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GASPARE ASELLI AND THE DISCOVERY

OF CHILIFEROUS VESSELS

A summary of the historical-medical report by BRUNO ZANOBIO

On the path traced by Andreas Vesal (1514-1364) the [oth
Century marked the triumph, partly thanks to Italian scholars,
of “new anatomy”, which was, however, somewhat “static”,
being based essentially on the dissection of corpses.

The 17th Century saw the beginning of anatomic experiment-
ing as the organism began to be considered as a machine that
functions according to precise mathematic laws and mecha-
nisms: this led to the birth of the “animated anatomy™ and
vivisection.

Characteristic of this century was the tendency of scholars to
form scientitic societies for the sake of conducting more fruit-
ful experimental rescarches.

In July 1622 a group of five Milanese doctors, led undoubted-
ly. by this associative spirit, asked Gaspare Aselli (Cremona
1581 ca.-Milan 1625) to participate in their vivisection experi-
ments.

Aselli, who had completed his medical studies in Pavia and
worked as proto-surgeon for the Spanish army in ltaly (a posi-
tion he held until his appointment in 1624 as professor of
anatomy at the University of Pavia), was already well known
for his expertise in conducting anatomic-experimental
rescarches.

In Milan. On July 23, 1622, therefore, in the presence of the
abovement doctors. he proceeded to vivisect a dog in order to
show them the recurrent nerves. After this demonstration he
opened the abdominal cavity to show also the movement of
the diaphragm. As he pushed down the intestinal mass and the
stomach there suddenly appeared numerous tiny white threads
that proceeded from the mesentery and intestines, and which
he had never seen before. Once he was sure that these were
not nerves, after careful thought he took a suitable scalpel and
cut through one of the threads, which immediately gave out a
white, milky Iiquid: in front of the astonished doctors the
unexpected sight caused Asellio to shout out using the famous
exclamation “Eureka!”.

The dog, however, died immediately, and Aselli was unable to
continue his experiment.

The next day Aselli repeated the experiment on another dog,
but was disappointed to find no trace of the tiny vessels he
had seen the day before. After careful consideration he
remembered that, while the first dog had been well fed, the
second was thin and underfed. This, then, was the explanation,
which Asclli was to confirm in subsequent experiments on
other animals.

The manuscript describing the discovery of cheliferous vessels
is kept in the History Museum of the University of Pavia,
while the printed book entitled De Lactibus sive Lacteis venis
Quarto Vasorum Mesaraicorum genera Novo Invento
Gasperis Aselli appeared posthumously in 1627, thanks to the
good offices of Alessandro Tadino and Senator Settala. two of
the doctors who had witnessed the discovery of the fourt type

of vessels-the meseraic cheliferous vessels, joining the three
Known types (arteries. veins and nerves, which, as we know,
were in those days believed to have vascular structure). The
book was illustrated with plated that were created with the
techinique of polychrome wood-engraving, used here for the
first and last time and consequently earning it a special place
in the history of printing.

In the description of his finds Aselli makes a number of errors
that will be explained, from a critical- historical point of view,
in the lecture. which will examine them in relation to the
anatomical- physiological knowledge of the period. The
demonstration of blood circulation, in fact, was only published
later (William Harvey, 1628).

The discovery of Aselli encountered various difficulties before
it was fully recognised. being firmly supported by some and
strongly opposed by others. The first demonstration of chelif-
erous vessels in humans was performed several years later in
1654 A number of reports of great historical-medical interst
were written on the distinction between cheliferous and lym-
phatic vessels (e.g. Thomas Bartholin, Olof Rudbeck Senior):
of the 19t Century Jtalians, moreover, mention must be made
especially of Paolo Mascagni and Bartolomeo Panizza.

GASPARE ASELLI E LA SCOPERTA
DEI VASI CHILIFERI

Sunto della relazione storico-medico di BRUNO ZANOBIO

Sulla strada maestra tracciata da Andreas Vesal (1514-1564) i
Cinquecento vede il trionfo, pure ad opera di studiosi italiani,
della “nuova anatomia”, peraltro piuttosto “statica”, essendo
fondata essenzialmente sulla dissezione del cadavere.
Nel Seicento si passa all’esperimento anatomico, venendo con-
siderato I'organismo come macchina che funziona secondo pre-
cise leggi matematiche e meccaniche: da qui la nascita della
“anatomia animata” comportante la vivisezione degli animali.
Caratteristica seicentesca ¢ la tendenza degli studiosi a riunirsi
in societd scientifiche, onde potere pit fruttuosamente con-
durre le ricerche sperimentali.
Certamente animati da spirito associativo, nel luglio del 1622,
cinque medici milanesi chiedono a Gaspare Aselli (Cremona
1581 ca.-Milano 1625) di assistere ai suoi esperimenti di
vivisezione.
Aselli compiuti ghi studi medici a Pavia, protochirurgo degli
eserciti spegnoli in Italia (carica che conservo sino alla nomi-
na nel 1624 professore di anatomia all’universita di Pavia). era
gia noto allora per la sua competenza nella conduzione di
ricerche anatomo-sperimentali.
A Milano il 23 luglio 1622, aderendo alla richiesta dei medici
suddetti, procedeva alla loro presenza alla vivisezione di un
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ABSORBING LYMPHATIC VESSEL: LEUKOCYTE
AND NEOPLASTIC CELL TRANSENDOTHELIAL

MIGRATION MECHANISMS

Giacomo Azzali — Emeritus Professor

Director of the Laboratory of Lymphatology — Section of
Human Anatomy, University of Parma

giacomo.azzali @unipr.it

Lymphatic microcirculation is prevalently composed by the
Apparatus Lymphaticus Periphericus Absorbens (ALPA),
which plays a basic role in preserving tissue homeostasis, in
directing 30% of fluids and plasma proteins back to the blood-
stream, in the immune response and represents the main path-
way for the metastatic spread of tumour cells.

Firstly, we consider the organization and fine structure of lym-
phatic canalization in order to define the morphofunctional
aspects of lymphatic vascular system. which is conveniently
divided in two sectors: 1) lymphatic vessels with high and
medium absorbent capacity (ALPA vessels and first tract of
precollectors); 2) lymphatic vessels with prevalent flowing
and conduction function (prelymph nodal and postlymph
nodal collectors, main trunks and thoracic duct).

In the second part, we investigate the mechanisms regulating
the transmigration of fluids, micro- and macromolecules and
cells from the extravascular matrix into the lumen of lvmphat-
ic vessel. In this connection, the formation of intraendothelial
channels by the ALPA vessel wall, in an interendothelial con-
tacts-independent way, is explained. These channels are
dynamic and unpermanent elements, whose numerical density
changes during physiologic (dehydration) and pathologic
(lymphedema) metabolic conditions. For a comparison with
the lymphatic vessel. we consider models employed for blood
vessels studying the role of adhesion molecules in leukocytes
extravasation through high endothelial venules (HEV) of
aggregate lymph nodules. Furthermore, the mechanisms of
lymphocyte transendothelial migration from the interstitial
matrix into the lumen of ALPA vessel, which occurs for the
peculiar plasticity of endothelial lymphatic cells, are studied
by means of ultrastructural serial sections and three-dimen-
sional reconstructions.

In the third part, we evaluate the distribution and characteriza-
tion of ALPA vessels (using transmission electron microscopy
and D2-40 and LY VE-1 endothelial markers) in the tumour
mass of some experimental tumours [(such as T84 adenocarci-
noma, B16 melanoma and transgenic mice prostate adenocar-
cinoma (TRAMP)]. Besides, we analyse our original findings
concerning the mechanisms which provide for the diffusion
and transendothelial migration of tumour cells into the lumen
of ALPA lymphatic vessels. In T84 cell line-inoculated mice,
lymphatic vessels are only detectable in the peritumoural con-
nective tissue. They show a monolayer endothelium lacking a
continuous basal membrane and interendothelial gaps. Tumour
cells with an invasive phenotype migrate in cords from the
extravascular matrix of peritumoural connective tissue towards

the lymphatic vessel: once arrived on the abluminal surface of
the vessel. they take firm adhesion with the abluminal
endothelial wall. Afterwards, ultrastructural and three-dimen-
sional aspects show tumour cell passed into the lumen of the
lymphatic vessel through an intraendothelial channel similar to
that described by Azzali (1989, 2003) in human and other
mammalians ALPA lymphatic vessels.

In B16 melanoma-inoculated nude mice, the subcutaneous
tumour mass and gut metastases display lymphatic vessels
only in the peripheral portion. Tumour cells with invasive phe-
notype, distributed in a diffused way within the extracellular
matrix, after a firm adhesion to the abluminal endothelial wall
migrate inside the ALPA lymphatic vessel in the same way of
cells found in T84 adenocarcinoma-inoculated mice. These
vessels do not present any ultrastructural degradation of the
endothelial wall, nor modifications of interendothelial junc-
tions.

In TRAMP transgenic mice, the prostate tumour mass, as the
metastases in seminal vesicles and liver, show mostly col-
lapsed ALPA lymphatic vessels in the middle and peripheral
portions. They are formed by a continuous endothelial wall
with irregular profile, lacking ultrastructural degradations,
with prevalent interdigitating and overlapping interendothelial
contacts and rare end to end contacts. The endothelial cells of
these vessels present a non-nuclear cytoplasm with clear or
electrondense matrix. Cells with an invasive phenotype. posi-
tive for SV40 marker, are diffused in the extravascular matrix
and migrate individually towards the ALPA vessel; once
reached the vessel. after a early stage of adhesion to the
endothelial cell, these cells transmigrate into the lumen of the
lymphatic vessel by an canalicular formation formed inde-
pendently of interendothelial junctions. The latter are intact,
with the plasma membranes of cytoplasmic extensions
between adjacent cells fixed by tight and gap junctions. These
ultrastructural and three-dimensional aspects emphatize a
transmigration mechanism similar to that found in lymphatic
vessels within B16 melanoma and T84 adenocarcinoma.

With regard to cell transendothelial migration process,
hypotheses are advanced on the roles of VEGF-C and VEGF-
D growth factors and other members of this family in intraen-
dothelial channels induction and organization, as well as of
adhesion molecules responsible of tumour cell-endothelial cell
interactions.

Interpretations are made concerning the following items: a)
the role of ALPA lymphatic vessel endothelial cells in cell
chemoattraction and transendothelial migration: b) tumour cell
transmigration in existing lymphatic vessels, rather than in
newly formed ones after VEGF growth factors overexpres-
sion; ¢) possible modifications in the structure and function of
ALPA vessel endothelium in tumours, if compared with those
present in normal tissues.
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cole di adesione responsabili delle interazioni “cellula
tumorale-cellula endoteliale™.

Vengono tormulate interpretazioni circa: a) il ruolo svolto
dalle cellule endoteliali del vaso ALPA riguardo la chemioat-
trazione ¢ la migrazione transendoteliale delle cellule; by la
transmigrazione delle cellule cancerogene nei vasi linfatici gia
esistenti piuttosto che in nuovi vasi lintatici generati dalla
sovraespressione dei fattori di crescita VEGF: ¢} le eventuali
modificazioni della struttura e della funzione dell’endotelio
lintatico nei vasi ALPA dei tumori rispetto a quella det vasi
dei tessuti normali.

Nel complesso i reperti morfologici, ultrastrutturali e tridimen-
sionali da noi illustrati consentono di sottolineare I’individu-
azione spaziale nel sistema vascolare linfatico del vaso linfati-
co ad alta capacita assorbente e le proprieta plastiche della cel-
lula endoteliale nell’organizzare formazioni canalicolari
intraendoteliali, portando anche un contributo chiarificatore
sui meccanismi, ancora non del tutto chiari, che presiedono al
trasporto all’ interno del vaso linfatico ALPA dei fluidi, delle
macromolecole ed in particolar modo delle cellule. Compito di

future ricerche il fornire concreti contributi sui delicati mecca-
nismi molecolari che presiedono alle interazioni cellula
tumorale-cellula endoteliale del vaso linfatico ALPA al fine di
consentire prospettive ¢ strategie terapeutiche per incre-
mentare la diffustone di liquidi (linfedema) ¢ per limitare o
impedire la disseminazione metastatica delle cellule cancero-
gene.
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VOLUME 15+ 3p C

NUCLEAR MEDICINE IN THE STUDY
OF LYMPHATIC DISORDERS

Bourgeois Pierre, MD, PhD,
Universite Libre de Bruxelles, Institute Jules Bordet, Service of Nuclear Medicine, Brussels, Belgium
E-mail: Pierre.bourgeois @bordet.be

Nuclear medicine techniques allowing the study of the Iym-
phatic system diseases include:

- the lymphoscintigraphic investigations (LyvSc) using 99mTe-
labeled colloids,

- the investigations with Positron Emission Tomography
(PET) after administration of various tracers.

In the past. the lymphoscintigraphic investigations using
99mTc-labeled colloids were used to demonstrate the metasta-
tic invasion of several lymph nodes groups (with prognostic
implications as for instance in breast cancer with the lym-
phoscintigraphic investigations of the internal mammary
nodes) and/or to define the spatial localisation of lymph nodes
to be irradiated (the internal mammary nodes in breast can-
cer). Actually. they are used in the management of the oede-
matous situations, primary or secondary, and have largely
proven their interest in these indications. Now, they are also
and more and more used to demonstrate in vivo the lymph
node(s} draining one tumour bearing area and at risk to be
invaded by metastatic cells (the so-called “sentinel lymph
node-s7). Today. quite all types of cancer are concerned by
this application: cutaneous tumours as melanomas or Merkel’s
ones., mammary tumours. head and neck ones. prostatic
tumours.

If LySc allow to study directly the lymphatic vessels and
lymph nodes, the PET techniques after intravenous adminis-
tration of various tracers on the another hand allow to demon-
strate the metabolic activity of primary lymph node diseases
(lymphoma) and/or the presence in the lymph nodes of meta-
bolically active secundary metastatic disease.
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VEGF. Low levels of plasma VEGF were found in dogs with
epulis, a benign tumour with a minimal metastatic potential. In
contrast, high plasma VEGF levels were found in more
aggressive tumours with a high metastatic potential, such as
oral melanoma, carcinoma and osteosarcoma. These data indi-
cate a close refationship between plasma VEGF and aggres-
siveness of the tumor. Secondarily, the effect of fractionated
RT on VEGF levels in the plasma of tumor bearing dogs was
analyzed and a tendency for increased plasma VEGF level in
curatively treated dogs was found. These results are in corre-
spondence with the in vitro study, where a low radiation dose
resulted in pronounced activation of the VEGF expression.
VEGF concentrations immediately before and after dose appli-
cation did not differ.

In human medicine. an association between high serum or

plasma VEGF level and a shortened survival time was seen.
Interestingly. high preirradiation plasma VEGF levels in dogs
with spontaneous tumors also resulted in a shortened survival
time. This was seen in curatively and palliatively treated dogs.
This prediction was not dependent on tumor histology or
tumor stage. Additionally, we found lowest mean plasma
VEGF levels in dogs with a complete response to therapy in
both treatment groups. Correspondingly. palliatively treated
dogs with a low plasma VEGF level that responded to therapy
also had a significantly longer time to treatment failure and a
longer life span.

In conclusion, a close relationship between plasma VEGF and
the aggressiveness of the tumor was proven and plasma VEGF
is a good prognostic indicator for dog patients receiving radia-
tion therapy.
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frame C. In all patients we performed, for 2 intensive weeks a
tailored physical tratment ( respiratory gymnastic, M.L.D..
sequential pressotherapy. under-bandages isotonic gymnastic).
In the first clinical stage we observed all normal echogenic frame.
In the second clinical stage 63 cases of frame A and 5 of frame
B:in the third clinical stage 9 frame A, 49 frame B and 9 frame C;
in the fourth clinical stage 11 frame B and 9 frame C: in the fifth
clinical stage only 4 frame C. There was a substantial coincidence
between the echographic frame and the clinical stage.

In all patients with echographic frame A we observed a remark-
able decrease, after treatment, of supra-fascial tissutal thickness.
In 31% of patients we saw a regression to normal frame.

In the patients with echographic frame B we observed. after
treatment, a decrease ot hypo-echogenic component ( corre-
sponding to the tluid component of oedema): in 24.5% a regres-
sion to the previous clinical stage.

In all cases the echographic frame wus unvaried after treatment.
In the patients with echographic frame C was observed a very
low decrease of hypo-echogenic component of supra-fascial
thickness.

In 24,7% it is visible a regression to the previous clinical stage.
In all cases an unvaried echographic frame was observed. There
are the echographic frame moditications in function of the treat-
ments.

The echographic frame of lymphedema can help us also for the
prognosis. In fact the echographic frame A can regress to the
normal frame. The complete reversibility is not possible for the
other echographic frames (B and C).

Under the clinical point of view the reversibility is completely
possible for the frame A, partially for the trame B and very low
tor the echographic frame C.

In conclusion we can asses that the high resolution echography
allows us to contirm the diagnosis of lymphedema, the monitor-
ing of the results for the treatment and to provide also the prog-
nostic indications.

Computering Tomography shows some important informa-
tions about the tissular caractheristics, both of the supra-fascial
compartment and of the sub-fascial one.

The Author studied 220 patients suffering from Iymphedema
(86 with primary kind. 134 with secondary kind), age ranging
between 12 and 83 years.

The study focused above all on the main signal present in
supra-fascial compartiment of the limb at various level of it.
The values strongly negative (-70. -80) was corresponding to
the far tissue; the values ranging between —10 and +15 repre-
sented the main water component; The values over +50, +60
testified the presence of tissular perilymphangiosclerosis. To
respect the quality-factor we accepted and examined only the
images with ‘standard-deviation™ within 10.

The parameters examinated was :

modification of the thikness of supra and sub-tascial comparti-
ment at various level of the limb;

the main tissular component of supra-fascial tissue at various
level;

the assessment of the main articulations of the limb:

the trophism of various muscolar component of the limb.

In this way the computering tomography permit to address the
therapeutical approach (general and particular) on all the
anatomical component to treat with the proper rehabilitative

protocol: CPT+drugs (when it was present the combined pres-
ence of water and perilymphangiosclerotic supra-tascial tissular
component — 37% of subjects): CPT+drugs+microsurgery
(when it was prevailing the idric supra-fascial tissular compo-
nent- 47% of subjects): CPT+liposuction (in subject with pre-
vailing suprafascial fat component - 169 of patients).

In conclusion the Computering Tomography permit to detine
the various diagnostic aspects of lymphedema and the choice of
the tailored therapeutical protocol: the exam 1s important also to
the monitoring of the illness.

Also the Magnetic Resonance. when indicated associated with
the injection of the contrast liquid. can help us to detine the
ultrastructural features of the tissue, above all of the supra-fas-
cial thickness.

The Lymphography, today. is indicated for the morphological
study of some cases of chiloperitoneous. chilothorax orin
tumoral secondary kind of lymph-stasis.

All these instrumental techniques favorise the diagnosis and
permit us to define the clinical approach: each of them give us
some important informations to realize the proper tailored reha-
bilitaive project in lymphedema patient.
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DISCUSSION

Very few attempts have been made in the past to isolate
Lymphatic endothelial cells (LECs), mainly using lymphatic
from vascular tumors (Mancardi, 1999, Weninger 1999). Due
1o the lack of specific markers. a stable phenotype in culture
and the histogenetic origin of this expanded population could
not be defined. but the recent identification of novel lymphat-
ic markers such Podoplanin. a transmembrane mucoprotein
(Matsui et al, 1999). hyaluronidase receptor LY VE-1 (Banerji
et al, 1999), VEGFR-3 (Jussila et al 2002), transcription fac-
tor PROX-1 (Petrova et al, 2002) and D2-40, recognizing an
O-linked sialoglycoprotein (Kahn et al, 2002) as made it pos-
sible. Furthermore the identification of specific lymphatic
growth factors, like VEGF-C. and substrates recently has
made possible the isolation and growth of LECs from derma
by using two different markers: podoplanin and VEGFR-3
(Makinen. Kriehuber). Here we described for the first time the
isolation ot LECs from palatine tonsil and thoracic duct using
a mAb recognizing the O-linked sialoglycoprptein D2-40
specifically expressed on LECs. PT as source ot LECs are
extremely usefull because is casy to obtain as discarded mate-
rial of therapeuthic surgical procedures and because of their
dimension, weight and richness in lymphatic capillaries.
Generation of LEC cultures required tissue dispersion,
removal of non adherent cells after 12-18 h of plating,
tmmune preselection with UEA-1-coated magnetic beads fol-
lowed by a second selection with magnetic beads coated with
D2-40 mAb. It is known that LECs directly interact in vivo
with the extracellular matrix (Gerli et al, 2000) and indeed
both PT-LECs and TD-LECs were successtully propagated on
collagen and fibronectin coated flasks in the presence of EGM
added with VEGF-C. However. LECs cultured on collagen
and fibronectin adhere better and proliferate more efficiently
then LECs grown on culture dishes coated with collagen
alone (Grinnet et al 1981, Kleinman et al 1981),according
with data that fibronectin provides additional signal for adhe-
sion, survival and proliferation of LECs. PT-LECs and TD-
LECs were morphologically similar to BECs, although their
shape appeared more elongated. Most of the known blood
vascular markers, such as CD31, vW{t and UEA-1. are present
at lower levels or almost absent, like KDR, in agreement with
previous studies performed with LECs derived from derma
(Krichuber et al., 2001). Also lymphatic markers are differen-
tially represented. PT-LECs were strongly stained by D2-40
mAb, almost all express Prox-1 and only few element were

LY VE-1% and Podoplanin™ while almost all TD-LECs in cul-
tures equally expressed all the lymphatic markers tested.
Furthermore stimulation of PT and TD- LECs culture with the
specific lymphatic endothelial growth factors VEGF-C induce
proliferation on both PT and TD LECs culture but not of
HUVECs indicating the presence of functional VEGFR-3
molecules during all the period of cultures on the LECs sur-
face. As suggested by Podgrabinska et al. (2002) the different
markers expression reflects the existence of LECs with ditfer-
ent phenotypes in lymphatic macro- and microvessels, that
results in different biological activities and functions. This
hypothesis is supported by studies performed on BECs, that
exhibit phenotypic and functional differences depending on
their origin (adult versus foetal). anatomic localization, and
vessels size (large versus capillary vessel) (Turner et al, 1987;
Page et al, 1992), and that show different functions. In con-
cluston, our results collectively show that palatine tonsils are
an important and easy to get source for isolating human lym-
phatic micro vessel ECs. Culture of PT- and TD-LEC in the
presence of specific growth factors and extracellular matrixes
was possible without losing their differentiated properties and
functional activity. PT-LECs and TD-LECs may then repre-
sent new tools for investigating genetic, phenotypic and func-
tional diversity between macro- and microvessels derived
LECs isolated from different organs and tissue. Furthermore
our work will contribute to determine some of the characteris-
tic features of LECs. to understand their specialized lymphatic
tunctions, to analyze their role in tumor Iymphatic metastatic
dissemination and to analyze their capability in supporting
virus replication as already demonstrated for BECs (Lathey et
al, 1990: Ricotta et al, 2001; Caruso et al, 2002).
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Introduction

Chrornic secondary lymphedema is a trequent complication of
surgical treatment of malignant neoplasms. especially when
radiotherapy follows L

The secondary lymphedema of the upper limb (post-mastecto-
my lymphedema) has an incidence. in patients who underwent
axillary lymphadenectomy for breast cancer, between 5 to
25%. up to 40% after radiotherapic treatment?.

Clinical Experience and Mecthods

We studied 50 patients with breast cancer. Patients were
enrolled between April 1992 and June 1994, and treated in dif-
ferent Centers. besides ours. according to generally accepted
oncological protocols. The inclusion criteria were the presence
of invasive breast cancer (T1-T2 tumors), and a treatment plan
that included axiltary lymphadenectomy and irradiation.

The patients were divided in two groups of 25 each. compara-
ble tor age. sex. pathology and treatment. and followed up to
5 years after operation (18 lumpectomies and 32 mastectomy)
for breast cancer (39 ductal and 11 lobular carcinomas). The
number of excided lymphnodes varied from 12 to 26 (average
14). Radiation therapy was performed from the 3rd to the 6th
week post-operatively.

One group ot 25 patients was controlled only clinically (phisi-
cal examination, water volumetry) at 1-3-6 months and 1-3-5
years from breast cancer treatment. The other group of 25
patients was followed also by lymphatic scintigraphy per-
formed pre-operatively and after 1-3-6 months and 1-3-5 years
from operation.

In the first group. followed only clinically, lymphedema
appeared in 9 patients after a period variable from 1 week to 2
years, with highest incidence between 3 and 6 months (time
coincident with radiotherapy). We considered lymphedemas
also at the very first stages (Ib-1I), with a volumetric ditfer-
ence of 150 ml at least.

In the second group of 25 patients. lymphoscintigrapy showed
pre-operative lymphatic circulatory alterations in 4 cases
(reduced tracer transit capacity, tracer dispersion, decreased
lymphnodal axillary captation, absence of deltoid way). Post-
operatively, lymphatic impairment was tound in 22 patients (5
cases after 1 month. other 3 cases after 3 months. 6 more at 6

months, other 5 at | year and. tinally, 3 more after 3 years). In
the remaining 3 patients, followed up to 5 years, lymphoscintig-
raphy did not pomt out any lymphatic alteration. All 22 patients

underwent physical-rehabilitative preventive procedures”:

- For 2 weeks every month. for 3 months: manual lymphatic
drainage (MLD) for halt an hour, followed by moderate peri-
staltic mechanical lymph drainage (30-40 mmHg) for an hour,
and again MLD for halt an hour.

- After this treatment a functional elastic multilayver bandaging
was used.

- During the 2 weeks free of treatment the patients wore only
an elastic garement.

- The entire cycle was repeated another time for other 3 months.

This preventive therapeutic protocol allowed to have a clini-
cally evident arm lymphedema only in 2 patients. These, who
were not enough responsive to combined physical therapies
(edema regression did not last fong and there was the worsen-
ing of the edema), underwent carly derivative lymphatic-
venous microsurgery {at Ib and 11 stages)4'5. Microsurgery
allowed to bring about a complete long term edema regres-
sion. The patency of lymphatic-venous anastomoses was
proved by lymphatic scintigraphy also a long time after micro-
surgical operation (the Jast recent control was at 4 years from
MICTrosurgery so ler)(" .

Results

The comparison of the two groups of 25 patients proved a sta-
tistically significant difference in the appearance of arm sec-
ondary lymphedema (p = 0.01. using Fisher’s exact test). We
can say. then, that the diagnostic and therapeutic above men-
tioned preventive procedures allow to reduce the incidence
rate of lymphedema significantly, in comparison with patients
who did not undergo this protocol of prevention®.

Discusston and Conclusions

To this purpose, we do believe that to confirm this finding, it
would be useful to conduct a multicenter study of the preventive
protocol under the guidelines and the supervision of the ISL.
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Surgery is the most important modality of treatment for most
localized tumours since it results in a higher rate of cure than
all other modalities. However, tor most neoplasms, a multi-
modality approach is more often capable of reaching the best
results in terms of disease free period and overall survival.
Surgery should not always be extremely aggressive if other
therapeutic tools (i.e., chemotherapy and/or radiotherapy) have
shown to be effective for the control of that tumour. These
ancillary treatments can be used preoperatively (neoadjuvant).
postoperatively (adjuvant) or intraoperatively.

Cytology and histology are standard techniques to reach diag-
nosis in oncology. Diagnosis implies the primary tumour has
been identified and that it has been ascertained if it has
already spread regionally and/or sistemically. Diagnostic
imaging techniques should be used properly to determine the
extent and size of the primary tumour, mainly if surgical exci-
sion Is going to be performed. Based on the standard biologi-
cal-clinical behaviour of that tumour, metastasis is carefully
looked for at the level of the regional lymph nodes, lungs,
and/or other sites. If enlarged. regional lymph nodes are sub-
mitted to multiple fine-needle aspirates and/or biopsy but
metastasis, even if present, may be missed. If endocavitary,
surgical exploration may be indicated. Concerning lungs,
metastasis evaluation implies right and left lateral and ventro-
dorsal views; in selected cases, a CT-scan may be useful.
Bronchoalveolar lavage may be of some help for tumours (e.g.
melanomas and some carcinomas) that have already reached a
critical size: however, if metastasis is not demonstrated, doubt
still remains. Other sites are evaluated depending on the stan-
dard clinical biology of that tumour (e.g.., bone metastasis in
case of melanoma, carcinoma, osteosarcoma, etc). Attention is
also driven to specific paraneoplastic syndromes that may
accompany the neoplastic growth.

Some aspects must be kept in mind when a tumour surgical
excision is planned: 1) knowledge of the standard biological
behaviour of that tumour; 2) the first surgery has more proba-
bilities to be successful; 3) resection of the tumour with unij-
form wide margins all around it may also result in the removal
of the corresponding bone below the tumour; 4) this implies a
correct planning of the aggressive surgery and reconstruction
of the body part. The latter is better performed keeping in
mind the surgeon’s individual skills, all techniques of recon-
struction, and the consequent functional deficit caused by the
surgery performed. In general, limitations are mainly related
to the probability of getting a definitive cure or, at least, to
prolong dramatically his/her survival, preventing or retarding
the metastatic spread; the latter is usually reached by the
appropriate use of an adjuvant chemotherapeutic regimen.

Local recurrence is controlled through the application of a
local treatment such as radiation therapy. In order to decide it
a second surgery and/or adjuvant radiotherapy is indicated,
infiltration of surgical margins has to be confirmed. Therefore,
it should be emphasized the importance of identification of
margins through the application of sutures or, more tipically,
through the application of ink to all the bed where the suspi-
cion of tumoral infiltration is real. Finally, a main concern in
the oncological patient is, apart from the age of the animal
that is not a limiting parameter if clinical conditions are good,
a good quality of life of these patients after treatment.

Types of surgery in oncology and resection margins

Surgery may be classified as :

1) diagnostic: it is applied when less invasive procedures are
not diagnostic. The goal is to get a sample of tissue to submit
to cytology and histology. It is referred to as “incisional biop-
sy” (wedge of tissue obtained in an area easily removable in
the subsequent resection of the tumour) and “excisional biop-
sy” (e.g., exploratory thoracotomy or laparotomy, or removal
of cutaneous lesions surely benign):

2) exvtoreductive (debulking). Inoperability may depend both
on the type of growth (predominant infiltrative pattern) and
tumour location (neck, axial skeleton, great vessels, nerves,
etc, 1.e. parts that cannot be radically excised without compro-
mising some vital functions or life). Inoperable tumours may
be debulked but some other therapeutic tools have proved to
be effective in controlling their growth (radiation, chemothera-
py);

3) curative: it provides an “en bloc” excision of the tumour
with margins of 1-4 cm of normal tissue all around it; some-
times, depending on the neoplastic location, this is realized
removing also the corresponding bone (mandibulectomy, max-
illectomy, amputation, partial or total scapulectomy, pelvecto-
my, limb salvage, rib resection, etc).

4) palliative: it is rarely applied. It may be used if a real post-
operative improvement of the quality of life of the animal is
expected (e.g. pericardiectomy for tumours of the heart base).
Classification of surgical resection margins reflects all these
different types of surgeries:

a) intracapsular: the mass is removed in pieces. This tech-
nique should be reserved only to benign lesions and it is obvi-
ously controindicated in case of malignant tumours but in
some situations (e.g. malignancies extending in the nose, mid-
dle ear, spinal cord, etc) the surgeon is torced to remove the
tumour in such a way (“debulking”™ or cytoreductive). Some
adjuvant treatment is imperative since the tumour is macro-
scopically still present;
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localized in the mouth and relatively benign when they grow
on the flank: canine oral squamous cell carcinomas tend to be
more benign when localized rostrally. more malignant when
localized aborally:

10 some extent, a worse prognosis may rise from cfinical com-
plications such as stenosis, compression, hemorrages, infec-
tions, functional deficits, etc caused by the neoplastic growth.
- Clinical staging of the tumour: a specific TNM clinical stag-
ing is established through a meticulous diagnostic work-up.
Universally applied both in human and veterinary oncology, it
facilitates the exchange of information among centres, and
comparison of results obtained through different treatment pro-
tocols. The TNM system is based on: a) T: extension of the pri-
mary tumour: b) N: regional lymph node(s) status; ¢) M: pres-
ence or absence of distant metastasis, mainly in lungs. Other
factors are: d) P: it is referred to as histopathotogical extent
(e.g. in the thickness of the wall of a cavitary organ): ¢) G: it
expresses the malignancy grade (low, medium, high): t) L: it
expresses the tendency of the tumour to invade lymphatics: g)
V+ it express the tendency of the tumour to invade veins.

- Disease-related factors: such as the paraneoplastic syn-
dromes (hypoglycemia, hypercalcemia, hyperthyroidism.
fever, anemia, leukocytosis, DIC, gammopathies, degranula-
tion effects of malignant mast cells. hyperthrophic osteopathy,
cachexia, neurologic manifestations, ¢tc). They can cause
more morbidity (and eventually mortality) than the primary
tumour.

- Chemosensitivity / Radiosensitivity: the tirst is influenced by
tumoral cellular heterogeneity and growth rate. Concerning
radiation, tumours that were considered in the past as tipically
radioresistant may now be approached through a combination
of surgery and radiotherapy with a dramatic improvement of
control and overall survival (e.g. soft tissue sarcomas, nasal
tumours, etc).

Patient-relared prognostic fuctors

- Pre-existing diseases: cardiopathies. liver and renal diseases.
etc. may make prognosis worse since they may limit the possi-
bility of planning any treatment.

- Immunosuppressive treatments: in general. prolonged admin-
istrations of steroids facilitate tumour growth. This should be
avoided if the intention 1s to cure the animal unless the tumour
is a lvmphoproliterative disorder (combination chemotherapy).
In case no treatment is attempted, steroids may improve the
quality of life in terminal patients. with the awareness of a
shorter survival.
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ONCOLOGY. WB Saunders Co., Third edition, 2001

Morris J ¢ Dobson Mj. ONCOLOGIA CLINICA DEL CANE I
DEL GATTO. TItalian edition of Buracco P. UTET, 2003.
Pavletic MM. ATLAS OF SMALL ANIMAL RECONSTRUC-
TIVE SURGERY. WB Saunders Co., Second edition. 1999.

19

Tk Evroreay Jovavar o Lyswpiorocy - Vor XV - Sp Co Nio 43 - 2005



"pasn S WW '] Jo [au

-ueyd Surom v yiam Iajewretp ur ww ¢ “adoss 2[qixafy v puw
auoq stuad a1 jo aduasald ayl pur BiylaIn ) Jo ISUA[ 2!

10 asneoaq ~2dods p1fu v asn 01 ajqissodwur st *Fop [ 21 U]
[[BA\ [BUIUOPQR Ay Ul Sulfpaas duse[doau Jo ysu

PaIUAWNIOP YL SI 2] 2SNRIAQ ‘[[BA 1apPRIq A1 Y3nodl el
-1dse appaou aury ueyl snosaguep ssa| yonw st anbugoay sy,
‘[AUUTyD JUAWNISUL 241 Y3noa

sdantoy ww -7 e Sutssed pawoprad aq ueo Asdorq v pur
Iappelq Ayl pue edylain 2yl jo uondadsul 219jdwod a1 smojje
“I212WEIp Ul W ¢ 01 /¢ 2dods piSu v Juisn Fop arwa) Ay uf
“Iappeq e

ay1 aYI[ sueB10 3[qIssadorul AwWos Jo Asdoiq ayr pur uonosadsul
Ayl MO[[E Ja1awWelp [[ews A1aa Jo siuownasul [eondo maN
Adodso1s1)

“UOTIURAIDIUL [BOIPaW JO AN|BA [BAI AT YD

01 Aderayiowayd pue [EAOWAI JOWN] J2)JT Pash ag Urd pue
ool puodas ordoasodedey,, pajjeo os ayl st anbruyoar mau y
‘[raowal radans Jo £sdoiq ‘uonuedied 10) pasn pur ui 3ullg

3Q UL SJUDWNASUL 210W 10 0] “uondadsut ajo1dwod v ayye
‘pue AUATI Y1 UI paoNpouilll S1 BIAWED ® 01 paidauuod adods
Pt v W | uryl SSI[ A[BNSN 552000 [[pus AIoa B yInoiyp,
“£11ABD D10TIOY) pur

[eutWIOpqE 241 jo yoaaras a1v)dwoo v uwiqo 01 Anjiqissod a1
pue yoroidde aarseaur Lppwiuiu jo 1deouos ayi auroipauwr Lreu
-11219A U U2AD paonpodiui aaey Adoososede] pur Ldoasoarioy],
Ldoasooeaoy ], pue Adorsoieder|

‘yovoidde puodas
© SUlsn 10 UOISIOUT awms ) ySno Sutdels 1oy pasowal K[|
-nsn ale sapouydw ] Suturelp a1 A1251ns [BIF0[02U0 FULINg

COOZ - §F 4N 0D 1S - AX TOA = ADUTOHARET 40 VG0 L NYAdON ] 1]

"PAUIRIS $1.ApPOU AUO URY] IO PUB 123]]2 apRD

-$BD B ST 212 211] 001 2B ST JI “apou JU1 Yyoral 01 3wl 2yl
QALY ] US20P UIRIS o) A[1B2 00] 2PTL S1 2Iuas 2yl J1 1oe) uj
‘sjepnd Auzwt

sey ‘Suistiwoldd pup ojdwis £1aa J1 uaaa “anbruyda isef sy g,
1own a1 ut uondafur “anjq auajnaw A|e

-NSN CUIRYS [RIIA B 4TN04) JO S SUIsh wiayl Sundaop lowni syl
Ul s2[qqnq ooy Funoafui “Juauiol Y1 Je 1 10 a[qissodut
ST Y] “BISUERD BWIWES © SUIsn Pauir1qo aq urd “Ia0Urd Y2au
pue pray 1oj [jrraao “apouydw ] Jurumep ayy Jo uonda(g
sapouyduis|

‘Teutds 10 [RIGAI2D “UOISI]

SutAdnooo 2oeds jo 11ed 150w Ayl I3A0ISIP 01 SMO[R [YA Su
a[quiar 1ou y3noyie LD "SND 241 Jo stowm jo Apmis ayi uj
‘siseiseiaw diys pue uoyenjijul [BIOSRY

JO “SBLUODITS 10j [[B 1940 *2duasard 2yl puB anssi sulpunoLins
JO UOISBAUL 2L} ENSUOLUAP 0] $anbI1uyoa) [ruawinisut Jayio
Aur uryr 1a12q epeid ut Sutaq ‘swisedoau snoaurINdQNs pue
SNO2UTIND JO SISOUSTIP Ayl 10§ spoylatu 1s2q ayl Jo U0 st [
"d[quinseawl pue

agista £sea st Agiedousurydwd] aupaies » jo aouasaid ayJ,
"UOMD2%21 10 UOISIoUT

Irosea jo uoneatjiue[d ayl smO[[R “BATD RUDA [BPNEI Y] JO
ued Sidwo oy pur snquioayy onsedoau B WoLj UOISRAUL JR[ND
-suA 9[qIssod B Jo uoneZ1ensia Ayl “SI0uny [BUIpe JO aSed Uj
“Q[IQr3sal Ay SUIUILUIIIP

UOTIBYLIB[NOSTA IR[1IY 9Y) YILm S2QO[ Y1 10 2qO[ 3y u2amlaqg
SONTI 2Y) 2IL[ALI0D 01 “UONOMIISUODAT YN 1SEIU0D YL
Y3no uaaa ssamofu sassew oneday jo Apmis ayy epnanaed ug
g smala joutod Kuew 1oj pue Aydeizorprel

uey) 1aN2q ST L) [eat[ay A1LABO [BUILLOPQR 21 JO ApMIs 2yl uf
Apni1s sAry-¥X [euoniprdy oyl £q paunbal

ww 9-¢ Jo uonnjosal jeneds a2yl 01 10adsal ul Ja1awiep Ut W
¢'[ ueyy ssof sassewt Lruowrnd Jo UONDIIP 21 SMO[[R SATY
X [PUONUIAUOD 0 10adsar ut DI Jo AI[IqIsuas 1SA1edIs Y,
PaZIROSTA

A[BA]D 2Q URD BAIL JIOBIOY] Al OS[E PUR SPUODIS U1 ULIS £poq
ajoym v uiojiad o1 Apigissod oy sey aenotaed ur ) [eI1PH
219w

-[IBAE AJISED QIOLU 217 1502 D] JO SULIOMO| 241 01 anp Jeyl [YIN
pue [0 2y siudumnaisul paeausiydos Jo 1ononponul Japis
ay) $1 sISOUTTIP efojoauo LIeulialoa ui 1oedut 1595381q 24,
Suide)s [BludUINIISUL pue sIsouseI(]

Jejsodsoije @ ljjsuewuoiolbiolb

(In) oueineN ¥1L00C

¢ ‘ueubndwe BIA

OUBIAIBN BLIBUIIBIBA BOIUIID

SADF 1dig ‘AW l1euewoy olbioro

STVININY TTVINS NI ONIOVLS

ANV SISONDVIA JILSV1dO3N 40 SFHOVOHddV M3N

SO0Z = 67 GN 00 05 « 6L SAMI0A

swa|qoid paleial pue
ABojoydwA|

IVNYHNOr NV3IdOHN3 IHL



THE EUROPEAN JOURNAL

OF
and related problems
VOLUME 15 « Sp Co Nz 43 » 2005 _

STATE OF THE ART ON LYMPHATIC CANCER METASTASIS
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Attilio Corradi, Anna Maria Cantoni
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e-mail: attilio.corradi @ unipr.it

LYMPHATIC FUNCTION

The lymphatic circulation transports interstitial tissue fluid,
macromolecules and cells back into the blood circulation.
The lymphatic system begins with initial finger-shaped lym-
phatic vessels consisting of valveless lymphatic capillaries
and precollectors with valves. The precollectors become col-
lectors and transport the lymph to the so-called lymph
stems. These vessels lead nto the right and left lymphatic
duct and into the jugular trunk ot the head and neck region.
At the end they join into the blood circulation at the junc-
tion point of the jugular and subclavian veins (2,3.4)

LYMPHATIC SYSTEM AND CANCER

The lymphatic system is one of the primary route for the
neoplastic metastasis. Neoplastic cells spread via lymphatic
vessels to the regional lymph nodes which play an important
role in diagnosis, staging, and therapy. Epithelial malignant
cells often metastasize to the regional lymph node and their
presence are an important prognostic factor. There is a con-
sequential anatomic progression of neoplastic cells from the
original mass to the regional lymph node via lymphatic cap-
itlaries and collecting trunks. Once neoplastic cells are
established in the sentinel lymph node further metastasis to
lymph nodes occurs and then via lymphaticovenous connec-
tions to the general systemic circulation. Direct hematoge-
nous metastasis may occur without regional lymph node
involvement.

Lymphatic vessels containing clusters of neoplastic cells are
often observed at the periphery of malignant neoplasia. but
no evidence of metastasis has been observed in intratumoral
ones.

Recent studies reported intratumoral lymphatic vessels in
some neoplasia but it is not still clear if they are preexisting
lymphatic vessels or the expression of lvmphangiogenesis
inside the neoplasia. The significance of preexisting peritu-
moral lymphatics as via for neoplastic cell metastsis is clear,
but it is not still so clear whether neoplasia can stimulate
lymphangiogenesis and whether neoplastic metastasis is
mediated by molecular activation of the lymphatic system.
Morphological transendothelial migration of neoplastic cell
remain unknown and a transcellular passage, macrophage
via, or channel-like path, polynucleated leukocytes via, have
been hypothesized. Recently, several novel molecules have
been identified that allow a more precise distinction
between lymphatic and blood vascular endothelium.

MOLECULAR REGULATION OF TUMOR LYM-
PHANGIOGENESIS AND LYMPHATIC METASTASIS

These include VEGFR-3 (FLT-4).the receptor for the vascu-
lar endothelial growth factors VEGF-C and VEGF-D
podoplanin, a glomerular podocyte membrane mucoprotein
and the homeobox gene product Prox-1 that is involved in
regulating development of the lymphatic system. A novel
hyaluronan receptor termed LY VE-1 has been shown to be
restricted to lymphatic vessels in normal tissue and associat-
ed with tumors (1.8,10.).Vascular endothelial growth factor-
C (VEGF-C), a member of the VEGF family of growth fac-
tors stimulates lymphangiogenesis in addition to angiogene-
sis. The specific effects of VEGF-C on lymphangiogenesis
depend on its proteolytic processing. The mature form of
human VEGF-C stimulates both VEGFR-2 and VEGFR-3
and can therefore stimulate both angiogenesis and lymphan-
giogenesis, whereas the partially processed form preferen-
tially bind and activates VEGFR-3 and specifically sumu-
lates lymphangiogenesis. Another recent study demonstred
the important role of VEGF-D in tumor lymphangiogenesis
and metastasis. VEGF-C may induce the proliferation of
lymphatic vessels in the stroma of primary gastric carcino-
ma, CD44v5 and CD44v6 positive, via activation of
VEGFR-3, expressed on the endothelial cells of lymphatic
vessels (5, 9.11)

CD44 AND METASTASIS

Active migration of tumor cells in extracellular matrix
(ECM) is a prerequisite for tumor-cell invasion and metasta-
sis. Specitic membrane glycoproteins termed cell adhesion
molecules. in addition to their basic role in cell-cell contact
or cell-matrix interaction, were recently shown to be
involved in more complex intracellular events, such as cell
motility and gene transcription. CD44 is one of the adhesion
molecules, and importance with respect to tumor-cell inva-
sion and metastasis has become increasingly clear. CD44 is
a type | transmembrane protein and functions as the major
cellular adhesion molecule for hyaluronic acid (HA). a com-
ponent of ECM. The extracellular domain (ectodomain) of
CD44 interacts with ECM. and the intracellular domain
associates with the actin cytoskeleton via binding to ERM
(ezrin, radixin, and moesin) proteins. Thus, CD44 is an
important mediator in regulating interaction between ECM
and the intracellular actin cytoskeleton. CD44 is expressed
in most human and dog cell types and is implicated in a
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LYMPHATIC AND NEOPLASTIC METASTASIS: THE NEW
ANATOMICAL CONCEPTS OF THE STUDY OF THE LYMPHATIC
DRAINAGE OF VISCERAS EXPLAIN THE INVOLVEMENT OF
REGIONAL NODES BY CANCER. A PERSONAL EXPERIENCE

UPON 1000 CADAVERIES INJETIONS

A. PISSAS, F. BONNEL, J.B. DUBOIS

Department of visceral surgery General Hospital Louis Pasteur
30200 Bagnols sur Ceére. France Faculty of Medicine of
Montellier 34000 Montpellier France Anti Cancerous Center
of Montellier 34000 France

After 30 vears of studying the Iymphatic vessels on human
beings we injected more than 1000 cadavers for the the inter-
pretation of lymphatic metastasis on gastric, pancreatic, thy-
roid, oesophagus cancers.

For this injections we used special dves (non vital staining
dyes): coloured cedar oil according to Papamiltiades or a per-
sonal technique using China wood oil We found the different
roads from the initial sub-serous lymphatic vessels towards the
regional lvmph-nodes and have described them like the classi-
cal authors.

But we had essentially insisted upon the fact that anatomical
study of lymphatic drainage of corpus is a non sense because
it concerns cadavers without life and physiology.
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EMILINs EXPRESSION IN LYMPHATIC SYSTEM

Carla Danussi, Paola Spessotto, Bruna Wassermann, Francesca Merlo, Roberto Doliana, Alfonso

Colombatti

CRO-IRCCS, Division for Experimental Oncology 2, Aviano (PN), ITALY

carladanussi@yahoo.it

Key words: EMILINs, Lymphatic endothelial cells, Lymphangioma.

Introduction: EMILINs (Elastin Microfibril Interface Located
protelN) are a family of extracellular matrix proteins charac-
terized by a peculiar domain structure, including a N-terminal
cysteine-rich domain, called the EMI-domain, tollowed by a
coiled-coil domain and a gClq-like domain, (Colombatti A et
al., 2000). The first isolated member of the family is
EMILINI, a glycoprotein particularly abundant in aorta and
present in connective tissue of a wide array of organs mainly
in association with elastic fibers (Doliana R et al., 1999). The
family also includes EMILIN2 (Doliana R et al., 2001),
Multimerinl, a protein secreted by endothelial cells (EC) and
platelets (Hayward CP et al., 1995) and Multimerin2, a pan-
EC surface glycoprotein (Christian S. et al.. 2001).

KO mice for EMILINI gene have been already established
and they display mild elastogenesis and vascular cell defects
(Zanetti M et al., 2003). However, at the present the precise
function of EMILINs is unknown. Interestingly in a compara-
tive microarray analysis of gene expression profiles of lym-
phatic endothelial cells (LECs) and vascular endothelial cells
(EC), EMILINT has been found to be selectively and abun-
dantly expressed in LECs, (Podgrabinska et al.. 2002).
Accordingly to this finding, we hypothesized an involvement
of EMILINs in the lymphangiogenesis. To investigate a possi-
ble role of EMILINSs in this context we analysed inducted
lymphangiomas in wild type and EMILINIT KO mice.
Materials and Methods: CD1 wild type and EMILINT KO
mice were intraperitoneal injected with incomplete Freund’s
adjuvant for the lymphangioma induction and LECs were iso-
lated from the tumor masses (Mancardi S et al., 1999). The
LECs expression of EMILINs was detected by RT-PCR.
Immunofluorescence (1F) techniques on cultivated LECs and
on cryostate tumor sections were applied to study the in vitro
production of ECM proteins and to visualize the distribution
of EMILINs in lymphatic vessels.

Results: the RT-PCR analysis reveal that LECs express
EMILINI and EMILIN2 mRNA, whereas Multimerin2
mRNA is not detected. The data about EMILINI mRNA
expression is supported by the IF results. In cryostate sections
EMILINI surrounds lymphatic vessels, visualized by a double
staining with an anti LY VE-1 antibody and in the inner
tumour mass EMILINT1 is overexpressed. Interestingly
Multimerin2 stains selectively vascular EC. Whereas there is
no significant difference in the development and in the size of
the lymphangiomas inducted in wild type and EMILIN] KO
mice, preliminary data show that the lymphatic tumour vascu-
larization seems to be different in the two types of mice.
Conclusion: The strictly association between EMILINI and

lymphatic vessels suggests a structural role of EMILINs in the
architecture and development of the lymphatic system.
Further studies will be addressed to confirm the pretiminary
observation of a ditferent pattern of lymphatic vascularization
observed in the lymphangioma developed in wt compared to
EMILINI KO mice.
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THE EVALUATION OF LYMPHOGRAPHY IN THE ABDOMINAL

PATHOLOGY

Tatiana Jurgova, Tatiana Taseva, Jozef Radonak, Jan Danko, Marta Chylova, Igor Dranga

1.PJ.Safarik University, Radiodiagnostic Medicine Clinic ,Kosice,Slovakia

2.PJ.Safarik University, Chirurgical Clinic, Kosice, Slovakia

3.University of Veterinary Medicine, Department of Anatomy, Kosice, Slovakia

tjurgova @central.medic. upjs.sk

Key words: nodus lymphaticus

Introduction

On the level of pelvis minor and abdomen can be present
changes in lvmphatic system on the basis of diseases of differ-
ent etiology. The reason for these changes can be inborn
defects, parasitic, neoplastic diseases. On the other hand the
lymphatic system can cause changes in the surrounding struc-
tures and in the main vessels. The changes in the lvmphatic
system can demonstrate itself in the blockade of lymphatic
vessels, insufficient archaortic filling, and also in the leaking
of contrast medium out of the lumen of the vessels.

Material and methods

116 patients were examined mainly with oncological diagnosis
but also some patients who demonstrated diseases of unknown
etiology. These patients were examined by USG, CT.MR. but
the final diagnosis was stated only after lymphographic exami-
nation. We carried out bipedal lymphography by
J.B.Kinmonth the patients were given 16 ml of contrast medi-
um Lipiodol UF into a prepared lymphatic vessel in dorsum
pedis. X-ray pictures were taken during the examination and
after 24 hours in different projections.

Results

In patients with neoplastic and inflammatory processes we
could see blockades of lvmphatic vessels changes in the
structure of nodes. pressure and infiltrative changes in main
vessels. In patients with inborn anomalies were found eg lym-
phovenous junctions or leaking of contrast medium out of
lymphatic vessels.

Discussion

For the correct interpretation of the X-ray picture and stating
the correct diagnosis is necessary to have a thorough knowl-
edge of the normal anatomy of the lymphatic system.
Although these days the classic lymphography is a less used
method, in some cases it helps to prove those changes which
other modern non-invasive methods are not able to prove.
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ASPECTS OF THE IMAGISTIC PARTICULARITIES INDUCTED
BY THE PHLEBOEDEMA ON THE FLABBY PARTS AT THE

LEVEL OF THE INFERIOR MEMBERS

F.C. Rada, S. Motoi, S. Blaj, T. Mihoc, Lucia Parvan, 1.O.Rada,

Romanian Society of Lymphology, Medical and Pharmaceutical University

florinrada @xnet.ro

Key words: Phlebedema, computerized tomographie, magnetic resonance images

The purpose of the research: there has been followed the iden-
tification of the imagistic particularities at the patients with
phlebedema.

Material, method. The study was imagined and practiced at 21
patients with PTS (post- thrombosis syndrome). at 14 patients
with hydrostatic varix (HV) and at 8 patients with profound
acute thrombophlebitis (PAT). There have been followed the
modifications on the CT scan and MRI generated by the alter-
ations in the conjunctive tissue of the inferior members in the
conditions of the venous haecmodynamic modifications gener-
ated by the venous insufficiency (VI).

Concomitantly. there have been evaluated also the composi-
tion and the evolution of the edema liquid.

Results: CT scan and MRI have emphasized 2 groups of
images at the level of the conjunctive tissue: tiger images
present in the hypoderm are characteristic to the acute throm-
boplebitis. Honey comb images have not been identified at the
patients with PTS (rule at patients with lymphedema). In the
hypoderm of these patients there have been emphasized uni-
form structures (lypodermatosclerosis after the suppression of
the fat tissue) and under aponevrose calcifications.

The macromolecules (proteins- lipids) have been in low per-
centage in the edema liquid of the patients with PTS ( 1/10,
respectively 1/6 of the serum values) .

Conclusions: These results can facilitate the understanding and
the completion of the aspects and physiopathologie knowledge
. especially in the PTS case in the presence of some vast
beaches of uniform structures( lypodermatosclerosis). without
the necessity of the introduction of these explorations in the
diagnosis algorithm.
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THE ROLE OF VEGF AND ITS RECEPTOR KDR IN
PROMOTING TUMOR ANGIOGENESIS IN FELINE AND

CANINE MAMMARY CARCINOMAS: A PRELIMINARY STUDY
OF AUTOCRINE AND PARACRINE LOOPS

Francesca Millanta, Simonetta Citi.2, Chiara Vaselli 2, Alessandro Poli
Department of Animal Pathology ? Department of Veterinary Clinic, School of Veterinary
Medicine, University of Pisa, Italy, 2 Private Practitioner, Pisa, Italy.

e-mail: millans @vet.unipi.it

Introduction: angiogenesis is regulated by specific angiogenic
factors and their receptors in primary breast cancer; this phe-
nomenon has shown to be of predictive value in primary
breast cancer. Vascular endothelial growth factor (VEGF) and
its receptor KDR constitute an important angiogenic pathway
which is up-regulated in several human solid tumours. We
therefore evaluated the angiogenenetic process in feline and
canine mammary carcinomas and its prognostic potential.
Materials and methods twenty-nine samples of canine and 48
of feline mammary tumours were investigated. The subjects
were surgically treated and submitted to a two-year follow-up.
The tisssue samples were investigated by immunohistochem-
istry to determine the expression of VEGF. of its receptor
KDR and for the quantification of the microvessel density
(mvd). These variables were related to some relevant clinico-
pathological parameters and to overall survival (os). VEGF
and KDR expression were evaluated in epithelial. stromal and
endothelial compartments in order to identify autocrine and/or
paracrine loops. Results in dogs an increased VEGF expres-
sion did not show any statistical correlation with the clinico-
pathological parameters examined and was not correlated to a
poorer prognosis. Mvd was found to be significantly correlat-
ed to the histologic type (p=0.04). age (p=0.041). tumour
grading (p=0.02), and to the os (p=0.01).in cats VEGF expres-
sion was significantly correlated to tumor grading (p=0.01)
and os (p=0.03). while no significant associations were found
between mvd and the other parameters. VEGF and KDR were
found to be detected on the epithelial. and/or endothelial
and/or stromal cells of the carcinomas in both species, sug-
gesting indications for some possibile autocrine and paracrine
loops. Conclusion our results encourage further studies on the
possible prognostic role of VEGF and mvd in canine and
feline mammary tumours and on the role of growth factors
and their receptors in promoting tumour proliferation and an
“angiogenetic shift”. The VEGF/KDR system may play a role
in malignant transformation and tumor progression.
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LYMPHANGIOGENESIS IN MAMMARY TUMOURS OF THE
CAT ASSESSED BY VEGFR-3 EXPRESSION

Giuseppe Sarli, Barbara Brunetti, Antonio Rizzo, Cinzia Benazzi
Department of Veterinary Public Health and Animal Pathology, Bologna, ltaly

e-mail: giuseppe.sarli@unibo.it
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Introduction. Lymphatics play a crucial role in the formation
of metastasis, and only recently were found specitic markers,
such as VEGFR-3 (Vascular Endotheliat Growth Factor
Receptor-3) that has been employed in this study. It is found
in both lymphatic and blood vessels during embryogenesis,
and only in lymphatics after birth. This study is aimed to veri-
fy if lymphangiogenesis develops (de novo or from pre-exist-
ing lymphatic vessels) in the intra(IT)/extratumoral(ET)stroma
of a series of feline mammary tumours.

Materials and Methods. The samples were 6 cases of normal
mammary gland (NMG), 10 benign (BN) and 32 malignant
(MN) neoplasms. all formalin-fixed and paraftin-wax embed-
ded. Malignancies were graded into non-infiltrating (stage 0)
and infiltrating with stromal invasion (stage I) or lymphatic or
blood emboli and/or regional lymph node metastases (stage
II). More 4 ?m sections from the same samples were immuno-
histochemically (1H) stained with a laminin/VEGFR-3 double
stain. Lymphatics, assessed as all vessels negative for laminin
and expressing or non-expressing VEGFR-3. were counted in
10 intratumoral/intramammary (1T/IM) and 20 extratumorat
/extramammary (ET/EM) fields. Counts included VEGFR-3
positive, VEGFR-3 negative and total (the sum of both) lymph
vessels.

Results. A red intracytoplasmic staining revealed the anti-
VEGFR-3 IH positivity, and a sub-endothelial or sub-epithe-
lial (periductular and perialveolar) brown staining the anti-
laminin positivity. In NMG, BT and MT, the positive or nega-
tive or total VEGFR-3 lymphatic vessels had a signiticantly
higher number in the ET(EM) vs IT(IM) fields (Spearman
test, P<0.01 for all comparisons). Comparing IM with IT
fields no difference was detected in the number of lymphatic
vessels, whereas there was a significantly higher number of
total and VEGFR-3 negative (Spearman test, P<0.05), but not
of VEGFR-3 positive lymphatics (Spearman test, P=0.26) in
ET vs EM fields. No difference emerged comparing 1T or ET
counts among the 3 histological grades in MT, except for IT
VEGFR-3 positive lymphatic vessels in stage 11 carcinomas vs
stage 0 and [ (Spearman test, P<0.05). which were more
numerous in the former.

Discussion: The significantly higher number of lymphatic
vessels in the ET vs IT stroma is likely to reflect the expansive
growth of the tumour and the concentration of vessels in the
extra(perijtumoral areas. This is enforced by the significant
increase in VEGFR-3 negative and total but not VEGFR-3
positive lymphatics in ET vs EM fields. In spite of an
extremely limited lymphangiogenesis. early metastases of
mammary carcinomas are located in the regional lymph node.

This indicates that the neoplastic cclls leave the primary
tumour through pre-existing but not de novo lymphatics, and
chemical means may attract neoplastic cells into the lym-
phatics.

Conclusions: In the comparison between malignancies and
benign tumours and normal glands, the number of lymphatics
is not increased. The known ability of carcinomas to an early
spread via the lymphatics is not consequent on a real increase
of lymphatics in the intra/extratumoral stroma, but it may
depend on the ligand/receptor interaction between neoplastic
cells and lymphatic endothelium.
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Introduction

Experimental and clinical data indicate that tumor progression
1s associated with angiogenesis and that increase in microves-
sel density (MVD) is associated with a poor prognosis,
haematological malignancies. No data have been published
concerning the relationship between angiogenesis and malig-
nancy grade in canine non Hodgkin’s lymphoma. In this study
we have evaluated this relationship in a series of 43 cases of
canine non Hodgkin’s lymphoma.

Matherials and Methods

Canine NHL were selected and classified according to a mod-
ified Kiel classification. Briefly, 6-micrometer thick serial tis-
sue sections were incubated with a rabbit polyclonal antibody
anti factor VIII- related antigen (Dako, Glostrup, Denmark).
The bound antibody was visualized by using a biotinylated
secondary antibody. an avidin-biotin peroxidase complex, and
3-amino-9-ethylcarbazole. Differences in both MVD and EA
between low-grade and high-grade canine NHL groups was
assessed by t Student-test, correlation between MVD and EA
was evaluated by Pearson test.

Results

MVD mean was significantly higher in high-grade (2349 s.d.
at 400x and 8+3 s.d. at 1000x) than in low- grad (7+4 s.d. at
400x and 3£2 s.d. at 1000x) canine NHL. Significant differ-
ences in EA means were found between low-grade (78.33 x
10-2 72 + 20.62 s.d. at 400x and 23.68 x 10-2 72 +7.67 s.d.
at 1000x) and high-grade (116.29 x 10-2 72 + 28.21 s.d. at
400x and 41.89 10-2 72 + 6.41 s.d. at 1000x) canine NHL.
The correlation analysis between MVD and EA in global
canine NHL series was significant at 400x and 1000x (r=0.74;
p=0.002; and r=0.73; p=0.002 respectively).

Discussion

Several reports have been published showing that angiogene-
s1s is an important pathway in the development and progres-
sion of human NHL. However, to our knowledge no data have
been published regarding the correlation between angiogenic
index and the degree of malignancy of canine NHL. In the
present study we tound that MVD and EA significantly corre-
late with each other and that both paralleled with the degree of
malignancy of canine NHL. Similarly to human NHL,

increased angiogenesis might play a crucial role in the transi-
tion from low-grade to high-grade canine NHL and could
explain the biological aggressiveness and metastatic capacity
already demonstrated for high-grade canine NHL. On these
data we suggest that canine NHL could represent an interest-
ing spontaneous tumor model to study the angiogenesis as an
interspecies pathway of tumoral malignancy and biological
aggressiveness.
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LACK OF EVIDENCE OF LYMPHANGIOGENESIS IN CANINE
AND BOVINE ISLET BETA CELL CARCINOMAS

Elvio Lepri, Monica Sforna, Giovanni Ricci, Silvia Capuccini, Giovanni Vitellozzi

Key words: islet beta cell carcinoma, bovine, canine, lymphangiogenesis, metastases

INTRODUCTION. Islet beta cell carcinomas are uncommon
tumors in animals. Despite both normal and neoplastic
endocrine tissue is very rich in haematic vascular supply. lym-
phatic metastases to regional lymph nodes (duodenal. hepatic
and mesenteric) are more frequent than blood born hepatic
ones. This fact highlight the role ot vascular lymphatic system
in metastatic spread ot beta cell carcinomas. One of the most
exciting animal model for the study of tumor lymphangiogen-
esis 1s the double transgenic mice ripVEGF-C/RIPtag2, in
which VEGF-C-induced lymphangiogenesis rendered locally
invasive islet cell tumors lymphangioinvasive and metastatic
(Mandriota et al., 2001). The hypothesis is that metastatic
behavior is enhanced by extensive intratumoral lymphatic
neoangiogenesis. as in human melanomas and squamous cell
carcinomas.

The aim of this work is to investigate presence of preformed
and newly formed lymphatic vessels in canine and bovine islet
beta cell carcinomas.

MATERIALS AND METHODS. 30 islet beta cell carcinomas
(25 from cattle and 5 from dogs) have been retrospectively
evaluated by light and electron microscopy.
Immunohistochemical evaluation of lymphatic vessels has
been performed using D2-40 antibody and antibodies against
LY VE-1, Podoplanin. Prox-1, Laminin and VEGFR-3.
RESULTS. In all the bovine cases examined. and in the three
canine tumors in which a complete necropsy was performed.
there was metastatic spread to regional lvmph nodes and liver;
in 4 bovine cases metastases were present exclusively in
lymph nodes. Histologically the tumors were characterized by
well developed intratumoral vascularization, with vascular
lacunae, and a peritumoral network of thin walled capillaries,
in some of which neoplastic emboli were observed.

Prox-1 and Podoplanin, did not react at all with the tested tis-
sues. LYVE-] staining was faint and incostant, while D2-40
was non specific, marking also haematic vessels, identified by
their erythrocyte content. VEGFR-3 was non reactive in
bovine tumors but stained some canine specimens. Double
labelling with VEGFR-3 and Laminin did not allow definitive
distinction between lymphatic and haematic vessels in canine
cases.

Electron microscopy revealed thin vessels around and inside
the tumor mass, but was inconclusive in differentiating
between lymphatic and haematic vessels, as none of the fea-
tures typical of lymphatic endothelium (i.e. absent basal mem-
brane. cell fenestrations) were observed.

DISCUSSION. Several markers for lymphatic endothelium
have been identified in human medicine Unfortunately none of
these have been definitively tested in animal species, and

reports are anecdotic. Based on the results of this study, none
of the antibody tested is a reliable tool to identity both pre-
formed and newly formed lymphatic vessels in formalin-fixed
paraffin-embedded canine and bovine tissues. This could be
due to species specific differences. lack of cross-reactivity
with human antibodies, or depend on the processing tech-
niques. that have not been standardized for retrospective
archive material. Thus the role of lvmphatic system in the
metastatic spread of canine and bovine islet beta cell carcino-
mas can’t be assessed, even it the evidence of neoplastic
emboli in thin-walled erythrocyte-free peritumoral vessels,
and the presence of constant nodal metastases, is strongly sug-
gestive of a lymphatic dissemination that can involve peritu-
moral preformed capillaries as well as intratumoral newly
formed vessels. Further studies are needed to confirm intratu-
moral lymphangiogenesis in animal pancreatic endocrine
tumors, as recently confirmed in humans (Sipos et al, 2004).
References: Mandriota et al., EMBO Journal, 2001.20:672-
682 : Sipos et al.. Am J Patho), 2004,165:1187-1197.
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METASTATIC POTENTIAL OF A NEWLY ESTABLISHED
TRANSPLANTABLE RAT MAMMARY TUMOR CELL LINE

Thomas Nisslein, Carsten Gehrke and Johannes Freudenstein
Schaper & Bruemmer Co., Medical Development - Veterinary Medicine, Salzgitter, Germany

e-mail: Thomas.Nisslein @ Schaper-Bruemmer.de

Key words: rat mammary cancer, cell line, animal model

In many animal models of human mammary cancer, primary
tumors show no tendency to metastasize or suffer from other
considerable drawbacks. We therefore exstirpated from a
female DA/Han rat an estrogen-receptor-positive mammary
tumor, which had been induced by a single intragastric dose of
20 mg dimethyl-benz(a)anthracene. We further processed the
tumor, thus resulting in a single cell suspension which was
then, at a cell count of I X 10E6 cells/animal, subjected to
three subsequent in vivo passages in female, syngeneic, adult
animals. Parallel in vitro cultures were performed in phenol-
red free special mammary epithelial cell growth medium
designed to suppress fibroblast growth. After varying cultiva-
tion periods, when the cells had reached a uniform appear-
ance, | x 10E6 cells/animal were transferred onto recipients as
well. Starting at 12 days after subcutaneous inoculation,
tumors became palpable. In intact female animals, tumors
grew steadily over a period of up to 28 days. After this obser-
vation period, tumor sizes frequently necessitated that animals
had to be killed for ethical reasons.

As soon as subcutaneous transplantation had reproducibly
been performed from in vitro cultured cells, we tested in a fol-
low-up experiment for metastatic potential of the cells by
injecting either 1x10E4 or 1x10E5 cells/animal intravenously
into groups of 5 female DA/Han rats each. 28 days after intra-
venous injection of 1 x 10ES cells, metastases of 3-5 mm
diameter were found in lungs and regional lymph nodes of
experimental animals.

When administered to OVX vs. NOVX animals. it became
obvious, that tumors grew considerably retarded in OVX ani-
mals. Reduced tumor growth under OVX conditions, com-
pared to intact animals, was evident in primary tumors as well
as in the rate of formation of lung metastasis.

Cells were characterized from in vitro culture and in vivo
ectopic tumors. Whole RNA was extracted and RT-PCR was
performed according to standard procedures using commer-
cially available kits and published primer sequences. With RT-
PCR we tested primary tumor specimen for the presence of
mRNA for androgen receptor (AR). estrogen receptor (ER)
and cvclin DI (CyD1) as proliferation marker. Interestingly,
only mRNA for AR and CyD1 could be detected.

With the here presented cell line, designated 03/664, we have
a tool for investigating influences on the metastatic potential
of a hormone responsive mammary tumor. Absence of ER
mRNA in the primary tumor, isolated after in vivo passages.
would correspond to human breast cancer after several cycles

of anti-estrogenic therapy. There, tumors often become refrac-
tant to the anti-hormonal drug and show an ER-negative phe-
notype. Further characterization, both in vitro and in vivo, 1s
currently performed. in order to test how various growth
parameters of 03/664 cells react to standard and experimental
anti-neoplastic drugs.
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