CLINICAL RESEARCH STUDIES

References 10. Bhaumik SR, Malik S. Diverse regulatory mechanisms of eukaryotic
transcriptional activation by the proteasome complex. Crit Rev Biochem
Mol Biol. 2008;43(6):419-33.

11. Olinescu Radu. Radicali liberi in fiziopatologia umana. Bucuresti: Editura
Tehnica, 1994;215.

1. O6mas maronorus Yenopeka. PyKoBOo#CTBO [y Bpadeil. B 2-x Tomax.
ITox pen. Crpyxosa A.J., Ceposa B.B., Capkucosa [I.C. M.: Megymnna,
1990;2.

2. Tanpnepnn ‘SI/I, Cemunpsesa MU, HekmopoBa EA. HegoctaTouHoCTh 12. Tomcxmit AV, Kopaa MM, Kmum VIH. AnTnokmcintensuoe
nevyenn. M.: MeauinHa, 1978. .

3. Alcolado R, Arthur M, Iredate J. Pathogenesis of liver fibrosis. Clinical AHCTBIe MMETIICYTbGOKCH/ TIPH OCTPOM MOPAKEHIMN MeueH
Science. 1997:92(2;):103-112. TeTan]'IOpMETaHOM..BOHP. Meod. XUMUL. 1992;38(2):.43-44. . 4
13. Barrett AJ. Cathepsin D and other carboxyl proteinases Proteinases in
Mammalian Cell and Tissues. Amsterdam; New-York; Oxford, 1977;209-

248.

14. Gudumac V, Baciu E, Marin V, et al. Investigatii enzimologice. Elaborare
metodicd. Chisinau, 2000;56.

15. Smith R, Van Frank R. The use of amino acid derivaties of 4-methoxy-
B-naphthylamine for the assay and subcellular localization of tissue pro-
teinases. Lysosomes in Biology and Pathology. New York, 1975;123-249.

4. Gabrielli G, Corrocher R. Hepatic fibrosis and its serum markers: a review.
Digestive Diseases. 1991;9(5):303-316.

5. Schuppan D. Structure of the extracellular matrix in normal and fibrotic
liver: collagens and glycoproteins. Sem. Liver Dis. 1990;10:1-10.

6. Rojkind M. Fibrogenesis in cirrhosis. Pharmacology & Therapeutics.
1992;53(1):81-104.

7. Masucxmit [TH, Isap A111, Hprpergopyxmues 111, n gp. DyHKIMOHATbHBIE
HepecTPOKY CUCTeMbl MOHOHYK/ICAPHBIX (parolMTOB IPY SKCIIEpPH-
MeHTa/IbHOM L{Uppo3e nedenu. bron. akcn. 6uon. u med. 1988;2:214-216.

8. Ivanova S, Repnik U, Bojic L, et al. Lysosomes in apoptosis. Methods The study was conducted within the project 11.834.09.01A
Enzymol. 2008;442:183-99. “Investigation of the biochemical and morphological mechanisms

9. Iepacumosa AM, Bopsosa HIO, Kepumkynosa HB, u ip. Karencun D - of liver cirrhosis regression and development of the procedures
ero QusnoIOrMYecKas pojb U UCTIONb3OBaHNMe B MeAuIiHe. Knunuueckas of stimulation of the post cirrhotic liver regeneration by local
nabopamopras uazrocmuxa. 2009;3:3-5. remedies”. Registration number 245.PA

Macrophage Density Correlates with Severity
of Uterine Cervix Neoplasia

V. Mazuru*, L. Saptefrati, V. David, L. Rudico

Department Histology, Cytology and Embryology, Nicoale Testemitanu State Medical and Pharmaceutical University
192, Stefan cel Mare Avenue, Chisinau, Republic of Moldova

*Corresponding author: +37322 205229. E-mail: vitaliemazuru@yahoo.com
Manuscript received March 25, 2011; revised June 01, 2011

Abstract

Despite all recent efforts, cancer of the uterine cervix still remains one of the most frequent malignancies among women. Lymphatic vessels represent
the primary route of tumor cells dissemination in cervical cancer. It has been demonstrated that cervical neoplasia actively participates in the recruitment
of new blood and lymphatic vessels. Macrophages are extremely versatile cells which have a significant contribution to tumor progression. The aim: 1)
To establish the correlation between tumor-associated macrophages (TAM) and the grade of the uterine cervix neoplasia; 2) To evaluate the distribution
of TAM within both intratumoral and peritumoral areas. Material and Methods: Ninety-six cases were studied. The specimens were fixed in buffered
formalin and paraffin embedded. Step sections, 5um thick, were performed for each case. Initial sections were stained with haematoxylin-eosin, for
the pathological diagnosis and grading of the tumor. Lesions were classified as follows: squamous cell metaplasia (n = 12), CINI (n = 8), CINII (n =
6), CIN III (n = 24), microinvasive carcinoma (n = 16) and invasive squamous cell carcinoma (n = 26). Additional sections for each case were stained
for CD68 antibody, in order to highlight the macrophages. Quantification of macrophage population has been made based on hot-spot technique. The
arithmetic media of 3 (x 200) fields represented the final result. Results: We found a statistical correlation between peritumoral macrophages (PTM)
and intratumoral macrophages in all stages of cervical neoplasia, macrophage density and tumor stage (p = 0.01). In 16 cases we found vascular invasion.
Almost in all these cases (87.5%) intravascular tumor emboli were embedded with CD68+ cells. Conclusions: based on these findings, we consider that
macrophages are key regulators of cervical cancer progression. TAM targeted management could be an essential therapeutic strategy, not only in order
to suppress the progression of cervical neoplasia, but also to inhibit macrophage-mediated vascular invasion.
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Koppensuust mroTHOCTI MAaKpO(}aroB ¢ TSHKECThI0 HEOIUIA3 M VKU MaTKI

Pax 1IefiKy MaTKM OCTAeTCs OFHON M3 CaMBIX YaCTO BCTPEYAIOIIMXCS 3/I0Ka4eCTBEHHBIX 3a00/IeBaHMII SKeHCKOro Hacenenus. JInmbarndeckne
COCY/IbI ABJIAIOTCSA NIEPBUYHBIM ITyTeM METACTa3MPOBAHYA IIPU JAHHOM 3a0071eBaHNM. BBIIO J0Ka3aHo, YTO KJIeTKY IjePBIKa/IbHOI HEOI/Ta31M AKTUBHO
YJacTBYIOT B 06pa3oBaHUM HOBBIX MMMQATIIECKNX COCy/ioB. Makpodarn — MHOTOQYHKI[OHATbHbIE KIETKM, OKa3biBaomue GObITOe BIMAHIE




Ha nporpeccuposanue omnyxomu. Iemp: 1). BoiABnenye Koppenanmy Mexay MakpodaraMmm 1 CTajyelt IpOrpeccuyt HeoIIasum ek MaTKu; 2).
Ompepienenne oco6eHHOCTeI! pacpeyieNieHns MaKpoharoB BHYTPH OITyX0/IeBOI MacChl M BOKPYT Hee. MaTepyan 1 MeToAbI. Boito nsydeHno 96 cmydaes.
Marepuan ¢pukcuposanyu B GopManuHe ¢ HOCIERYOMUM 3aK/I0deHneM B napaduH. [l KaXXI0ro cydas IpOM3BOAWIN CPE3bl, TOMIIMHON B 5 MKM.
VsHayanbHO, Cpe3bl OKPAIIMBA/IY T€MAaTOKCUINH-303MHOM JIJI1 OTIPe/ie/IeH N TUCTONATOMOTMYECKOTO IMarHO3a. Bhliv MoryyeHbl Ciefiyromye rpyTbl
MOpaKeHUIT: IIOCKOKIeTouHas MeTamnasus (n = 12), CIN I (n = 8), CINII (n = 6), CIN III (n = 24), MukpokapunsHoMa (n = 16), *HBa3UBHBII paK (n =
26). JIna BoLABIeHNA MaKpodaros, IpON3BOANIIN UMMYHOTMCTOXMMITYECKOE UCCTIeJOBAaHMe C MCIIONb3oBaHeM Mapkepa CD68. Ilopcuer momymAnmm
MaKpo(haros pon3BOAMIN 1o MeToxyKe hot-spot. Pesymbrarsr. Mbl Oy 4NN CTATUCTUYIECKN 3HAYMMYIO KOPPETALINIO MEXK/TY BHY TPUTYMOPATbHBIMI
U IEPUTYMOPATbHBIMY MaKpO(aramu Bo BCeX CTaJMAX IPOTPECCUY HeOTIA3MH IITeHKI MAaTKY, MEXX/Ty ITIOTHOCTBIO Makpodaros 1 cTafjueii omyxomu (p
=0,01). B 16 ciy4asax BbIABMIN cOCYAUCTBIE sMb0blL. [Touty Bo Beex cmydasx (87,5%) BHYy TpucoCymucTbie 9M60IbI cofepykanu B cebe CD68+ KmeTKL.
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BI)IBO]II)I: OCHOBBIBAsICh HA TIOTY4YE€HHDBIX pEe3y/IbTaTaxX, Mbl CIUTAEM, YTO MaKpOCbaI‘I/[ BOBJIEYEHDI B IIPOTPECCHIO paKa IIeIKM MaTKU.

KrroueBble croBa: pak mieiikyt MaTKu, Makpodaru, KJIeTouHast ITIOTHOCTb, OIyXo/eBas mporpeccus, CD68.

Introduction

The crucial importance of the HPV infection in the deve-
lopment of cervical cancer was well established in the middle
of the’90s. Based on this evidence, strategies were developed,
mainly focused on the prevention of this disease, which led to
the dramatic decreasing of its incidence. Despite on the facts
named above, cervical cancer still remains one of the most
frequent neoplasia for women.

Cancer progression is a complex biological phenomenon,
characterized by a multitude of intrinsic and extrinsic events,
such as: the blocking of negative signals, the enhancing of
positive signals, the over-expression of membrane receptors
for pro-tumor growth factors, the promotion of cellular mo-
tility, and the recruitment of new blood vessels and new LV.

The ability of cancer cells to migrate from the primary
tumor and to give rise to new cellular colonies at the distant
sites influences tumor grading, therapeutic management,
patient’s survival. The lymphatic way of metastasizing involves
the regional lymph nodes (RLN), and represents an important
criterion of the poor prognosis.

Tumor progression can not be supported only by the tumor
cells’ related molecular factors. A great importance in cancer
development is played by the cells from tumor microenviron-
ment (fibroblasts, myofibroblasts, mast cells, macrophages)
[1]. Nowadays the mutual inducing mechanisms between
tumor cells and stromal cells are well known. The fact that
tumor inflammatory infiltrate (TII) correlates with cancer’s
progression is widely accepted [2]. Macrophages are extremely
versatile and are one the most numerous cell populations in
the TII. In addition to a large number of pro-tumor factors,
synthesized by the tumor-associated macrophages (TAM),
it has been established that these cells produce significant
amounts of VEGF-C, which is one important lymphangio-
genic factor, as well as VEGF-D.

The pro-tumoral role of TAM in human cancers is sup-
ported by many clinical studies that found a correlation be-
tween high macrophage density and poor patient prognosis.
Many macrophage products released in the tumor stroma
can directly stimulate the growth and promote the tumor
cell migration and metastasis. Among the molecular factors
that mediate these effects are epidermal growth factor (EGF),
transforming growth factor  (TGF f3), vascular endothelial
growth factor (VEGF), cytokines, chemokines.

The aim was: 1) To establish the role of TAM in lymphan-
giogenesis; 2) To evaluate correlation between TAM density

and the stage of cervical neoplasia progression; 3) To assess
the involvement of TAM in vascular invasion.

Material and methods

Targeted biopsies taken from conization were investigated,
at Institute of Oncology from Republic of Moldova between
June 2008 and May 2009, in patients with macroscopically
detectable cervical lesions. The specimens were fixed in
buffered formalin and paraffin embedded. Step sections,
5um thick, were performed for each case. Initial sections
were stained with haematoxylin-eosin, for the pathological
diagnosis and grading of the tumor. Lesions were classified
as follows: squamous cell metaplasia (n = 12), CIN I (n = 8),
CIN II (n = 6), CIN III (n = 24) 17 CIN III and 7 CIS mi-
croinvasive carcinoma (n = 16) and invasive carcinoma (n =
26). Additional sections for each case were stained for CD68,
with LSAB+ technique, using Avidin-Biotin working system.
Antigen retrieval was done by microwave oven heating in
retrieval solution pH6 (Dako Cytomation). Incubation of
primary antibody was for 30 minutes. Identification of pri-
mary antibody we performed with DAB chromogen (Dako
Denmark). Quantification of macrophage population has
been made in accordance with hot-spot technique. The
arithmetic media of 3 (x200) fields represented the final
result. For nuclei counterstaining, we used Lille’s modified
Hematoxylin. Images were taken using a Nikon Eclipse
(E600) camera. The entire immunohistochemical analysis
was performed on autostainer (Dako Cytomation).

Results

Squamous metaplasia

Morphologically, macrophages were small with cytoplas-
matic pattern of immunostaining. The density of PTM ranged
between 73 and 90, with an average of 85.2. The values of ITM
ranged between 16 and 23, with an average of 21.2.

CIN I and CINII.

PTM were placed mainly in lamina propria. ITM were big-
ger, placed in all layers of the epithelium, with higher density
in the basal, parabasal and intermediate layers. Statistically
significant correlation was found between stromal macro-
phage and intraepithelial macrophage densities (p = 0.044).

CIN III.

PTM ranged between 149 and 312, with an average of
124.4. Intratumoral macrophages were distributed in all
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layers, with a slight increased density in the basal '/, of the
squamous epithelium (fig. 1).

The lowest density of ITM was 51, the highest — 144,
the mean - 103.7. A statistically significant correlation was
found between peritumoral macrophages and intratumoral
macrophages (0.015).

Microinvasive and invasive cancer

PTM ranged between 165 and 416, with an average of
298.6. ITM were big with an evident tendency to form clusters
and with less intensity of the CD68 expression in comparison
with PTM. They were ranged between 109 and 310, with
an average of 200. Correlation between PTM and ITM was
significant (p = 0.001).

In invasive carcinoma, PTM were placed diffuse in peri-
tumoral stroma, mainly around vessels and were organized
in groups (fig. 2).

Fig. 1. Cervical Intraepithelial Neoplasia IIT (x100).
Macrophages are located in all layers of stratified
squamous epithelium, with a slight increasing of their
density in basal and parabasal layers.
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F1g 3. Invasive carcinoma (x400). Diffuse distribution
of tumor associated macrophages within peritumoral
stroma.

PTM ranged between 219 and 617, with an average of 413.6.
ITM were also diffused inside the whole tumor mass (fig. 3).

We observed a tendency of macrophages to fuse and form
big multinucleated cells. This phenomenon was found by
us only in invasive carcinoma within epithelial tumor mass
(fig.3).

Cells were significantly bigger than PTM, while the in-
tensity of expression often was lower. The highest ITM den-
sity was 522, the lowest -189, the mean - 322.8. Significant
correlation was found between PTM and ITM (p = 0.012).
We have found no correlation between both PTM and ITM
densities and vascular invasion.

Vascular invasion

We have found vascular invasion in 16 of 26 cases of
invasive carcinoma. Almost all emboli from invaded vessels
contained CD68+ macrophages (fig. 5).

In 22 cases (84.61%) we detected intercalated CD68+ cells
among the endothelial cells of vessels (fig. 6).
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Fig. 2. Invasive carcinoma (x200). Peritumoral
macrophages placed around vascular structure.
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Fig. 4. Invasive carcinoma (x400). Multinucleated CD68+
cluster inside the tumor mass.
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Table 1
Type of cervical ms CINI CIN I anm Microinvasive Invasive
lesion (n=12) (n=8) (n=6) (n=24) Carcinoma Carcinoma
(n=16) (n=26)
PTM 85.2 106.38 118.14 124.4 298.6 413.6
ITM 21.2 56.88 84 103.7 200 322.8

Discussions

It is well known that macrophages are one the most
versatile cells [3]. There is an increasing body of evidence
that proves that macrophages represent a key regulator in
progression of different human solid tumors. Linear in-
creasing of both, ITM and PTM densities, from pre-invasive
to invasive cervical lesions, detected in our study, strongly
indicates on catalytic function of these cells in cervical
carcinogenesis. The same results have been reported before
[4]. Tt is well known that macrophages have the ability to
proliferate. This phenomenon was described in detail in
wound healing and glomerulonephritis [5], while, in recent
literature there are few data about macrophage proliferation
in tumors. It seems to be clear about the origin of PTM.
Tumor cells produce a broad spectrum of cytokines and
growth factors which are chemoatractants for macrophage
precursor cells and lead to their accumulation into the
stroma of peritumoral area, and further differentiation
into adult macrophages. It is supposed that ITM have a
dual origin: intratumoral migration of periepithelial ma-
crophages and their local proliferation. Based on the fact
that in all groups of lesions PTM density was higher than
ITM, and on the statistical correlation found between them,
we suggest that ITM population is mainly provided by the
PTM invasion into the tumor mass.

There is a big amount of evidences (experimental and
clinical) that proved without any doubts the TAM’s role in
cancer-cell spreading. This role is mediated by a variety of
pathogenic chains, orchestrated by TAM. On one hand, ma-
crophages determine the cancer cells mobility, through EGF
secretion, and stromal invasion, by extracellular matrix remo-
deling. On the other hand, macrophages are actively involved
in tumor-derived angiogenesis and lymphangiogenesis. Asa
result, detaching of neoplastic cell, from its primary locus, and
vessel penetrating is much easier. Presence of CD68+ cells
almost in all intravascular emboli, obtained by us, underpin
these statements.

There is an increasing body of evidence that macrophages
are actively involved in LAG [6]. There is a dual mechanism
of LAG promoted by macrophages: macrophage transdiffe-
rentiation into the LEC, and synthesis of VEGF-C.

Cervical carcinogenesis consists of several well-distinguis-
hed stages: CIN, carcinoma in situ, microcarcinoma, invasive
carcinoma. It has been reported that potent lymphangiogenic
switch occurs in high-grade CIN stage [7]. LAG is dependent
on LEC proliferation. VEGF-C (vascular endothelial growth
factor C) is the main mitogenic factor which controls this
proliferation. It has been demonstrated that macrophages
represent an important source of VEGF-C. Macrophage

Fig. 5. Invasive carcinoma (x200). Intravascular tumor
embolus embedded with macrophages.
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Fig. 6. Invasive carcinoma (x400). Flattened, CD68+ cells,
intercalated between endothelial cells of invaded vessel.

precursors express VEGFR-3, transmembrane receptor which
transduce VEGF-C signals. It has been shown that VEGEF-
C, produced by tumor cells, interacts with VEGFR-3, from
membrane of macrophage precursors, and determines their
recruitment [8]. Once these cells reach to the peritumoral
area, they begin to secrete own VEGEF-C, which enhance the
macrophage recruitment and also interact with VEGFR-3 on
LEC. On the other hand, macrophages are able to transdiffe-
rentiate into LEC and to integrate into sprouting LV [9]. In
our study, we detected clusters of macrophages, located around
small LV, in CIN III, microcarcinoma and invasive carcinoma.
Moreover, in all stages named above, we observed CD68+ cells
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intercalated between LEC. This macrophage intercalation was
observed, predominantly, in small and flattened LV (hallmarks
for young vascular structures) from peritumoral stroma, and
also in large but invaded vessels. Our results are consistent
with data presented by other authors, and support the hypo-
thesis according which integration of macrophage precursors,
transdifferentiated into LEC, occurs in newly-formed LV.
We consider this mechanism crucial in the formation of new
LV because proliferating LV not only enlarge their size and
become able to support the migration of tumor emboli, but
also increase the area for targeted action of VEGF-C, secreted
both by the tumor and stromal cells, via increasing number
of VEGFR-3 expressing cells in newly-formed LV.

Concluding remarks

Cancer progression represents an extremely sophisticate
mutual interaction between a variety of molecular agents
related both to tumor mass and tumor microenvironment.
From this point of view, macrophages are one of the most
important sources of a wide spectrum of biologically active
substances that mediate the tumor progression.

Linear increasing of TAM density during the cervical
neoplasia progression, their predominant location around
vascular structures, integration of CD68+ cells into the endo-
thelium of the vessels, demonstrate their crucial importance
in uterine cervix neoplasia progression.

Based on these findings, we consider that macrophages are
key regulators of cervical cancer progression. TAM targeted
management could be an essential therapeutic strategy, not
only in order to suppress the progression of cervical neoplasia,
but also to inhibit macrophage-mediated vascular invasion.
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