. We also observed an 

evident immunoreaction in the dural vessel wall, in the aggregates of 

fibroblasts/macrophages and in the whorls (vorticoid areas), which may calcify 

in some histotypes, thus forming laminar concentrically arranged masses 

named psammomatous bodies.  The macrophage aggregates showed a strong 

immunoreactivity  for NGF and TrkA, while a moderate reaction was 

demonstrated for blood vessel endothelium (Fig.1B,1D);  P75NTR 

immunoreactivity was, on the contrary, very weak in the same compartments 

(Fig.1F).  The neoplastic cells in the whorls showed a remarkable 

immunoreactivity for BDNF and TrkB (Fig.2B,2D), thus confirming our previous 

results in other neoplastic tissues, as lung and prostate (11, 12), in which we 

demonstrated a significant role of BDNF in the increased proliferation rate of 

neoplastic lesions. NT-3 was weak and NT-4 immunoreaction was moderate in 

the neoplastic cells of the whorls (Fig.3B,3D),  in the dural vessel wall and in 

the macrophage aggregates.  The same result was observed for TrkC and p75 

(Fig.3F).    

 

RT-PCR 

RT-PCR analysis confirmed the findings of the immunohistochemical 

investigation both in the normal dura and in the dural area close to 

meningiomatous tissue. In fact, we observed a strong expression of specific 

transcripts for BDNF and TrKB, moderate for NT-4 in the meningiomatous 

tissue, and a relevant expression of NGF  in the dura mater close to the tumor 

lesion (Fig 4 ).  
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Discussion  

 

Notwithstanding the common (mesodermal) origin of all the meninges there 

are, in any case, relevant differences in the biological behaviour of the 

leptomeninx (arachnoid and pia mater) and pachimeninx (dura mater).  In fact, 

only the leptomeninx contains the meningoblasts (cells responsible for the 

genesis and the development of meningiomas).The dura mater does not play a 

role in the onset of meningiomas (it only rarely developing other unusual 

tumors such  as some sarcomas) but often has close a  relationship with the 

meningiomatous lesions which are characterized by a close contiguity with the 

pachimeninx itself, with the exception of those rare meningiomas without dural 

attachment that are often intraventricular. These close relationships between 

meningiomas and dura mater persuaded us to investigate the 

immunohistochemical profile of neurotrophins  in the normal dura and in the 

dura adjacent to the meningiomatous lesion in order identify any differences in 

the localization of neurotrophins in that compartments, and to demonstrate a 

possible direct role in tumorigenesis and in the progression of  these specific 

neoplastic lesions. Numerous studies have stressed the relevance of the  

morphological structure of dural innervation, in fact some interesting 

investigations in rats (12-17) have focused on the peptidergic, 

catecholaminergic and nitroxidergic innervation of dura mater encephali  (18), 

revealing a possible relationship with the etiopathogenesis of headache and 

dural pain (13,15,19-20).  The dura mater shows a high density of sympathetic 

nerve fibers and an impressive population of mast cells, mainly perivascular. It 

also receives significant sensory projections from the trigeminal system. The 

presence of these three elements in the meningeal layer suggests a relevant 

functional interaction between the nervous and the immune system, both 

mediated by neurotrophic factors (6,13-14,20-21). It is well known that NGF 

has an inflammatory role and its increase is directly related to inflammation and 

diseases of the immune system (4,6,22), probably due to the direct action of 
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NGF on mast cells and sensory neurons, as proposed by Woolf et al. (19). 

Interestingly, dura mater cells contain high levels of NGF and TrKC, and 

moderate levels of BDNF and NT-4, suggesting that NGF is essential in  

preserving the integrity of the mast cell/nerve unit (7). Neurotrophins (NTs) are 

neurotrophic signalling polypeptides which include nerve growth factor (NGF), 

brain derived growth factor (BDNF), neurotrophin-3 (NT-3), NT-4/5 and NT-6, 

the latter apparently being specific for fish (2-3). The  biological effects of NTs 

are mediated by the binding with two families of membrane receptors, the high 

affinity tyrosine kinase (TrK) and low affinity p75 receptor (p75NT receptor) 

(2). The TrK family includes TrKA, TrKB and TrKC receptors, whereas p75NT 

receptor belongs to the trans-membrane molecules serving as receptor for 

tumor necrosis factor and cytokines (3). TrKA is specifically activated by NGF, 

whereas TrKB and TrKC are primarily receptors for BDNF and NT-3 respectively 

(3). The physiological role of NTs in the development, maintenance and 

regeneration of the sympathetic and sensory nervous system has been well 

established (23-25) and mainly NGF induces differentiation and decreases 

growth rate in a variety of neoplastic cells from neurogenic and non neurogenic 

origin (26-29).  There is increasing evidence that NTs may act together with a 

paracrine mechanism in the regulation of the functional activity of neuronal and 

non-neuronal structures (30). We have investigated the possible role of NTs in 

the physiopathology of dura diseases, especially in neoplastic lesions. NGF 

showed an appreciable expression rate in the normal dura mater and in the 

dural close to the meningiomatous tissue, but the distribution of this growth 

factor and its high affinity receptor TrkA in the whorls (vorticoid areas) 

appeared markedly different. In fact NGF and TrKA resulted markedly 

expressed in macrophages, thus confirming their functional involvement in the 

persistence of a chronic  inflammatory condition in the tumoral lesion.  BDNF 

and TrKB were, on the contrary,  strongly expressed in the vorticoid areas and 

this finding suggests that they play a direct role in the development and 

progression of the meningiomatous cells.  NGF is found in many tissues and 

cells including the brain, meninges, and cerebrospinal fluid (32), while BDNF is 
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expressed throughout the central nervous system as well as in the periphery, 

mainly in sensory neurons expressing NGF receptors. Peripheral noxious stimuli, 

such as trauma or inflammation, up-regulate NGF in the affected tissue, as well 

as BDNF in the sensory ganglia. However , while NGF contributes specifically to 

inflammation and neuropathic pain inducing the sensitization of peripheral 

nociceptors, BDNF released within the central nervous system acts as role a 

pain modulator contributing to the central sensitization, probably via the 

activation of  NMDA receptors (22). BDNF is directly produced by meningeal 

cells (22,25,28,31-33) together with pro-inflammatory cytokines, reducing 

cellular apoptosis (1,33) and promoting cellular survival in an autocrine or 

paracrine manner in TrKB expressing human neuroblastoma (30,33-34). The 

expression of p75 appeared moderate in the normal dura mater, but weak both 

in the meningiomatous tissue and in the surrounding dural compartment, 

because this receptor, as it is known in literature, is lost during tumor 

progression (28). RT-PCR analysis has confirmed our immunohistochemical 

observations: in fact, we have described a moderate expression of NGF and its 

high-affinity receptor TrKA in normal dura mater, in the meningioma tissues 

and in the surrounding dural compartments. This finding encouraged us to 

believe in a direct role of NGF/TrKA in the maintenance of a chronic 

inflammatory condition, necessary to the beginning and the consequent 

progression of the neoplastic lesion. On the other hand, other neurotrophins 

such as BDNF, its hifh-affinity TrKB and NT-4  were markedly expressed both in 

the meningioma specimens and in the surrounding dural tissue. This finding 

suggests a direct envolvement of BDNF/NT-4 in the development and 

proliferation of the tumor cells (see Table I-II). The data described above 

confirmed our previous experimental findings (8-11), hence improving our 

knowledge about the role of the neurotrophins in the regulation of the 

meningeal microenvironment, and their direct participation in the neoplastic 

transformation and cellular survival, both essential aspects of  the malignant 

development. 
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Table I - Normal Dura Mater 

 Fibroblasts Collagen 

Fibers 

Macrophages Blood vessels 

endothelium 

NGF ++ ± + 
BDNF + - + 
NT-3 ± - ± 
NT-4 ± - ± 
TrKA + ± + 
TrKB ± - ± 
TrKC + - + 
P75NTR + - ± 
 

Table II – Meningioma/Surrounding Dural Tissue 

 Fibroblasts 

Collagen Fibers 

Macrophages Vorticoid 

areas 

Blood vessels 

endothelium 

NGF ± ++ ± + 
BDNF ± ± ++ + 
NT-3 - ± +/++ ± 
NT-4 - ± +/++ ± 
TrKA ± + ± ± 
TrKB - ± ++ ± 
TrKC - ± + ± 
P75NTR - - ± ± 
 

Table Legends: ±,weak immunoreactivity; +, moderate immunoreactivity;  

++, strong immunoreactivity. 
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Fig.1. Micrographs of NGF immunostaining in normal human dura mater (A) 

and in the transitional meningioma (B)/surrounding dural tissue, 40x. The 

immunoreactivity for NGF  is evident in close to proximity the blood vessels 

endothelium (e), in fibroblasts (f) and collagen fibers (cf) in the normal dura 

mater and in dural tissue close to meningioma .The immunostaining for NGF in 

the transitional meningioma (B) is more evident in the aggregated 

macrophages (m) and fibroblasts (f). Micrographs of TrKA immunostaining 

normal human dura mater (C) and in the meningotheliomatous-psammomatous 

meningioma (D)/surrounding dural tissue. In micrographs (C) a vessel with its 

endothelium (e) is clearly visible. Moreover another small vessel within the wall 

of the vessel (vasum vasorum) may be observed and an intense 

immunoreactivity for TrkA is present in the wall of this vessel and in the 

aggregated fibroblasts (f) and collagen fibers (cf). Micrographs of TrKA 

reactivity in a meningotheliomatous-psammomatous meningioma  (D) and 
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surrounding dural tissue, macrophages and the endothelium of the vessels are 

characterized by a moderate immunoreaction. Micrographs of the 

immunoreactivity for p75NTR in the normal dura (E) and in a transitional 

meningioma (F)/surrounding dural tissue. P75NTR shows a moderate 

immunoreaction in the endothelium, a weak expression in macrophages (m), 

fibroblasts (f) and collagen fibers (cf). 

 

 

 

Fig.2. Micrographs of BDNF immunoreactivity in normal human dura mater (A) 

and in meningotheliomatous-psammomatous meningioma (B)/surrounding 

dural tissue, 40x. An appreciable immunoreactivity is visible in fibroblasts (f) 

and collagen fibers (cf), as well as in the endothelium  of vessels (e). An 

analogous positive immunoreactivity for BDNF is markedly visible in the 

vorticoid areas (va) and in the endothelium (e) and moderate immunoreactivity 

may be observed in the aggregates of  macrophages (m) . The TrkB 

immunoreactivity appears to be moderate or weak in the fibroblasts (f) and 

collagen fibers (cf) of the dura mater (C), but is more intense in the vorticoid 

areas (va) of the transitional meningioma (D). 
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Fig.3 Micrographs of NT-3 and NT-4 immunoreactivity in normal dura mater (A, 

C), in transitional meningioma (B) and in meningotheliomatous-psammomatous 

meningioma (D)/surrounding dural tissue, 40x. The immunoreactivity for NT-3 

appears weak or moderate in all the observed structures both in the normal 

dura mater (A) and in the transitional meningioma (B)/surrounding dural tissue. 

A moderate immunoreactivity for NT-4 may be observed in the normal dura 

mater (C) while the immunoreactivity appears to be appreciable in the 

meningiomatous vorticoid areas (va) . Micrographs of the immunoreaction for 

TrkC in the normal dura mater (E) and in the meningotheliomatous-

psammomatous meningioma (F)/ surrounding dural tissue; the 

immunoreactivity appears to be moderate both in fibroblasts (f) and collagen 

fibers (cf) and in the endothelium of the vessels (e) in the normal dura mater. 

An appreciable immunoreactivity is visible in the vorticoid areas (va) of the 

meningioma (F). 
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Fig.4 RT-PCR comparative analysis between  normal dura mater and 

meningioma/surrounding dural tissue. Specific transcripts for NGF, BDNF, NT-3, 

NT-4 and  high affinity receptors TrkB andTrkC. 
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Abstract 

 

Pituitary Adenomas are a diverse group of tumors arising from the pituitary 

gland. Typically, they are small, slow – growing, hormonally inactive lesions 

that come to light as incidental findings on radiologic or postmortem 

examinations, although some small, slow – growing lesions with excessive 

hormonal activity may manifest with a clinical syndrome. The family of 

neurotrophins plays a key role in the development and maintenance of the 

pituitary endocrine cell function and in the regulation of hypothalamo – pituitary 

– adrenocortical axis activity. The objective of our experimental study was to 

investigate the localization of the neurotrophins, their relative receptors and 

detect the expression level of MIB-1 (anti-ki67) to determine if all these factors 

participate in the transformation and development of human pituitary 

adenomas. A very strong expression of NT-3 and its  receptor TrKC was 

observed in the extracellular matrix (ECM) and vessel endothelium, together 

with a clear/marked presence of BDNF and its receptor TrKB, thus confirming 

their direct involvement in the progression of pituitary adenomas. On the 

contrary, NGF and its receptor TrKA and p75NTR were weakly expressed in the 

epithelial gland cells and the ECM. 
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Introduction 

 

Pituitary Adenomas are a diverse group of tumors arising from the pituitary 

gland (1 – 2) which can be sub-classified as either functional or nonfunctional, 

depending on their hormonal activity in vivo (2 – 4). Small, slow – growing, 

hormonally inactive lesions are typically identified as incidental findings on 

radiologic or postmortem examinations: other small, slow – growing lesions 

with excessive hormonal activity can manifest with a clinical syndrome (2 – 4). 

Tumors that grow more rapidly, even if hormonally inactive, are capable of 

producing symptoms related to the presence of an intracranial mass, such as 

visual field disturbances. Given the small size of many pituitary tumors and their 

propensity to exist with only insidious, nonspecific symptoms, an accurate 

estimate of the incidence of pituitary adenomas in the general population 

appears challenging (4). Ezzat S et al found prolactinomas to be the most 

common form of pituitary adenoma (1). Burrow and co – workers  (5) 

evaluated postmortem radiographic, macroscopic and microscopic findings in 

the pituitary tumors and found a significant incidence (11%) of prolactinoma in 

both men and women at all ages, despite the fact that the etiologies of most 

pituitary tumors remain unknown, as confirmed by more recent experimental 

findings (6 – 7). The family of neurotrophins plays a key role in the 

development and maintenance of nerve cell populations in the peripheral and 

central nervous system (8 – 12). Several lines of evidence suggest that 

neurotrophins, more particularly NGF, may be involved in pituitary endocrine 

cell function (13 – 14). Animal studies have shown that neurotrophins, 

especially NGF, play a dual role in pituitary physiology. Firstly, a local role, in 

the anterior pituitary gland, as a stimulator of differentiation and proliferation of 

somatomammotroph cells into mammotroph or lactotrope cells during 

development (15 – 18) as well as a stimulator of proliferation of the thyrotrope 

cells (18). Secondly, a systemic role as a neurohormone which is co – secreted 

with prolactin into the bloodstream (16). Furthermore, NGF may regulate 

endocrine function by stimulating the hypothalamo – pituitary – adrenocortical 

axis activity during stress responses, pregnancy and lactation (19). In vitro 
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studies revealed that escape from NGF control appears to be one of the 

mechanisms involved in the development and progression of human 

prolactinomas (20). NGF and Trk receptors have been identified in endocrine 

cells (cells containing conventional anterior – pituitary hormones) in the anterior 

pituitary gland of adult rats (14, 17 – 18), and Aguado et al (14) reported the 

presence of numerous endocrine cells containing TrkA and TrkB receptors in 

human anterior pituitary gland and some pituitary adenomas, suggesting a 

direct role of the neurotrophins in the normal development of the pituitary 

gland and in the progression of some pituitary adenomas. Previous observations 

found that prolactinomas, the most common pituitary tumor, express NGF and 

its receptors (TrkA and TrkB) and are therefore highly sensitive to the action of 

that neurotrophic factor. In fact, NGF mediates a long – lasting conversion of 

the more transformed dopamine – resistant prolactinomas into a differentiated, 

less malignant lactotroph – like phenotype re – expressing the D-2 receptor 

protein: the latter is very important in the pharmacological therapy of these 

tumors because D-2 receptor agonists are strongly effective in lowering plasma 

PRL levels in patients with prolactinomas (21). It has been also suggested that 

BDNF, expressed together with its receptor TrkB in the anterior lobe of the 

pituitary gland, is involved in the  control of thyroid function, in the proliferation 

and differentiation of melanotrope cells and in the regulation of the 

hypothalamic – pituitary – adrenal axis (22 – 23).  All these findings prompted 

us to investigate the localization and intra – cellular distribution of the 

neurotrophins and their relative receptors, to determine whether these growth 

factors participate in the transformation and development of the human 

pituitary adenomas. Although most pituitary microadenomas can be completely 

excised, it is difficult to totally remove invasive pituitary macroadenomas and, 

until now, no routine markers have been available to predict the aggressive 

behavior or recurrence of this lesion. However, Ki-67, a nuclear antigen 

recognized by the monoclonal antibody MIB-1 has proved to be useful in 

assessing several brain tumors, providing information about cell proliferation 

and, consequently, long – term prognosis (24 – 28).  Generally, the Ki-67 

labeling index (LI) in pituitary adenomas is relatively low in comparison to other 
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brain tumors (29 – 31), in which it is employed, together with a thorough 

clinical, hormonal and MR image follow – up, to identify the predicted 

recurrence of the tumor as early as possible. Hence, we decided to investigate, 

together with the analysis of the neurotrophins pattern, the expression level of 

MIB-1 (anti-Ki67) to define its possible role as a prognostic factor in pituitary 

adenomas. 

 

Materials and Methods 

 

Patients 

Small specimens of human GH – secreting pituitary adenomas were harvested, 

during surgical operation, from 10 patients, and then processed for 

immunohistochemical analysis. Control specimens were obtained from 2 

autoptic cases. Experiments were performed in compliance with the Italian laws 

and guidelines concerning the informed consent of patients (Dir. 2001/20/CE). 

The following molecules were investigated: nerve growth factor (NGF), brain - 

derived neurotrophic factor (BDNF), NT-3, NT-4, TrKA, TrKB, TrKC, p75NTR and 

MIB– 1.  

 

Immunohistochemical analysis 

For light microscope immunohistochemical analysis, small fragments of human 

GH – secreting adenomas were washed in PBS, fixed in 10% formalin and 

embedded in paraffin according to a standard procedure. Serial 4 μm thick 

sections were cut using a rotatory microtome, mounted on gelatine-coated 

slides and processed for immunohistochemistry. To study the 

immunolocalization of neurotrophins and their receptors, the antibodies we 

used were: i) rabbit anti-NGF polyclonal antibody (Santa Cruz Biotechnology, 

CA, USA), which display <1% cross-reactivity against recombinant human NT-3, 

NT-4 and BDNF; ii) rabbit anti-BDNF polyclonal antibody (Santa Cruz), which 

recognizes the amino-terminus of mouse BDNF and does not cross-react with 

NT-3 or NGF; iii) rabbit anti- NT3 polyclonal antibody (Santa Cruz 
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Biotechnology), raised against the amino-terminus of mouse NT-3, which does 

not cross-react with NGF or BDNF; iv) rabbit anti-NT4 polyclonal antibody 

(Santa Cruz Biotechnology); v) rabbit anti- TrKA polyclonal antibody (Santa 

Cruz Biotechnology), which recognizes an epitope corresponding to amino acids 

763 to 777, mapping adjacent to the carboxy-terminus of human TrKA p140 

and is not cross-reactive with TrKB or TrKC; vi) rabbit anti-TrKB polyclonal 

antibody (Santa Cruz Biotechnology), which recognizes an epitope 

corresponding to amino acids 794 to 808 of mouse TrKB p145 and is not cross-

reactive with TrKA or TrKC; and vii) rabbit anti-TrKC polyclonal antibody (Santa 

Cruz Biotechnology), which recognizes an epitope corresponding to amino acids 

798 to 812 of porcine TrKC p140 and is not cross-reactive with TrKA or TrKB; 

viii) goat polyclonal antibody to human NGF receptor p75 (Santa Cruz 

Biotechnology), which recognizes the amino acid sequence mapping the 

carboxy-terminus of the NGF receptor p75 precursor of human origin and is not 

cross-reactive with other growth factor receptors; viiii) MIB-1, a rabbit 

polyclonal antibody raised against amino acids 2641-2940 mapping at the C-

terminus of Ki-67 of human origin (Santa Cruz, CA, USA).  Incubation with 

primary antibodies was performed overnight at 4˚C at a final concentration of 

2-5 μg/ml. Optimal antisera dilutions and incubation times were assessed in a 

series of preliminary experiments. After exposure to the primary antibodies, 

slides were rinsed twice in phosphate-buffer and incubated (1h and 30 min at 

room temperature) with the appropriate secondary antibody conjugated to 

horseradish peroxidase (HRP) (final dilution 1:100). The secondary antibody-

HRP linked against rabbit immunoglobulins was purchased from Boehringer 

(Boehringer Mannheim GmbH, Mannheim, Germany), while secondary 

antibodies-HRP linked against mouse and goat immunoglobulins were from 

Sigma (Sigma Chemicals Co, St. Louis, MO, USA). After a further wash with 

phosphatebuffer, slides were treated with 0.05% 3,3-diaminobenzidine and 

0.1% H2O2. Finally, sections were counterstained with Mayer's hematoxylin and 

observed by using a light microscope. To block endogenous peroxidase activity, 

slides were pre-treated with 3% H2O2, whereas the non-specific binding of 

immunoglobulins was prevented by adding 3% fetal calf serum to the 
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incubation medium. The intensity of the immune reaction was assessed 

microdensitometrically using an IAS 2000 image analyzer (Delta Sistemi, Rome, 

Italy) connected via a TV camera to the microscope. The system was calibrated 

taking as zero the background obtained in sections exposed to nonimmune 

serum. Ten 100 μm2 areas were delineated in each section by a measuring 

diaphragm. Quantitative data regarding the intensity of the immune staining 

were analyzed statistically by analysis of variance (ANOVA) followed by 

Duncan's multiple range test as a post hoc test. 

 

Results 

 

Immunohistochemistry 

Sections of GH – secreting adenomas samples exposed to the 

primary/secondary antibodies developed a dark-brown (intense), yellow-brown 

(slight) or no appreciable immunostaining. Immunoreactivity was specific since 

no immunostaining was obtained in positive control sections incubated with 

each primary antibody adsorbed with the specific peptide or with pre-immune 

serum (data not shown). Immunolabeling was located in the epithelial glands 

(described as epithelial neoplastic cells), extracellular matrix (ECM) and vessel 

endothelium (see the Table). Immunoreaction for NGF was moderate on 

epithelial glands (ep) and also appeared weak in the ECM (em), but was totally 

absent on the endothelium of the vessels (en) (Fig. 1A). Similarly TrkA 

immunoreactivity was moderate on epithelial glands (ep) and less appreciable 

in the ECM (em), but absent on the vessel endothelium (en) (Fig. 1B). A weak 

immunoreactivity for the p75NTR was described on epithelial glands (ep) and in 

the ECM (em), while it was absent on the endothelium of vessels (en) (Fig. 1C). 

BDNF immunoreactivity was highly appreciable in the ECM (em) and on 

epithelial glands (ep), but it resulted moderate on the vessel endothelium (en) 

(Fig. 2A). A strong immunoreactivity for TrKB was observed in the ECM (em), 

appreciable in the vessel endothelium (en) and weak on epithelial glands (ep) 

of the neoplastic area (Fig. 2B). A very strong  immunoreactivity was revealed 

by NT-3 and TrKC in the ECM (em), an appreciable expression also on the 
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vessel endothelium (en) and a weak immunoreactivity on epithelial glands (ep) 

for these factors  (Fig. 3A - 3B). Finally  MIB – 1 immunoreactivity was weakly 

expressed on epithelial glands (ep) and on the vessel endothelium (en) (Fig. 4A 

- 4B). Illustrations regarding autoptic findings (2 cases) are not provided 

because they were not significant. 

 

Discussion 

 

Pituitary adenomas account for 10-15% of all primary brain tumors and benign 

tumors and are usually slow growing (1 – 4). In particular, growth hormone-

secreting adenomas account for about 20 % of all pituitary adenomas. GH-

producing adenomas have been histology classified into densely and sparsely 

granulated adenomas (32). They derive from the acidophil cell line. This 

lineage, comprising somatotroph, mammotroph and thyrotroph cells, is 

controlled by a common transcription factor named PIT-1. Previous studies 

suggest that neurotrophins, especially NGF, may be involved in pituitary 

endocrine cell proliferation, growth and differentiation (13 – 14). NGF is a 

particularly interesting neurotrophin in pituitary function and physiology (15 – 

18). Immunohistochemical studies have also shown that NGF is selectively 

expressed by somatotroph, mammotroph and thyrotroph cells, stored in 

secretory granules. Moreover, neurotrophins and their receptors have been 

shown to play a role in cancer, promoting tumor progression. In particular, NGF 

cooperates with EGF and bFGF in directing differentiation of lactotrophs cells 

stimulating PRL synthesis and D-2 dopaminergic receptor expression (21), via 

binding to p75NTR and activation of NF – kB in a TrkA – independent way. In 

fact, short – term treatment of patients with bromocriptine – resistant 

prolactinomas, with NGF resulted in differentiation of the tumors into less 

aggressive, lactotrope – like cells, re – expressing D-2 receptors, thus restoring 

the molecular target for conventional therapy with D-2 agonists (21). TrkA as 

well as TrkB expression has been found in tumor and non – tumoral 

adenohypophyseal cells from human pituitary adenomas by Aguado et al (14). 

However the localization of the neurotrophin receptors in human normal 
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pituitary gland and their expression in human pituitary adenomas is still 

unclear. In our observations we described a moderate immunoreaction for NGF, 

and its relative receptor TrKA and p75NTR, on epithelial glands and less 

appreciable in the ECM, similarly to the experimental observations of 

Assimakopoulou et al (13) but different to the Aguado's et al findings (14), thus 

suggesting the role of NGF and its signaling in the development of normal 

pituitary gland but not in the progression and proliferation of the pituitary 

adenomas. BDNF and its receptor TrKB resulted highly appreciable in the ECM 

and moderate on the vessel endothelium, suggesting their role in the 

proliferation of a neoplastic microenvironment, involving the extracellular matrix 

components and the angiogenetic network, given that vascular endothelial cells 

synthesize and secrete BDNF  (32). On the other hand a very strong  

immunoreactivity was revealed by NT-3 and TrKC in the ECM, and an 

appreciable expression also on the vessel endothelium, differently from the 

Aguado's et al findings (14), leading us to describe this neurotrophin as the 

principal neurotrophic factor involved in the progression of pituitary adenomas. 

This discrepancy may be due to different immunohistochemical experimental 

protocols. Considering the efficiency of the antibodies used for this 

investigation, the expression revealed by these molecules in human pituitary 

adenomas (GH – secreting) suggests a functional direct role of BDNF and NT-3 

on this tumors.  Finally MIB – 1 resulted weakly detectable in epithelial glands, 

but totally absent on the vessel endothelium, confirming the low proliferation 

rate of Gh-producing adenomas which generally show a label index less than 3 

%. However the distribution and localization of all these factors in human 

pituitary adenomas (GH – secreting) still remains unclear. Additional studies 

would be necessary to better explain the biological role of these molecules in 

the development and progression of this type of tumors. 
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Fig. 1. Micrographs of NGF-TrKA-P75 immunostaining in GH-secreting pituitary 

adenomas. NGF immunoreactivity was moderate in the epithelial compartment of the 

neoplastic area, weak in the extracellular matrix (em) and totally absent in the vessel 

endothelium (en) (not shown)(A: 20X). Immunoreaction for TrKA was moderate in the 

nucleus of the neoplastic cells, weak in the extracellular matrix (not shown) and totally 

absent in the vessel endothelium (en) (not shown) (B: 40X). P75NTR immunoreactivity 

was weak in the epithelial neoplastic cells and in the extracellular matrix (em), but 

totally absent in the vessel endothelium (en) (C: 20X). 
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Fig. 2. Micrographs of BDNF-TrKB immunostaining in GH-secreting pituitary adenomas. 

BDNF showed a significantly high expression in the extracellular matrix (em) and on 

epithelial glands, but moderate on the vessel endothelium (en) (A: 20X). TrKB 

Immunoreactivity was strong in the extracellular matrix (em), appreciable in the vessel 

endothelium (en) and weak on epithelial glands of the neoplastic area (B: 20X). 
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Fig. 3. Micrographs of NT3-TrKC immunostaining in GH-secreting pituitary adenomas. 

NT-3 was strongly expressed in the extracellular matrix (em) and on the vessel 

endothelium (en), but it was moderate expressed in the epithelial neoplastic cells. (A: 

20X). A strong immunoreactivity for TrKC was observed in the extracellular matrix (em) 

and a weak expression on the vessel endothelium (en) and on epithelial glands (ep) 

(B: 20X). 
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Fig. 4. Micrographs of Ki-67 immunostaining in GH-secreting pituitary adenomas. Ki-67 

immunoreactivity was weak on epithelial neoplastic cells and on the vessel endothelium 

(en), but it was relevant in the extracellular matrix (em) (A, B: 20X). 

 

 

 



 

85 
 

 
Table I. Results of the immunohistochemical analysis for NTs and NT receptors 

in human GH-secreting pituitary adenomas. 

 Epithelial glands Extracellular 

matrix 

Vessel 

endothelium 

NGF + +/- - 

BDNF ++ +++ + 

NT3 + +++ ++ 

MIB-1 +/- ++ - 

TrkA + +/- - 

TrkB +/- ++ + 

TrkC +/- +++ ++ 

P75NTR +/- +/- - 

+++: strong immunoreactivity; ++: relevant immunoreactivity; +: moderate 

immunoreactivity; +/-: weak immunoreactivity; -: absence of immunoreactivity 

 

 

Table II. Results of the immunohistochemical analysis in percentages. 

 Epithelial glands Extracellular 

matrix 

Vessel 

endothelium 

NGF ±50% ±25% ±0% 

BDNF ±75% ±100% ±50% 

NT3 ±50% ±100% ±75% 

MIB-1 ±25% ±75% ±0% 

TrkA ±50% ±25% ±0% 

TrkB ±25% ±75% ±50% 

TrkC ±25% ±100% ±75% 

P75NTR ±25% ±25% ±0% 

+++: strong immunoreactivity; ++: relevant immunoreactivity; +: moderate 

immunoreactivity; +/-: weak immunoreactivity; -: absence of immunoreactivity 
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Abstract 

 

Human pterygium is made up of chronic proliferative fibro-vascular tissue 

growing on the ocular surface. This disease exhibits both degenerative and 

hyperplastic properties. Some fibroangiogenic factors have recently been shown 

to play a potential role in fibrovascular diseases via the angiogenesis process. 

The aim of this study is to evaluate VEGF, TGF- and PGE2 expression in the 

epithelial, endothelial and stromal cells of human pterygium and normal 

conjunctiva in order to determine whether these factors participate in the 

development of pterygium. Ten specimens from patients with pterygium and 

two normal conjunctivas (cadavers) were analyzed by immunohistochemistry 

using specific antibodies against these growth factors.  The technique used was 

ABC/HRP (Avidin complexed with biotinylated peroxidase). Immunoreactivity of 

VEGF was significantly increased in the epithelium, vascular endothelium and 

stromal cells in primary pterygium as compared with normal conjunctiva. A 

moderate expression of TGF- in the pterygium was observed in the epithelial 

and stromal layers. On the contrary, immunolabeling of  this growth factor in 

the human normal conjunctiva was weak. PGE2 was strongly expressed in the 

epithelium of patients with pterygium, as in control conjunctival tissues and the 

immunolabeling was moderate in the stroma from the same patients. Our 

results suggest that these growth factors may contribute to the progression of 

primary pterygium by increasing angiogenesis, thus leading to the formation of 

new blood vessels from the pre-existing vasculature. We conclude that VEGF, 

TGF- and PGE2 may be potential therapeutic targets in the treatment of this 

disease although proof of this evidence requires further studies. 
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Introduction 

  

Pterygium is a lesion of the ocular surface that begins to grow from limbal 

epithelium and invades the cornea by conjunctival epithelium, leading to visual 

impairment (1,2). Recently, published data have shown that this pathological 

condition is an active process of cellular proliferation, ongoing connective tissue 

remodeling, angiogenesis and inflammation. Histologically, actively growing 

pterygia exhibit both degenerative and hyperplastic changes as well as 

proliferative and infiammatory disorders (3,4). This disease consists of an 

overlying conjunctival epithelium, which may appear normal or mildly 

hyperplastic. The underlying fibrovascular tissue usually presents a chronic 

inflammatory cellular infiltrate and rich vasculature (4). It causes discomfort, 

lachrymation and photophobia. After surgical intervention, relapses are 

frequent. Many therapies, including antimitotics and corticosteroids, have been 

proposed for the prevention of recurrence, but no really effective therapy has 

been established (5). When pterygium takes a more aggressive course, 

although considered a relatively benign process, it may be come locally invasive 

with various degrees of abnormalities, ranging from mild dysplasia to carcinoma 

in situ (6). The pathogenesis of pterygium is still controversial, although 

epidemiological studies have firmly established that ultraviolet radiation is an 

etiologic agent for this disease (7). In addition, many fibroangiogenic growth 

factors have been implicated in pterygium pathogenesis, such as tumor necrosis 

factor- (TNF-), basic fibroblast growth factor (bFGF), platelet-derived growth 

factor (PDGF), and transforming growth factor- (TGF-) (8). Angiogenesis is 

defined as the formation of new blood vessels from pre-existing vasculature 

and underlies a large number of physiological processes (9), such as growth 

and differentiation, wound healing, and abnormal conditions, such as neoplasia 

and eye diseases, which cause severe loss of vision (10). The process  of 

vascularization involves the activation of cell-derived angiogenic factors as well 

as the appropriate synthesis of extracellular matrix components necessary for 

anchorage of migrating endothelium. One of the most potent and specific 
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angiogenic factors is vascular endothelial growth factor (VEGF), also known as 

vascular permeability factor and vasculotropin (11). VEGF is a heparin-binding 

glycoprotein that has several important effects on vascular endothelial cells. 

This growth factor may be produced in response to environmental stimuli, 

mainly hypoxia, certain cytokines and estradiol (12). VEGF is considered to be 

the most selective mitogen for endothelial cells (13): it increases vascular 

permeability (14), induces alterations in ion flow, cell proliferation (15), and 

migration and release of proteinases (16). Prostanoids are a group of lipid 

mediators forming in response to various stimuli, including prostaglandin and 

thromboxane A2. They are released extracellularly immediately after their 

synthesis and they act by binding to a G-protein-coupled rhodopsin-type 

receptor on the surface of target cells. There are 8 types of prostanoid 

receptors that are conserved in mammals: the PGD receptor (DP), a subtypes 

of the PGE receptor (EP1, EP2, EP3 and EP4),  the PGF receptor (FP), the PGI 

receptor (IP), and the TXA receptor (TP). The ocular surface, especially the 

human conjunctival epithelium, showed EP2, EP3 and EP4 receptors, that may 

down-regulate ocular surface inflammation (17). In the current study we 

investigated the  expression of  VEGF, PGE2 and TGF- by immunohistochemical 

techniques in some cases of primary pterygia and 2 normal conjunctiva 

specimens as controls, to elucidate the etiopathogenesis of this disease, that 

can have significant clinical consequences in terms of surgical treatment, 

preventing the frequent post-surgery relapses. Also, it may play a role in 

developing new non-surgical treatments to reduce relapses, severity of 

inflammation, tissue invasion, proliferation and angiogenesis. 

 

Materials and Methods 

 

Ethical considerations 

The study group included 10 cases of surgically excised pterygium from patients 

(6 males and 4 females) aged 45-80 years, together with 2 autoptic specimens 

harvested as control cases (normal nasal epibulbar conjunctiva segments that 

showed the same features for immunohistochemical study; in fact, is it 
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impossible to use control specimens from normal conjunctiva of patients with 

pterygium due to potential abnormalities in the conjunctiva adjacent to the 

lesions).  During excision, apart from topical anaesthesia, no other chemical or 

pharmaceutical product was administered. Experiments were performed in 

compliance with the Italian laws and guidelines concerning the patients 

informed consent. The ethical committee of the Hospital approved our study 

according to the European Community and Italian laws. Control morphological 

sections were stained with hematoxylin-eosin. The following molecules were 

investigated: vascular endothelial growth factor (VEGF), prostaglandin E2 

(PGE2) and transforming growth factor- (TGF-). 

 

Immunohistochemical analysis 

Small fragments from pterygium and nasal epibulbar conjunctival tissues near 

the limbus (autoptic specimens) samples were washed in PBS, fixed in 10% 

formalin and embedded in paraffin according to a standard procedure. The 

method employed for immunohistochemical tests was ABC/HRP technique 

(avidin complexed with biotinylated peroxidase).   Serial 3-μm thick sections 

were cut using a rotative microtome, mounted on gelatin-coated slides and 

processed for immunohistochemistry. These sections were deparaffinized in 

xylene and dehydrated.  They were immersed in citrate buffer (PH 6) and 

subjected to microwave irradiation twice for 5 minutes.  Subsequently, all 

sections were treated for 30 minutes with 0.3% hydrogen peroxide in methanol 

to quench endogenous peroxidase activity.  To block non-specific binding, the 

slides were incubated in 3% normal goat serum in PBS for 30 minutes at room 

temperature. The slides were incubated overnight at 4°C with primary mouse 

monoclonal antibodies against human VEGF diluted 1/100 (abcam Cambridge 

Science Park, UK, ab1316), against human TGF- diluted 1/100 (abcam 

Cambridge Science Park, UK, ab49574) and with primary rabbit polyclonal 

antibody against human PGE2 diluted 1/500 (Abcam Cambridge Science Park, 

UK, ab2318). Optimal antisera dilutions and incubation times were assessed in 

a series of preliminary experiments. After exposure to the primary antibodies, 

slides were rinsed twice in phosphate buffer and incubated for 1 h at room  
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temperature with the appropriate secondary biotinylated goat anti-mouse or 

anti-rabbit IgG (vector laboratories Burlingame, CA, USA, BA9200 and BA1000) 

and with peroxidase-conjugated avidin (Vector laboratories, Burlingame, CA, 

USA, Vectastain Elite ABC Kit Standard* PK 6-100) for 30 minutes. After a 

further wash with phosphate buffer, slides were treated with 0.05% 3,3-

diaminobenzidine (DAB) and 0.1% H2O2. Finally, sections were counterstained 

with Mayer's hematoxylin and observed by using a light microscope. Negative 

control experiments were done: i) by omitting the primary antibody; ii) by 

substituting the primary antibody with an equivalent amount of non-specific 

immunoglobulins; iii) by pre-incubating the primary antibody with the specific 

blocking peptide (antigen/antibody = 5 according to supplier's instructions).  

The staining assessment was made by two experienced observers in light 

microscopy. We assessed the immunoreactivity for VEGF, TGF- and PGE2 in 

epithelial, endothelial  and stromal cells of these tissues. The intensity of the 

immune reaction was assessed microdensitometrically using an IAS 2000 image 

analyzer (Delta Sistemi, Rome, Italy) connected via a TV camera to the 

microscope. The system was calibrated taking the background obtained in 

sections exposed to non-immune serum as zero. Ten 100 m2 areas were 

delineated in each section by a measuring the diaphragm. Quantitative data of 

the intensity of the immune staining were analyzed statistically by analysis of 

the variance (ANOVA) followed by Duncan’s multiple range test as a post hoc 

test. 

 

Statistical analysis 

The comparison of the expression levels of VEGF, TGF- and PGE2 in the 

pterygium and normal conjunctiva was carried out by t-test. Statistical analyses 

were performed using the SPSS statistical software package version 12.0. The 

results were considered as statistically significant when P-value<0.05.  
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Results 

 

Under light microscope fragments of primary pterygium from 10 patients 

treated with surgical ablation were examined. These specimens are composed 

of epithelium, endothelium and different kinds of stroma, in accordance with 

the evolutive stage. Intense angiogenic activity was observed particulary in the 

subepithelial region. Furthermore, pterygium tissues were more vascularized 

than normal conjunctiva. The particular distribution of the blood vessels can be 

explained by the need of the proliferating  pterygium for increased nutritive 

support. We noted the presence both of small vessels as well as elongated, 

tortuous and ramified blood vessels: the morphology of these vessels is 

suggestive for the presence of an active angiogenesis in subepithelial 

connective tissue. The epithelium of the conjunctival tissues is stratified, 

columnar towards the sclera and squamous non-keratinized towards the 

cornea. In some areas, the epithelium invaginates into the stroma and an 

increased number of goblet cells are present in this area (Fig 1A). The 

epithelium is thick and often elevated by the proliferation of the underlying 

connective tissue. In the pterygium, the stroma is made of connective tissue, 

rich in fibroblasts, numerous connective fibrils and many blood vessels.  In the 

stationary phase, sclerosis is observed, the infiammatory process is reduced 

and the connective fibrils are set in compact bundles (Fig 1B). Our study 

showed relevant immunoreactivity of VEGF in epithelial cells, except goblet cells 

(Fig. 1C); the normal conjunctiva demonstrated a statistically significant 

difference in comparison with pterygium, that presented extremely high 

expression level for VEGF in the epithelial layer. A strong reaction to VEGF was 

observed in the vascular endothelium, and in fibroblastic and inflammatory 

stromal cells of the pterygium tissue (Fig. 1D). In contrast to this pathologic 

tissue, no VEGF immunoreactivity was observed in endothelial or stromal cells 

of normal conjunctival tissues (Fig. 1C). The staining reaction was diffuse, 

granular, cytoplasmic, with intensification at the superficial layers of  the 

epithelium. In the epithelium of pterygium we observed an increase of reaction 

towards the superficial region (Fig. 1D). TGF- immunolabeling was very weak 
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in fibroblasts from normal conjunctiva, in contrast to the primary pterygium, 

that appeared strong in some stromal cells (Fig. 2A-B). These findings 

demostrated that this growth factor may interact directly or indirectly in the 

pathogenesis of pterygium. Finally, we detected prostaglandin E2 (PGE2) in the 

conjunctival epithelium of pterygium patients as we did in the control autoptic 

conjunctival epithelium.  Our study suggests that PGE2 is strongly expressed in 

the conjunctival epithelium of patients with pterygium, as in control conjunctival 

tissues. PGE2 immunolabeling was moderate in the stroma from patients with 

pterygium, because vascular endothelium expressing the PGE2 protein 

increased in the presence of inflammatory infiltrating cells in sub-conjunctival 

tissues (Fig. 2C-D). The intensity of staining for VEGF, TGF-β and PGE2 in 

human normal conjunctiva and pterygium is presented in Tables I and II 

(Tables I-II). The percentage values of growth factors-positive cells and P-

values are shown in Table III (Table III). 

 

Discussion  

 

Pterygium represents a vascular, potentially invasive surface ocular lesion, 

which originates from activated stem cells of the limbus (18). 

Immunopathogenic mechanisms and overexpression of extracellular matrix 

components seems to be implicated in its pathogenesis (19). Recent studies 

show that pterygium may be the result of a defective wound healing process, 

during which molecular events that lead to programmed cell death are modified 

(20). Normal conjunctiva contains a local surface immune system called 

conjunctiva-associated lymphoid tissue (CALT) that presents T cells, B cells, and 

plasma cells as well as local secretions of immunoglobulins (IgA, IgM, IgG, IgG, 

and IgE) and complement (21). Previous studies indicated that both immune 

cells and immunoglobulins are pathologically increased in pterygium tissue, 

suggesting that immunological process might be involved in its pathogenesis  

(21). Although T cells are the most frequently encountered type of 

inflammatory cell, CD68-positive macrophages are the most common cells 

encountered in pterygium and they are distributed both in the epithelial and 
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stromal layers, suggesting that they are related to the pathogenesis of the 

disease. Additionally, a previous study indicated that some of these 

macrophages strongly expressed COX-2 and VEGF in pterygium (22). COX-2 

protein can upregulate VEGF production via the protein kinase C pathway in 

lung cancer cells (23). Prostaglandin E2 (PGE2), the product of COX-2 activity, is 

also angiogenic by direct influence on endothelial cells or by inducing the 

release of angiogenic growth factors, such as VEGF (24).  In fact, the present 

study revealed an intense expression of PGE2  in the columnar stratified 

epithelium and moderate immunolabeling in endothelial and stromal cells, 

indicating the importance of this factor in the pathogenesis of pterygium. 

Although the pathogenicity of pterygium is not fully understood, it is generally 

accepted that ultraviolet radiations are the most important etiological factor 

involved in its onset. Ultraviolet radiations trigger a series of events that 

ultimately lead to damage of DNA, RNA and extracellular matrix (25). Chronic 

ultraviolet-B (UV-B) exposure contributes to the pathogenesis of primary 

pterygium, which causes oxidative stress, leading to upregulation of many 

potential mediators of pterygium growth, such as cytokines and growth factors. 

Di Girolamo et al. (26) demostrated that UV may induce the VEGF expression in 

the pterygium epithelial cells in a dose- and time-dependent manner (26). 

Therefore, the expression of VEGF in the epithelium of primary pterygium might 

be relevant due to UV-B exposure. The ingrowth of these vessels into the 

epithelium might be interpreted as a reaction to hypoxia or some cytokines. 

This process deserves further investigation and research. Angiogenesis is 

characterized by growing new blood vessels from pre-existing vessels. VEGF is 

one of the most potent and specific proangiogenic factors. It is also known to 

be a vascular permeability factor or vasotropin. VEGF is considered the most 

selective mitogen of endothelial cells (27); it increases vascular permeability 

(28), induces alterations of ionic fluxes, cellular proliferation (15), migration and 

release of proteases (16). Our study showed an increased expression of VEGF, 

mainly in the epithelium, endothelial cells and fibroblasts of the pterygium. 

Such reactivity is an argument for the pathogenic role played by this growth 

factor in the development of pterygium. The relationship between VEGF signal 
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transduction and the modifications in the behavior of epithelial cells from 

pterygium/conjunctiva has not been fully ascertained. Overexpression of VEGF 

in epithelial cells is, on the other hand, not capable of inducing angiogenesis 

and is seemingly consistent with allow level of vascular microdensity. This may 

be the result of VEGF lacking in endothelial and stromal cells. On the contrary, 

VEGF expression in the pterygium endothelial and stromal cell can induce 

angiogenic activity, demostrated by increased vascular microdensity. Therefore, 

it seems that VEGF buildup in the epithelial cells is only a reflection of their 

secretory capacity, while buildup in the endothelial and stromal cells reflects its 

angiogenic activity. In this respect, Aspiotis M et al. demostrated a higher 

vascular microdensity in the fibrous subtype than in the vascular type, thus 

confirming the assumption that stroma plays a role in the pathogenesis of 

pterygium (29). Furthermore, the presence of pro-inflammatory cytokines 

secreted from the surface epithelium or from lacrimal inflammatory cells 

induces the fibroblastic production of proteins related to remodelling of 

extracellular matrix and angiogenesis. Growth factors with potent angiogenic 

activity, such as FGF, PDGF, TGF- and TNF, have been found to be secreted 

from fibroblastic and inflammatory pterygium cells as well as in tissue cultures 

from pterygium fibroblasts (8). Our study showed a moderate expression of 

TGF-β in the epithelial and stromal cells of pterygium compared to normal 

conjunctiva, which presented weak staining in the endothelial, epithelial and 

stromal layers. From this and other studies, we can postulate that various 

cytokines and growth factors, including VEGF, might be involved in cellular 

proliferation, inflammatory reaction, remodelling of extracellular matrix and 

angiogenesis of pterygium. These data suggests that VEGF, PGE2 and TGF- 

can be therapeutic targets in the treatment of pterygium. Anti-angiogenesis 

therapy using anti-VEGF has recently been reported to be effective both for 

controlling primary pterygium and preventing recurrence after pterygium 

excision (30). We conclude that the overexpression of angiogenic factors and 

the concurrent decreased expression of angiogenesis inhibitors probably 

represents a possible pathogenic mechanism in the formation of pterygium. The 

development of synthetic inhibitors growth factors for therapeutic intervention 
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could bring about a reduction of relapse rate, inflammation intensity, tissue 

invasiveness, proliferation and angiogenesis in pterygium. Additional clinical and 

experimental investigations appear to be necessary to better clarify the 

biological role of these molecules in the development and progression of this 

type of disease. 
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Table I. Results of the immunohistochemical analysis for 

VEGF, TGF- and PGE2 in normal human conjunctiva. 

 EPITHELIAL 

CELLS 

VASCULAR 

ENDOTHELIUM 

STROMAL 

CELLS 

VEGF + - - 

TGF-    

PGE2 + - - 

+++, strong immunoreactivity; ++ , relevant immunoreactivity; +, moderate 

immunoreactivity;  +/-,  weak immunoreactivity;  -,  absence of 

immunoreactivity. 

 

 

Table II. Results of the immunohistochemical analysis for 

VEGF, TGF-Β and PGE2 in pterygium. 

 EPITHELIAL 

CELLS 

VASCULAR 

ENDOTHELIUM 

STROMAL 

CELLS 

VEGF +++ ++ ++ 

TGF- +  + 

PGE2 ++ + + 

 +++, strong immunoreactivity; ++ , relevant immunoreactivity; +, moderate 

immunoreactivity;  +/-,  weak immunoreactivity;  -,  absence of 

immunoreactivity. 
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Table III. Levels of VEGF, TGF- and PGE2  examined in 

pterygium and control specimens, and respective levels of 

statistical significance (t-test) 

 

 PTERYGIUM CONTROLS p-VALUE 

VEGF  

Epithelial cells 

Vascular endothelium 

Stromal cells 

 

72.92% 

72.92% 

      87.80% 

 

42.03% 

0% 

0% 

 

p=0.0035 

- 

- 

TGF- 

Epithelial cells 

Vascular endothelium 

Stromal cells 

 

      32.32% 

 22.16% 

 47.70% 

 

22.30% 

19.10% 

19.36% 

 

p=0.0294 

p=0.0380 

p=0.0209 

PGE2 

Epithelial cells 

Vascular endothelium 

Stromal cells 

 

62.03% 

47.70% 

49.90% 

 

36.26% 

0% 

0% 

 

p=0.0334 

- 

- 
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Figure  legends: Fig. 1-A.  Hematoxylin and eosin stain of human normal 

conjunctival tissue. The epithelium of the conjunctival tissue is columnar 

stratified and elevated numbers of goblet cells are present in this area (40X).  

Fig. 1-B. Hematoxylin and eosin stain of human pterygium. Irregular 

epithelium and richly vascularized stroma.  The epithelium is adapted to 

smoothen the stromal irregularities and in some areas becomes invaginated. 

The stroma of the pterygium is made up of  connective tissue, rich in new blood 

vessels, in fibroblasts and connective fibrils (40X).  Fig. 1-C. 

Immunohistochemical analysis of normal conjunctiva for VEGF. A moderate 

expression of VEGF is seen in the epithelial conjunctival cells while VEGF 

expression was not found in the vascular endothelial and stromal cells (40X). 

Fig. 1-D. Immunohistochemical analysis of human pterygium for VEGF. VEGF 

immunoreactivity appears to be strongly positive in the endothelial cells of 

blood vessels, epithelial cells and in the stromal inflammatory tissue (40X). 
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Figure  legends: Fig.2-A. Immunohistochemical analysis of normal 

conjunctiva for TGF-. TGF- immunolabeling was very weak in the epithelial, 

endothelial and stromal layers. Fig. 2-B. Immunohistochemical analysis of 

human pterygium for TGF-. Evident expression of TGF- in the epithelial cells 

is visible. Immunoreactivity in the fibroblasts of the connectival tissue appeared 

strong in some cells. Weak immunolabeling in the endothelial cells of blood 

vessels is also visible (40X). Fig. 2-C. Immunohistochemical analysis of normal 

conjunctiva for PGE2. PGE2 immunolabeling was moderate in the epithelial cells. 

PGE2 expression was not found in the endothelial cells  of the vessels (40X). 

Fig. 2-D. Immunohistochemical analysis of human pterygium for PGE2. Intense 

expression of PGE2  in the columnar stratified epithelium and moderate 

immunolabeling in stromal cells are visible (100X). 
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Abstract 

 

Osteosarcoma is the most common primary malignant tumour of the bone. 

Although new therapies continue to be reported, osteosarcoma-related 

morbidity and mortality remain high. Modern medicine has greatly increased 

knowledge of the physiopathology of this neoplasm. Novel targets for drug 

development may be identified through an understanding of the normal 

molecular processes that are deeply modified in pathological conditions. The 

aim of the present study was to investigate, by immunohistochemistry, the 

localisation of different growth factors and of the proliferative marker Ki-67 in 

order to determine if these factors  are involved in the transformation of 

osteogenic cells and in the development of human osteosarcoma. We observed 

a general positivity for NGF – TrKA – NT3 – TrKC - VEGF in the cytoplasm of 

neoplastic cells and a strong expression for NT4 in the nuclear compartment. 

TGF-β was strongly expressed in the extracellular matrix and vascular 

endothelium. BDNF and TrKB showed a strong immunolabeling in the 

extracellular matrix. Ki-67/MIB-1 was moderately expressed in the nucleus of 

neoplastic cells. We believe that these growth factors may be considered 

potential therapeutic targets in the treatment of osteosarcoma although proof 

of this evidence requires further investigations. 

 

Introduction 

 

Osteosarcoma is the most common primary malignant bone tumour in 

adolescents and young adults. Osteosarcoma includes several different 

pathological entities, differing in clinical, radiological, and histological features. 

Clinical-pathological subtypes range from low-grade lesions with low malignant 

potential, towards high-grade lesions that express a marked potentiality for 

metastatic dissemination (1). Although the efficacy of the oncological treatment 

of osteosarcoma, consisting of chemotherapy and a surgical excision of the 

tumor, continues to improve, osteosarcoma-related morbidity and mortality 
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remain high. The survival of patients affected by osteosarcoma is conditioned 

by metastasis. Metastatic tumours are often not responsive or only partially 

responsive to current therapeutic strategies and are the primary cause of 

cancer-related mortality. Little is known about the molecular mechanisms that 

control the  pathogenesis of osteosarcoma. There is  evidence that the course 

of this disease may be influenced by the presence of various proteins which 

play a key-role in proliferation, chemo-resistance and angiogenesis (2). 

Angiogenesis, the sprouting of new capillaries from pre-existing blood vessels, 

is a regulated process essential in reproduction, development and tissue repair 

(3). It is known that angiogenesis is an essential component in cancer 

development, supplying the tumour with nutrients, oxygen and growth factors 

as well as for metastatic spreading. A more extensive angiogenic response may 

indicate a very aggressive tumour with a less favourable prognosis and 

quantification of this characteristic could provide an indication of tumour 

behaviour. Angiogenesis is induced by a variety of growth factors, but the most 

important factor of angiogenesis is the  vascular endothelial growth factor 

(VEGF). VEGF, also known as vascular permeability factor, exists in different 

isoforms which are generated by alternative splicing of a single gene (4). 

Although the different isoforms seem to express identical biological activities, 

only the two smaller forms (VEGF121 and VEGF165) are secreted in soluble form, 

whereas the larger ones remain cell-associated (5). The expression of VEGF is a 

signal of the tyrosine kinase cascate activation initiated by binding VEGF to the 

VEGF receptor (VEGFR). As a result of this process, new vessel formation 

around the tumor is initiated (6). Prostaglandins (PGE1 and PGE2), potent 

stimulators of bone formation, and other growth factors rapidly induce VEGF 

expression in osteoblasts (7). The transforming growth factor βs (TGF-βs) are a 

family of multifunctional cell peptides that regulate cell growth, differentiation, 

and extracellular matrix production. Three TGF-β isoforms have been identified 

in human tissues and bone matrix. Previous studies showed that TGF-β was 

localized in osteoblasts and osteoclasts of fetal bones from different species (8). 

TGF-β1 is released by the osteoblasts in the extracellular matrix in a latent form  

and may be activated by the osteoclasts during the resorptive phase (9). The 
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active molecule may also influence bone resorption by inhibiting the formation 

of new osteoclasts from their precursors and decreasing the activity of mature 

osteoclasts (10). In a previous study, employing osteosarcoma cell lines, Kloen 

et al. (11) were able to demonstrate that these neoplastic cells produce TGF-β 

that stimulates their own proliferation, suggesting that an autocrine loop 

involving TGF-β  may contribute to the growth of human osteosarcomas. 

Another study showed that high-grade osteosarcomas had a significantly higher 

expression of TGF-β1 than low-grade osteosarcomas, while levels of TGF-β2 and 

TGF-β3 were comparable in the two groups (12). There are no data in the 

literature on the expression of neurotrophins in  osteosarcoma cell lines. 

Neurotrophins (NTs), also known as neurotrophic factors, constitute a family of 

dimeric proteins working as polypeptidic growth factors, which include nerve 

growth factor (NGF), brain derived growth factor (BDNF), neurotrophin-3 (NT-

3), NT-4/5 and NT-6, the last being apparently specific for fish (13). Biological 

actions of NTs are mediated by the binding with two families of membrane 

receptors, the high-affinity tyrosine kinase (Trk) and the low-affinity p75 

(p75NT receptor) receptors (14). The Trk family includes TrkA, TrkB and TrkC 

receptors, whereas p75NT receptor belongs to the trans-membrane molecules 

serving as receptor for tumor necrosis factor and cytokines (15). TrkA is 

specifically activated by NGF, whereas TrkB and TrkC are primarily receptors for 

BDNF and NT-3 respectively (16, 17). NTs are involved in vertebrate neuronal 

cell development, differentiation, survival and functional activities. NTs are also 

involved in the modulation of adult central nervous system functions and 

organization, as well as in the vegetative innervation of several organs (16). 

Moreover, detailed studies have revealed significant actions of neurotrophins in 

a wide variety of tissues outside the nervous system, especially in the immune 

system (18). All these findings prompted us to investigate the localization and 

intracellular distribution of the above mentioned growth factors and their 

relative receptors, to determine whether these growth factors are involved in 

the insorgence and development of the human osteosarcoma. In the present 

study we also investigated the  expression of VEGF, PGE2, TGF-β and 

neurotrophins by immunohistochemical and immunofluorescence techniques in 
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some tissue samples of osteosarcoma not otherwise specified (NOS) and 

osteosarcoma cell lines: the aim of this investigation was to elucidate the role 

of these proteins in osteosarcoma carcinogenesis. Ki-67, a nuclear antigen that 

has proved to be useful in assessing several tumors, provides informations 

about cell proliferation and, consequently, long – term prognosis (19). Hence, 

we decided to investigate, together with the analysis of the growth factors 

pattern, the expression level of Ki67 to define its possible role as a prognostic 

factor in osteosarcoma. The identification of these growth factors is crucial for 

understanding tumor dissemination and for the development of novel therapies. 

 

Materials and Methods 

 

Population Study 

The population of this study included 50 formalin-fixed, paraffin-embedded 

blocks of surgical osteosarcoma specimens obtained from the files of the 

Department of  Medical Surgical Sciences and Biotechnologies, Sapienza 

University of Rome, Polo Pontino, I.C.O.T, Latina, Italy. The osteosarcoma 

specimens were harvested from 50 patients with osteosarcoma not otherwise 

specified (NOS) aged 10-38 years. During excision, apart from  anaesthesia, no 

other chemical product or pharmaceutical drug had been administered. Core 

tissue biopsies of 1 mm in diameter were taken from representative regions of 

each paraffin-embedded tumor (donor block) and arrayed into a new recipient 

paraffin block (45 mm x 20 mm) using the ATA-100 chemicon International 

System. To minimize the influence of tumor and tissue hetero-geneity, three 

different core biopsies for each donor block were harvested. Each array 

contained 50 tissue cylinders. Experiments were performed in compliance with 

the Italian laws and guidelines concerning the patients written informed 

consent. The ethical committee of the Hospital Policlinico Umberto I approved 

our study according to the European Community and Italian laws. 
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Cell Culture 

Human osteosarcoma cell lines (SaOS-2, MG-63, 143 PML BK TK and HS888.T) 

were grown under subconfluent or confluent conditions in medium, at 37°C 

with 5% of CO2. Saos-2  is a non-transformed cell line derived from the primary 

osteosarcoma of a 11 year old Caucasian female (osteogenic sarcoma). MG-63 

is a cell line derived from an osteosarcoma of a 14 year old Caucasian male 

(high yields of interferon). 143 PML BK TK is a cell line derived from primary 

osteosarcoma of a 13 year old Caucasian female (adherent cells with 

fibroblastic morphology). Hs888.T is a cell line derived from osteosarcoma of a 

20 year old Caucasian male (adherent cells with mixed morphology). Cells were 

cultured in Dulbecco's minimum essential medium (Sigma) supplemented with 

10% fetal bovine serum (GIBCO) with penicillin (100μg/ml), streptomycin 

(100U/ml) and sodium pyruvate. Cells were cultured on cover glass for 

immunofluorescence analysis and were fixed with 3% 

paraformaldehyde/phosphatase-buffered saline. 

 

Immunohistochemical analysis 

The method employed for immunohistochemical tests was ABC/HRP technique 

(avidin complexed with biotinylated peroxidase). Serial 3-μm thick sections 

were cut using a rotative microtome, mounted on gelatin-coated slides and 

processed for immunohistochemistry. These sections were deparaffinized in 

xylene and dehydrated.  They were immersed in citrate buffer (pH 6) and 

subjected to microwave irradiation twice for 5 minutes eachtime.  

Subsequently, all sections were treated for 30 minutes with 0.3% hydrogen 

peroxide in methanol to quench endogenous peroxidase activity.  To block non-

specific binding, the slides were incubated in 3% normal goat serum in PBS for 

30 minutes at room temperature. In order to study the immunolocalization of 

neurotrophins and their own receptors, the following antibodies were used: i) 

rabbit anti-NGF polyclonal antibody (Santa Cruz Biotechnology, CA, USA; ii) 

rabbit anti-BDNF polyclonal antibody (Santa Cruz Biotechnology, CA, USA; iii) 

rabbit anti-NT3 polyclonal antibody (Santa Cruz Biotechnology; iv) rabbit anti-

NT4 polyclonal antibody (Santa Cruz Biotechnology); v) rabbit anti-TrKA 
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polyclonal antibody (Santa Cruz Biotechnology); vi) rabbit anti-TrKB polyclonal 

antibody (Santa Cruz Biotechnology); vii) rabbit anti-TrKC polyclonal antibody 

(Santa Cruz Biotechnology); viii) mouse anti-VEGF monoclonal antibody (abcam 

Cambridge Science Park, UK); ix) mouse anti-TGF-β1 monoclonal antibody 

(abcam Cambridge Science Park, UK); x) rabbit anti-PGE2 polyclonal antibody 

(abcam Cambridge Science Park, UK); xi) rabbit anti-ki-67 polyclonal antibody 

(Santa Cruz Biotechnology). Incubation with primary antibodies was performed 

overnight at 4˚C at a final concentration of 2-5 μg/ml. Optimal antisera 

dilutions and incubation times were assessed in a series of preliminary 

experiments. After exposure to the primary antibodies, slides were rinsed twice 

in phosphate buffer and incubated for 1 h at room temperature with the 

appropriate secondary biotinylated goat anti-mouse or anti-rabbit Ig-G (vector 

laboratories Burlingame, CA, USA, BA9200 and BA1000) and with peroxidase-

conjugated avidin (Vector laboratories, Burlingame, CA, USA, Vectastain Elite 

ABC Kit Standard* PK 6-100) for 30 minutes. After a further wash with 

phosphate buffer, slides were treated with 0.05% 3,3-diaminobenzidine (DAB) 

and 0.1% H2O2. Finally, sections were counterstained with Mayer's hematoxylin 

and observed using a light microscope. Negative control experiments were 

done: i) by omitting the primary antibody; ii) by substituting the primary 

antibody with an equivalent amount of non-specific immunoglobulins; iii) by 

pre-incubating the primary antibody with the specific blocking peptide 

(antigen/antibody = 5 according to supplier's instructions). The staining 

assessment was made by two experienced observers in light microscopy. The 

intensity of the immune reaction was assessed microdensitometrically using an 

IAS 2000 image analyzer (Delta Sistemi, Rome, Italy) connected via a TV 

camera to the microscope. The system was calibrated taking the background 

obtained in sections exposed to non-immune serum as zero. Ten 100 μm2 areas 

were delineated in each section by a measuring the diaphragm. Quantitative 

data of the intensity of the immune staining were analyzed statistically by 

analysis of the variance (ANOVA) followed by Duncan’s multiple range test as a 

post hoc test.  
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Immunofluorescence in osteosarcoma cell lines 

Cellular cultures (SaOS, MG-63, 143 PML BK TK and HS888.T) were incubated 

with primary antibody and then with fluoresceinated secondary antibody. The 

anti-mouse Alexa Fluor 488 antibody or anti-rabbit Alexa Fluor 488 antibody 

(1:300) was applied for 2h at 37°C after three washes in 0.1% Tween in PBS 

for 10min each. Slides were counterstained with DAPI (Vectashield Mounting 

Medium with DAPI) after extensive washing with PBS. The reaction was 

examined by confocal laser microscope (Nikon TE2000) for immunofluorescence 

analysis. Membranous, cytoplasmic, and nuclear expressions were 

independently assessed. 

 

Results 

 

Immunohistochemical analysis 

Sections of bone tissues taken from patients suffering from not otherwise 

specified osteosarcoma (NOS) exposed to the primary/secondary antibodies, 

developed a dark-brown (intense), yellow-brown (slight) or no appreciable 

immunostaining. Immunoreactivity was specific since no immunostaining was 

obtained in positive control sections incubated with each primary antibody 

adsorbed with the specific peptide or with pre-immune serum (data not shown). 

Osteosarcoma is a heterogeneous group of malignant spindle cell tumors whose 

common feature is the production of immature bone which, if non calcified, is  

also known as osteoid. The sections harvested from osteogenic tissues showed, 

in the neoplastic cells, a relevant immunoreactivity for NGF in the cytoplasmic 

compartment while it was absent in the nuclear compartment (Fig. 1A). TrKA 

immunoreactivity was significantly high in the cytoplasmic compartments of the 

neoplastic cells, but moderate in the extracellular space (Fig. 1B). BDNF showed 

a high expression in the extracellular compartment and was moderate in the 

cytoplasmic compartment of neoplastic cells (Fig. 2A). TrKB was moderately 

expressed in the cytoplasmic compartment of the neoplastic cells and 

extracellular matrix (Fig. 2B). NT-3 was appreciable in the cytoplasmic 
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compartment of osteogenic tissue and weakly expressed in the extracellular 

space (Fig. 3A). NT-4 showed a strong expression in the nuclear compartment 

of the neoplastic cells in the osteogenic tissue and weak in the extracellular 

matrix (Fig. 3B). Immunoreactivity for TrKC was strongly present in cytoplasmic 

compartment of the neoplastic cells and moderate in the extracellular space. 

These results showed a direct proportionality between the profiles of the 

expression of neurotrophins and their target receptors. Positive 

immunoreactivity for Ki67 was found only in the nuclear compartment of the 

neoplastic cells (Fig. 4). VEGF expression was observed not only in tumor cells 

but also throughout the extracellular matrix and endothelial cells of the 

surrounding vessels (Fig. 5). TGF-β was not observed in the cytoplasmic and 

nuclear compartments of tumor cells but was strongly expressed in the 

extracellular matrix and vascular endothelium (Fig. 6). VEGF was expressed 

more strongly within the vascular endothelial cells of the extracellular matrix 

than within the tumor cells (insert here figures 4-6). The presence of VEGF-A in 

osteosarcoma biopsy samples was observed with variable intensity within the 

cytoplasm and/or membrane of osteosarcoma cells. These data are specified in 

detail in Table I. The percentage values of growth factor-positive cells and P-

values are shown in Table II (t-test). 

 

Immunofluorescence protein expression in cell culture 

The immunofluorescence was performed on osteosarcoma cell lines as 

described above (SaOS, MG-63, 143 PML BK TK and HS888.T) to evaluate the 

level of expression and localization of VEGF, TGF-β and PGE2. All of these cell 

lines were positive for VEGF and PGE2 proteins (Table III). In osteosarcoma cell 

lines no signal for TGF-β was observed (Fig. 8). VEGF and PGE2 showed a high 

intensity of fluorescence, whereas only a diffuse signal was appreciable in the 

cytoplasmic compartment (Fig. 7A-B) (insert here figures 7-8). 

Immunofluorescence on osteosarcoma cell lines confirmed the localization of 

VEGF in cytoplasmic area of neoplastic cells and the total absence of TGF-β in 

these cells as shown by immunohistochemical studies. Results concerning the 

immunoreactivity for VEGF, TGF-β and PGE2 are summarized in Table III. 
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Discussion  

 

Osteosarcoma is the most common primary malignant bone tumour in pediatric-

age patients in which the osteoid or bone is produced directly by tumor cells 

(20). The prognosis of osteosarcoma patients resulted in a significant 

improvement after the introduction of neoadjuvant chemotherapy. 

Notwithstanding the advances made in the therapeutic approach to these 

lesions, approximately 20-30% of patients with an osteosarcoma will eventually 

develop a metastasis, which may cause death (21). The treatment of 

osteosarcoma is based on a combined approach of primary antiblastic 

chemotherapy and tumour surgery, followed by adjuvant chemotherapy (22). 

The identification of molecular events related to tumour biology and growth is 

crucial for understanding tumor dissemination and for the development of a 

novel therapy. The course of the disease may be modified by the contribution 

of various proteins which play a key role in proliferation, chemoresistance and 

angiogenesis. Angiogenesis, which is defined as the formation of new blood 

vessels from existing capillaries, is a normal and vital process in the growth and 

development of both normal tissues and tumours. One of the most potent and 

specific angiogenic factors is vascular endothelial growth factor (VEGF), also 

known as vascular permeability factor and vasculotropin. Recent reports 

showed that patients with VEGF-positive osteosarcoma have lower survival 

rates than VEGF-negative ones (23). Other studies failed  to show a correlation 

between the levels of VEGF or microvascular density and survival of patients 

with osteosarcoma (24). The purpose of this study was to demonstrate the 

strong association between a high expression of VEGF and development of the 

bone tumour. Our data showed that the expression of immunoreactivity for the 

VEGF growth factor was higher within the vascular endothelial cells, rather than 

inside osteoblastic tumour cells, thus demonstrating the involvement of this 

vascular growth factor in the induction and regulation of pathological 

angiogenesis. In the future, the assessment of VEGF may be helpful both for 

predicting the prognosis of patients with osteosarcoma and  also for indicating a 
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particular target therapy. Prostaglandins E1-E2 (PGE1-PGE2), strong stimulators 

of bone formation, rapidly induced VEGF expression in osteoblastic cells (7). 

Our data showed strong cytoplasmic expression of PGE2 in human osteoblastic 

osteosarcoma cell lines (SaOS, MG-63, 143 PML BK TK and HS888.T) similarly 

to VEGF, confirming a close correlation between the expression of PGE2 and 

VEGF in osteosarcoma.  Transforming growth factor-β (TGF-β) is a polypeptide 

with multiple physiological functions.  This growth factor plays an important role 

in the control of the cell cycle and  in the regulation of cell-cell interactions 

(25). Local production of large amounts of TGF-β in the skeletal tissue 

combined with its pivotal role in osteoblast behaviour suggest the presence of a 

well-balanced autocrine control in normal bone (26). A deregulation of TGF-β 

autocrine control in the bone could lead to the disease states characterized by 

decreased bone formation, such as osteoporosis, or malignant transformation 

such as that which occurs in osteosarcoma (27). The production of endogenous 

TGF-β may induce a direct positive autocrine growth effect in fibroblasts and 

osteoblasts. Our studies showed that TGF-β was not present in tumour cells, 

but only in the extracellular matrix and in the endothelial cells of the 

surrounding vessels. These results suggest that TGF-β operates not only on the 

growth of tumour  cells, but also on the changes in local micro-environment. 

These data also suggest that TGF-β isoform alone is not sufficient to explain the 

entire aspect of metastasization and requires further studies. In view of the 

importance of TGF-β for controlling the growth of osteosarcoma, elucidation of 

the mechanisms involved in the regulation of its expression could improve our 

understanding of the biological behaviour of these neoplasms and plays a role 

in the development of new therapeutic strategies. Ki-67, a nuclear antigen 

recognized by the monoclonal antibody MIB-1, was statistically elevated in 

higher-grade tumors and metastatic lesions, but was not influenced by tumour 

type or patient's sex. Significant differences in Ki-67  expression were noted 

among primary tumours, treated tumours and metastatic lesions: treatment 

resulted in a reduction of tumor proliferative activity, while tumour progression 

was associated with increased proliferative activity. In addition, proliferative 

activity was noted to be associated with tumour grade and aggressiveness (28). 
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In our studies Ki-67 resulted mildly detectable in tumoural cells, but totally 

absent in the vascular endothelium. However, the distribution and localization 

of this factor in human neoplastic bone cells is confirmed to be nuclear. These 

findings could be of clinical significance for monitoring disease progression and 

response to treatment with chemotherapy and radiotherapy. Neurotrophic 

growth factors (NGF, BDNF, NT-3 and NT-4) binding TrK receptors (TrKA, TrKB 

and TrKC) cause neuronal cell differentiation, proliferation and survival, thus 

regulating neuronal development and maintenance of neuronal networks (29). 

In addition to their involvement in the nervous system, TrK receptors and 

neurotrophins appear to participate in homeostatic and reparative bone 

morphogenesis (30) as well as to play a role in some pathological processes, 

including tumourigenesis. Previous studies have suggested that TrkA signalling 

exerts antiapoptotic effects in murine and human immortalized bone-forming 

cells. In the MC3T3-E1 murine osteoblast cell line, activation of TrKA with NGF 

reduces apoptotic DNA breakdown in osteoblasts secondary to cytotoxic 

treatments (31). In the human osteoblast cell line hFOB, the antiapoptotic 

effects of TrKA signalling appear to be cell-cycle dependent (32). NGF-mediated 

signalling through the TrKA receptor appears to protect proliferating osteoblast 

cells from programmed cell death. In our observations we found a relevant 

immunoreactivity for neurotrophins in the cytoplasmic compartment of the 

human neoplastic cells similarly to their receptors, whereas a weak level was 

observed in the extracellular matrix. On the other hand, NT-4 showed a 

moderate expression in the nuclear compartment of bone neoplastic cells, 

suggesting the direct role of this neurotrophin in increasing the proliferation 

rate of the neoplastic cells. To sum up, we observed a generally relevant 

positive immunoreaction for NGF – TrKA – NT3 – TrKC in the cytoplasmic 

compartment and for NT-4 in the nucleus of tumoural bone cells, suggesting a 

direct role of these molecules in increasing the cell proliferation rate in the 

neoplastic tissue. Moreover, we found a strong expression for BDNF in the 

extracellular space, suggesting that this factor directly influences spreading of 

neoplastic cells, attributable to an increase in tumor size, also due to a high 

vascularization network. Neurotrophins and their receptors may finally be used 
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all together as a panel of possible diagnostic factors, to monitor the histological 

transformation and development of osteosarcomas. The current antiproliferative 

chemotherapies used to treat patients with osteosarcoma may induce 

debilitating side effects, including hematological, liver, renal, cardiac, 

neurological and gonadal toxicity. These agents are also mutagenic and can 

cause secondary malignancies, most commonly leukemia, brain cancer, soft 

tissue sarcomas and breast cancer (32). In conclusion, treatment regimens 

against specific targets such as growth factors (neurotrophins, tyrosine kinases, 

VEGF, PGE2 and TGF-β) are likely to produce less toxic side effects. 

Consequently, such targeted therapies may offer patients the hope of an 

improved quality of life as well as increased survival. Additional studies are, 

however, necessary to better explain the biological role of these molecules in 

the development and progression of this type of tumours. 
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Figure 1. Immunohistochemical analysis of specimens of human osteosarcoma 

not otherwise specified for NGF (A) and TrKA (B). (A) NGF immunoreactivity 

appears to be  positive in the cytoplasmic compartment of neoplastic cells and 

absent in extracellular matrix and endothelial cells of vessels. (B) TrKA 

immunoreactivity was significantly high in the cytoplasmic area of the neoplastic 

cells, but moderate in the extracellular space (20X). 

 

 

Figure 2. Immunohistochemical analysis of specimens of human osteosarcoma 

not otherwise specified for BDNF (A) and TrKB (B). (A) BDNF and  (B) TrKB 

immunoreactivity appears to be moderately expressed in the cytoplasmic 

compartment of neoplastic cells  and strongly expressed in extracellular matrix, 

but totally absent in vascular endothelium (40X). 
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Figure 3. Immunohistochemical analysis of specimens of human osteosarcoma 

not otherwise specified for NT3 (A) and NT4 (B). (A) NT-3 immunoreactivity 

appears to be appreciable in the cytoplasmic compartment of osteogenic tissue 

and weak in the extracellular matrix. (B)  NT-4 was strongly expressed in the 

nuclear compartment of the neoplastic cells in the osteogenic tissue (40X). 

 

 

Figure 4. Immunohistochemical analysis of specimens of human osteosarcoma 

not otherwise specified for Ki-67. Ki-67 immunoreactivity appears to be 

moderately positive in the nuclear region  of neoplastic cells (20X). 
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Figure 5. Immunohistochemical analysis of specimens of human osteosarcoma 

not otherwise specified for VEGF. VEGF immunoreactivity appears to be positive 

in the cytoplasmic compartment of neoplastic cells and strongly expressed in 

extracellular matrix and endothelial cells of vessels (10X).  

 

 

Figure 6. Immunohistochemical analysis of specimens of human osteosarcoma 

not otherwise specified for TGF-β. TGF-β  appears to be weakly expressed in  

the cytoplasmic area of tumoral cells,  moderately positive in endothelial cells of 

blood vessels and in extracellular tissue (20X). 
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Figure 7. Immunofluorescent staining of VEGF (A) and PGE2 (B) in SaOS 

osteosarcoma cell culture. VEGF and PGE2 were localized at cytoplasmic level of 

these neoplastic cells (40X).  

 

 

Figure 8. Immunofluorescent staining of TGF- β MG-63 osteosarcoma cell 

culture. In osteosarcoma cell lines no signal for TGF-β was observed (40X) 
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Table I. Results of the immunohistochemical analysis for neurotrophins and 

their receptors, VEGF, TGF-β  and Ki-67 in osteosarcoma tissues. 

 NEOPLASTIC CELLS EXTRACELLULAR 

MATRIX 

VASCULAR 

ENDOTHELIUM 

NGF ++ (cytoplasmic) - - 

TrKA ++(cytoplasmic) + - 

BDNF +(cytoplasmic) ++ - 

TrKB + (cytoplasmic) + - 

NT3 ++ (cytoplasmic) +/- - 

NT4 ++(nuclear) +/- - 

TrKC ++ (cytoplasmic) + - 

VEGF ++ (cytoplasmic) +++ +++ 

TGF-β -(cytoplasmic) ++ + 

Ki-67 + (nuclear) - - 

 

+++: strong immunoreactivity; ++ : relevant immunoreactivity; + : moderate 

immunoreactivity;  +/- : weak immunoreactivity;  -:  absence of 

immunoreactivity. 
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Table II. Levels of neurotrophins, neurotrophin receptors, VEGF, TGF-β, PGE2 

and Ki67 examined in neoplastic cells of osteosarcoma specimens, and 

respective levels of statistical significance (t-test) 

 Age of patients N° of patients 

(EXPRESSION  50)% 

N° of patients 

(EXPRESSION  50%) 

NGF  14 years 

 14 years 

30 (60%) 

4 (8%) 

p-value=0.0007 

14 (28%) 

2 (4%) 

p-value=0.0041 

TrKA  14 years 

 14 years 

35 (70%) 

4 (8%) 

p-value=0.0006 

8 (16%) 

3 (6%) 

p-value=0.0136 

BDNF  14 years 

 14 years 

23 (46%) 

12 (24%) 

p-value=0.0035 

11 (22%) 

4 (8%) 

p-value=0.0136 

TrKB  14 years 

 14 years 

38 (76%) 

3 (6%) 

p-value=0.0004 

8 (16%) 

1 (2%) 

p-value=0.0059 

NT3  14 years 

 14 years 

37 (74%) 

5 (10%) 

p-value=0.0002 

6 (12%) 

2 (4%) 

p-value=0.0121 

NT4  14 years 

 14 years 

34 (68%) 

6 (12%) 

p-value=0.0006 

8 (16%) 

2 (4%) 

p-value=0.0194 

TrKC  14 years 

 14 years 

33 (66%) 

9 (18%) 

p-value=0.0009 

7 (14%) 

1 (2%) 

p-value=0.0082 

VEGF  14 years 

 14 years 

40 (80%) 

5 (10%) 

p-value=0.0030 

4 (8%) 

1 (2%) 

p-value=0.0000 

TGF-β  14 years 

 14 years 

3 (6%) 

0 (0%) 

p-value=0.0377 

39(78%) 

8 (16%) 

p-value=0.0003 

Ki-67  14 years 

 14 years 

30 (60%) 

2 (4%) 

p-value=0.0003 

3 (6%) 

15 (30%) 

p-value=0.0019 
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Table III. Results of the immunofluorescence analysis for VEGF, TGF-β and 

PGE2 in human osteoblastic osteosarcoma cell lines (SaOS, MG-63, 143 PML BK 

TK and HS888.T). 

 

 

VEGF 

 

++ (cytoplasmic) 

 

PGE2 

 

++ (cytoplasmic) 

 

TGF-β 

 

+/- (cytoplasmic) 

 

 +++, strong immunoreactivity; ++ , relevant immunoreactivity; +, moderate 

immunoreactivity;  +/-,  weak immunoreactivity;  -,  absence of 

immunoreactivity. 
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Abstract 

 

Vestibular schwannomas, also known as acoustic neuromas, are benign tumors, 

which originate from myelin-forming Schwann cells. They develop in the 

vestibular branch of the eighth cranial nerve in the internal auditory canal or 

cerebellopontine angle. The clinical progression of the condition involves slow 

and progressive growth, eventually resulting in brainstem compression. The 

objective of the present study was to investigate the expression level and the 

localization of the pro-inflammatory cytokines, transforming growth factor-β1 

(TGF-β1) interleukin (IL)-1β, IL-6 and tumor necrosis factor-α (TNF-α), as well 

as the adhesion molecules, intracellular adhesion molecule-1 and vascular 

endothelial growth factor (VEGF), in order to determine whether these factors 

are involved in the transformation and development of human vestibular 

schwannoma. The present study investigated whether changes in inflammation 

are involved in tumor growth and if so, the mechanisms underlying this 

process. The results of the current study demonstrated that pro-inflammatory 

cytokines, including TGF-β1, IL-1β and IL-6 exhibited increased expression in 

human vestibular schwannoma tissue compared with normal vestibular nerve 

samples. TNF-α was weakly expressed in Schwann cells, confirming that a lower 

level of this cytokine is involved in the proliferation of Schwann cells. Neoplastic 

Schwann cells produce pro-inflammatory cytokines that may act in an autocrine 

manner, stimulating cellular proliferation. In addition, the increased expression 

of VEGF in vestibular schwannoma compared with that in normal vestibular 

nerve tissue, suggests that this factor may induce neoplastic growth via the 

promotion of angiogenesis. The present findings suggest that inflammation may 

promote angiogenesis and consequently contribute to tumor progression. In 

conclusion, the results of the present study indicated that VEGF and 

pro-inflammatory cytokines may be potential therapeutic targets in vestibular 

schwannoma. Further studies are necessary to confirm the involvement of 

these factors in the growth of neoplasms and to develop inhibitors of 

pro-inflammatory cytokines as a potential treatment option in the future. 
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Introduction 

 

Vestibular schwannomas (VS), also known as acoustic neuromas, are the most 

frequent benign tumor of the lateral skull base, and originate from Schwann 

cells of the vestibular branch of the eighth cranial nerve. VSs are neoplasms 

that occur as a result of the increased proliferation of Schwann cells and are 

diagnosed histopathologically by the presence of singular architectural patterns 

called AntoniA and AntoniB areas. VS represents 8% of all primary intracranial 

tumors(1). Individuals between 30and 60years old are the most frequently 

affected, and there is no gender prevalence(2,3). The majority of VSs are 

sporadic and, in general, are benign slow-growing neoplasms. They exhibit a 

wide variability in growth rate and size. If growth continues it may result in 

complex pathological conditions, including brainstem compression and 

hydrocephalus. Magnetic resonance imaging has a central role in the diagnosis 

of this condition, and complete surgical resection remains the preferred 

treatment. The growth of VS is not directly correlated with tumor size, 

symptoms, duration of symptoms or the patient's age(4). The growth rate of VS 

is heterogeneous, at 0.3-1.42mm/year. VS evolves from an abnormal growth 

and proliferation of Schwann cells, at their junction with glial cells surrounding 

the vestibular nerve. This neoplasm is exclusively formed from the hyperpro-

liferation of Schwann cells and associated neovasculature(5,6). Schwann cells 

are principal glial cells of the peripheral nervous system. During embryogenesis, 

they migrate along axons and synthesize a basal lamina, consisting 

predominantly of laminin, collagen and proteoglycans. Schwann cells have an 

important role in nerve regeneration following laceration, when they replace 

damaged Schwann cells and synthesize a new basal lamina and myelin sheath. 

Following nerve injury, successful remyelination of damaged axons by Schwann 

cells relies upon a combination of signals that Schwann cells receive from 

demyelinated axons during in the inflammatory response. These signals initially 

prompt Schwann cells to re-enter the cell cycle and subsequently to 

differentiate into myelinating cells(6). Axonal myelination is important for the 
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functional recovery of injured peripheral nerves. In particular, it facilitates rapid 

saltatory impulse conduction by producing a faster conduction velocity of action 

potentials(7,8). In order to better understand the molecular mechanisms of 

Schwann cells, including cell proliferation, migration, survival and apoptosis 

during peripheral nerve injury, the present study aimed to invetigate the 

involvement of certain inflammatory cytokines and growth factors in VS. The 

majority of the pathogenetic mechanisms regulating neoplastic growth in 

vestibular nerve cells, remain to be elucidated. A number of studies have 

demonstrated that neurotrophins and growth factors have a role in governing 

the development of homeostasis, cell survival and regeneration processes 

within Schwann cells(9,10). Although further neoplastic growth appears to 

depend on cytokines with angiogenic and mitogenic properties, data concerning 

the involvement of growth factors in VS growth are not currently available. 

Trophic factors, including transforming growth factor-β1 (TGF-β1) and vascular 

endothelial growth factor (VEGF), have been designated as possible key 

mediators of VS growth. TGFs are a family of polypeptides involved in wound 

healing and tumorigenesis invivo. TGF-β1 may act as either an inhibitor or 

stimulator of cell proliferation, depending on the cell type and growth 

conditions. TGF-β1 may be involved in the development of VS, stimulating the 

proliferation of Schwann cells. The signalling pathway of TGF-β1 is activated by 

two transmembrane serine/threonine kinases, TGF-βR1 and TGF-βR2. The 

type2 receptor (TGF-βR2) is involved in the antiproliferative activity of TGF-β, 

whereas the type1 receptor (TGF-βR1) appears to cause cellular proliferation 

following cell-matrix interactions(11). Interactions between cytokines and 

Schwann cells are involved in the development of disorders of the peripheral 

nervous system. Tumor necrosis factor-α (TNF-α) is a pro-inflammatory 

cytokines produced by activated macrophages in response to pathogens and 

other noxious stimuli. TNF-α is released by Schwann cells as well as by 

macrophages(12). TNF-α, one of the major initiators of the inflammatory 

cascade, activates pleiotropic functions in physiological and pathological 

conditions by binding to its receptors, typeI (TNFRI) and typeII (TNFRII). Wang 

et al. (13) described the involvement of TNF-α-associated signalling molecules, 
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including a baculoviral inhibitor of apoptosis repeat-containing protein (BIRC) 2, 

BIRC3 and TNFRI, in the anti-apoptotic process of injured peripheral nerves, 

indicating that a higher level of TNF-α may induce apoptosis in Schwann cells 

invitro, while a lower level of TNF-α may not act in the same way. Wagner and 

Myers(12) confirmed that the production of TNF-α by peripheral nerve glial cells 

has a pathogenic role in nerve injury. A number of studies have investigated 

the possible role of interleukin (IL)-6 in peripheral nerve regeneration(14,15). 

However, the molecular mechanisms underlying the involvement of IL-6 in the 

development of Schwann cells remain to be fully elucidated. The induction of 

pro-inflammatory genes by IL-6 in Schwann cells may indicate that IL-6 is 

involved in the degeneration of injured neurons, in cooperation with other 

inflammatory cytokines, such as TNF-α. Certain pro-inflammatory cytokines, 

including TNF-α, IL-1β and IL-6 are known to induce the expression of adhesion 

molecules. Adhesion molecule expression, including that of intracellular 

adhesion molecule-1 (ICAM-1), is tightly-regulated by cytokines generated 

during an inflammatory response(16). ICAM-1 is able to facilitate leukocyte 

attachment and interactions with cells from the target tissue(17). The 

expansion of any solid tumor with a volume >2-3mm is reliant upon 

angiogenesis to provide oxygen and nutrients to the enlarging tumor. VEGF 

induces angiogenesis through endothelial cell proliferation and migration. It is 

considered to be one of the most potent pro-angiogenic factors, causing 

vasodilatation, vascular permeability and angiogenesis. Angiogenesis is defined 

as the process of new blood vessel formation from pre-existing vasculature and 

involves a cascade of processes, during which the vessel's basal membrane and 

the surrounding extracellular matrix are modified by endothelial cell 

proliferation and migration(18). The binding of VEGF to high-affinity receptors, 

VEGFR-1 and VEGFR-2, promotes extravasation of plasma proteins from tumor 

vessels, thereby forming a temporary extravascular matrix which favors the 

migration and proliferation of endothelial cells, resulting in new blood vessel 

formation(19). The aim of the present study was to investigate the expression 

of pro-inflammatory cytokines in VS compared with normal vestibular nerve 

tissue, using immunohistochemistry, in order to improve understanding of the 
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pathogenesis of this disease. An increased knowledge of this subject may have 

significant clinical consequences in terms of improvement in clinical treatment, 

prevention of the postsurgical relapse, and a reduction in the severity of 

inflammation, tissue invasion, tumor proliferation and angiogenesis. 

 

Materials and methods 

 

Ethical considerations and VS samples 

In accordance with approval of the ethical committee of Policlinico Umberto, 

Sapienza University of Rome (Rome, Italy), tissues were harvested from ten 

randomly selected patients, four females and six males, with unilateral, sporadic 

VS that had been removed surgically, and ten healthy control samples, which 

consisted of three females and seven males with Ménière's syndrome following 

vestibular neurectomy. The patients, aged between 45 and 69years, consisted 

of four females and six males. Routine histopathological examination confirmed 

the diagnosis of benign VS in the samples, which included one patient with a 

tumor recurrence. Prior to signing the consent form, patients were informed 

about the study in detail and were given sufficient time to ask questions. The 

study was conducted in accordance with the Declaration of Helsinki. Each 

clinical unit selected specimens and assigned a number to each sample, 

followed by a letter indicating the participating unit. For each case, a report was 

prepared, indicating the age and gender of the patient, as well as their clinical 

signs and symptoms. Control morphological sections were stained with 

hematoxylin and eosin(H&E), or processed for immunohistochemistry. The 

following molecules were investigated in the tumoral samples and in normal 

vestibular nerve specimens: VEGF, TGF-β1, IL-1β, IL-6, ICAM-1 and TNF-α. 

 

 

Immunohistochemical analysis 

For light microscopic immunohistochemical analysis, small fragments of VS were 

processed according to the avidin-biotin complex/horseradish peroxidase 
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technique. These samples were washed in phosphate-buffered saline (PBS), 

fixed in 10% formalin and embedded in paraffin according to a standard 

procedure(20). Serial 3-μm sections were cut using a rotative 

microtome(RM2265; Leica Biosystems, Wetzlar, Germany), mounted on gelatin-

coated slides and processed for immunohistochemistry. These sections were 

deparaffinized in xylene and dehydrated. They were immersed in citrate buffer 

(pH6.0; 15M103; BioOptica Milano, S.p.A, Milan, Italy) and subjected to 

microwave irradiation twice for 5min. Subsequently, all sections were treated 

for 30min with 0.3% hydrogen peroxide in methanol in order to quench 

endogenous peroxidase activity. To block non-specific binding, the slides were 

incubated in 3% normal goat serum(S-100; Vector Laboratories Burlingame, 

CA, USA) in PBS(15M108; BioOptica Milano, S.p.A.) for 30min at room 

temperature. The slides were incubated overnight at 4˚C with the following 

antibodies all purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA): 

Rabbit anti-IL-1β polyclonal antibody(1:50; sc-7884); rabbit anti-IL-6 polyclonal 

antibody(1:200; sc-7920); mouse anti-TNF-α monoclonal antibody(1:100; sc-

52791); mouse anti-VEGF monoclonal antibody(1:200; sc-152); mouse anti-

ICAM-1 monoclonal antibody(1:50; sc-107); and rabbit anti-TGF-β1 polyclonal 

antibody(1:200; sc-146). Optimal antisera dilutions and incubation times were 

assessed in a series of preliminary experiments. Following exposure to the 

primary antibodies, slides were rinsed twice in PBS and incubated for 1h at 

room temperature with the appropriate secondary biotinylated goat anti-mouse 

or anti-rabbit immunoglobulinG (1:200; cat. nos. BA9200 and BA1000; Vector 

Laboratories) and with peroxidase-conjugated avidin (Vectastain Elite ABC kit 

standard* PK 6-100; Vector Laboratories) for 35min. Following a further wash 

with PBS, slides were treated with 0,05% 3,3-diaminobenzidine (DAB) and 

0,1% H2O2 (DAB substrate kit for peroxidase, Vector Laboratories; SK-4100). 

Finally, sections were counter-stained with Mayer's hematoxylin and observed 

using a light microscope (Axio Lab.A1; Zeiss, Oberkochen, Germany). Negative 

control experiments were performed by omitting the primary antibody, 

substituting the primary antibody with an equivalent quantity of non-specific 

immunoglobulins or pre-incubating the primary antibody with the specific 
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blocking peptide (antigen/antibody=5 according to the manufacturer's 

instructions). The staining assessment was made by two observers experienced 

in light microscopy. Immunoreactivity was assessed for IL-1β, IL-6, TNF-α, 

VEGF, ICAM-1 and TGF-β1 in Schwann cells, vascular endothelium and dense 

connective tissue of neoplastic vestibular nerve samples, and compared with 

that of the healthy samples. The intensity of the immune reaction was assessed 

microdensitometrically using an IAS2000 image analyzer (Delta Sistemi, Rome, 

Italy) connected via a TV camera to the microscope. The system was calibrated 

using zero as the background obtained in sections exposed to non-immune 

serum. A total of ten 100-μm
2 

areas were delineated in each section using a 

measuring diaphragm. The quantitative data regarding the intensity of immune 

staining were analyzed statistically using an analysis of variance followed by 

Duncan's multiple range test as a posthoctest. 

 

Statistical analysis 

The comparison of the expression levels of TNF-α, TGF-β1, IL-1β, IL-6 and 

VEGF between the VS and normal vestibular nerve samples was performed 

using a t-test. Statistical analyses were performed using the SPSS statistical 

software package version 12.0 (SPSS, Inc., Chicago, IL, USA). P<0.001 was 

considered to indicate a statistically significant difference. 

 

 

Results 

 

Morphological analysis of vestibular nerves using H&E 

staining 

A total of 10 patients, ranging in age between 45 and 69years, with a diagnosis 

of VS were investigated. A total of 10 samples of healthy vestibular nerves were 

obtained via vestibular neurectomy to serve as controls. The control peripheral 

nerve samples consisted of a single fascicle surrounded by a dense 

perineurium, containing small vessels(Fig. 1). The greatest number of nuclei 
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within the fascicle were attributed to Schwann cells. The shape and the 

arrangement of these nuclei reflected the course of individual axons. The 

fibroblasts of the endoneurium were dispersed amongst numerous Schwann 

cells, and exhibited thinner nuclei and increased cellular condensation 

compared with the Schwann cells. The nuclei of Schwann cells were elongated 

along the major axis of the nerve(Fig. 1A). Sections of VS samples exhibited 

compact spindle cell areas, which were densely populated, and formed a 

fascicular, storiform and whorled-growth pattern. Histologically, schwannomas 

are composed of spindle cells arranged in bundles with elongated nuclei that 

form Verocay's bodies(Fig. 1B). Phenomena associated with cystic degeneration 

are common. Thickening and hyalinization of the vessel walls are associated 

with microhemorrhagic phenomena. The sections were exposed to primary and 

secondary antibodies, resulting in the development of dark-brown (intense), 

yellow-brown (slight) or no immune staining. Immunoreactivity was deemed to 

be specific as no immunostaining was observed in control sections incubated 

with primary antibodies absorbed with the specific peptide or with the 

pre-immune serum. 

 

Immunohistochemical analysis of human healthy vestibular 

nerve and schwannoma samples 

All VS samples examined in the present study exhibited a marked 

immunoreactivity for TGF-β1. TGF-β1 immunoreactivity was detected primarily 

in the cytoplasm of Schwann cells and revealed differences in the number of 

immunopositive cells between AntoniA and AntoniB tissue types. AntoniA and 

AntoniB tissue types represent distinct histologic architectural patterns that aid 

in the histopathologic diagnosis of schwannoma(21). Type A tissue is highly 

cellular and demonstrates nuclear palisading as well as associated Verocay 

bodies, which reflects their prominent extracellular matrix and secretion of 

laminin. Type B tissue is loosely organized with myxomatous and cystic change 

and may represent degenerated Antoni A tissue. AntoniA cellular areas 

expressed more prominent TGF-β1 immunoreactivity than AntoniB areas. The 

AntoniB regions exhibited less dense cellular areas than AntoniA regions, in 
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which there were compactly arranged spindle cells with long and oval nuclei 

(Fig. 2A). TGF-β1 reactivity was also demonstrated in the blood vessel walls 

distributed in the neoplastic dense connective tissue. No immunoreactivity for 

TGF-β1 was observed in vascular endothelial cells, or Antoni A and Antoni B 

areas in the control specimens (Fig. 2B). TNF-α was weakly expressed by the 

majority of human VS specimens in the endothelial cells of vessels, and AntoniA 

and AntoniB regions. Numerous immunopositive nuclei were detected in the 

AntoniA regions compared with the Antoni B regions (Fig. 3A). No 

immunoreactivity for TNF-α was detected in the healthy control vestibular nerve 

samples (Fig. 3B). There was increased expression of IL-1β within the VS 

tissues (Fig. 4A), which was localized to the cytoplasm of Schwann cells. 

Antoni A and B regions exhibited approximately the same number of 

immunopositive nuclei for IL-1β. A moderate expression for IL-1β was also 

observed in the blood vessels. No staining was observed in control tissues (Fig. 

4B). Immunohistochemistry for IL-6 was positive in the VS cells, with weak 

expression in the cytoplasm (Fig. 5A), while in the control nerves samples it 

was undetectable (Fig. 5B). The findings confirmed that these cytokines are 

involved in the development and progression of VS via stimulation of Schwann 

cell proliferation. Pro-inflammatory cytokines, including TGF-β1, TNF-α, IL-1β 

and IL-6, may be secreted by activated leukocytes, fibroblasts and Schwann 

cells. These cytokines are known to induce the expression of adhesion 

molecules, such us ICAM-1 and VCAM-1, and are able to facilitate leucocyte 

attachment and interactions with cells from the trigger tissue, an area of the 

neuron that contains a high membrane concentration of voltage-gated Na+ 

channels. A significantly higher ICAM-1 expression was observed in the 

cytoplasm of Schwann cells (Fig. 6A), compared with the control nerve samples, 

in which no staining was identified (Fig. 6B). Immunohistochemical staining for 

VEGF was positive in 9/10 of the VS cases(Fig. 7A). A positive expression of 

VEGF was observed in the tumor samples. VEGF exhibited finely granular 

cytoplasmic staining in the Schwann cells with intensified focal staining in the 

perinuclear region. There was only a small variation of staining within the 

tissues of individual tumors. Staining for VEGF also occurred in the cytoplasm of 
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endothelial cells and in polymorphonuclear leukocytes within vessels. These 

data confirm that VEGF may have a significant impact on the growth VSs, 

stimulating the mitogenic activity of Schwann cells and angiogenesis in these 

tumors. VEGF immunoreactivity was absent in the control nerve samples (Fig. 

7B). 

 

Statistical analysis of growth factors and cytokines expres-

sion 

The intensity of staining for TGF-β1, TNF-α, IL-1β, IL-6 and VEGF in human VS 

and control nerve samples is shown in Table I. The percentage values of 

pro-inflammatory cytokine-positive cells and P-values are also shown in Fig. 8. 

 

Discussion 

 

VSs are rare and slow-growing neoplasms, which occur as a result of increased 

proliferation of Schwann cells of the vestibular branch of the eighth cranial 

nerve. The tumors generally originate near the myelin-glial junction, close to 

the internal auditory canal (22). Neoplastic growth appears to rely upon 

cytokines, which possess angiogenic and mitogenic properties. Limited data 

concerning the expression of growth factors and its implication on VS growth 

are available. The aim of the present study was to investigate the role of 

certain pro-inflammatory cytokines in sporadic VS, associated with angiogenesis 

and tumor growth. The mechanisms underlying schwannoma development, 

growth and growth arrest remain to be elucidated. In order to develop an 

improved understanding of the mechanisms responsible for the growth of these 

neoplasms, associations between an abnormal proliferation of Schwann cells 

and the expression of certain inflammatory cytokines were investigated. 

Although VSs are relatively slow-growing neoplasms, their continued growth 

depends on a functional vascular system, as with any other tumor (23). The 

positive expression of VEGF in VS specimens suggests that angiogenesis is 

involved in facilitating the growth of this tumor. Indeed, angiogenesis is a 
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prerequisite for the proliferation and progression of a number of neoplasms 

(23). Despite the evidence suggesting that VS are generally slow-growing 

tumors, and therefore do not require excessive vascularization, the presence of 

a functional vascular system remains paramount for tumor development. The 

results of the present study have revealed a marked expression of VEGF in the 

cytoplasm of Schwann cells and in vascular endothelial cells from neoplastic 

peripheral nerves. The present findings confirm that VEGF expression may be 

involved in the development and expansion of benign tumors as well as 

malignant ones. In addition to its role as an angiogenic factor, VEGF also 

possesses neurotrophic and neuroprotective properties in the peripheral and 

central nervous system, which exert a direct action not only on neurons, but 

also on Schwann cells (24). The mechanisms responsible for an inflammatory 

reaction in VS required further elucidation. Inflammation contributes to tumor 

progression by stimulating the angiogenic process and providing neoplastic cells 

with growth factors. VEGF and TGF-β1 have are putative key mediators of VS 

growth (25). Overexpression of TGF-β1 increases the invasiveness of neoplastic 

cells by increasing their proteolytic activity and promoting their binding to cell-

adhesion molecules (26). Previous animal studies have identified TGF-β1 as a 

potent mitogen for Schwann cells. It has also previously been reported that 

Schwann cells secrete and activate the latent form of TGF-β1 (27), thereby 

stimulating the proliferation of Schwann cells. TGF-β1 has been hypothesized to 

be involved in the regulation of peripheral nerve tumors by modulating cell 

proliferation and differentiation, by different mechanisms from those of glial 

growth factors and fibroblast growth factor, which are responsible for the 

mitogenic activity of Schwann cells (28,29). The results of the present study 

suggested that TGF-β1 may be affect tumor progression by indirectly 

stimulating angiogenesis through the upregulation of VEGF expression in VS. 

Cytokines are the primary mediators of communication between cells in the 

inflammatory tumor micro-environment. It has been established that neoplastic 

cells express pro-inflammatory mediators, including cytokines, such as TGF-β1, 

IL-6, IL-1β and TNF-α (30). TNF-α is known to be a major mediators of 

inflammation; in addition, TNF-α was reported to be produced by tumors and to 
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function as an endogenous tumor promoter. TNF-α has been associated with 

numerous processes involved in tumorigenesis, including cellular trans-

formation, promotion, survival, proliferation, invasion, angiogenesis and 

metastasis (31). TNF-α upregulates ICAM-1 on the Schwann cell surface, 

suggesting that these cells also carry functional TNF-α receptors (32). While 

TNF-α is toxic to numerous types of cell, it is not injurious to cultured Schwann 

cells (33). However, it does inhibit unstimulated cell proliferation and 

connexin46 expression (34). In the present study, it was identified that 

moderate expression of TNF-α in the cytoplasm of Schwann cells was 

predominantly localization in AntoniA regions, while this cytokine was 

completely absent in normal vestibular nerve samples. The cytotoxic or 

protective effects of TNF-α depend on its receptor, cell type and the presence 

of other factors. To date, two types of cell surface receptors for TNF-α have 

been identified: TNFRI (p55) and TNFRII (p75) (35). Activation of TNFRII 

receptor results in a complex signalling pathway involving numerous other TNF-

receptor-activated proteins (36,37). Receptor signaling, via this pathway, 

triggers the proteolysis of cytoplasmic protein IκB, which, in turn, allows 

translocation of the nuclear transcription factor nuclear factor-κB (38). This has 

been observed to lead to apoptosis in specific cell types, whilst it is protective in 

others (39). In the present study, TNF-α appeared to induce a protective effect 

in Schwann cells, possibly as a result of the presence on the cellular surface of 

TNFRII. IL-1β, secreted by neoplastic cells or infiltrating leukocytes, is involved 

in increasing tumor adhesion, invasion, angiogenesis and immune suppression 

(40). The results of the present study demonstrated that VS is associated with 

elevated expression of IL-6 and VEGF, indicating that IL-6 is a possible 

mediator of the association between VS and systemic inflammatory responses 

in patients with this disease. Interleukin-6 is involved in peripheral nerve 

regeneration (41). However, the molecular mechanisms underlying IL-6 

function in Schwann cell physiology are yet to be elucidated. The induction of 

proinflammatory genes by IL-6 in Schwann cells may indicate that IL-6 is 

involved in the degeneration of the injured nerve, in association with other 

inflammatory cytokines, including TNF-α. IL-6 may facilitate the demyelination 
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of peripheral nerves following nerve injury, and appears to induce degenerative 

changes in Schwann cells following nerve injury and to activate 

proinflammatory signals in Schwann cells (42). The majority of IL-6 target 

genes are involved in cell cycle progression and in the suppression of apoptosis, 

which emphasizes the importance of IL-6 in tumorigenesis (43). Accordingly, 

cytokines, including TNF-α and IL-1β, are emerging as putative targets for 

anticancer therapies (44). Specific inhibition of pro-inflammatory mediators, 

including TNF-α, IL-6, TGF-β1 and IL-1β, may lead to a reduction in tumor 

development and inhibition of transcription associated with the inflamma-

toryprocess. TNF-α, IL-6, TGF-β1 and IL-1β have been shown to upregulate 

adhesion molecules, such as ICAM-1, in human Schwann cells. In the present 

study, ICAM-1 was observed to be highly expressed in VS samples and its 

expression was associated with tumor size and the inflammatory process. 

Cellular immunity against tumor cells requires the presence of adhesion 

molecules, such as ICAM-1 on the endothelial surface, which mediate the arrest 

of leukocytes (16). The induction of the expression of ICAM-1 in Schwann cells 

by pro-inflammatory cytokines suggests a possible role for adhesion molecules 

in the pathogenesis of inflammation in the peripheral nerve. The absence of 

immunoreactivity observed in the control specimens indicates that the 

hyperexpression of growth factors and cytokines is associated with tumor devel-

opment or inflammatory conditions. The current findings suggested that chronic 

inflammation, through its promotion of angiogenesis, is involved in tumor 

progression. Angiogenesis appears to be important for the induction of growth 

of VS as well as the growth of other neoplasms, including glioblastoma in 

children (45) and primary or metastatic breast cancer (46). Numerous previous 

studies have reported a significant correlation between the concentration of 

VEGF and VEGFR-1 expression in VS, and tumor growth rate, but did not 

describe symptom duration or tumor size (47-49). The present findings 

confirmed the expression of VEGF, with cytoplasmic localization, in VS samples. 

Previous experiments in nude mice injected with malignant tumor cells have 

demonstrated that intravenous infusion of anti-VEGF monoclonal antibodies 

reduces the growth of tumors by up to 96% (50). The anti-VEGF therapy was 
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directed toward the suppression of VEGF or its receptors. This treatment, based 

on the inhibition of VEGF and its receptors, may be a potential option with 

which to counteract the development of VS. Additional studies on the 

involvement of chronic inflammatory processes in the development of VS are 

required. The first stage may be to further identify the inflammatory cells 

present in VS. Furthermore, their activation and association with angiogenic 

growth factors should be examined. VS cells produce and secrete 

pro-inflammatory cytokines, which may act in an autocrine manner, stimulating 

cellular proliferation. The potential use of novel therapeutic approaches based 

on the combined administration of inhibitors of proinflammatory cytokines and 

VEGF may hold promise for the development of therapies for neoplastic 

diseases involving the peripheral nervous system. In conclusion, the present 

study demonstrated that the development of synthetic inhibitors of growth 

factors may potentially reduce the recurrence rate of VS and enable non-

surgical management of this disease. Additional clinical and experimental 

investigations are necessary to clarify the biological role of these molecules in 

the development and progression of this type of neoplasm. 
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Figure 1. H&E staining of human healthy vestibular nerve and schwannoma 

samples. (A) H&E staining of a control nerve section revealed nuclei of Schwann 

cells in the endoneurium, which also contained several fibroblasts. (B) H&E 

staining of vestibular schwannoma section that exhibited Verocay Bodies 

(AntoniA regions), consisting of spindle cells arranged in bundles with elongated 

nuclei (indicated by *). Magnification, x20. H&E, hematoxylin and eosin. 

 

 

Figure 2. Immunohistochemical analysis of human healthy vestibular nerve 

and schwannoma samples for TGF-β1. (A) TGF-β1 expression in vestibular 

schwannoma tissue section revealed a cytoplasmic localization in Schwann cells. 

Immunoreactivity was increased in AntoniA areas (*) compared with AntoniB 

regions (◄). TGF-β1 reactivity was also observed in the endothelial cells of the 

blood vessels distributed in the endoneurium ( ). (B) Immunoreactivity for 

TGF-β1 was not detected in the control samples. Magnification, x40. TGF-β1, 

transforming growth factor-β1. 
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Figure 3. Immunohistochemical analysis of human healthy vestibular nerve 

and schwannoma samples for TNF-α. (A) TNF-α immunoreactivity in vestibular 

schwannoma tissue section revealed a weak expression in the blood vessel wall 

and in AntoniA andB regions. In addition, AntoniA regions exhibited the same 

immunoreactivity as that in the nuclei of Schwann cells ( ). (B) Absence of TNF-

α expression in the control samples was observed. Magnification, x20. TNF-α, 

tumor necrosis factor-α. 

 

 

Figure 4. Immunohistochemical analysis of human healthy vestibular nerve 

and schwannoma samples for IL-1β. (A) IL-1β immunoreactivity in vestibular 

schwannoma tissue section revealed marked expression in the AntoniA andB 

regions. This expression was localized in the cytoplasm of Schwann cells. 

Moderate immunoreactivity was observed in vascular endothelium. (B) No 

immunoreactivity for IL-1β in Schwann cells and blood vessels was detected in 

the control samples. Magnification, x40. IL-1β, interleukin-1β. 
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Figure 5. Immunohistochemical analysis of human healthy vestibular nerve 

and schwannoma samples for IL-6. (A) IL-6 immunoreactivity in vestibular 

schwannoma tissue section revealed weak cytoplasmic expression in Schwann 

cells. (B) No immunoreactivity for IL-6 in the cytoplasm of Schwann cells was 

detected in the control samples. Magnification, x40. IL-6, interleukin-6. 

 

 

Figure 6. Immunohistochemical analysis of human healthy vestibular nerve 

and schwannoma samples for ICAM-1. (A) Immunoreactivity for ICAM-1 in 

vestibular schwannoma tissue sections revealed marked expression in the 

cytoplasm of Schwann cells. (B) No immunoreactivity for ICAM-1 was observed 

in the control samples. Magnification, x40. ICAM-1, intracellular adhesion 

molecule-1. 

 

 



 

151 
 

 

 

Figure 7. Immunohistochemical analysis for VEGF in human normal vestibular 

nerve and schwannoma samples. (A) VEGF immunoreactivity was observed as a 

marked granulated cytoplasmic stain in Schwann cells obtained from the 

vestibular schwannoma tissue sections. Positive staining was also detected in 

vascular endothelium of neoplastic tissue. (B) VEGF immunoreactivity was 

absent in the control samples. Magnification, x40. VEGF, vascular endothelial 

growth factor. 

 

Table I. Levels of cytokines and growth factors in vestibular schwannoma 

tissue samples and in healthy vestibular nerve samples, and corresponding 

statistical significance (t-test).  
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Figure 8. Histogram indicating the percentage of growth factor expression in 

the vestibular schwannoma cells compared with control tissue. The data 

underline the differences between the expression of these factors in the two 

different specimens: Black=schwannoma samples; white=control samples. All 

differences between the vestibular schwannoma and control samples were 

statistically significantly(P<0.001). TGF-1, transforming growth factor-1; TNF-α, 

tumor necrosis factor-α; IL, interleukin; ICAM-1, intracellular adhesion 

molecule-1; VEGF, vascular endothelial growth factor. 

 



 

153 
 

 
 

Chapter 7 

 

Involvement of pro-inflammatory 

cytokines and growth factors in the 

pathogenesis of the Dupuytren’s 

contracture: a novel target for a possible 

future therapeutic strategy? 

 

E. Bianchi1, S. Taurone1, L. Bardella2,  A. Signore3,  

E. Pompili4, V. Sessa5, C. Chiappetta6, L. Fumagalli4,  

C. Di Gioia7, F.S. Pastore8, S. Scarpa9, and M. Artico1 

 

1Dept. of Sensory Organs, “Sapienza” University of Rome, Rome. 2Dept. of 

Neurology and Psychiatry, “Sapienza” University of Rome. 3Dept. of Oncological 

Sciences, S. Andrea Hospital, “Sapienza” Univ. of Rome. 4Dept. of Anatomical, 

Histological, Forensic and Locomotor System Sciences, “Sapienza” Univ. of 

Rome. 5Division of Orthopedics, S. Giovanni Calibita Fatebenefratelli Hospital, 

Rome. 6Dept.  of Medical-Surgical Sciences and Biotecnologies,“Sapienza” 

University of Rome. 7Dept. of Radiology, Oncology and Pathology, “Sapienza” 

University of Rome. 8Dept.  of Systems Medicine, “Tor Vergata” University of 

Rome. 9Dept. of Experimental Medicine, “Sapienza” University of Rome. 

 

Clinical Science 2015; 129 (8): 711-720 

 

Key words:  IHC - Dupuytren’s contracture – myofibroblasts – cytokines - 

growth factors 



 

154 
 

 
 

Abstract 

 

Dupuytren’s contracture (DC) is a benign fibroproliferative disease of the hand 

causing fibrotic nodules and fascial cords which determine debilitating 

contracture and deformities of fingers and hands. The present study was 

designed to characterize pro-inflammatory cytokines and growth factors 

involved in the pathogenesis, progression and recurrence of this disease, in 

order to find novel targets for alternative therapies and strategies in controlling 

DC. The expression of pro-inflammatory cytokines and of growth factors was 

detected by immunohistochemistry in fibrotic nodules and normal palmar fascia 

resected respectively from patients affected by Dupuytren's contracture and 

Carpal Tunnel Syndrome (as negative controls). RT-PCR analysis and 

immunofluorescence were performed to quantify the expression of TGF-β1, IL-

1β and VEGFa by primary cultures of myofibroblasts and fibroblasts isolated 

from Dupuytren's nodules. Histological analysis showed high cellularity and high 

proliferation rate in Dupuytren’s tissue, together to the presence of 

myofibroblastic isotypes; immunohistochemical staining for macrophages was 

completely negative. In addition,  a strong expression of TGF-β1, IL-1β and 

VEGFa was evident in the extracellular matrix and in the cytoplasm of 

fibroblasts and myofibroblasts in Dupuytren’s nodular tissues, as compared to 

control tissues..These results were confirmed by RT-PCR and by 

immunofluorescence in pathological and normal primary cell cultures. These 

preliminary observations suggest that TGF-β1, IL-1β and VEGFa may be 

considered potential therapeutic targets in the treatment of Dupuytren's 

disease.  

 

Introduction 

 

Dupuytren’s disease (DD) has been defined as a benign progressive 

proliferative fibroplasia of the fascia palmaris of the hand, which results in 

contracture of the fingers leading to reduction in the movement and inability to 
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extend them [1]. The pathogenesis of DD still remains unclear; the stages of 

the fibrotic disease are classified as proliferative, involutional, and residual on 

the basis of the histological appearance of the affected fascia palmaris [2]. The 

proliferative phase is characterized by proliferation and differentiation of 

fibroblasts into myofibroblasts under the influence of several different factors, 

causing formation of the nodules [3, 4]. In the second phase, the involutional 

stage, myofibroblasts proliferate and align along the long axis of surrounding 

collagens bundles thus giving way to the formation of fibrotic cords [5]. Finally, 

in the residual phase, the myofibroblasts are replaced by fibrocytes that 

progressively decrease in number causing the formation of the avascular 

collagen cord [2]. Myofibroblasts seem to play a central role in the 

pathogenesis of the fibrotic disease. These cells show an intermediate 

phenotype between fibroblasts and smooth muscle cells and generate the 

forces responsible for palmar fascia contracture [6]. Myofibroblasts are 

responsible for matrix deposition and consequent contraction in Dupuytren’s 

disease. Many growth factors and cytokines seem to be implicated in the 

etiology of Dupuytren’s contracture, among all transforming growth factor beta 

(TGF-β) has been suggested to play a predominant role [7]. TGF-β is 

responsible for the up-regulation of collagens and also of other extracellular 

matrix components, all fundamental for connective tissue remodeling [8]. TGF-

β transduces a signal through an heteromeric complex for formation of related 

type I and type II transmembrane serine/threonine kinase receptors [9]; the 

signal of the activated type I receptor induces SMAD signaling cascade and the 

heteromeric SMAD complexes (SMAD2/3-SMAD4) accumulated in the nucleus 

regulate the expression of a large array of target genes involved in 

myofibroblast proliferation, differentiation and extracellular matrix synthesis 

[10-11]. Several studies have identified pro-inflammatory cytokines in 

Dupuytren’s tissues, but the molecular mechanisms by which inflammatory 

mediators activate myofibroblast differentiation are still unknown [12]. Il-6 is 

involved in the modulation of TGF-β and its receptor TGF-βRII, inducing then 

fibroblasts proliferation [13]. TNF-α is another central mediator of the fibrotic 

process, similar to TGF-β [14]: it has been identified as a mediator involved in 
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the differentiation of fibroblasts into myofibroblasts in the palm of patients 

affected by Dupuytren’s disease, via activation of Wnt signaling pathway [15]. 

TNF-α may directly regulate TGF-β1 expression, as shown in lung fibroblasts 

[16]. Yet, hypoxia and subsequent angiogenesis seem to play a role in the 

pathophysiology of this disease [17]. Angiogenesis is induced by several growth 

factors, but the most important molecule is vascular endothelial growth factor 

(VEGF), also known as vascular permeability factor [18]. Hypoxia activates the 

transcription of hypoxia-inducible factor alpha (HIF-1α), which itself positively 

regulates VEGF synthesis  [19]. All these findings prompted us to investigate 

the structural alterations of the fibromatous palmar fascia in patients affected 

by Dupuytren’s contracture and to analyze expression and localization of  the 

previously described growth factors in surgical samples of palmar aponeurosis. 

In parallel, immunofluorescence and RT-PCR analysis were conducted on 

primary cultures of fibroblasts and myofibroblasts explanted from Dupuytren’s 

nodules in the proliferative or involutional phases.  

 

Materials and Methods 

 

Tissue samples were obtained from 26 patients (22 males and 4 females, mean 

age 58 years, mean duration of clinical history 2,5 years) undergoing surgical 

dermo-fasciectomy for Dupuytren’s contracture (n=18) and Carpal Tunnel 

Syndrome (n=8, as negative controls). Pathological tissues were sampled from 

areas of Dupuytren's nodules (4 specimens for each nodule). Control samples 

(2 specimens for each tissue fragment), characterized by normal palmar fascia 

tissues, were collected from patients undergoing hand surgery for Carpal 

Tunnel Syndrome (CTS). During excision, apart from anesthesia, no other 

chemical products or pharmaceutical drugs have been administered. All samples 

were collected with the informed consent of the patient and the study protocol 

conformed to the ethical guidelines of the 1975 Declaration of Helsinki. 

Experiments were performed in compliance with the Italian laws and guidelines 

concerning the patients’ written informed consent. The Ethics Committee of the 

Policlinico Umberto I Hospital approved our study according to European 
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Community and Italian laws. 

Samples (72 from DD and 16 from control patients) were fixed in formalin and 

embedded in paraffin to be processed for histological staining and 

immunohistochemistry. The sections were subjected to Hematoxylin & Eosin 

and Masson’s Trichrome staining. In parallel, other tissue samples were used to 

obtain primary cultures of pathological and normal fibroblasts. 

 

Immunohistochemistry 

The immunohistochemical analysis was conducted using the ABC/HRP 

technique (avidin complexed with biotinylated peroxidase) on 4 µm thick 

paraffin sections that were cut using a rotative microtome. These sections were 

deparaffinized and hydrated through decreasing ethanol series to distilled 

water, then subjected to microwave irradiation and immersed in citrate buffer 

(pH = 6) twice for 5 minutes each time. Subsequently, endogenous peroxidase 

activity was quenched using 0.3% hydrogenous peroxide in methanol for 30 

minutes. To evaluate the immunolocalization of pro-inflammatory factors, VEGF, 

marker of myofibroblasts and proliferating cell nuclear antigen (PNCA), the 

following antibodies were employed: mouse anti-αSMA monoclonal antibody 

(Leica, USA 1:100); rabbit anti-TGF-β1 polyclonal antibody (Santa Cruz, CA, 

USA 1:200); rabbit anti-IL1β polyclonal antibody (Santa Cruz, CA, USA 1:100); 

rabbit anti-IL6 polyclonal antibody (Santa Cruz, CA, USA 1:50); mouse anti-

VEGFa monoclonal antibody (Santa Cruz, CA, USA 1:100); mouse anti-TNF-

alpha monoclonal antibody (Santa Cruz, CA, USA 1:200); mouse anti-ICAM-1 

monoclonal antibody (Santa Cruz, CA, USA 1:25) and mouse anti-PNCA 

monoclonal antibody (Santa Cruz, CA. USA 1:100). 

Incubation with the primary antibodies was performed overnight at 4ºC. 

Optimal antibody dilution and incubation times were assessed in preliminary 

experiments. As negative control, the primary antibodies were omitted. After 

exposure to the primary antibodies all slides were rinsed twice in phosphate 

buffer (pH=7.4) and incubated for 1 hour with the appropriate secondary 

biotinylated antibody at the final dilution of 1:200. The secondary biotinylated 

antibodies against rabbit and mouse immunoglobulins were purchased from 
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Abcam (biotinylated goat anti-mouse antibody and biotinylated goat anti-rabbit 

antibody). The slides were then incubated with peroxidase-conjugated avidin 

(Vector laboratories, Burlingame, CA, USA, Vectastain Elite ABC kit Standard*PK 

6-100) for 30 min. Slides were washed in phosphate buffer (pH=7.4) and 

treated with 0.05% 3,3-diaminobenzidine (DAB) and 0.1% H2O2. Finally, 

sections were counterstained with Mayer’s hematoxylin and dehydrated rapidly. 

The staining assessment was made by three experts. The intensity of the 

immune reaction was assessed microdensitometrically using an IAS 2000 image 

analyzer (Delta Sistemi, Rome, Italy) connected via a TV camera to the 

microscope. Twelve 100 µm2 areas were delineated in each section by 

measuring the diaphragm. The system was calibrated taking the background 

obtained in sections exposed to non-immune serum as zero. Quantitative data 

of the intensity of immune staining were analyzed statistically by analysis of 

variance (ANOVA) followed by Dunca’s multiple range test as a post hoc test. 

The comparison of the expression levels of each antigen between the palmar 

fascia from Dupuytren’s disease and CTS patients was carried out by Student’s 

t-test. Statistical analysis was performed using the GraphPad Prism (La Jolla, 

CA). The results were considered statistically significant with p-value <0.05.  

 

Cells Cultures 

Dupuytren’s nodule tissues and normal palmar fascia tissues from CTS patients 

were obtained by surgery. All samples were minced using a sterile technique 

and placed in sterile 30 mm single well culture dishes. The wells were then 

flooded with 2.0 ml of Dulbecco’s essential medium (DMEM, Gibco, Grand 

Island, NY) containing 4% penicillin/streptomycin (PS, Gibco, Grand Island, NY) 

and 10% fetal bovine serum (FBS, Gibco, Grand island, NY). The media was 

renewed three times weekly. Cells were observed adhering to the bottom of the 

wells and were allowed to grow to confluence. The cells were lifted from the 

wells using Trypsin/EDTA, pelleted, washed and re-suspended in DMEM with 

10% FBS and 4% penicillin/streptomycin. Four cell strains were used in these 

experiments (4 from DD patients and 4 from control patients) and sub-cultured 

by less than 10 passages. These primary cultures of pathological and normal 
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cells were used for establishing protein and mRNA expression of specific pro-

inflammatory factors and VEGF by immunofluorescence and RT-PCR. 

 

Immunofluorescence 

For immunofluorescence fibroblast primary cultures were grown directly on 

Labteck chamber slides (Nunc) for at least 24 h, the cells were then washed 

with PBS with Ca/Mg, and fixed with 4 % buffered paraformaldehyde for 20 min 

at 4 °C. Fixed cells were incubated overnight at 4°C with the primary antibody 

for α-SMA, TGFβ1, IL1β, IL6, TNF-α  and VEGFa. After three washes in 0.1% 

Tween in PBS for 10 min each, the cells were incubated with the secondary 

antibody, anti-mouse-fluorescein antibody (Abcam USA (MA) 1:200) or anti-

rabbit– rhodamine antibody (Abcam USA (MA), 1:200) for 2 hours at room 

temperature. The nuclei were stained with DAPI (Vectashield Mounting Medium 

with DAPI, Vector Laboratories, Burlingame, CA, USA). The 

immunofluorescence was examined by confocal laser microscope (Nikon 

TE2000). Student’s t-test was used to evaluate  the expression of each 

analyzed antigen in DD and control cells. The data were considered statistically 

significant with p-value <0.05. 

 

RT-PCR 

Cultured cells were suspended in TRIzol reagent (Invitrogen Corporation, CA) 

and total RNA was isolated using RNeasy Micro Kit (Qiagen, CA, USA). Real time 

PCR was conducted to determine the differences in mRNA expression levels of 

TGF-β1, IL-1β and VEGFa between normal and pathological fibroblasts in 

culture. The purity of the RNA was assessed using a UV/visible spectophotomer 

(SmartSpec 3000, Bio-Rad Laboratories, CA, USA). 1 µg total RNA was reverse 

transcribed using a High Capacity cDNA Reverse Transcription (RT) kit (Applied 

Byosystems, CA, USA) according to the manufacturer’s instructions. RNA 

samples, RT buffer, dNTP mix, RT random primers, multiscribe reverse 

transcriptase, RNase inhibitor and DEPC-treated distilled water were added in 

RNase-free tubes on ice at the final volume of 20 µl. The thermal cycler was 

programmed as follows: 25ºC for 10 min, 37ºC for 120 min and the reaction 
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was stopped at 85ºC for 5 min. For the RNA reactions we used the follow 

primer pairs (Bio Basic In, NY, USA): for TGF-β1 primer forward 5’-

GCTGGACAGGAAGCTGGG-3 and primer reverse 5’-GGACACAACACGAGCAGAGA-

3’, for IL-1β primer forward 5’-GCTTCTGGTGATTCCCGCAA-3’ and primer 

reverse 5’- GGGCTGTGAGAGTTCTTGGG-3’, for VEGFa primer forward 5’-

AACCCCTAGGCCAGGTTGTA-3’ and primer reverse 5’-

CGGGATATGGAAGGGAAGCC-3. For glyceraldehyde 3 phosphate dehydrogenase 

(GAPDH) we used primer forward 5’-GAGCAGTCCGGTGTCACTAC-3' and primer 

reverse 5’-TAGTAGCCGGGCCCTACTTT-3’. The specificity of the primers was 

verified by searching in the NCBI database for possible homology to the cDNA 

of unrelated proteins. Each PCR tube contained the following reagents at the 

final volume of 50 µl: 0.2 µM of forward and reverse primers, 1 µg template 

cDNA, 0.2 mM dNTP mix, 2.5 U RedTaq Genomic DNA polymerase (Sigma-

Aldrich), MgCl2 and reaction buffer 1X. The amplification was started with an 

initial denaturation step at 94°C (2 minutes) and was followed by 35 cycles 

consisting of denaturation (30 seconds) at 94°C, annealing (30 seconds) at the 

appropriate temperature for each primer pair and extension at 72 °C (1 

minute). Using the comparative critical cycle methods, the expression levels of 

the target genes were normalized to the GAPDH endogenous control. Data 

were analyzed using the 7900 HT SDS software version 2.1 provided by applied 

Biosystems. Statistical analysis was performed using Student’s t-test (GraphPad 

Prism). The results were considered statistically significant when the p-value 

was <0.05.  

On the basis of these experiments we observed that TGF-β1 mRNA expression 

was the most significant among the examined molecules, so we performed Real 

Time PCR on paraffinized tissue in order to confirm mRNA expression data 

obtained from cell cultures. For this last procedure we used the same number 

of specimens as before (4 from DD patients and 4 from control patients). Real 

Time PCR was performed with the same protocol employed in previously 

described PCR.  

 

 



 

161 
 

 
Results 

 

The rate of cell proliferation was first evaluated in Dupuytren’s tissues, by 

analyzing the cellular proliferation marker known as Proliferating Cell Nuclear 

Antigen (PCNA). Fibroblasts and myofibroblasts of Dupuytren's nodules had a 

strong nuclear staining of PCNA (Fig. 1A), in contrast with the normal palmar 

fascia tissue, in which cell staining was completely absent (Fig. 1B). We 

quantified the number of positive cells on the total number of cells in 10 

different areas for each experimental group and we expressed the ratio 

between PCNA-positive cells and total cells as percentages (Fig 1C). The 

incidence of PCNA-positive nuclei in the fibromatosis nodules (87,65 % ± 4,98 

%) was significantly (P<0.0001) higher than that in the normal palmar fascia 

tissues (18,43 % ± 7,15 %). Our data demonstrate that these pathological 

samples are in the same proliferative stage of the disease that causes 

thickening and contracture of the palmar fascia. CD68 immunostaining was 

performed and it was completely negative in Dupuytren's nodules (Fig 2A) 

similarly to normal tissues (Fig. 2B), thus confirming the absence of 

macrophages and monocytes in the proliferative phase of the disease. Spindle-

shaped cells in Dupuytren's nodule resulted alpha-SMA-positive (Fig. 2C), this is 

a reliable marker of the myofibroblastic phenotype; α-SMA staining was weak or 

absent in the control tissues (Fig. 2D). The α-SMA high expression in 

Dupuytren’s tissues confirmed the trans-differentiation from fibroblasts to 

contractile myofibroblastic phenotype.  

Then TGF-β1 was highly expressed in the extracellular matrix and by fibroblasts 

and myofibroblasts of Dupuytren’s proliferative nodules (Fig. 3A); at the same 

time, a weak expression of TGF-β1 was evidenced in the fibroblasts and 

vascular endothelial cells of normal tissues, while it was completely negative in 

the extracellular matrix of normal palmar fascia (Fig. 3B). IL-1β was then 

evaluated, showing positive immunoreaction in the cytoplasm of fibroblasts and 

myofibroblasts, extracellular matrix and vascular endothelial cells of the fibro-

proliferative nodules (Fig. 3C). This pro-inflammatory cytokine was completely 
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absent in the extracellular matrix of control samples, but weakly present in the 

cytoplasm of capillary endothelial cells and fibroblasts (Fig. 3D).  

Il-6 was strongly expressed in the extracellular matrix in its soluble form, and 

moderately present in the proliferative myofibroblasts and fibroblasts of the 

Dupuytren’s nodules (Fig. 3E). In the controls, IL-6 was completely absent at 

level of the loose connective tissue but moderately expressed in the vascular 

endothelial cells and in the fibroblasts (Fig. 3F), confirming that this cytokine is 

involved in the inflammatory process that activate the fibrotic process of 

Dupuytren’s disease.  

TNF-α was then analyzed and it resulted moderately positive in the extracellular 

matrix, fibroblasts and vascular endothelial cells of the Dupuytren’s proliferative 

site (Fig. 4A) similarly to the control tissue (Fig. 4B). Finally, VEGFa was 

strongly positive in vascular endothelium, fibroblasts and myofibroblasts of 

Dupuytren’s nodules (Fig. 4C); differently, VEGF-a was completely absent in the 

control tissues (Fig.4D). All these data were supported by immunofluorescence 

of the cultured fibroblasts and myofibroblasts isolated from Dupuytren’s 

nodules, in which α-SMA was expressed by 50% of the cells, with uniform 

cytoplasmic distribution (Fig. 5A), confirming the presence of myofibroblasts; 

while α-SMA was completely absent in the cells isolated from normal palmar 

fascia (Fig. 5B). Pathological cultured fibroblasts and myofibroblasts were also 

strongly positive for TGF-β1 expression, as compared to normal fibroblasts, 

showing a granular cytoplasmic distribution (Fig. 5 C-D). Also IL-1beta was 

strongly present in Dupuytren's cell cultures (Fig. 5E), but weakly present in 

normal fibroblasts. Finally, IL-6 was weak and moderately present in 

pathological (Fig. 5G) and normal (Fig. 5H) cultured cells. TNF alpha was 

moderately expressed by pathological cells (fig 6A), similarly to control 

fibroblasts (fig 6B). VEGFa was found to be strongly expressed in the cytoplasm 

of fibroblasts and myofibroblasts isolated from Dupuytren's tissue (fig 6C), 

while was totally absent in normal fibroblasts (Fig 6D). Our study confirmed 

that there was no difference in the intensity of the expression of this pro-

inflammatory cytokine and in the percentage of TNF-α-positive cells between 

control cells and pathological fibroblasts (Fig. 7). The difference in the number 
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of IL-6-positive cells between the pathological and the normal cell lines of 

fibroblasts was significant for p<0.05 (Fig. 7). On the basis of the 

immunohistochemical and immunofluorescence results that showed a stronger 

expression of TGF-β, IL-1β and VEGFa in pathological tissue, respect to normal 

tissues, we then quantified their differences in mRNA expression between 

normal and pathological tissues by RT-PCR (Fig. 8). An upregulation of  TGF-β1 

(2.30 ± 0.05), IL-1β (2.02 ± 0.07) and VEGFa (1.97 ± 0.04) was demonstrated 

in fibroblasts  from Dupuytren’s nodules compared to normal fibroblasts (Fig. 

9A). RT-PCR data were demonstrated either on cultured cells or in de-

paraffinized tissue samples with p-value <0.05. 

 

Discussion 

 

Dupuytren’s disease is a condition in which the formation of nodules in the palm 

of the hand precedes eventual contracture of the fingers due to fibrosis [20]. 

Clusters of macrophages and T-lymphocytes have been observed, in addition to 

myofibroblasts, in the pathological tissue [6, 21-24]. Several growth factors and 

inflammatory cytokines have been reported in the literature as molecules 

probably involved in the modulation of the pathogenesis of Dupuytren’s disease 

[25-27]. TGF-β is undoubtedly one of the cytokines most involved in the 

process of fibrosis and is present at high amounts in sites of chronic 

inflammation [28-32]. Moreover, some studies have also demonstrated in vitro 

that cultured Dupuytren’s cells produce TGF-β and that TGF-β stimulates the 

growth of Dupuytren’s fibroblasts [33]. As demonstrated by Kulkarni and 

Karlsson [34] TGF-β plays other important roles in the modulation of fibrosis 

and inflammation. Our data confirm that TGF beta is more strongly present in 

DD extracellular matrix and cells, than in the correspondent normal tissue and 

cells. A new finding, not described in the previous available literature on this 

topic, is the presence of a cytoplasmic granular fluorescent staining for TGF-β1, 

whose characteristic appearance represents an interesting typical finding 

observed in DD myofibroblasts. A recent study performed by Iqbal et al. [35] 

confirmed the importance of myofibroblasts in the pathogenesis of DD also 
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introducing the possibility of alternative sources of DD myofibroblasts 

originating from skin overlying nodule (SON) and perinodular fat (PNF). Verjee 

et al. [15] have recently identified another possible therapeutic target in the 

TNF, whose role may be hopefully relevant in the better future knowledge of 

pathogenesis and therapy of DD. Nowadays, there are different therapeutic 

options for the treatment of DD [36], but the real question remains still: what is 

the primary cause in its pathogenesis? An important recent study [37] 

postulates diverse origins of the myofibroblasts responsible for kidney fibrosis. 

Notwithstanding the differences in comparison with DD a possible general 

“common control” of the mechanisms of fibrosis may be activated even in 

different areas of the body in response to appropriate stimuli. This “common 

control” has to be elucidated in further studies, but it probably constitutes the 

central problem in DD and in other fibrosis-related pathologies. Some authors 

recently underline the possible role of Wnt signaling [38] in the pathogenesis of 

DD, but this study implicates even nine different loci involved in genetic 

susceptibility to Dupuytren's disease. The fact that six of these nine loci harbor 

genes encoding proteins in the Wnt-signaling pathway suggests that 

aberrations in this pathway may be key to the process of fibromatosis in 

Dupuytren's disease. However further genome studies should be performed in 

order to elucidate this interesting hypothesis.  

Our results demonstrated that TGF-β, IL-1β and VEGFa are markedly expressed 

in Dupuytren’s tissue and cultured myofibroblasts. This finding led us to 

postulate a pivotal role for these molecules in the development of Dupuytren’s 

contracture. The obtained informations may provide a basis for the research of 

non-surgical treatment regimens to reduce the recurrence and the progression 

of this disease, ultimately attenuating hospitalization and post-surgical 

rehabilitation for patients.  
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Figure 1. Immunohistochemical analysis of PCNA, CD68 and α-SMA markers in  

Dupuytren’s nodules and control tissues. The photomicrographs of Dupuytren’s 

nodular tissues showed an increasing number of PCNA (A) and α-SMA-positive 

cells (C) compared to the control tissues in which these markers resulted 

completely negative (D, F). Immunohistochemistry for CD-68 showed that the 

macrophages and monocytes were completely absent in the pathological nodule 

(B) similarly to the normal tissue (E). (magnification 40X). 
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Figure 2. Cell proliferation index in Dupuytren’s nodules and normal fascia 

palmar tissues. PCNA proliferative index  is represented as a percentage of 

PCNA-positive nuclei on the total number of cells in Dupuytren’s nodules (87.65 

% ± 4.98) and normal fascia palmar tissues (18% ± 7,15). The bar graph 

indicates the mean percentage of PCNA positive cells ± SD.  Statistical analysis 

is performed using Student's t-test. *p-value < 0.05. 
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Figure 3. Immunohistochemical analysis of pro-inflammatory markers TGF-β, 

IL-1β and IL-6 in Dupuytren’s nodules and controls. TGF-β was strongly 

expressed in the extracellular matrix and cytoplasm of proliferative 

myofibroblasts and fibroblasts in the pathological tissue (A). TGF-β was 

moderately present in the cytoplasm of fibroblasts scattered in the loose 

connective tissue of normal fascia palmar (D).  Il-1β was strongly positive in 

Dupuytren's myofibroblasts - rich nodules showing cytoplasmic localization (B).  

IL-1beta was completely absent in the extracellular matrix and weakly present 

in the vascular endothelium and fibroblasts of normal palmar fascia (E). IL-6 

was moderately expressed in the extracellular matrix and fibroblasts of 

Dupuytren’s tissues (C) similarly to the control tissue (F). (magnification 40X). 
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Figure 4. Immunohistochemical analysis of TNF-α and VEGF in Dupuytren’s 

nodules and control tissues. A moderate expression of TNF-α is seen in the 

extracellular matrix and fibroblasts of Dupuytren’s nodules (A) and control 

tissues (C) (magnification 40X). VEGF immunoreactivity appears to be strongly 

positive in the extracellular matrix, fibroblasts and  myofibroblasts of 

Dupuytren’s nodules (B) (magnification 40X). compared to controls in which the 

staining was completely absent in the amorphous substance and weakly 

expressed in the cytoplasm of normal fibroblasts (D) (magnification 20X). 
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Figure 5. Immunofluorescence for α-SMA and pro-inflammatory factors TGF-β, 

IL-β, IL-6 in fibroblast cultures isolated from Dupuytren’s nodules and normal 

palmar fascia. The pathological fibroblasts isolated from Dupuytren’s nodules 

(A) showed a strong expression of α-SMA demonstrating that 50% of 

fibroblasts differ in myofibroblasts. In the normal fibroblasts, α-SMA expression 

was completely absent (E). TGF-β and IL-β were strongly expressed in the 

pathological fibroblasts isolated from Dupuytren’s tissues (B, C,) compared to 

the normal fibroblasts (F, G,) that showed a weak expression of these pro-

inflammatory factors. IL-6 was moderately expressed in the cytoplasm of 

pathological (D) and normal fibroblasts (H) (magnification 20X). 
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Figure 6. Immunofluorescence for TNF-α and VEGF in fibroblast cells isolated 

from Dupuytren’s nodules and normal palmar fascia. TNF-α was moderately 

expressed in the pathological fibroblast cultures (A) similarly to the control 

fibroblasts (C).A strong VEGF expression was found in the cytoplasm of 

Dupuytren’s fibroblasts (B) differently from fibroblasts isolated from normal 

palmar fascia in which this factor was completely absent (D). (magnification 

20X). 
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Figure 7. Pro-inflammatory cytokines and VEGF positive cell index in the 

fibroblasts isolated from Dupuytren's contracture and normal palmar fascia 

tissue. The bar graph indicates the mean % growth factors-positive cells ± SD. 

Statistical analysis is performed using Student's t-test. * p<0.0001 or ** 

p<0.05. 
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Figure 8. Quantitative PCR analysis in Dupuytren’s nodules-derived cells, in 

control tissue and in paraffinized tissue samples. A (upper): PCR analysis of 

mRNA expression for TGF-β1, IL-1β and VEGF-A in nodules-derived cells and in 

control normal tissue. Data are presented as mean ± SEM . Statistical analysis 

is performed using Student’s t-test. * p-value <0.05. 

B (down): PCR analysis of mRNA expression for TGF-β1 in paraffinized tissue 

samples from DD patients and control ones. 
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Abstract 

 

Introduction: Angiogenesis is the main process responsible for tumor growth 

and metastatization. The principal effector of such mechanism is the vascular 

endothelial growth factor (VEGF) secreted by cancer cells and other 

components of tumor microenvironment, under specific stimuli. Radiolabelled 

VEGF analogues may provide a useful tool to noninvasively imaging tumor 

lesions and evaluate the efficacy of anti-angiogenic drugs, aimed at blocking 

the VEGFR pathway. Aim of the present study was to radiolabel the human 

VEGF165 analogue with 99mTechnetium (99mTc) and evaluate the expression 

of VEGFR in both cancer and endothelial cells in the tumor microenvironment.  

Material and Methods: The human VEGF-A165 analogue was successfully 

labelled with 99mTc using an indirect method via succinimidyl-6-

hydrazinonicotinate hydrochloride conjugation. Several in vitro quality controls 

(QC) including SDS-PAGE, cysteine challenge and cell binding assay on HUVEC 

cells were performed. In vivo studies included biodistribution studies and tumor 

targeting experiments in athymic nude CD-1 mice xenografted with different 

cell lines (ARO, K1 and HT29). Immunohistochemistry was performed on 

excised tumors to confirm VEGF receptor (VEFR) expression in the lesion and 

endothelial cells.  

Results: Human VEGF-A165 analogue was labelled with high labelling 

efficiency (>95%) and high specific activity. The radiolabelled molecule 

retained its biological activity and structural integrity as confirmed by in vitro 

QC. In tumor targeting experiments, a focal uptake of radiolabelled VEGF165 

was observed in every xenografted tumor with different tumor-to-background 

ratios. Immunohistochemical analysis of excised tumors revealed an inverse 

correlation between VEGF and uptake of the radioactive hormone. On the other 

hand a positive correlation between radioactive VEGF165 and VEGFR1 was 

observed.  

Conclusion: Human VEGF-A165 was successfully radiolabelled with 99mTc. 

When used for in vivo imaging of VEGFR expression in tumors, endogenous 
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VEGF produced by cancer and other cells of tumor microenvironment should be 

taken in consideration because of possible saturation of VEGFRs. 

 

Introduction 

 

Angiogenesis is the vital physiological process involving the growth and 

remodelling of new blood vessels from pre-existing one and is implicated in a 

number of diseases including cancer. Indeed, neoangiogenesis is essential for 

tumor growth as well as crucial for local and distant metastatization through 

both blood and lymphatic vessels (1, 2). Therefore, many new targeted 

therapies have been developed and they are based on drugs able to bind 

vascular endothelial growth factor (VEGF) and its receptor (VEGFR), which have 

been shown to be up-regulated in tumor and highly proliferating endothelial 

cells. Such overexpression has been associated with progression, 

metastatization and poor outcome in particularly aggressive cancers (4). Some 

of these drugs have been approved for human use and proved to be effective in 

many solid tumors (7). The most widely used in clinical practice is the anti-

VEGF monoclonal antibody (mAb) bevacizumab that binds the free VEGF. 

Others, like the tyrosine kinase inhibitors (TKIs) sorafenib and sunitinib, are 

able to target the VEGFR2 blocking the signalling cascade (8). It has been 

reported that the majority of patients benefits from targeted therapies, but a 

small fraction fails to show even initial benefits. The reasons may range from 

the involvement of parallel angiogenic pathways to the absence of the targets 

(9). Therefore, it would be important to predict which patients would benefit 

from a specific targeted therapy and several studies indicated the possibility to 

image angiogenic markers with the use of radiopharmaceuticals targeting VEGF 

or VEGFR (10). In particular, since VEGFR is expressed also in some cancer 

cells, this technique will be useful in both early detection and cancer treatment 

monitoring (11-13). Radiopharmaceuticals to image tumor angiogenesis have 

been described in the literature, but many of them showed limitations that 

slowed or blocked the shift from preclinical to clinical trials. Among them the 

most common were poor or variable binding affinity and exaggerated liver 
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uptake (14-15). In the present study we optimized the radiolabelling of 

VEGF165 with 99m-technetium (99mTc) using HYNIC as bifunctional chelator, 

obtaining a highly stable radiopharmaceutical with high in vitro receptor binding 

affinity. In vivo we used 99mTc-HYNIC-VEGF165 to image VEGFR expression in 

different tumor xenografts and correlated in vivo data with histological findings. 

 

Materials and Methods 

 

Labelling of VEGF-A165 with 99mTc 

The human hVEGF-A165 analogue with a molecular weight of 19 KDa was 

provided by Trophogen Inc. and radiolabelled with 99mTc through an indirect 

method after conjugation with the bifunctional chelator 6-hydrazinonicotinamide 

(HyNic). Radiolabelling was optimized by testing several labelling conditions 

including different HYNIC:VEGF ratios (1:1, 4:1 and 8:1) and different amounts 

of tricine (from 0.9 mg/ml to 200 mg/ml PBS) or SnCl2 (from 2 mg/ml to 20 

mg/ml 0.1 M HCl). Briefly, VEGF165 (0.5 mg) was incubated with an excess of 

succinimidyl-6-hydrazinonicotinate hydrochloride (SHNH, SoluLink, USA) for 2 h 

at room temperature in the dark. At the end of the incubation free SHNH was 

removed by size exclusion chromatography using a G-25 Sephadex PD10 

column (GE Healthcare, UK) and nitrogen-purged phosphate buffer saline (pH 

7.4) as eluent. The number of HYNIC groups bound per molecule of VEGF165 

was determined by a molar substitution ratio (MSR) assay. Briefly, conjugated 

VEGF165 (2 µl) was added to a 0.5 mM solution (18 µl) of 2-sulfobenzaldehyde 

in 0.1 M 2-(N-morpholino) ethanesulfonic acid (MES) buffer (pH 5.0) and 

incubated at room temperature for 2 hours. Phosphate buffer saline (PBS) 

alone was used as blank and duplicates were prepared. After 2 hours the 

absorbance at 345 nm of each reaction was measured with a 

spectrophotometer and the number of HYNIC groups per molecule was 

calculated as indicated in the SoluLink data sheet. Radiolabelling was performed 

incubating 30 µg of VEGF165 (in 100 µl PBS) with 300 MBq of freshly eluted 

99mTcO4- (100 µl), 100 µl of tricine (Sigma-Aldrich Chemicals, UK) and 5 µl 

SnCl2 (Sigma-Aldrich Chemicals, UK). Labelling efficiency (LE) and colloids 
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percentage were measured up to 30 minutes of incubation. After labelling, an 

additional purification by size exclusion chromatography was performed using a 

Zeba Spin Column (Thermo Scientific, USA) to remove any free 99mTcO4-, 

tricine and SnCl2.  

 

In vitro quality controls 

Quality controls were performed using instant thin layer chromatography-silica 

gel (ITLC-SG) strip (Pall Life Sciences, USA). Results were analysed by a radio-

scanner (Bioscan Inc., USA) to calculate the LE of 99mTc-HYNIC-VEGF165. The 

mobile phase for LE determination was a 0.9% NaCl solution, whereas the 

amount of colloids was determined using a NH3:H2O:EtOH (1:5:3) solution. 

Quality controls were performed before and after the purification with a Zeba 

Spin column. Additionally, reverse phase HPLC was carried out using a C8 

Kinetex 4.6 x 250 mm column and a gradient of H2O (A) and acetonitrile (B) 

with 0.1 % TFA. The following gradient was used: 0-5 min 0-5% B, 5-20 min 5-

95% B, 20-25 min 95% B and 25-30 min 95-5%B. Stability assays were 

performed adding 100 l of 99mTc-HYNIC-VEGF165 to a vial containing 900 l 

of fresh human blood serum and to another containing 900 l of 0.9% NaCl 

solution. Both vials were incubated up to 24 hours at 37°C. The radiochemical 

purity was measured at 1, 3, 6 and 24 hours by ITLC analysis. In addition, a 

cysteine challenge assay was performed incubating the labelled VEGF165 at 

37°C for 60 min with different cysteine concentration, ranging from 1000:1 

(cysteine:VEGF165) to 0.1:1 molar ratio. For each time point, radiochemical 

purity was evaluated by ITLC as described above. All known chemical forms of 

99mTc-cysteine have Rf values between 0.5 and 1, when normal saline was 

used as mobile phase. Integrity of the labelled VEGF165 molecule was also 

checked by sodium dodecyl sulphate–polyacrylamide gel electrophoresis under 

non-reducing conditions, according to the method of Laemmli (16). Proteins 

were visualized by staining the gels with Coomassie Brilliant Blue (Thermo 

Scientific, USA). Radioactivity associated with each band was determined 

scanning the gel with a radio-scanner. 
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Cell lines  

VEGFR+ cell line, human umbilical veins endothelial cells (HUVEC) were 

cultured in F-12K medium supplemented with 10% FCS, 100 IU/ml penicillin, 

100 µg/ml streptomycin, 2 mM L-glutamine and EGM®-2 Bulletkit (Lonza, USA) 

(17). The human anaplastic thyroid cancer cell line (ARO), the human colorectal 

cancer cell line (HT29) and the human poorly differentiated thyroid cancer cell 

line (K1) were grown in DMEM high glucose (Gibco, USA) supplemented with 

10% FCS, 100 IU/ml penicillin, 100 µg/ml streptomycin and 2 mM L-glutamine 

(18-20).  

 

In vitro binding studies 

Measurements of cell uptake and retention of labelled VEGF-A165, was 

performed in vitro using the semi automatic system LigandTracerTM that allows 

to follow binding over time (Ridgeview Instruments AB, Sweden) (21). Briefly, 

106 HUVEC cells were seeded in a tilted Petri dish and incubated in a humified 

incubator at 37°C and 5% CO2 for 24 hours. The dish was then placed in the 

LigandTracer and allowed to rotate continuously for 15 minutes to allow release 

of weakly attached cells. After one gentle wash, 2 ml of PBS containing 

radiolabelled VEGF165 (30 nM) were added to the dish and it started to rotate 

until reaching maximal binding. The device was then stopped, the liquid 

removed and replaced with culture medium without labelled VEGF165 for 

calculating release of radioactivity from cells. Association and dissociation 

curves were obtained analysing data by non-linear regression analysis with 

GraphPad Prism (GraphPad Software Inc, USA) to calculate the kon, koff and 

Kd values. 

 

In vivo studies 

Biodistribution and imaging studies 

For animal experiments, the institutional and national guide for the care and 

use of laboratory animals was followed. Imaging studies were performed with a 

previously described high-resolution portable mini-gamma camera (HRC), IP-

Guardian (Li-Tech S.r.l., Italy) (22).  For in vivo biodistribution studies, 5.5 MBq 
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(190 MBq/nmol, 100 µl) of labelled VEGF165 were injected in the tail vein of 12 

nude CD-1 mice and static planar posterior images were acquired using the 

HRC at 1, 3, 6 and 24 hours, under light ether anaesthesia. At the end of each 

imaging point three mice were euthanized and major organs were collected and 

counted in a single well gamma-counter. In vivo cell-targeting experiments 

were performed in 36 nude CD-1 mice that were divided in three groups. Each 

group was injected subcutaneously in the right thigh with respectively 106 ARO, 

HT29 and K1 cells mixed with BD Matrigel (BD Biosciences, USA) (1:1) After 

tumor growth (approximately 0.6-1 cm3, in 20 days), 5.5 MBq of labelled 

VEGF165 were administered i.v. in the tail vein and static planar posterior HRC 

images were acquired at 1, 3, 6 and 24 hours, under light ether anaesthesia. At 

each time point 3 mice were euthanized for ex-vivo counting. Major organs and 

tumors were collected, weighted and counted for radioactivity with a single well 

gamma-counter (Gammatom, Italy).  

 

Blocking studies 

Blocking studies were performed in four mice injected with 1 million HT29 cells 

mixed with Matrigel® in the right thigh. After tumor growth, 5.5 MBq of 

99mTc-VEGF165 were injected in the tail vein and images were acquired with a 

portable mini-gamma camera at 1 h and 3 h post-injection. After 3 days, 

99mTc-HYNIC-VEGF165 was pre-incubated for 1 h with 3.5 fold molar excess of 

recombinant human VEGFR2-Fc chimera (BioLegend Inc., USA) that act as a 

soluble decoy receptor (TRAP) that has been proved to prevent the binding of 

VEGF to endothelial cells.  After the incubation, a dose of 5.5 MBq was injected 

in the tail vein of 3 of the 4 mice previously imaged and images were acquired 

with a portable mini-gamma camera at 1 h and 3 h post-injection. After 3 more 

days, a 100 fold molar excess of unlabelled VEGF165 (COLD) was injected in 

the tail vein of the same 3 mice and after 10 minutes 5.5 MBq of 99mTc-

HYNIC-VEGF165 were injected. Images were acquired with a portable mini-

gamma camera at 1 h and 3 h post-injection. Region of interest were drawn on 

the tumor and on the contralateral leg in each image and target-to-background 

(T/B) ratios were calculated. 
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Immunohistochemical analysis 

For light microscope immunohistochemical analysis, small fragments of each 

excised tumor (ARO, HT29 and K1) were processed according to ABC/HRP 

technique (avidin complexed with biotinylated peroxidase). These samples were 

washed in PBS, fixed in 10% formalin and embedded in paraffin according to a 

standard procedure. Serial 3-µm thick sections were cut using a rotative 

microtome, mounted on gelatin-coated slides and processed for 

immunohistochemistry. These sections were de-paraffinized in xylene and 

dehydrated. They were immersed in citrate buffer (pH 6) and subjected to 

microwave irradiation twice for 5 minutes. Subsequently, all sections were 

treated for 30 minutes with 0.3% hydrogen peroxide in methanol to quench 

endogenous peroxidase activity. To block non-specific binding, the slides were 

incubated with M.O.M. Mouse Ig Blocking Reagent (Vector Laboratories 

Burlingame, CA, USA) for 1 h at room temperature. The slides were incubated 

overnight at 4°C with the following antibodies: i) mouse anti-VEGF monoclonal 

antibody (Santa Cruz Biotechnology, CA, USA); ii) mouse anti-VEGF Receptor 1 

[Flt-1/EWC] monoclonal antibody (Abcam, ab9540, UK); iii) mouse anti-VEGF 

Receptor 2 [KDR/EIC] monoclonal antibody (Abcam, ab9530, UK). Optimal 

antisera dilutions and incubation times were assessed in a series of preliminary 

experiments. After exposure to the primary antibodies, slides were rinsed twice 

in phosphate buffer and incubated for 1h at room temperature with the 

appropriate secondary biotinylated goat anti-mouse IgG (Vector Laboratories 

Burlingame, CA, USA, BA9200 and BA1000) and with peroxidase- conjugated 

avidin (Vectastain Elite ABC Kit Standard* PK 6-100) for 35 minutes. After a 

further wash with phosphate buffer, slides were treated with 0.05% 3,3-

diaminobenzidine (DAB) and 0.1% H2O2 (DAB substrate kit for peroxidase, 

Vector Laboratories SK-4100). Finally, sections were counterstained with 

Mayer’s haematoxylin and observed using a light microscope. Negative control 

experiments were carried out: i) by omitting the primary antibody; ii) by 

substituting the primary antibody with an equivalent amount of non-specific 

immunoglobulins; iii) by pre-incubating the primary antibody with the specific 
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blocking peptide (antigen/antibody = 5 according to supplier’s instructions). 

The staining assessment was made by two experienced observers in light 

microscopy. Immunoreactivity of VEGF, VEGFR1, and VEGFR2 was assessed in 

all samples. The intensity of the immune reaction was assessed 

microdensitometrically using an IAS 2000 image analyser (Delta Sistemi, Rome, 

Italy) connected via a TV camera to the microscope. The system was calibrated 

taking as zero the background obtained in sections exposed to non-immune 

serum. Ten 100 μm2 areas were delineated in each section using a measuring 

diaphragm. The quantitative data regarding the intensity of immune staining 

were analysed statistically using analysis of variance (ANOVA) followed by 

Duncan’s multiple range test as a post hoc test. 

 

Results 

 

Labelling with 99mTc and quality controls  

Highest labelling efficiency was obtained when the analogue was conjugated 

with a ratio HYNIC:VEGF165 of 8:1. Determination of molar substitution ratio of 

HYNIC-conjugated VEGF165 demonstrated that an average of 4.3 molecules of 

HYNIC groups were bound per molecule of analogue. Higher ratios were not 

selected to avoid over-conjugation of the hormone and possible structural 

modification. Optimization of the labelling procedure of the HYNIC-VEGF165 

conjugate (30 µg) with 99mTc showed that, after 10 minutes of incubation, the 

use of 100 l of tricine (0.5 mM) and 5 l of SnCl2 (50 nM) allowed to obtain 

the highest LE (65 %) and the lowest amount of colloids (<5%). After Zeba 

spin purification we were able to obtain a radiochemical purity of > 95 % as 

confirmed by both ITLC and HPLC analysis (Figure 1). Specific activity of 

resulting 99mTc-HYNIC-VEGF165 was 190 MBq/nmol. Radiolabelled VEGF165 

was stable up to 24 h in both in human serum and in a 0.9% NaCl solution at 

37 °C, as well as in solutions containing increasing cysteine concentrations. A 

slight decrease in the radiochemical purity was observed only at high cysteine 

concentrations (>500:1) (Figure 2). Gel electrophoresis of radiolabelled, 

conjugated and unconjugated analogue showed no significant differences and 
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the absence of significant degradation or aggregation resulting from 

conjugation and/or labelling (Figure 3). 

 

In vitro binding studies 

Kinetic biding assay with LigandTracer showed an increasing uptake of labelled 

VEGF165 from HUVEC cells that reached a plateau after 50 minutes (Figure 4). 

Retention studies revealed a slow dissociation rate from membrane bound 

receptors in the following 2 hours, with a Kd of 192 pM.   

 

In vivo studies  

Biodistribution and imaging in mice 

Biodistribution studies with 99mTc-HYNIC-VEGF165 matched qualitative 

imaging (Figure 5) in mice showed a high and persistent uptake by the liver 

and a moderate uptake by the kidneys with almost no signal from other organs 

and blood pool. Single organ counting revealed a high %ID/g also in the lungs 

and spleen. In vivo targeting experiments showed a focal uptake in the right 

thigh of each group bearing tumor xenografts with a T/B ratio of 4.5 at 1 h p.i 

in mice bearing a HT29 xenograft. Animals bearing ARO and K1 cells showed a 

T/B of 3.5 and 2.3 respectively that decreased over time (Figure 6).  

 

Blocking studies 

Blocking studies with 99mTc-HYNIC-VEGF165 confirmed the results of previous 

targeting experiments. After pre-incubation of the radiopharmaceutical with 

recombinant VEGFR2-Fc, a main liver and spleen uptake, with reduced signal 

from kidneys, was detected, resembling the typical biodistribution of a non-

specific radiolabelled antibody (Figure 7). The overall uptake in tissues was 

lower and the uptake in the tumor was consistently reduced. Similar findings 

were obtained after the pre-injection of a 100 fold molar excess of unlabelled 

VEGF165 with the exception of the signal from kidneys, which looks similar to 

the signal obtained with labelled VEGF only. Calculated T/B ratios for the “HOT” 

group reflected the data obtained with the previous experiments with a 

maximum uptake reached at 1 h that slowly decreases with time. The T/B ratio 
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in the TRAP group was reduced by 70% due to the co-incubation with VEGFR2-

Fc at 1 h and the T/B ratio in the “COLD” group was reduced by 60% at 1 h. 

Minor blocking was evident at 3 h in both TRAP and “COLD” group mainly due 

to the decreased activity in tumors of the control group. 

 

Immunohistochemical analysis 

IHC analysis on excised tumor showed the presence of VEGF, VEGFR1 and 

VEGFR2 on both the lesion and the surrounding vessels at different extents 

(Figure 8). After semi-quantitative analysis of expression levels, a higher 

amount of free VEGF was present in lesions derived from K1 cell lines (33.2%), 

followed by HT29 (15.7%) and ARO cells (10.6%). VEGFR1 and 2 were present 

heterogeneously between tumor cells and blood vessels, revealing that even 

cancer may express VEGF receptors on the plasma membrane. IHC data were 

compared with the uptake of radioactive VEGF165 and an inverse correlation 

was observed between endogenous VEGF and T/B ratio (r2=0.63; p=0.03, 

Figure 9). On the other hand, a positive correlation was observed between 

radioactive VEGF165 uptake and VEGFR1 (r2=0.64; p=0.03, Figure 9). In 

addition, tumor weight positively correlates with VEGF production (r2=0.65; 

p=0.03) and shows a trend to inversely correlate with radiolabelled VEGF 

uptake (r2=0.31; p=0.35). 

 

 

 

Discussion 

 

Imaging of tumor microenvironment has been described as a promising 

approach for non-invasive diagnosis of cancer metastases and to monitor the 

efficacy of new anti-angiogenic drugs (23). Given their role in metastatization 

and tumor growth VEGF and its receptors are optimal diagnostic and 

therapeutic targets. As an example, in undifferentiated thyroid cancer, the use 

of TKIs blocking the VEGF/VEGFR pathway showed its potential as a promising 

therapeutic approach (24). Unfortunately, severe side effects have been 
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reported in some patients after long time treatment. Therefore, a non-invasive 

diagnostic tool to predict the response to therapy and evaluate drug efficacy is 

vitally needed. In the past many attempts have been done to develop 

radiopharmaceuticals to image angiogenesis with promising results. Among 

them, 111In, 89Zr or 64Cu radiolabelled bevacizumab was able to efficiently 

image xenograft from ovarian cancer, but the high radiation burden to the 

patient and the low availability of 89Zr and 64Cu were some of the drawbacks 

of its use (25). Other groups tried to use recombinant human VEGF to 

overcome the long half-life of mAbs and used radioiodine, 99mTc, 64Cu or 

68Ga as the isotopes of choice (10, 14). In the present study, we followed the 

same approach to strengthen the hypothesis that the use of recombinant 

human VEGF to target angiogenesis is a promising methodology to develop 

non-invasive diagnostic tools and monitor novel targeted drugs development. In 

addition we improved the labelling method to produce a high specific activity 

and highly stable radiopharmaceutical to bind VEGFR with high binding affinity 

and avoid misinterpretation of in vivo studies. Furthermore, the use of 

picomolar amounts of radiolabelled VEGF for a scintigraphic study should not 

raise any concern about a potential biologic effect of such radiopharmaceuticals 

and in particular on the pro-angiogenic effect that VEGF analogues may have 

on existing blood vessels. Thus, in vivo results allowed us to image tumor 

angiogenesis in xenografts from three different human cell lines with high T/B 

ratio between 1 and 3 h post-injection (max T/B at 1 h for HT29 was 4.5). 

Nevertheless a high liver uptake was observed in all mice till late time points, 

confirming previous findings from other groups (26). Backer et al. raised the 

problem that VEGF-based probes uptake in the tumor area is highly 

heterogeneous, probably because of the combination of several mechanisms 

like non-uniform perfusion of tumor vasculature, differential receptor occupancy 

by host VEGF or differential accessibility of VEGF receptors on luminal and 

subluminal surfaces of the endothelium (27). Moreover, it has been reported by 

Chen et al. (28) that tumor size negatively influence the uptake of radiolabelled 

VEGF by the tumor, probably because of the presence of necrotic areas. To 

address, in particular, the role of necrosis and endogenous VEGF production, 
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we performed histological and immunohistochemical analysis of each tumor 

imaged with 99mTc-VEGF165. Results confirmed variability in VEGFR1 and 

VEGFR2 receptor expression and ligand occupancy in both host endothelium 

and cancer cells. Moreover, we confirm that bigger tumors show lower uptake 

of radiolabelled VEGF, despite we did not observe the presence of significant 

necrotic areas in any tumor. On the other hand, we observed a positive 

correlation between tumor size and production of endogenous VEGF (p=0.03), 

suggesting that the reduced tumor uptake of the radiopharmaceutical could 

depend on saturation of VEGFRs rather that size or necrosis, as previously 

suggested (27, 28). Therefore, this study highlights an important aspect that 

has not been considered before: the role of both endogenous VEGF production 

and VEGFR expression on imaging strategies. While for other ligand receptor 

system, the endogenous production of the ligand may not be highly relevant for 

imaging the receptor ligand (i.e. IL-2 and IL-2 receptor), (29, 30), here we 

show that the high production of endogenous VEGF by tumor cells hampers the 

possibility to image its receptors. In the light of our results we can better 

interpret previously published studies with radiolabelled VEGF (both VEGF121 

and VEGF165) (26, 31) that showed very poor tumor uptake, in contrast with 

studies with radiolabelled anti-VEGF mAb that showed high tumor uptake (32). 

All together, these data confirm that the presence of high VEGF levels in 

tumors, particularly those advanced with highly hypoxic tumor 

microenvironment and aggressive phenotypes, may saturate VEGF receptors, 

thus limiting the possibility to image receptors. Overexpression of soluble 

VEGFR in some tumors and significant sequestration of VEGF on cell surface 

heparin-sulfate proteoglycans may also contribute to highly variable imaging 

results in different tumors. One possible limitation of our study is the limited 

number of animals used. However, in mice bearing K1 tumors, or ARO or HT29, 

we found highly consistent data supporting the very low variability within the 

same cell line. Nevertheless, different tumors showed different levels of 

VEGF/VEGFR. Another possible limitation could be that the semi-quantitative 

evaluation of VEGF189 that we performed by immunohistochemistry may not 

represent the real production of VEGF121 and VEGF165. However, these forms 
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are splicing variants of the same molecule and usually expressed in similar 

quantities (33). Overall we believe that the above considerations may have a 

limited impact on the final conclusion that VEGFR imaging in tumors by using 

radiolabelled VEGF is extremely variable, influenced by the presence of 

endogenous VEGF and unrelated to VEGFR receptor expression. It can be 

extrapolated that an accurate in vivo evaluation of tumor angiogenesis should 

include both VEGF and VEGFR imaging, unless it will be demonstrated the 

predominant clinical relevance of one over the other. Finally, the development 

of a VEGF superantagonist may be important either for its ability to bind the 

receptor without inducing internalization (downmodulation), either to block the 

VEGFR signalling. 

 

Conclusions 

Imaging of angiogenesis by targeting VEGFR with radiolabelled VEGF analogues 

may be a complementary approach to evaluate angiogenic status of tumors. 

This approach may allow the evaluation of anti-angiogenic drugs at both 

preclinical and clinical stages in combination with VEGF imaging. Our results 

indicate that VEGFR expression is variable in both tumors and its imaging is 

hampered by endogenous VEGF production. Therefore, additional studies are 

required to fully understand the VEGF/VEGFR relationships in different cancers 

and establish a more accurate and angiogenic phenotype-determined imaging 

protocols. 
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Figure. 1. HPLC profile showing UV (black) and radioactive (grey) 

chromatograms of 99mTc-HYNIC-VEGF165. 

 

 

Figure 2. Stability assay in saline and human serum (left panel) and cysteine 

challenge (right panel) of 99mTc-HYNIC-VEGF165. 
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Figure 3. SDS-Page electrophoresis in non-reducing conditions showing native 

(1), conjugated (2) and radiolabelled VEGF165 (4). Lanes 3 and 5 represents 

the molecular weight marker and scan of well 4 with a linear radioactivity 

scanner. 

 

 

Figure 4. Kinetic binding assay of radiolabelled VEGF165 on HUVEC cells. 

Fitting was obtained by nonlinear regression analysis determining kon (1.45 x 

108), koff (0.0279) and kD (192 pM). 
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Figure 5. Single organ counts at 1 h (white bar), 3 h (black bar), 6 h (dotted 

bar), and 24 h (lined bar). Data are shown as %ID/g (a) and %ID/organ (b) 

over time. Each point is the mean of three mice. Error bars represent standard 

deviation. 
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Figure 6. T/B ratios calculated at 1h, 3h and 6h in mice bearing a ARO (black 

bar), HT29 (squared bar) or K1 (white) xenograft. Each point is the mean of 

three mice. Error bars represent standard deviation. 
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Figure 7. a) Body images (top) and particulars of the back (bottom) of the 

same mouse injected with 5.5 MBq of 99mTc-VEGF (left), 5.5 MBq of 99mTc-

VEGF following pre-incubation with a 3.5 fold molar excess of VEGFR2-Fc 

(middle) and 5.5 MBq of 99mTc-VEGF following pre-injection of a 100 fold 

molar excess of unlabelled VEGF (right). b) T/B ratios at 1 h and 3 h calculated 

on the images obtained from the HOT (99mTc-VEGF), COLD (99mTc-

VEGF+unlabelled VEGF) and TRAP (99mTc-VEGF+VEGFR2-Fc) groups. Values 

are the mean of 3 mice per each group and images were acquired at 1 h p.i. 

Error bars represent standard deviation. 
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Figure 8. IHC analysis of VEGF and VEGFRs expression on HT29, K1 and ARO 

excised tumors. 

 

 

Figure 9. Correlation between 99mTc-VEGF165 uptake and VEGFR1 positive 

cells (%) (a) and between 99mTc-VEGF165 uptake and VEGF positive cells (%) 

(b) in ARO (grey), HT29 (white) and K1 (black) cell lines. 
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Chapter 9 

 

Conclusions and future perspectives 

 

Biomarkers, Growth Factors and Cytokines represent, owing to their complex 

interactions within human normal and pathological tissues, the last frontier in 

biological and medical research. Many progresses have been made in the last 

20 years in the knowledge of different biomarkers and growth factors (such as 

VEGF, Neurotrophins, TGF , and many others) as well as inflammatory 

cytokines whose involvement in neoplastic, infectious and degenerative human 

pathologies is now well ascertained. The real and hard challenge of modern 

clinical research is represented by the discovery of new biological tissue targets 

useful to modulate the activity of biomarkers, growth factors and cytokines and 

to suppress or to downregulate their effects in humans with different diseases. 

With regard to the clinical setting, the most important techniques for molecular 

imaging are certainly PET and MRI. For preclinical studies specialized imaging 

devices, that include small-animal PET, SPECT instrumentation, small-animal 

MRI, and optical imaging devices for fluorescence and bioluminescence, are 

currently available for studies of rodents and other animal species. In addition 

to molecular imaging probes, these devices enable pharmacokinetic and 

pharmacodynamic studies in animal models of cancer and in humans (1). The 

knowledge of real distribution and localization of the above mentioned 

biological molecules within human tissues represents an effective possibility to 

address efforts and resources toward the identification of new therapeutic 

strategies. Also immunohistochemistry may reveal tissue targets useful to reach 

and to destroy tumour cells and metastases. Some experimental studies of our 

team demonstrated interesting perspectives in the detection of VEGF and its 

receptors immunoreactivity in an experimental mouse model transplanted with 
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neoplastic cultured cells. A visible target is a target that may be more easily 

destroyed. The main difficulty remains still the possibility of tumor targeting 

thus allowng the cure avoiding damage and destruction of normal tissues. In 

this perspective, 89Zr-labelled radiopharmaceuticals may be useful bullets to 

target angiogenesis and VEGF/VEGFR expression in tissues. PET imaging with 

89Zr-bevacizumab may have a useful role in patient selection for bevacizumab-

related therapy as it would indicate accessibility of the antibody to VEGF-A 

targets. 89Zr-bevacizumab might be potentially valuable for biologic 

characterization of tumors and for prediction and evaluation of the effect of 

VEGF-A–targeting therapeutics. VEGF-A is reported in several studies to be 

overexpressed in malignant breast tumors and in ductal carcinoma “in situ”, 

thus covering the full spectrum from early-stage breast cancer to more 

advanced stages. Frequently VEGF-A staining was found to be related to 

aggressiveness as assessed by VEGF-A staining in studies with breast tumors. 

89Zr-bevacizumab PET proved to be able to detect a broad range of VEGF-A 

expression levels. Quantitative tumor analyses showed a more than 10-fold 

difference between individual SUVmax measurements, suggesting large 

differences in VEGF-A tumor levels between patients. For these reasons 89Zr-

bevacizumab might be potentially valuable for biologic characterization of 

tumors and for prediction and evaluation of the effect of VEGF-A–targeting 

therapeutics. More and more deeped clinical studies are necessary to 

ameliorate our knowledge of targeting of radiolabelled antibodies to tumor 

tissues, but the encouraging results reported in the literature lead us to hope in 

a not too distant future for a better management of primitive neoplastic and 

metastatic lesions in nuclear medicine.  However, imaging of VEGF and VEGFR 

has not furnished exceptional results up to date and this finding may depend on 

different factors whose relevance is probably based on three fundamental 

conditions that are discussed as follows: 

1) Scarcity and/or variable expression of the tissue target 

2) Low affinity of the radiolabeled drug to the target 

3) “In vivo” saturation of VEGFR binding sites by soluble VEGF 
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Scarcity and/or variable expression of the tissue target 

 

Some experimental animal studies has demonstrated an important variability of 

the expression of VEGF and VEGFR in canine tumor models and even in the 

previously published literature on this topic there are different evidences about 

this finding. In fact, the identification of VEGF and VEGFR-2 in most canine 

simple mammary gland adenocarcinomas (SMGAs), and the presence of a 

moderate correlation between VEGF expression and PI (Proliferation Index) 

may indicate that VEGF promotes tumor growth and development by an 

autocrine loop (2). These finding in dogs are similar to the ones described for 

human breast cancer cells, which have been shown to have an autocrine VEGF 

activity (3). This behaviour modality  allows a survival signal for tumor cells 

through the activation of the PI3/Akt pathway (4). Breast carcinoma cell line 

coltures reveal also the reduction of VEGF expression with a significant 

decrease in the basal activity of PI3-kinase possibly inducing apoptosis (5). 

Vascular endothelial growth factor autocrine signaling may also ensure an 

increased expression of the chemokine receptor CXCR4 on tumor cells surface 

(5). Moreover, the binding of this receptor to its ligand, stromal-derived factor-

1, stimulates tumor cell migration (6).   In the literature has been reported a 

moderate correlation between VEGF and histologic grade. In agreement with 

this observation, a previous study found a significant difference in the number 

of VEGF positive cells among the different histologic grade groups of malignant 

canine mammary tumors (7). The absence of correlation between VEGFR-2 and 

histologic grade in SMGAs in this study may be related to sample size, or may 

indicate that VEGFR-2 is not related to histologic grade. On the contrary, in 

some human tumours (such as the urothelial ones), experimental evidences 

appear to be different in comparison to those found in canine neoplastic 

models. In fact, according to Xia et al. (8), an increased VEGFR2 expression 

correlates with several features that predict progression of urothelial cancer, 

including disease stage and invasive phenotype. It is reasonable to assume that 

the individual variability of size, development, vascularization, invasivity and 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2942048/#b46-cvj_10_1109
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2942048/#b47-cvj_10_1109
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2942048/#b47-cvj_10_1109
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2942048/#b48-cvj_10_1109
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2942048/#b49-cvj_10_1109
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other different parameters may influence expression and detection of VEGF and 

VEGF receptors in different species and models, as well as in a single patient. 

 

Low affinity of the radiolabeled drug to the target 

 

The right approach to a nuclear medicine treatment for a neoplastic malignant 

pathology cannot disregard some fundamental parameters: 1) to identify the 

'correct', biologically active concentration and dose schedule; 2) to select the 

patients likely to benefit from treatment;  3) the monitoring of the inhibition of 

the target protein or pathway;  4) the assessment of the response of the tumor 

to therapy (1). All the above mentioned parameters are important for the 

planning of the therapy, but they cannot prescind from the real affinity of 

radiolabelled drugs to the target. In fact, this is the crucial problem in more 

clinical conditions in which failure of the therapy may be related to an 

unsatisfactory binding of the drug to the target. A possible mechanism involves 

the low affinity of a radiolabelled drug to its target. Substantial differences in 

the rates of drug clearance from the tumor have been observed among 

different patients and tumor types. This heterogeneous pharmacokinetic 

response might explain the lack of effectiveness of treatment in some patients. 

Discrepancies between the plasma pharmacokinetics of the drug and the rate of 

drug clearance from tumors have been determined by PET. In patients with 

multiple lesions, intratumoral drug concentrations varied up to 3.4-fold. This 

variance indicates that plasma pharmacokinetics cannot be used to predict 

intratumoral drug concentrations. Radiolabeling of drugs frequently cannot 

provide useful imaging probes for monitoring target inhibition because uptake 

of the drug in the tumor may be characterized by a nonspecific binding to the 

cell membrane or other cellular components. Moreover, notwithstanding the 

drug concentration does not need to be higher at the target relative to the 

surrounding tissues, this is a necessary condition for imaging probes (1). 
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“In vivo” saturation of VEGFR binding sites by soluble VEGF 

 

Vempati et al. (9) in a complex and very nice study demonstrated that the 

computational model predicts that the steady-state distribution of soluble VEGF 

is isoform-independent when considering only diffusion and matrix binding. 

They demonstrated also that differences in VEGF gradients can arise from 

differences in VEGF degradation. VEGF degradation depends on two main 

mechanisms: 1) a soluble VEGF degradation model; 2) a matrix-sequestered 

VEGF degradation model. In any case VEGF degradation is related also to 

various causes, including VEGF inactivation by isoform-selective VEGF inhibitors, 

e.g. connective tissue growth factor, sVEGFR1, thrombospondin-1, or by 

proteases that can cleave VEGF to fragments that are not recognized by 

commonly employed antibodies (9). In any case, the mechanism of protease-

mediated redistribution of VEGF activity is very complex and is influenced by 

multiple parameters. For instance proteases increase the functional soluble 

VEGF concentration by inhibiting the process of VEGF degradation. Different 

modes of VEGF redistribution, such as through MMP9, heparinases, or VEGF 

inhibitor cleavage are implicated as pro-tumorigenic, mediating an angiogenic 

switch. However, there are several notable exceptions where protease activity 

instead leads to diminished tumor growth , an effect similar to the plasmin-

mediated loss of wound healing due to a loss of angiogenesis. According to 

Vempati et al. (9), sprout formation and the subsequent patterning may be the 

result of a complex, temporal orchestration of multiple extracellular VEGF 

fractions, receptor signaling states, and cell types. VEGF and VEGFR “in vivo” 

dynamics are also more complex than those observed in different “in vitro” 

systems, even for a more rapid degradation and catabolism of biological 

molecules in the “in vivo” systems. The possibility that an “in vivo” saturation of 

VEGFR binding sites by soluble VEGF might therefore explain certain inefficacies 

occurring during nuclear medicine treatment in animals and humans affected by 

tumoral pathologies. In the near future might be important to elucidate these 

hypotheses by further experimental studies addressed to answer to these 

questions by combined nuclear medicine and immunohistochemistry 
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techniques. The contemporary use of radiolabelled anti-VEGF ed anti-VEGFR 

drugs might be useful for a more accurate “in vivo” quantification of neoplastic 

and non neoplastic angiogenesis.  
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Chapter 10 

Summary 

Despite the success of antiangiogenic therapy, a large percentage of patients 

does not benefit from this targeted therapy. Currently, it is impossible to predict 

which patient will benefit from antiangiogenic therapy. Reasons for treatment 

failure may be that the target for the drug is not present or that the drug may 

not reach the target. Tumor cells produce VEGF, which can lead to paracrine 

effects in the microenvironment. VEGF121 is freely soluble, whereas VEGF165 is 

secreted, though a significant fraction remains localized to the extracellular 

matrix, such as VEGF189 and VEGF206. This will most likely lead to locally high 

VEGF levels. It is currently impossible to evaluate these local VEGF levels . 

Noninvasive measurement of VEGF in the tumor (IHC, PCR, Western blotting) 

might give insight to the available target for VEGF-dependent antiangiogenic 

therapy and thus assist in tumor response prediction.  Moreover, growth factors 

and cytokines expression in normal and pathological tissues substantially 

changes in different clinical and physiological conditions. These variations 

(whose different tissue expressions may be effectively studied by 

immunohistochemistry)  are important and constitute the biological basis for a 

correct tissue analysis.  The last one may represent a previous modality 

screening and a precious therapeutical support in order to ameliorate the 

knowledge of nuclear medicine targets in oncological patients. Given these 

assumptions reported in the 1st chapter of the thesis, in the 2nd chapter has 

been studied the expression of neurotrophins in human meningiomas 

confirming a potential role of NGF, BDNF and TrKB in the control of 

development and proliferation of meningiomas; in the 3rd chapter of the thesis 

have been studied neurotrophins, their receptors and Ki-67 in GH-secreting 

human pituitary adenomas showing a very strong expression of NT-3 and its  

receptor TrKC was observed in the extracellular matrix (ECM) and vessel 

endothelium, together with a clear/marked presence of BDNF and its receptor 
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TrKB, thus confirming their direct involvement in the progression of pituitary 

adenomas; in the 4th chapter of the thesis has been proved the increased 

expression of immunoreactivity for VEGF, TGF-β and PGE2 in pteryigium tissue 

and this finding has a relevant importance in the knowledge of inflammatory 

mechanism which accompanies and promote this pathological condition; in the 

5th chapter, in the study performed on cell cultures and neoplastic tissue 

harvested from human osteosarcomas, we observed a generally relevant 

positive immunoreaction for NGF – TrKA – NT3 – TrKC in the cytoplasmic 

compartment and for NT-4 in the nucleus of tumoural bone cells, suggesting a 

direct role of these molecules in increasing the cell proliferation rate in the 

neoplastic tissue. Moreover, we found a strong expression for BDNF in the 

extracellular space, suggesting that this factor directly influences spreading of 

neoplastic cells, attributable to an increase in tumor size, also due to a high 

vascularization network; in the 6th chapter of this thesis the 

immunohistochemical study performed on vestibular schwannomas has proven 

that VEGF and TGF-β1 have are putative key mediators of vestibular 

schwannoma growth and this finding appears to be of relevance in the growth 

and development of these tumors; in the 7th chapter the important role TGF-β, 

IL-1β and VEGF-A in the modulation of the growth and proliferation of 

Dupuytren’s tissue and cultured myofibroblasts is demonstrated and this finding 

led us to postulate a pivotal role for these molecules in the development of 

Dupuytren’s contracture; in the 8th chapter our study demonstrates that the 

presence of high VEGF levels in tumors, particularly those advanced with highly 

hypoxic tumor microenvironment and aggressive phenotypes, may saturate 

VEGF receptors, thus limiting the possibility to image receptors; moreover, 

overexpression of soluble VEGFR in some tumors and significant sequestration 

of VEGF on cell surface heparin-sulfate proteoglycans may also contribute to 

highly variable imaging results in different tumors; in the 9th chapter of this 

thesis conclusions and future perspectives are also elucidated underlining the 

importance of the investigated growth factors and cytokines in the development 

and in the control of development of analyzed inflammatory and neoplastic 

pathologies. 
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 Chapter 11 

 

Samenvatting 

Therapie gericht op anti-angiogenese is vaak succesvol, maar desondanks zal 

een deel van de patiënten geen voordeel ondervinden van deze behandeling. 

Op dit moment is het niet mogelijk te voorspellen welke patiënt wel en welke 

patiënt niet zal reageren op de ingestelde therapie. Er zijn verschillende 

oorzaken voor het falen van de therapie: het kan zijn dat het target voor het 

medicijn niet aanwezig is of dat het medicijn het target niet kan bereiken. 

Veel tumorcellen produceren VEGF, wat paracriene (hormonale) effecten tot 

gevolg kan hebben voor de cellen in de omgeving. Er zijn verschillende 

isoformen van VEGF’s die zich ook nog eens verschillend gedragen. Zo is 

VEGF121 vrij oplosbaar, terwijl VEGF165 wordt uitgescheiden. Er blijft echter 

ook een belangrijk deel in de extracellulaire matrix, zoals VEGF189 en VEGF206. 

Dit zorgt waarschijnlijk tot lokaal hoge concentraties van VEGF. Op dit moment 

is het niet mogelijk om deze lokale concentraties te bepalen. Een niet-invasieve 

bepaling van VEGF in de tumor (via immunohistochemie, PCR of Western 

blotting) zou mogelijk inzicht kunnen geven over de hoeveelheid beschikbare 

target voor VEGF afhankelijke therapie en zodoende kunnen bijdragen in het 

voorspellen van tumor respons. Bovendien is het zo dat expressie van 

groeifactoren en cytokines in normaal en pathologisch weefsel substantieel 

verandert bij verschillende condities. Deze variaties in expressielevel (dat via 

immunohistochemie bepaald kan worden) zijn belangrijk en vormen de 

biologische basis voor een goede weefselanalyse, wat uiteindelijk de kennis van 

targets voor medicijnen in oncologische patiënten kan vergroten en kan helpen 

in therapiebeslissingen. 

Op basis van deze veronderstellingen, die worden weergeven in hoofdstuk 1 

van dit proefschrift, is in hoofdstuk 2 de expressie van neurotrophins in humane 
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meningeomen bestudeerd. De potentiele rol voor NGF, BDNF en TrKB in de 

ontwikkeling en proliferatie van meningeomen werd hierbij bevestigd. 

In hoofdstuk 3 van dit proefschrift werd het level van diezelfde neutrotrophins, 

de receptoren hiervan en het level van Ki-67 bepaald in groeihormoon 

uitscheidende humane hypofyse-adenomen. Een sterke expressie van NT-3 en 

haar receptor TrKC werd gevonden in de extracellulaire matrix en in het 

endotheel van bloedvaten, samen met een duidelijke aanwezigheid van BDNF 

en haar receptor TrKB. Ook dit bevestigt de directe betrokkenheid van deze 

neutrotrophins bij de progressie van hypofyse-adenomen. 

In hoofdstuk 4 wordt aangetoond dat er een verhoogde expressie en 

immuunreactie is voor VEGD, TGF-β en PGE2 in pterygium. Deze bevinding is 

belangrijk voor de kennis van inflammatie die bij deze pathologische conditie 

vaak gevonden wordt en mogelijk zelfs veroorzaakt. 

In hoofdstuk 5 wordt een studie beschreven die werd uitgevoerd op celkweken 

en neoplastisch weefsel van humane osteosarcomen. Een algemene positieve 

immuunreactie voor NGF, TrKA, NT3 en TrKC werd gevonden in het cytoplasma 

en voor NT-4 in de kernen van de tumorcellen. Dit suggereert dat deze 

moleculen een directe rol spelen bij de celproliferatie bij deze tumoren. Verder 

werd er een sterke expressie voor BDNF gevonden in de extracellulaire ruimte. 

Mogelijk beïnvloedt deze factor direct de verspreiding van neoplastische cellen, 

wat kan leiden tot een toename in tumorgrootte en een toename in 

vascularisatie rondom. 

In hoofdstuk 6 wordt een immunohistochemische studie beschreven in 

vestibulaire schwannomen. VEGF en TGF-β1 blijken duidelijke sleutelspelers te 

zijn voor groei van deze tumoren. Hoofdstuk 7 beschrijft een belangrijke rol 

voor TGF-β, IL-1β en VEGFa bij groei en proliferatie van de ziekte van 

Dupuytren en in gekweekte myofibroblasten. Ook hier blijken deze moleculen 

een belangrijke rol te spelen in de contracturen die optreden bij Dupuytren. 

Hoofdstuk 8 beschrijft de aanwezigheid van hoge concentraties VEGF in 

tumoren. Vooral bij die tumoren die veel gebieden met hypoxie hebben en die 
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een agressief fenotype vertonen, kunnen de VEGF receptors verzadigd raken, 

waardoor het moeilijk wordt de receptoren af te beelden. Verder kan ook 

overexpressie van oplosbaar VEGFR bij sommige tumoren en een significante 

sequestratie van VEGF op het celoppervlak van proteoglycanen bijdragen aan 

grote variaties in resultaten van afbeeldende modaliteiten in verschillende 

tumorsoorten. 

In hoofdstuk 9 van dit proefschrift worden conclusies en toekomstperspectieven 

beschreven. Het belang van de onderzochte groeifactoren en cytokines in de 

controle en ontwikkeling bij de geanalyseerde inflammatoire en neoplastische 

aandoeningen wordt nogmaals uiteengezet en verduidelijkt. 
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