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Re: PhD thesis of MUDr Luca E. Vannucci 
This thesis is enthusiastically approved as a PhD thesis as such, 
with no significant alterations.   

Innovation and novelty.  The thesis deals with various aspects of 
the malignant process, emphasizing the role of the “normal” 
environment of the tumor (microenvironment) on the fate of the 
malignant process.  Until recently it was thought that in 
malignant cells are the hallmark of cancer and their phenotype 
solely depends on their genetic features, as they commonly 
express mutated oncogenes or tumor suppressor genes, which 
results in enhanced cell proliferation and reduced apoptosis.  In 
accordance, therapeutic attempts to combat cancer mainly have 
focused, apart of tumor resection, on strategies to enhance 
apoptosis of tumor cells.  In recent years it has been 
unequivocally demonstrated that the tumor is actually consisted 
of the malignant cells embedded in their “normal” 
microenvironment, which has dramatic effects on the fate of the 
malignant process.  Grossly, the tumor microenvironment 
consists of stromal cells, infiltrating leukocytes, blood vessels, 
matrix molecules and pro-inflammatory soluble molecules, 
which all mutually interact with the malignant cells in complex 
patterns.  As a result, the novel concept of intervention in the 
microenvironment, to attenuate the malignant process, has been 
introduced in experimental tumor systems and in clinical trials. 
For example, inhibition of angiogenesis, matrix 
metalloproteinase (MMP) inhibition and anti-inflammatory 
strategies has been introduced to experimental and clinical tumor 
therapy.  Studies on the role of the tumor’s microenvironment on 
its invasiveness patterns have been declared about 5 years ago as 
“top priority” by the NCI.  The thesis of Dr. Vannucci deals with 
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successive phases of the malignant process, i.e., tumorigenesis- 
de novo generation of malignant cells from their normal 
counterparts, invasiveness of malignant cells and tumor-host 
interactions.  By using such a “holistic approach”, the effects of 
the host’s innate and adaptive immune response and the gut 
microbiota on the malignant process have been assessed.  Thus, 
Vannucci’s thesis is innovative in its approach and the results 
obtained.  It contributes to both understanding of basic 
mechanisms of the malignant process and also to practical 
approaches, based on novel approaches to boost activity of NK 
cells that were tested by him in preclinical experimental tumors.  
It should also be noted here that the late Prof. Miloslav Pospisil 
together with Drs. Vannucci and Fiserova were among the first 
to enter the research on the tumor microenvironment in its 
modern era.   

The results.  In his thesis Vannucci tackled novel important 
unresolved issues in tumor biology and have chosen the 
appropriate experimental approaches, not necessarily the easiest 
ones.  For example, a major part of the thesis consists of 
carcinogenesis experimental systems, which are long-term 
experiments that do not give immediate results.  Also, the array 
of laboratory techniques used by Dr. Vannucci is remarkable.  
These encompass in vivo animal work, tissue culture and assays 
of cellular immunology, advanced microscopy and molecular 
approaches related to design and testing of glycodendrimers. 
The amount of results is sufficient and most of them were 
already published in peer-reviewed journals, which increase the 
impact of this thesis.  I will hereby briefly summarize the major 
findings of Dr. Vannucci’s thesis and indicate their novelty.   
1).  Development of novel immunotherapeutic treatment 
modalities based on intervention in NK cell function by N-
actetyl-glucoseamine-coated dendrimers.  NK cells are important 
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innate immunosurveillance cells that have a potential to act 
against tumorous cells at all stages of the malignant process, 
especially during tumorigenesis, eliminating the malignant cells 
as soon as they arise.  In tumor-bearing subjects these cells 
usually fail to function due to tumor mediated suppression.  NK 
cells recognize malignant cells through complex interactions of 
ligands (kind of “danger signals”) on malignant cells which bind 
to pattern recognition stimulatory and inhibitory receptors on 
NK cells; the net effects of these binding forces determine 
whether the NK cell will kill its target or not.  Tumor cells 
display aberration in membrane glycosylation patterns and 
specific overexpressed sugar residues can bind to lectin-like 
receptors on immune cells and activate them.  To exploit this, 
survey of sugars, which bind at high affinity to recombinant 
NKR-P1- an activating receptor on rat NK cells (homologous to 
murine NK1.1 and human CD161) pointed to N-actetyl-
glucosamine (GlcNAc) as a sugar residue with such properties.  
These GlcNAc-NKR-P1 interactions were exploited for tumor 
immunotherapy, by inducing strong and multivalent cross 
ligation of the NKR-P1 receptor with polyamidoamine 
(PAMAM)-based dendrimers substituted with GlcNAc 
(glycodendrimers).  Synthetic work and optimization 
experiments have demonstrated the efficiency of a treatment 
protocol, with octavalent PAMAM dendrimers decorated with 
GlcNAc, to attenuate tumorigenicity of colon cancer in a model 
of carcinogenesis in rats (AOM/bile) and invasiveness of B16 
melanoma in mice, concomitantly with increase in activity of 
anti-tumor immunosurveillance cells, such as NK cells, Th1 cells 
and possibly also macrophages.  Mechanistic studies using the 
relevant fluorescent GlcNAc-substituted dendrimers, 
demonstrated their in vivo concentration in tumors and lymphoid 
organs and their co-localization and subsequent internalization 
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with NKR-P1 in NK cells.  This approach is novel as it uses 
polysaccharides for targeting receptors on immune cells, while 
most previous studies have targeted the protein part of receptors 
by the relevant binding proteins, which does not involve that 
massive cross linking as obtained with polysaccharides, leading 
to better activation of the relevant immunosurveillance cells.  
Thus, this part bears very important mechanistic results and 
application of novel and efficient biotechnologically based 
synthetic molecules for immunotherapy.  These results were 
published in Int. J. Oncol. (2003) and ChemBioChem (2004)- 
peer-reviewed journals.   
2).  Effects of microenvironment factors on colon carcinogenesis.  
In an elegant system of colon carcinogenesis in rats, developed 
by Vannucci before his PhD (AOM/bile injected directly at the 
site where tumor will develop by surgically inducing a local 
hernia).  Using this system, carcinogenesis was induced in germ-
free versus conventially reared rats, in order to approach the long 
irresolvable issue of the role of the normal microflora in gut 
tumorigenesis.  This was accompanied by assessment of 
immunological changes in the number/function of innate and 
adaptive cells immunosurveillance cells during carcinogenesis in 
conventionally reared rats.  This study is unique, as no kinetic 
studies have shown when does immunosuppression develop in 
relation to the appearance of tumors during tumorigenesis and 
whether innate or/and specific immunity mechanisms are 
impaired concomitantly or at different intervals.  Local and 
systemic changes in innate immunity were shown to be the 
hallmark of tumor escape from immune mechanisms leading to 
overt tumor appearance.  These results were published in Intl. J. 
Oncol. (2004).  What is the role of the microflora in potentiation 
of gut tumorigenesis, inflammation, immune suppression and 
mechanisms of gut tolerance is not known.  These important 
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issues were approached by Vannucci.  The major findings of this 
part include the demonstration of the lower incidence of 
carcinogenesis, with appearance of smaller tumors, in germ-free 
rats compared to conventially reared rats.  The results challenge 
the concept of link between cancer and inflammation and also 
demonstrate in germ-free rats better anti-tumor 
immunosurveillance mechanisms.  Vannucci postulates a new 
concept that the lower antigenic load in germ-free animals (due 
to lack of microbial antigens), in the absence of gut-associated 
physiological inflammation, enables a better microenvironment 
for development of anti-tumor immunity, may be also with less 
suppression.  This is a novel hypothesis, the detailed proof of 
which will possibly change existing dogmas on interactions 
between inflammation and immunity in the gut and on 
mechanisms of colon carcinogenesis.  These results were 
published in Int. J. Oncol. (2008).   
Vannucci integrates his overall studies in a hypothesis that 
chronic inflammation and immunity actually represent different 
forces in the malignant process; excessive inflammation inhibits 
manifestations of anti-tumor immunity, either by directly 
affecting the generation/function of immunosurveillance cells or 
by influencing regulatory cell circuits.  Thus, initial experiments, 
using pre-treatment of tumor-bearing mice with mesulide, a 
COX-2 inhibitor, or azathioprine, an immunosuppressant, 
potentiated the immunotherapeutic potential of glyodendrimers.  
Further experiments performed in this laboratory will prove this 
hypothesis and try to establish more efficient protocols of 
treatment with these unique glycodendrimers.   

Presentation of the thesis.  The results are presented 
appropriately in the Figures and in the text. This paper-based 
thesis is written in a very interesting and intelligent manner.  In 
the Introduction Section, Vannucci comprehensively integrates 
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knowledge from various disciplines and intercalates it together, 
in a holistic manner, to clearly present in a concise manner the 
background essential for his experiments.  The use of schemes is 
very helpful to the reader.  In his writing Dr. Vannucci also 
shows both excellent knowledge of the up-to-date scientific 
literature as well as a developed sense of critique to his and to 
results published by others. The Introduction and Discussion 
Sections are written in a philosophical approach, pointing to 
Vannucci’s deep understanding in cancer biology, also 
presenting his own justified personal views, which are 
sometimes against dogmas.  The broad scope of Introduction and 
Discussion and the way they are written clearly manifest that Dr. 
Vannucci is a scholar in the field.  

Conclusion.  This is a very good thesis presented by an excellent 
researcher with an honorable publication record.  It is accepted 
as such without need for corrections.  It has been my honor to 
review such a high quality thesis.  

Issues to be discussed at the defense: 
1).  In individual rats treated with the carcinogenesis protocol, 
What is the relationship between tumor development (time and 
size) and immunosuppression?  How ahead of the tumor is 
suppression apparent?  Is there a reduction in effector functions 
of immunosurveillance cells?  What is the time course sequence 
of suppression observed in various innate and adaptive 
immunosurveillance cells?  In the B16 model, does resection of 
tumor revert suppression?  Are MDSC or Treg involved in the 
two experimental systems probed? In which stage? 
2).  Colon cancer is among the 15% of tumors that develop in an 
inflammation-depedent manner, how is inflammation manifested 
and progressed in the colon after treatment?  What are its cellular 
and mediator characteristics in conventionally-reared rats as 
compared to germ-free rats?  How is the inflammation related to 
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the observed changes in immunity and to immunosuppression 
circuits?   
3).  By which mechanisms does treatment of tumor-bearing mice 
with azathoprine (AZ) “reset” the immune system and these 
similar to the mechanisms operated after treatment with anti-
inflammatory agents?  
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