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Ce nu este, deocamdata, cunoscut la subiectul abordat

La momentul actual, modificarile stromei inconjuratoa-
re sunt recunoscute drept un element crucial al dezvoltarii,
progresiei, invaziei, angiogenezei, si metastazarii cancerului
mamar, precum si drept potentiale tinte terapeutice. in tumo-
rile glandei mamare, vasele limfatice reprezinta componentul
major al microambiantei tumorale. Controlul hormonal al
dezvoltarii vaselor limfatice este un subiect controversat timp
de decenii, dar ramane, in mare parte, neexplorat.

Ipoteza de cercetare

Identificarea vaselor limfatice D2-40 pozitive, precum si
a interrelatiilor acestora cu receptorii hormonali si statusul
HER2, poate avea o semnificatie clinicd pentru pacientii cu
cancer mamar.

Noutatea adusa literaturii stiintifice din domeniu

Estrogenii si progesteronul au un rol esential in limfangio-
genezd, fapt confirmat prin corelatia inversa dintre cantitatea
de celule ER+ sau PR+ si expresia D2-40, marker al endoteliu-
lui limfatic.

Rezumat

Introducere. in patologia oncologici feminina, cancerul
mamar este cel mai frecvent tip de cancer diagnosticat si prin-
cipala cauza de deces. Unul dintre cei mai importanti factori
de prognostic este prezenta metastazelor limfonodale, evalua-
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What is not known yet, about the topic

Alterations of surrounding stroma are now recognized as
a critical element for breast cancer development, progression,
invasion, angiogenesis, metastasis as well as potential thera-
peutic targets. In breast tumor tissues, lymphatic vessels are
major components of the tumor microenvironment. The hor-
monal control of lymphatic vessels is an important issue for
decades but remains largely unexplored.

Research hypothesis

Identification of D2-40 positive lymphatic vessels and their
relationships with hormone receptors, HER2 status could
have a strong clinical impact for breast cancer patients.

Article’s added novelty on this scientific topic

Estrogens and progesterone seem to have a crucial role
in lymphangiogenesis, the amount of ER+ or PR+ carcinoma
cells being inversely related with the expression of D2-40, a
marker of lymphatic endothelium.

Abstract

Introduction. In female oncological pathology, breast can-
cer is the most commonly diagnosed cancer and the leading
cause of cancer death. Lymph node metastasis is one of the
most important survival predictor, this being crucial for tumor
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rea acestora fiind esentiala pentru stadializarea tumorii si sta-
bilirea planului de tratament. Studiile in domeniu sugereaza
cd metastazarea este direct corelata cu densitatea vaselor lim-
fatice In tumoarea propriu-zisa si in regiunea peritumorala.
Scopul cercetarii date a constat in analiza distributiei vaselor
limfatice (regiunea intratumorala vs peritumorala), precum si
arelatiilor dintre limfangiogeneza tumorala si diversi parame-
tri (precum expresia receptorilor hormonali si statusul HER2,
varsta pacientelor, gradul tumorii).

Material si metode. 84 cazuri de carcinoame mamare au
fost analizate 1n ceea ce priveste profilul molecular (expresia
ER, PR, HER2) si densitatea vaselor limfatice in stroma in-
tratumorala (D2-40it) si peritumoralda (D2-40pt) cu ajutorul
marker-ului endoteliului limfatic D2-40. De asemenea, au fost
analizate relatiile statistice dintre subtipurile moleculare de
cancer mamar si parametrii clinici principali.

Rezultate. Valori numerice maximale, atit a D2-40it cat
si a D2-40pt, au fost atinse 1n cazul carcinoamelor mamare
triplu-negative (19 si 17, respectiv). In cazul subtipului lu-
minal A s-a stabilit o corelatie pozitiva dintre D2-40it si ER
(r=0,611, p=0,012) si o corelatie negativa dintre D2-40pt si
varsta (r = -0,533, p=0,033). D2-40pt a corelat pozitiv cu D2-
40it (r=0,676,p=0,011) in subtipurile HER2+ si triplu-negativ
(r = 0,631, p=0,028). in ultimul mentionat, D2-40pt a inregis-
trat o corelatie inversa cu varsta (r = -0,584, p=0,046). Anali-
zand subtipurile moleculare per total, am determinat corelatii
pozitive dintre D2-40it si gradul tumorii (r = 0,289, p=0,008).
Numarul vaselor limfatice intratumorale a prezentat o relatie
inversa cu varsta (r = -0,242, p=0,026), expresia receptorilor
hormonali ER (r=-0,339, p=0,002) si PR (r =-0,245, p=0,024).
in tumorile G2 si G3, D2-40pt a corelat cu D2-40it (r = 0,542,
p=0,000069 si r = 0,558, p=0,000206, respectiv). in cazul tu-
morilor G3, s-au stabilit corelatii inverse dintre D2-40it si a
celulelor tumorale ER+ (r =-0,406, p=0,016), precum si varsta
pacientelor (r =-0,432, p=0,009).

Concluzii. Densitatea vaselor limfatice intratumorale co-
releaza cu expresia receptorilor hormonali. Intensitatea lim-
fangiogenezei este mai naltd la pacientii mai tineri. Densitatea
vaselor limfatice intratumorale este direct proportionala cu
numadrul vaselor peritumorale.

Cuvinte cheie: cancer mamar, D2-40, DVL, microambianta
tumorala, subtipuri moleculare, ER, PR.

Introducere

In patologia oncologici feminini, cancerul mamar este cel
mai frecvent tip de cancer diagnosticat si principala cauza de
deces. Ratele de incidenta crescute sunt atribuite factorilor de
risc cunoscuti legati de menstruatie (varsta timpurie la me-
narha, varsta tardiva la menopauza), reproducere (nuliparita-
tea, varsta inaintata la prima nastere si putini copii), adminis-
trarea de hormoni exogeni (utilizarea contraceptivelor orale si
terapia de substitutie hormonala), aport de alcool si antropo-
metrie (greutate excesiva si distributie de grasime corporala);
pe cand aldptarea si activitatea fizica sunt recunoscute drept
factori de protectie [1].

Prezenta metastazelor limfonodale este unul dintre cei mai
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staging and therapy planning. Studies suggest that metastasi-
zing is directly correlated with the density of lymphatic ves-
sels in the tumor itself and in the peritumoral area. The goal of
present study was to study lymphatic vessels’ distribution (in-
tratumoral vs peritumoral areas) as well as the relationships
between tumor lymphangiogenesis and various parameters
(such as hormone receptors and HER2 status, patients’ age,
tumor grade).

Material and methods. 84 cases of breast carcinomas
were analyzed in terms of their molecular profile (ER, PR,
HER2 expression) and lymphatic vessels’ density determined
in the intratumoral stroma (D2-40it) and peritumoral area
(D2-40pt), using the lymphatic endothelium marker D2-40.
The relationships with different molecular subtypes of breast
cancer and main clinical parameters were also analyzed.

Results. Maximal values of both D2-40it and D2-40pt
were achieved in case of triple-negative breast carcinomas
(19 and 17, respectively). For luminal A, a positive correlati-
on was detected between D2-40it and ER (r = 0,611, p=0,012)
and a negative correlation between D2-40pt and age (r =
-0,533, p=0,033). D2-40pt positively correlated with D2-40it
(r = 0,676, p=0,011) in HER2+ subtype and in triple-negati-
ve breast carcinomas (r = 0,631, p=0,028). D2-40pt negative-
ly correlated with age in triple-negative subtype (r = -0,584,
p=0,046). Analyzing overall molecular subtypes, we have
found a positive correlation between D2-40it and tumor’s
grade (r = 0,289, p=0,008). Intratumoral lymphatic vessels’
amount negatively correlated with age (r = -0,242, p=0,026),
hormone receptors ER (r=-0,339, p=0,002) and PR (r =-0,245,
p=0,024). In G2 and G3 tumors, D2-40pt correlated with D2-
40it (r=0,542,p=0,000069 and r = 0,558, p=0,000206 respec-
tively). In case of G3 tumors intratumoral lymphatic vessels
negatively correlated with ER+ carcinoma cells (r = -0,406,
p=0,016) and patients’ age (r = -0,432, p=0,009).

Conclusions. Intratumoral lymphatic vessel density cor-
relates with the expression of hormone receptors. The lym-
phangiogenesis rate is higher in younger patients. The deve-
lopment of intratumoral and peritumoral lymphatic vessels is
directly related.

Key words: breast carcinoma, D2-40, LVD, tumor microen-
vironment, molecular subtypes, ER, PR.

Introduction

In female oncological pathology, breast cancer is the most
commonly diagnosed cancer and the leading cause of cancer
death. Elevated incidence rates are attributed to known risk
factors related to menstruation (early age at menarche, later
age at menopause), reproduction (nulliparity, late age at first
birth, and few children), exogenous hormone intake (oral con-
traceptive use and hormone replacement therapy), nutrition
(alcohol intake), and anthropometry (excessive weight and
body fat distribution); whereas breastfeeding and physical ac-
tivity are recognized as protective factors [1].

Lymph node metastasis is one of the most important sur-
vival predictor for patients with cancers, this being crucial for



importanti predictori ai supravietuirii pentru pacientii cu can-
cer, aceasta fiind cruciald pentru stadializarea tumorii si planifi-
carea tratamentului [2]. Metastazele implica nu in ultimul rand
si vasele limfatice [3]. De-a lungul timpului, vasele limfatice au
fost considerate drept o conducta pasiva pentru metastaze, ofe-
rind canale pentru tranzitul celulelor tumorale catre nodurile
limfatici santinela. La randul sau, limfangiogeneza, adica forma-
rea de noi vase limfatice, a fost in mod traditional umbrita prin
evidentierea prioritara a sistemului vascular sanguin (angioge-
neza). Studiile recente au evidentiat totusi un rol activ, mult mai
complex a vaselor limfatice in raspandirea metastatica a tumo-
rii, reglementata de o serie complexa de factori limfangiogeni,
chemokine si subtipuri de celule imune [4, 5].

Limfangiogeneza indusd de tumora este mediata de fac-
torii de crestere limfangiogeni care sunt produsi si secretati
de celulele canceroase propriu-zise si / sau de componentele
microambiantei tumorale, cum ar fi mastocitele, macrofagele
sau trombocitele activate [5]. In prezent, limfangiogeneza este
frecvent caracterizata prin densitatea vaselor limfatice (DVL),
care este determinata prin numararea directa a vaselor limfa-
tice [6]. Diverse studii au determinat ca limfangiogeneza este
direct corelata cu gradul de metastazare a tumorilor solide in
nodurile limfatice din carcinomul oral cu celule scuamoase,
adenocarcinom de prostata, cancer colorectal [6-9]. In ultimii
ani, cercetdtorii si-au concentrat atentia asupra factorilor de
crestere a endoteliului vascular C si D (VEGF-C si VEGF-D) in
evolutia cancerului. Supraexprimarea fie a VEGF-C, fie a VEGF-
D 1n tumori a activat semnificativ dezvoltarea vaselor limfatice
asociate tumorii (in principal la marginile tumorii) si a crescut
incidenta metastazelor limfonodale. Pe 1langa sporirea densi-
tatii vaselor limfatice, actiunea factorilor de crestere limfan-
giogeni se manifesta si prin cresterea in dimensiune a vaselor
limfatice [5].

Limfangiogeneza poate avea loc atat la periferia tumorii, cat
si In interiorul masei celulare maligne, desi exista o parere po-
pulara precum ca vasele limfatice nu pot fi recrutate in cuibul
tumoral. Aceasta idee a fost sustinuta si de absenta de markeri
adecvati (pana la epoca D2-40), capabili de a distinge endote-
liul vaselor sangvine si limfatice. Desi rolul vaselor limfatice pe-
ritumorale a fost descris In metastazarea tumorii, nu este clar
daca acelasi lucru este valabil si pentru vasele intratumorale,
deoarece acestea sunt adesea colabate sau ocluzionate de celu-
lele tumorale si, posibil, nefunctionale [4, 5, 10-12].

D2-40, un anticorp monoclonal IgG2a generat impotriva
antigenului oncofetal membranar M2A, a fost initial identificat
in liniile celulare dezvoltate din carcinomul ovarian, precum
si neoplazii a celulelor germinative. Acesta ulterior a fost ra-
portat drept un marker specific pentru endoteliul limfatic In
tesuturile neafectate si neoplazice [10].

Qian et al. a demonstrat ca limfangiogeneza din nodul lim-
fatic santinela precede metastazarea, vasele neoformate fiind
dilatate, iar endoteliul venulelor, traditional inalt, devine apla-
tizat. Aceste evenimente induc cresterea fluxului limfatic, pro-
moveaza diseminarea metastatica si sculpteaza un raspuns
imun permisiv [2, 5].

Studiile in domeniu indica faptul cd vasele limfatice peritu-
morale au fost asociate cu metastaze limfonodale a cancerului
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tumor staging and therapy planning [2]. Metastasis involves
also lymphatic vessels [3]. Historically, lymphatic vessels were
considered as a somewhat passive conduit for metastasis by
simply providing channels for tumor cells to transit to senti-
nel lymph nodes. In turn, lymphangiogenesis, the formation of
new lymphatic vessels, has traditionally been overshadowed
by a greater emphasis being placed on the blood vascular sys-
tem (angiogenesis). Recent studies have however highlighted
a much more complex, active role for the lymphatic vasculatu-
re in metastatic tumor spread, regulated by a complex array of
lymphangiogenic factors, chemokines, and immune cell sub-
sets [4, 5].

Tumor-induced lymphangiogenesis is mediated by lym-
phangiogenic growth factors that are produced and secreted
by the cancerous cells themselves and / or by the components
of tumor microenvironment, such as mast cells, macrophages,
or activated platelets [5]. Nowadays it's common to charac-
terize lymphangiogenesis by lymphatic vessel density (LVD),
which is determined by directly counting lymphatic vessels
[6]. Various studies have shown that lymphangiogenesis is di-
rectly correlated with the extent of metastasis of solid tumors
in lymph nodes in oral squamous cell carcinoma, prostate ade-
nocarcinoma, colorectal cancer [6-9]. In recent years, resear-
chers have focused on the role of vascular endothelial growth
factors C and D (VEGF-C and VEGF-D) in cancer progression.
The overexpression of either VEGF-C or VEGF-D in tumors sig-
nificantly increased tumor-associated lymphatic vessel growth
(primarily at the tumor margin) and increased incidence of
lymph node metastasis. In addition to increasing lymphatic ves-
sel density, lymphangiogenic growth factors also act to enlarge
and dilate lymphatic vessel size [5].

Lymphangiogenesis can occur both at the tumor periphery
and within the malignant cell mass, although there were a po-
pular belief that lymphatic vessels were not recruited within
tumor nest. This idea was supported by the lack of suitable
markers (before the D2-40 era) that could distinguish blood
and lymphatic vascular endothelium. Although the role of
peritumoral lymphatic vessels has been described in tumor
metastasis, it is not clear if the same is true for intratumoral
vessels, because they are often collapsed or occluded by tumor
cells and thereby possibly nonfunctional [4, 5, 10-12].

D2-40, an IgG2a monoclonal antibody generated against an
oncofetal membrane antigen M2A, has been identified in ova-
rian carcinoma cell lines and germ cell neoplasia and has been
reported to be a specific marker for lymphatic endothelium in
normal and neoplastic tissue [10].

Qian et al. prooved that lymphangiogenesis in the sentinel
lymph node precedes metastasis, the newly formed vessels
being dilated, and the venous endothelium, traditionally high,
becomes flattened. These events induce increased lymphatic
flow, promote metastatic dissemination and sculpt a permissi-
ve immune response [2, 5].

Studies in the field indicate that peritumoral lymphatic
vessels have been associated with lymph node metastases of
breast cancer. To date, the impact of the presence and density
of intratumoral vs peritumoral lymphatic vessels on the survi-
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mamar. Pana in prezent nu se cunoaste impactul prezentei si
densitatii limfaticelor intratumorale vs peritumorale asupra
supravietuirii pacientilor cu cancer de san [10, 13]. De ase-
menea, exista putine date cu privire la relatiile dintre DVL si
receptorii hormonali sau statusul HER2.

Scopul cercetdrii date a constat in analiza distributiei va-
selor limfatice (regiunea intratumorala vs peritumorala), pre-
cum si a relatiilor dintre limfangiogeneza tumorala si diversi
parametri, precum expresia receptorilor hormonali si statusul
HERZ2, varsta pacientelor, gradul tumorii.

Material si metode

84 de cazuri de carcinoame ductale invazive au fost pre-
levate la Spitalul Clinic Municipal Arad, Romania, in perioada
anilor 2013-2016. Varsta pacientelor a fost cuprinsa intre 37
si 85 de ani, media fiind de 67,9 + 8,6 (Tabelul 1). Toate pacien-
tele nu a fost supuse radio- sau chimioterapiei pana la opera-
tie. Studiul a fost aprobat de Comitetul de Etica a Universitatii
de Stat de Medicina si Farmacie “Nicolae Testemitanu”, Chisi-
ndu, Republica Moldova (nr. 33/37 din 12.02.2018).

Metoda histologicd

Specimenele au fost fixate in formalina tamponata 10% si,
traditional, incluse in parafina. Blocurile de parafina au fost
folosite pentru crearea de blocuri tisulare microarray cu aju-
torul TMA Grand Master (3DHISTECH Ltd., Budapest, Hunga-
ry). Microarray-urile sunt produse prin extragerea de mostre
tisulare de forma cilindrica din diferite blocuri cu reinsertia
ulteriora a acestora intr-un singur bloc recipient. Din fiecare
microarray au fost tdiate o serie de sectiuni de 4 pm. O parte
din sectiuni au fost utilizate pentru coloratia cu hematoxilin
si eozina (HE), iar restul - pentru imunohistochimie. Sectiu-
nile pentru HE au fost colorate de Leica Autostainer XL (Lei-
ca Biosystems, Newcastle UponTyne, UK) si montate automat
(Leica CV5030, Leica Biosystems, Newcastle UponTyne, UK). In
vederea determinadrii tipului histologic a tumorii si evaluarea
gradului (scorul Notthingam) cazurile au fost examinate de 3
morfopatologi independenti. Sectiunile potrivite au fost alese
pentru colorarea imunohistochimica.

Imunohistochimie

Eseurile imunohistochimice a fost efectuata automat de
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val of breast cancer patients is unknown [10, 13]. There is also
little data on the relationship between DVL and hormone re-
ceptors or HER2 status.

The goal of present research was to study lymphatic ves-
sels’ distribution (intratumoral vs peritumoral areas) as well
as the relationships between tumor lymphangiogenesis and
various parameters (hormone receptors and HER2 status, pa-
tients’ age, tumor grade).

Material and methods

84 cases of ductal invasive breast carcinomas were col-
lected at the Arad Clinical Hospital, Romania, between 2013-
2016. Patients ranged between 37 and 85 years old, mean of
age being 67,9 + 8,6 (Table 1). All patients did not undergo ra-
dio- or chemotherapy before surgery. The study was approved
by the Ethics Committee of Nicolae Testemitanu State Univer-
sity of Medicine and Pharmacy, Chisinau, Moldova (no. 33/37
from 12.02.2018).

Histological method

The specimens were fixed in 10% buffered formalin and
paraffin embedded as traditionally. Paraffin blocks were used
for creation of tissue microarrays by means of TMA Grand
Master (3DHISTECH Ltd., Budapest, Hungary). Tissue mi-
croarrays are paraffin blocks produced by extracting cylin-
drical tissue cores from different paraffin donor blocks and
reembedding these into a single recipient (microarray) block.
A series of 4 um sections were cut from these microarrays.
Some were used for hematoxylin and eosin (H&E) staining,
while others for immunohistochemistry. Sections for H&E
were stained automatically by Leica Autostainer XL (Leica Bi-
osystems, Newcastle UponTyne, UK) and mounted automati-
cally (Leica CV5030, Leica Biosystems, Newcastle UponTyne,
UK). Cases were evaluated by 3 independent pathologists for
histological tumor type and grade estimation (Notthingam
score). Appropriate sections were selected for immunohisto-
chemical stains.

Immunohistochemistry

Immunohistochemical staining was performed automati-
cally by Leica Bond-Max (Leica Biosystems, Newcastle Upon-

Tabelul 1. Varsta pacientelor, gradul tumorii si subtipurile moleculare determinate.
Table 1. Patients’ age, tumor’s grade and the established molecular subtypes.

Subtip molecular // Molecular subtype

luminal A luminal B HER2+ triplu-negativ
0,
n (%) luminal A luminal B HER2+ triple-negative
16 (19%) 43 (51,2%) 13 (15,5%) 12 (14,3%)
Media +
) _ ediazm 70,4473 69,5+ 6,8 60,6 + 4,2 66,8+ 6,2
Varsta, ani Average + m
Age, years Medi
ge. eciana 72,5 67,0 60,0 64,5
Median
Cradul ¢ B Gl 0 0 0
ra ul umorii G2 30 5
Tumor’s grade
G3 13 8 8

Notd: m - eroarea standard a mediei.
Note: m - standard average error.



Tabelul 2. Date despre anticorpi utilizati in studiu.
Table 2. Data regarding antibodies used in the study.
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Anticorpi Sursa Clona Dilutia Sistem de detectie Sistem de demascare  Timp de incubare
Antibodies Sourse Clone Dilution Detection system Systems of retrieval Time of incubation
PR 16

Leica Bond (Leica Biosystems,

ER Newcastle UponTyne, UK) 6F11 . .
Ready-to-use 20 min, ER2 30 min
Bond Polymer Refine

Ki-67 MM1 Detection System

HER?2 Novocastra (Leica Biosystems, CB11
Newcastle UponTyne, UK)

D2-40 . . .
Abcam (Cambridge, UK) gp36 1:40 10 min, ER1 60 min

(anti-podoplanind)

Notd: PR - receptor pentru progesteron; ER - receptor pentru estrogen; HER2 - human epidermal growth receptor 2; ER1 - Bond Epitope Retrieval Solution 1,
pH6; ER2 - Bond Epitope Retrieval Solution 2, pH9, Leica Biosystems, Newcastle UponTyne, UK.
Note: PR - progesterone receptor; ER - estrogen receptor; HER2 — human epidermal growth receptor 2; ER1 - Bond Epitope Retrieval Solution 1, pH6; ER2 - Bond

Epitope Retrieval Solution 2, pH9, Leica Biosystems, Newcastle UponTyne, UK.

Leica Bond-Max (Leica Biosystems, Newcastle UponTyne,
UK). Demascarea antigenului a fost obtinuta prin utilizarea de
Bond Epitope Retrieval Solution 1 sau 2 (pH 6 si pH 9, respec-
tiv) (Leica Biosystems, Newcastle UponTyne, UK). Datele refe-
ritoare la anticorpii utilizati pentru stabilirea subtipului mo-
lecular si pentru identificarea vaselor limfatice pot fi regasite
in Tabelul 2. DAB (3,3’-diaminobenzidind) a fost aplicat drept
substrat cromogen, iar hematoxilina Mayer a fost colorantul
aditional utilizat pentru contracolorarea nucleilor.

Metode de cuantificare

Pentru clasificarea specimenelor de cancer mamar in func-
tie de profilul molecular, receptorii hormonali (ER - recepto-
rul pentru estrogen si PR - receptorul pentru progesteron) au
fost evaluati In functie de scorul Allred [14]. Acesta a fost de-
terminat luand an calcul proportia de celule colorate si de in-
tensitatea coloratiei. Pragul pozitivitatii (cut-off-ul) pentru ER
si PR a fost de 10%, iar pentru Ki-67 - de 20%. Proteina HER2
(receptorul pentru factorul uman de crestere epidermala 2)
a fost apreciata conform recomandarilor Societatii Americane
de Oncologie Clinica [15]. In baza Consensului International
de Experti 2015 de la St Gallen, profilul imunohistochimic al
subtipurilor moleculare a fost urmatorul: ER+ si/ sau PR+,
HER2-, Ki-67 <20% pentru subtipul luminal A; ER+ si / sau
PR+, HER2+ si/ sau Ki-67 >20% pentru luminal B; ER-, PR-,
HER2+ pentru subtipul HER2+ [16]. Specimenele in care a lip-
sit coloratia pentru ER, PR si HER2 au fost calificate ca subtip
triplu-negativ. In studiul dat nu am folosit CK 5/6 si EGFR pen-
tru a stabili subtipul bazal.

Pentru a determina zonele carcinomului cu cel mai mare
numadr de vase limfatice distinct evidentiate, sectiunile imu-
nocolorate au fost initial studiate la obiectivul x100. Cuantifi-
carea a fost facuta la microscopul Axio Imager A2 (Carl Zeiss,
Germany). Distributia limfaticelor fata de celulele tumorale si
alte componente ale stromei a fost analizata in zonele cu cel

Tyne, UK). Antigen retrieval was achieved by using of Bond
Epitope Retrieval Solution 1 or 2 (pH 6 and pH 9, respective-
ly) (Leica Biosystems, Newcastle UponTyne, UK). Information
about antibodies used to establish the molecular subtype and
to identify lymphatic vessels can be found in Table 2. DAB
(3,3’-diaminobenzidine) was applied as a chromogen substra-
te and Mayer’s hematoxylin was the additional dye used for
the counterstaining of nuclei.

Methods of quantification

To classify specimens of breast cancer according to the
molecular profile, hormone receptors (ER - estrogen receptor
and PR - progesterone receptor) were evaluated according to
Allred score [14]. It was determined depending on the propor-
tion of cells which are stained and the intensity of staining.
The cut-off value for ER and PR was 10%. HER2 (human epi-
dermal growth factor receptor 2) protein was appreciated ac-
cording to the recommendations of the American Society of
Clinical Oncology [15]. According to St Gallen International
Expert Consensus 2015, the immunohistochemical profile of
molecular subtypes was as follows: ER+ and/ or PR+, HER2-,
Ki-67 <20% for luminal A; ER+ and/ or PR+, HER2+ and/ or
Ki-67 >20% for luminal B/HER2+; ER-, PR-, HER2+ for HER2+
subtype [16]. The specimens which stained negatively for ER,
PR, and HER2 protein were qualified as triple-negative sub-
type. We did not use CK 5/6 and EGFR to establish basal-like
subtype.

For evaluation of LVD, the immunostained sections were
scanned at low magnification (x100) to determine the areas of
carcinoma with the greatest number of distinctly highlighted
vessels. Counting was done by means of Axio Imager A2 mi-
croscope (Carl Zeiss, Germany). Zones with greatest number
of D2-40 positive lymphatic vessels were analyzed in terms
of distribution of lymphatic vessels related to tumor cells and
other components of the stroma. Then we counted the num-
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mai mare numar de vase D2-40 pozitive. Numarul vaselor
limfatice din stroma intratumorala (D2-40it) si peritumorala
(D2-40pt) a fost evaluat separat, In 3 campuri microscopice
pentru fiecare, la marirea x200. Am considerat vasele limfati-
ce ca fiind intratumorale daca acestea erau localizate complet
in cuibul tumoral. Valoarea finala a DVL pentru fiecare caz a
fost exprimata prin media aritmetica a celor trei campuri.

Analiza datelor

Datele au fost stocate intr-o baza de date MS Excel 2010 si
analizate cu ajutorul programului SPSS (SPSS Statistics 23.0;
IBM, Chicago, IL, USA). in acest studiu am utilizat coeficientul
de corelatie a lui Pearson si am considerat p<0,05 drept sem-
nificativ statistic.

Rezultate

Majoritatea tumorilor (48 de cazuri din 84/ 57,1%) au fost
moderat diferentiate (G2), urmate in 35 de cazuri (41,7%) de
cele slab diferentiate (G3) si doar 1 caz (1,2%) a avut un grad
inalt de diferentiere (G1).

Studiul imunohistochimic a pus in evidenta 44 de cazuri de
subtip luminal B (51,2%), 16 cazuri luminale A (19%), 13 ca-
zuri HER2+ (15,5%) si 12 cazuri (14,3%) carcinoame mamare
triplu-negative.

D2-40 a colorat exclusiv endoteliul vaselor limfatice in
conformitate cu ghidul producatorului (Figura 1A). Vasele
limfatice D2-40 pozitive au fost distribuite neuniform, aveau
o forma neregulata si lumen cu perete subtire. Vasele limfati-
ce intratumorale au fost depistate rar (media si deviatia std.
fiind de 1,07 = 2,76 vs 1,87 * 3,03 pentru D2-40pt), ocazional
continand grupuri de celule tumorale invadante (Figura 1B) si
avand un lumen deschis (Figura 1C, D), Vasele limfatice peritu-
morale au fost mult mai dilatate (Figura 1E si F). De remarcat
ca valorile numerice maximale atat ale D2-40it, cat si ale D2-
40pt au fost obtinute in cazul carcinoamelor mamare triplu-
negative (respectiv 19 si 17).

in cazul subtipului luminal A, a fost detectatd o corelatie
pozitiva intre D2-40it si ER (r = 0,611, p=0,012) precum si o
corelatie negativa intre D2-40pt si varsta (r =-0,533, p=0,033).

D2-40pt a corelat pozitiv cu D2-40it (r = 0,676, p=0,011) In
subtipul HER2+. Aceeasi corelatie pozitiva a fost regasita si in
carcinoamele mamare triplu-negative (r = 0,631, p=0,028). In
plus, In cadrul subtipului HER2+, D2-40pt a corelat negativ cu
varsta pacientelor (r =-0,584, p=0,046).

Analizand subtipurile moleculare per total, am determinat
corelatii pozitive dintre D2-40it si gradul tumorii (r = 0,289,
p=0,008). Totodatd, numarul vaselor limfatice intratumorale
a fost intr-o relatie inversa cu varsta (r = -0,242, p=0,026), re-
ceptorii hormonali ER (r = -0339, p=0,002) si PR (r = -0,245,
p=0,024).

In tumorile G2 si G3, D2-40pt a corelat cu D2-40it
(r = 0,542, p=0,000069 si r = 0,558, p=0,000206, respectiv).
in cazul tumorilor G3, s-au stabilit corelatii inverse dintre nu-
marul vaselor limfatice intratumorale si celulele tumorale ER+
(r=-0,406, p=0,016) precum si virsta pacientelor (r = -0,432,
p=0,009).
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ber of lymphatic vessels from intratumoral (D2-40it) and peri-
tumoral (D2-40pt) stroma separately, 3 microscopic fields for
each, at x200 magnification. We considered lymphatic vessels
as being intratumoral if they were completely located within
the tumor nest. The final value of LVD for each case was expre-
ssed by the arithmetic average of the three fields.

Data analysis

A MS Excel 2010 database was used to store the data that
were statistically analyzed with SPSS statistical software pac-
kage (SPSS Statistics 23.0; IBM, Chicago, IL, USA). We used
Pearson’s correlation coefficient and considered a p<0,05 as
statistically significant.

Results

Most of tumors (48 cases out of 84/ 57,1%) were modera-
tely differentiated (G2); 35 cases (41,7%) were poorly differen-
tiated (G3) and only 1 case (1,2%) had a high grade of differen-
tiation (G1).

Immunohistochemical staining revealed 44 cases of lumi-
nal B subtype (51,2%), 16 cases of luminal A (19%), 13 cases
of HER2+ (15,5%) and 12 cases (14,3%) of triple-negative
breast carcinomas.

D2-40 stained the endothelium of lymph vessels according
to the manufacturer’s guide (Figure 1A). The D2-40-positive
lymphatic vessels were unevenly distributed, had irregular
morphology and thin-walled lumens. Intratumoral lymphatic
vessels were very rare (mean and std. deviation being 1,07 *
2,76 vs 1,87 * 3,03 for D2-40pt), with opened lumens (Figure
1B) and occasionally contained invading tumor-cell clusters
(Figure 1C). The peritumoral lymphatic vessels were enlar-
ged and dilated (Figure 1D). Notably, maximal values of both
D2-40it and D2-40pt were achieved in case of triple-negative
breast carcinomas (19 and 17, respectively).

For luminal A, a positive correlation was detected between
D2-40itand ER (r=0,611, p=0,012) and a negative correlation
between D2-40pt and age (r =-0,533, p=0,033).

D2-40pt positively correlated with D2-40it (r = 0,676,
p=0,011) in HER2+ subtype. Same positive correlation
was found in triple-negative breast carcinomas (r = 0,631,
p=0,028). D2-40pt negatively correlated with age in this mole-
cular subtype (r =-0,584, p=0,046).

Analyzing overall molecular subtypes, we have found
a positive correlation between D2-40it and tumor’s grade
(r = 0,289, p=0,008). The amount of intratumoral lymphatic
vessels negatively correlated with age (r = -0,242, p=0,026),
and hormone receptors ER (r = -0,339, p=0,002) and PR
(r=-0,245, p=0,024).

In G2 and G3 tumors, D2-40pt correlated with D2-40it
(r = 0,542, p=0,000069 and r = 0,558, p=0,000206, respec-
tively). In case of G3 tumors intratumoral lymphatic vessels
negatively correlated with the number of ER+ carcinoma cells
(r=-0,406, p=0,016) and patients’ age (r =-0,432, p=0,009).

Discussion

Multiple studies in the field indicate that tumor-associa-
ted lymphangiogenesis does occur in various human cancers.
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Fig. 1 Diverse localizari ale vaselor limfatice In carcinoame mamare.
(A) Vase limfatice D2-40+ intr-o zona neafectata. De remarcat vasele sangvine colorate negativ (asterisc); (B) Carcinom mamar invaziv.
Invazie limfovasculara (asterisc); (C, D) Carcinom mamar invaziv, vase intratumorale D2-40+; (E, F) Carcinom mamar invaziv.
Vase limfatice in aria peritumorald (coloratie imunohistochimica anti-D2-40, contracolorare cu hematoxilind Mayer).

Fig. 1 Different localization of lymphatic vessels in breast carcinomas.
(A) Lymphatic vessels D2-40+ in an unaffected region. Note the negatively colored blood vessels (asterisk); (B) Invasive breast carcinoma.
Lymphovascular invasion (asterisk); (C, D) Invasive breast carcinoma, intratumoral D2-40+ vessels; (E, F) Invasive breast carcinoma.
Lymphatics in the peritumoral area (anti-D2-40 immunohistochemical staining, Mayer’s hematoxylin counterstaining).

Discutii It promotes metastasis and has prognostic value for patients.
Multiple studii de specialitate indicd faptul ci limfango- Specifically, the presence of peritumoral lymphatic vessels sig-
geneza asociatd tumorii are loc in diferite tipuri de cancere. nificantly correlated with lymph node metastasis, being more
Aceasta promoveaza metastazarea si are o valoare prognosti- prevalent in node-positive vs node-negative patients. Peritu-

ci pentru pacienti. Mai exact, prezenta vaselor limfatice peri- moral lymphatic vessels were also identified as a key prognos-
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tumorale sustine metastazarea limfonodala, ultima fiind mai
intensa la pacientii cu limfonoduli pozitivi vs negativi. Vase-
le limfatice peritumorale au fost, de asemenea, recunoscute
drept un indicator cheie a prognosticului influentand rata de
supravietuire a pacientilor cu cancer mamar [5]. Din pacate,
actualul studiu nu dispune de date cu privire la metastazarea
in nodurile limfatice santinela si / sau organele la distanta.

Unele studii au demonstrat absenta limfangiogenezei in
cancerul de san, in timp ce altele au raportat prezenta vaselor
limfatice in cancerul mamar. Padera et al., precum si Leu et al.
considera ca practic nu exista vase limfatice in cadrul masei
tumorale [11, 12]. ins3, in lucrarea dati am demonstrat ci
limfangiogeneza are loc si in interiorul cuibului tumoral, fapt
confirmat prin identificarea directa a vaselor limfatice intra-
tumorale D2-40+.

In literatura de specialitate sunt disponibile putine date re-
feritor la specificul limfangiogenezei in diferite subtipuri mo-
leculare ale carcinoamelor mamare, desi este recunoscut ca
metastazarea decurge in mod diferit [17]. Similar rezultatelor
noastre, Arnaout-alkarain et al. au demonstrat ca prezenta va-
selor limfatice D2-40+ coreleaza cu varsta mai tanara a paci-
entelor, gradul Tnalt al tumorii, gradul nuclear inalt si numarul
de celule ER pozitive [18]. Aceste observatii sustin ideea ca, cu
cat varsta este mai tanara cu atat este mai mare rata limfango-
genezei, respectiv, cu atat mai rau este prognosticul.

Corelatiile negative dintre D2-40it si expresia receptorilor
hormonali (ER si PR) sugereaza ca estrogenii si progesteronul
ar putea avea roluri protectoare. Aceasta ipoteza este sustinu-
ta si de valorile maximale atat a D2-40it, cat si a D2-40pt in
cazurile de carcinoame mamare triplu-negative, ce nu expre-
seaza ER si PR. Raica et al. a demonstrat, de asemenea, ca in
subtipul triplu-negativ de cancer mamar se atesta o densitate
mai mare a vaselor limfatice si supraexprimarea VEGF-C si D
[19]. In unul din studiile noastre, am demonstrat ca in tumori-
le triplu-negative, mastocitele intratumorale coreleaza puter-
nic cu cele peritumorale [20]. Aceste celule sunt capabile de
a stimula limfangiogeneza; respectiv, aceeasi dinamica a fost
observata in studiul actual si in cazul vaselor limfatice.

Contrar celor mentionate mai sus, Morfoisse et al. recent
au demonstrat ca estradiolul stimuleaza activarea transcripti-
onala a genelor legate de limfangiogeneza: VEGFR-3, VEGF-D,
Lyve-1 si genele HAS, astfel stimuland dezvoltarea capilarelor
limfatice. Pierderea ERa s-a soldat cu reducerea expresiei ge-
nelor limfangiogene VEGFR-3 si Lyve-1, atat in vivo cat si in vi-
tro [21]. Mai mult, Brown et al. au demonstrat ca dezvoltarea
postnatald a vaselor limfatice ovariene este asociata cu cres-
terea foliculilor ovarieni. Potrivit acestui grup de cercetatori,
vasele limfatice ovariene se dezvoltd conform unui model tem-
poral corespunzator aparitiei foliculilor secundari, producatori
de estrogeni. Astfel, factorii de crestere limfangiogeni sunt re-
glati impresionant de agenti foliculogeni, FSH si estradiol [22].

Interrelatiile dintre vasele limfatice intratumorale si peri-
tumorale in carcinomul mamar sunt putin reflectate in litera-
tura de specialitate. Rezultatele studiului de fata sugereaza o
corelatie pozitiva, puternica dintre limfangiogeneza tumorala
si micromediul Inconjurator, intensitatea fiind in functie de
subtipul molecular a carcinomului mamar.
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tic indicator for the survival rate of patients with breast cancer
[5]- Unfortunately, information regarding metastasis to senti-
nel lymph nodes and / or distant organs was not available in
our study.

Several studies have demonstrated the absence of lym-
phangiogenesis in breast cancer whereas others have repor-
ted the presence of lymphatic vessels in breast cancer. Padera
et al, as well as Leu et al. consider that there are virtually no
lymphatic vessels within the tumor mass [11, 12]. However,
we have proved that lymphangiogenesis does take place insi-
de of tumor nest by directly identifying D2-40 positive intratu-
moral lymphatic vessels.

Few data are available concerning the specific profile of
lymphangiogenesis in different molecular subtypes of breast
carcinomas, despite being shown that their metastatic portra-
it is different [17]. Similar to our findings, Arnaout-alkarain et
al. indicated that the presence of D2-40 positive lymph vessels
correlated with younger age, high tumor grade, high nuclear
grade, and amount of estrogen receptors [18]. These support
the idea that the younger the age - the higher the lymphangio-
genesis’ rate - the worse the prognosis.

Negative correlations between D2-40it and the expressi-
on of hormone receptors (ER and PR) suggest that estrogens
and progesterone could have a protective role. This idea is
supported by maximal values of both D2-40it and D2-40pt in
case of triple-negative breast carcinomas. Raica et al. has also
demonstrated that triple-negative subtype of breast cancer
correlates with higher LVD and overexpression of VEGF-C and
D [19]. In one of our studies, we demonstrated that in triple-
negative tumors, intratumoral mast cells strongly correlate
with peritumoral ones [20]. These cells are able to stimulate
lymphangiogenesis; the same dynamics being observed in the
current study and in the case of lymphatic vessels.

Conversely, Morfoisse et al. have recently showed that es-
tradiol targets VEGFR-3, VEGF-D, Lyve-1, and HAS gene expre-
ssion, thus stimulating development of lymphatic capillaries.
Loss of ERa reduces lymphangiogenic gene expression VEG-
FR-3 and Lyve-1 in vivo and in vitro [21]. Moreover, Brown et
al. have shown that ovarian lymphatic vasculature develops
postnatally and is associated with ovarian follicle growth.
According to this group of scientists, the ovarian lymphatic
vasculature develops in conformity to a temporal pattern
corresponding to the establishment of estrogenic secondary
follicles; thus lymphangiogenic growth factors are strikingly
regulated by folliculogenic stimuli, FSH, and estradiol [22].

The interrelationships between intratumoral and peritu-
moral lymphatic vessels in breast carcinoma are poorly reflec-
ted in the literature. The results of the present study suggest a
positive, strong correlation between tumor lymphangiogenesis
and the surrounding microenvironment, the intensity being
depending on the molecular subtype of breast carcinoma.

Conclusions

Intratumoral lymphatic vessel density correlates with the
expression of hormone receptors. The lymphangiogenesis
rate is higher in younger patients. The development of intra-
tumoral and peritumoral lymphatic vessels is directly related.



Concluzii

Densitatea vaselor limfatice intratumorale coreleaza cu
expresia receptorilor hormonali. Intensitatea limfangiogene-
zei este mai Tnalta la pacientii mai tineri. Densitatea vaselor
limfatice intratumorale este direct proportionalda cu numarul
vaselor peritumorale.
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