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Pathomorphosis of Uterine Myomas in Women
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Abstract: Taking stroma (ECM-extracellular matrix) and not tumour parenchyma as a criterion of categorization, the tu-
mours can be divided into two groups, i.e. those which produce stroma (non-epithelial malignant tumours) or sarcomas
and the tumours which take advantage of the local tissue stroma (malignant epithelial tumours) or carcinomas. Involve-
ment of stroma is noted also within the reciprocal relationship between stroma and tumour cells, which has been described
in detail on the example of uterine myoma. ECM also "collaborates" with CAM (cell adhesion molecules), particularly in

development of neoplastic metastases.

Pathomorphosis of myomas, myosarcomas and of "stromal" uterine tumours was described with particular attention given
to differential diagnosis and the resulting clinic predictive and prognostic implications. A probable mechanism of neopla-
sia based on dissipative structures of cells was presented and introduction of a disoric zone of a tumour, i.e. of a marginal
zone between the tumour and the morphologically normal tissue was suggested. The zone seems extremely important in
prediction and prognosis related to relapse and/or tumour metastases.
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Every tumor consists of parenchyma and stroma, with
few exceptions (hibernoma, chorioepithelioma) when the
tumour is devoid of stroma. Classification of the tumour is
determined by cells of parenchyma but condition of stroma,
and vascular supply, infiltration with lymphocytes or its ab-
sence in particular affect the fate of parenchymal cells [1].
Thus, the connective tissue interstitium forms an integral
component of tumour texture and, in parallel, represents a
portion of body tissues in which the tumour develops. The
stroma binds and nourishes the tumour and forms an insepa-
rable complex with tumour epithelium, i.e. modelling tumour
growth and differentiation. Apart from the cells, the stroma
forms the other component of tissues and it consists of inter-
cellular substance or extracellular matrix (ECM), which may
involve a liquid (blood, lymph), gel and/or moulded ele-
ments, i.e. fibres. Numerous blood vessels are also here pre-
sent [2].

Stroma is formed from connective tissue, originating
from mesenchyme and this was formed from mesoderm,
consists of the ground substance, fibres and cells (fibroblasts,
mast cells, plasmacytes and migratory cells or lympho- and
granulocytes). ECM is produced by fibroblasts or their ana-
logues, e.g. osteoblasts, and less frequently by smooth
myoblasts [3].

In epithelial tumours of carcinoma type stroma is formed
by the local connective tissue, colonized by the tumour and
working as "a slave" supplying needs of its owner. In turn
sarcomas or mesenchymal tumours produce their own
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stroma by themselves and need for the purpose no foreign,
local tissue. This is reflected by the fact that carcinomas al-
most always are accompanied by an inflammatory infiltrate,
consistent with the histogenetic incompatibility between the
epithelial tissue and the locally colonized mesenchymal tis-
sue, which is not noted in cases of sarcomas. In the latter
case, the two types of connective tissue exhibit with each
other a more pronounced histogenetic compatibility. There-
fore, taking stroma and not the usually applied for the pur-
pose parenchymal cells as the criterion for classification, two
groups of tumours should be distinguished, including:

1- Tumours which produce stroma (non-epithelial ma-
lignant tumours) or sarcomas and

2— Tumours which take advantage of local tissue stroma
(epithelial malignant tumours), or carcinomas [2].

Tumour stroma may involve a proper stroma or stroma
induced by the tumour or it may consist of tissue in which
the tumour grows. In a non-malignant tumour a harmony
exists between parenchyma and stroma but in malignant tu-
mours the process may be disturbed. Rich stroma as a rule
accompanies epithelial tumours while in mesenchymal tu-
mours the stroma is scanty and frequently restricted to the
capillary network only. Occasionally, epithelial tissue or
tumour parenchyma stimulates stroma to proliferation and
the desmoplastic carcinoma develops (carcinoma desmo-
plasticum scirrhosum s. durum s. scirrhus). The parallel pro-
liferation of stroma and epithelium, e.g. in adenoma, leads to
development of fibroadenoma. Occasionally, bone tissue is
formed in tumour stroma (ca osteoplasticum) or mucus acu-
mulates in the stroma (ca gelatinosum), the mucus which
originates from cells destroyed due to excessive secretion of
the mucus. Also the stroma may undergo hyaline, calciferous
or mucoid degeneration while the blood vessels may form
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dilatations (tumor teleangiectaticum s. cavernosum). De-
struction of parenchyma may be accompanied by develop-
ment within the stroma of small cysts (tumor cysticum), or
melanin accumulates between the cells. When accompanied
by oedema the stroma may become loose, contains blood
vessel-resembling fissures lined with endothelial cells and
individual capillary vessels due to which the entire pattern
mimics that of foetal type tissue [1]. A loss of fibroplastic
properties, in turn, e.g. in fibrosarcoma leads to development
of a tumour which completely or almost completely is de-
void of fibres of connective tissue. It should also be added
that in metastatic foci both parenchyma and stroma develop
but the parenchyma develops from neoplastic cells of the
primary focus while stroma is formed by the stroma of an
organ in which the metastasis develops.

Finally, it should be recalled that the young stroma with a
good blood supply facilitates access of ionizing radiation to
the neoplastic tissue, in contrast to hyaline, calciferous
stroma or stroma consisting of chondrous or osseous tissue.
Irradiation results in stromal alteration, e.g. to hyalinisation
or cicatrization with atrophy of blood vessels, which ex-
plains failures of radiotherapy in relapses of tumours which
were earlier treated with radiotherapy.

In neoplastic stroma reactive processes are being encoun-
tered, including fibroblast proliferation, hyalinization of col-
lagen fibres, accumulation of infiltrates of lymphocytes and
plasmacytes [1]. Presence of cell infiltrate in the stroma, in
carcinomas in particular, reflect protective tendencies of the
host and used to accompany fibroplasia. It leads to partial
destruction of neoplastic cells (the so called self-control), but
it may facilitate migration of the cells, inducing metastases.
Neoplastic antigens may induce inflammatory reaction re-
sulting in tissue oedema and destruction, which facilitates
penetration of neoplastic cells to tissue spaces opened up by
the inflammatory process. In such a situation, incomplete
turnover of metabolic compounds takes place in ECM with
accumulation of lactic acid and fatty acids, amino acids, ac-
companied by a decrease in pH to around 6. Cumulation of
the compounds lead also to increase in osmotic pressure
while infringement of cell membrane integrity leads to re-
lease of enzymes out of the cells, e.g. of lysosomal enzymes,
histamine and of prostaglandins which "leak out" to ECM
[4].

ECM “collaborates” with cell adhesion molecules
(CAM), including selectins, cadherins, integrins, [gCAM and
other not only in physiological processes but also in pathol-
ogy, e.g. in development of tumours and, in particular, in
development of metastases [3]. The process of development
of metastases of neoplastic cells represents a very complex
phenomenon. Lack of cadherin E or catenin expression in-
duces atrophy of occluding junctions and the cell becomes
"free" which facilitates its migration to a blood vessel and,
then, to penetrate other tissues. On its way the cells trans-
gresses ECM, basement membrane of the blood vessel and
endothelial cells. The aim is facilitated by metalloproteinases
(MMP), which decompose collagen and other proteins. In
turn, integrins of a neoplastic cell allow it to attach to
laminin of the vascular basement membrane while colla-
genase IV destroys the membrane [5]. Membrane glycopro-
teins of a neoplastic cell, with, e.g. sialyl — Lewis — x groups,
bind to selectins E of endothelial cells, which activates in-
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tegrins of the tumour cell forming a stronger junction with
IgCAM of endothelial cells. This promotes migration of the
neoplastic cells into and beyond the vascular wall [3].

ECM IN UTERINE MYOMAS

Tumours particularly rich in ECM include uterine
myomas in women [6]. This is expressed by the increased
content in the ECM of collagen [7], fibronectin, proteogly-
canes and glycosaminoglycanes (GAG), which results in an
increased weight of the tumour [8]. At the same time it
should be stressed that smooth myocytes can synthesize col-
lagen and proteoglycan proteins due to their rough sarco-
plasmic reticulum. ECM affects also proliferation of smooth
myocytes and their differentiation and represents the site of
cumulation of growth factors and cytokines. Fujita [9] notes
that uterine myomas contain by 50% more ECM than normal
myometrium does and, therefore, they are occasionally
termed fibroids. This overexpression of ECM and of colla-
gen in particular is encountered only in the follicular phase
of menstrual cycle [10]. It is accompanied by increased
amounts of GAG and of proteoglycans in myomas, as com-
pared to normal myometrium.

In myomas the overexpression includes mRNAs for col-
lagens type I and type 111, and the collagen itself changes not
only its structure but also spatial orientation, as compared to
normal myometrium, independently of tumour size and
phase of menstrual cycle [11]. The changes collagen struc-
ture is induced probably by proteoglycans. The diameter of
collagen fibres does not differ from that in normal muscles.
Transfection of myoma myocytes in vitro using p53 inhib-
ited production of collagen type I while no such changes
were observed following transfection with p21 [4]. No dif-
ferences were noted in amounts of total collagen and GAG
between myomas from homozygotically negative females
and heterozygotic females with Ehlros-Danlos type IV syn-
drome (EDS-1V), i.e. autosomal dominating disturbance,
manifested by decreased amounts of collagen type III in
ECM [4]. Myomas in women suffering from the syndrome
manifest lowered content of collagen type III, consistent
with the phenotype of the disease.

Cumulation of ECM results not only from its excessive
production as related to its decomposition but also it’s less
extensive degradation by MMP. Activity of the enzymes
remains under control of their endogenous inhibitors, TIMP
(tissue inhibitors of metalloproteinase), which interact with
cytokines. For example, TGF-beta 1 increases the level of
TIMP-1 and decreases levels of MMP-1 and MMP-3, which
counteracts degradation of ECM [12]. A significantly de-
creased level of TIMP-1 and an increased level of mRNA for
MMP were noted in myomas subjected to treatment using
GnRH-a, as compared to untreated tumours [13]. Moreover,
Palmer ef al. [14] observed augmented expression of MM-
11, which degrades fibronectin in myomas, as compared to
normal myometrium. MMP-2 and MMP- 9 behaves in a
similar manner [15, 16], although Dou et al. [17] observed
lower expression of MMP-1, -2, -3 and -9 in normal myo-
metrium as compared to myomas. The highest expression
developed in the course of luteal phase, dominated by pro-
gesterone even of earlier studies denied this information both
in vivo and in vitro [4]. It was also noted that TGF-beta in-
creased ability of chicken fibroblasts to incorporate fi-
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bronectin to ECM as well as augmented expression of recep-
tor for the protein as well as for collagen [18].

Upon application of progesterone in human stromal cells
of myoma increase production of TGF-beta, which in turn
induces repression of MMP-3 and MMP-7 production [19].
The two enzymes degrade fibronectins. TGF-beta elevates
also expression of collagen and enhances its incorporation to
ECM [20].

Within uterus, morphological alterations are linked to
ECM which should clearly distinguish from alterations
which accompany myoma. They include (21):

1- Proliferation of stroma (stromatosis), or proliferation
of multipotential mesenchymal cells with potential for
transformation to various morphological forms under
effect of hormones. For example, in the oestrogen-
dependent phase small, elongated cells are observed
with oval cell nucleus, rich in chromatin. Their exces-
sive proliferation accompanied by no traits of atypia
is defined as stromatosis s. hyperplasia stromalis en-
dometrii. A myometrium-compressing tumour may be
formed or a tumour protruding to uterine cavity
(stromatosis nodularis), i.e. an endometrial stromal
nodule. It is a benign tumour and it contains few mi-
toses and an insignificant atypia;

2- Endometrial stromal sarcoma (low grade endometrial
stromal sarcoma) demonstrating a positive reaction
for presence of ER and PG receptors and for CD 10.
Its mitotic activity is low but the tumour infiltrates
myometrium, penetrates lymphatic vessels (which is
reflected in its older name of myosis stromalis
endolymphatica) and tissue fissures. Around 3 mito-
ses can be noted per high power microscope field
(HPMF);

3- Undifferentiated endometrial sartoma of highly ma-
lignant character (high grade undifferentiated endo-
metrial sarcoma), manifesting over 10 mitoses per
HPMF;

4- Tumours of an equivocal malignant character or
smooth muscle tumours of unknown or undetermined
malignant potential (SMTUMP);

5- A mesodermal mixed tumour (tumor mixtus meso-
dermalis malignus s. carcinosarcoma) originating
from epithelial primordia of Muller ducts and of con-
nective tissue and, thus, containing elements of pla-
nocellular adenocarcinoma or anaplastic carcinoma as
well as traits of malignant mesenchymal tumours,
such as, e.g., rhabdomyo — osteo — chondrosarcoma.
Its sarcomatous portion manifests expression of, i.a.,
keratin [21].

MYOMA AND LEIOMYOSARCOMA OF UTERUS

Uterine leiomyoma (leiomyoma s. fibroid uteri) consists
of smooth myocytes and contains reticular fibres, occasion-
ally also collagen and elastic fibres, manifesting certain traits
of fibroblasts due to their common mesenchymatic origin.
Therefore, one can define it as a fibroid (fibroleiomyoma),
which is difficult to distinguish from fibroma. It originates
from smooth myocytes of the organ or from undifferentiated
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perivascular cells. It contains no capsule of connective tissue
but it remains well demarcated [1, 21]. It may undergo co-
agulative necrosis, calcification and hyaline degeneration.
Coagulative necrosis remains well demarcated from the
normal tissue, it contains shadows of cells and cell nuclei
and its presence speaks in favour of myosarcoma manifesta-
tion even if the remaining microscope traits are poorly ex-
pressed [21]. In absence of necrosis the number of mitoses is
critical for the diagnosis and tumours containing < 10 mito-
ses /10 HPMF with no cell polymorphism carry good prog-
nosis while tumours containing > 10 mitoses/10 HPMF with
no polymorphism represent malignant tumours. Moreover,
tumours of a high polymorphism, with necrotic foci and low
number of mitoses, e.g. 5/10 HPMF are regarded to be ma-
lignant.

Even if it is a non-malignant tumour, myoma occasion-
ally behaves in a paradoxical way, e.g. it contains numerous
mitoses (leiomyoma cellularis) and it may form implantation
metastases to peritoneal cavity but only in the course of
pregnancy. A morphological pattern of the metastasis mim-
ics uterine myoma, resembles myosarcoma or SMTUMP [1].
Other investigators express opinion that the foci are not me-
tastases but foci of diffuse metaplasia originating from uterus
[4]. Penetration of neoplastic cells was observed also to
veins of small pelvis, lymph nodes and to lungs, on the aver-
age 15 years after resection of the myoma from uterus [22].

In turn, leiomyosarcoma develops as a rule directly from
myocytes and very seldom on the background of already
existing myoma (as a secondary tumour). The cells manifest
irregular arrangement, high atypia, frequently with presence
of multinuclear cells and abnormal mitotic figures.

The cited data related to pathomorphosis of uterine
myomas and leiomyosarcomas definitely require a comment.
The allegation that uterine myomas develop in peritoneal
cavity by multifocal metaplasia plainly contradicts the defi-
nition of metaplasia. Metaplasia represents transformation of
a differentiated and mature tissue into another, also differen-
tiated and mature tissue as a consequence of altered direction
of differentiation of stem cells. Thus, it has nothing to do
with neoplastic transformation. In a similar way the observa-
tion that uterine myoma, being a benign tumour, yields me-
tastases to various organs and in a quite a distant time (in
lungs on the average after 15 years) seems improbable. It
should rather be accepted that the myomas developed from
smooth muscle of bronchial tree or from muscularis of blood
vessels or, which is highly probable, they represent hormon-
ally stimulated proliferation of tumour cells but in a place
distinct than uterus. Thus, it would represent an autocrine
self-stimulation. In addition to the ovarian hormone, uterine
myomas are known to to produce oestrogen, manifest ex-
pression of oestrogen synthase, aromatase and transform the
circulating androgen to oestrogen in sifu, which is sufficient
for the growth of tumour, independently oestrogen, with in-
volvement of aromatase, coded by CYP 19 gene, localised
on chromosome 15, locus q21.1 and including 10 exons [18].
Genes of steroidogenesis enzymes play important role
among factors which control cell cycle. It is also highly
probable to represent the effect of neoplastic self-
organisation, based on thermodynamic disturbances (II prin-
ciple of thermodynamics).
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DISSIPATIVE NATURE OF TUMOURS

In line with principles of thermodynamics, cells which
are in a dissipative (energy spreading) condition may return
to equilibrium, die or begin living manner more effective
from the point of view of energy dissipation [23]. In such
cases we talk about neoplastic transformation. Thus, the only
sufficient cause of tumour development involves the inner
dissipative condition of cells, to which can lead multiple,
variable but only indispensable factors. In physics the dissi-
pative condition carries the name of bifurcation point, posi-
tioned within the range of unstable conditions distant from
the inner balance of the system. Thus, a tumour represents a
dissipative structure and, as follows from the IInd principle
of thermodynamics, it is a self-organizing new biological
structure. This requires higher energy investment or the so
called negative entropy and, thus, the entire energy expendi-
ture is used in the cells for its proliferation, the remains be-
ing insufficient for cell differentiation. This is particularly
true of malignant tumours.

According to Klimek, a dissipatogenic space exists
around the neoplastic tumour in which genetic changes de-
velop which do not permit the cell yet to acquire a neoplastic
phenotype but which are sufficiently detectable to take them
into account in therapeutic attempts [24]. Development of
the neoplastic phenotype represents a very complex phe-
nomenon, linked, ie. to cell differentiation, apoptosis,
growth, angiogenesis, migration, adhesion, cell cycle control
and, finally, cell death. For example, if a single mutated gene
in the form of DNA will be included into apoptotic bodies,
formed due to apoptosis of a neoplastic cell, and it will be
incorporated to a normal cell it may continue to replicate,
explaining formation of tumour metastases [24]. Moreover,
progression of a tumour and development of metastases was
noted to be linked to expression of metallothioneins (MT) as
an anti-apoptotic factor. Intensity of MT expression in repair
of damaged DNA allows to conclude on intensity of genetic
lesions developing in the neoplastic cell and in cells sur-
rounding them and for the potential for interference with the
use of apoptotic bodies originating from neoplastic cells in
contact with cells of healthy tissue margins. Accordingly,
expression of MT increases not only in cells of endometrial
cancer but also in the healthy epithelium which surrounds
the tumour and in uterine smooth muscles in a direct vicinity
of the infiltration [24].

MYOMA AND LEIOMYOMA - PRESENCE OF DIS-
ORIC ZONE

A group of tumours also exists, including myomas and
myosarcomas, with reciprocally overlapping traits which are
termed the border-line tumours and which present a signifi-
cant challenge for histopathologists [4, 18]. In addition it has
not been proven whether one of the forms, i.e. myomas pro-
vide a starting point for development of the other, i.e. myo-
sarcomas although it should be stressed that myosarcomas
produce myofibrils and, thus, they behave like myoblasts. In
the cases in which myocytes differentiate to neoplastic myo-
cytes the matter is simpler than in cases when the cells dif-
ferentiate toward cells of endometrial stroma. The former are
accompanied by blood vessels of thick, branching walls the
latter are supplied mainly by thin-wall capillaries of the ar-
borescent pattern. Finally, the differentiation can be facili-
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tated by immunocytochemical staining for desmin, cy-
tokeratin, CD 10 and caldesmon [22]. In stromal tumours
which infiltrate myometrium prognosis is unfavourable but
in a typical myoma it is good, even in presence of infiltra-
tions. Among other traits, potentially malignant character of
a tumour may be indicated in a directly proportional manner
by presence of coagulative necrosis in the tumour, focal or
widespread cell atypia (pleomorphism, nuclear hyperchro-
masia) and, as earlier mentioned, the mitotic index. On the
other hand, appearance of haemorrhagic foci, e.g. in the
course of pregnancy or hormonal therapy, does not point to
tumour malignancy and shows no relationship to tumour
necrosis. It should also be stressed that high mitotic index in
myomas rarely only correlates with its malignant character.
Similar criteria are applied in the seldom seen form of the
tumour, i.e. leiomyomyxoma.

The important diagnostic variable involves expression of
Ki-67, noted in 50% females with myosarcomas, in 8% fe-
males with myomas and absent in SMTUMP type tumours
[4, 22]. In a similar manner expression of cdks (cdk2 and
edk2), cyclins E and A, pl6 protein, metallothionein 2 and
PG receptor were higher in myosarcoma than in SMTUMP
[18]. In both types of tumours AgNORs [25], PCNA, HER-
2/neu, p53 protein and MDM -2 were studied and the indiced
proved to be of a high diagnostic value. In serum levels of
lactic dehydrogenase (LDH) and of isoenzymes, particularly
of LDH3 type, were higher in myosarcoma than in myomas.
Moreover, myosarcoma does not change its size following
therapy with analogues of gonadotropin releasing hormone,
in contrast to myomas [26]. Protooncogene c-kit is expressed
only in the former tumour which opens perspective for
treatment of myosarcomas using tyrosine kinase inhibitors.
Zhai et al. [27] also noted in myosarcoma loss of heterozy-
gosity in nine loci (p53, RBI, DCC, NNM23, WTI, D14S67,
pl6, DPC4, PTCH) within or close to tumour suppressor
genes in 20 patients. The conclusion follows that not an in-
dividual observation but only multidirectional studies, par-
ticularly immunocytochemical ones, provide the most accu-
rate diagnostic and predictive criteria.

According to Domagata [21] neoplasmas are not static tu-
mours and undergo changes in time depending on the degree of
genetic instability, influences of environment and therapy. Fre-
quently a tumour originates from one clone of cells, which
subsequently differentiate in two directions, e.g. in the epithe-
lial and mesenchymatic directions as it happens in carcinosar-
coma. Therefore, it is not tumour histogenesis or cellular origin
but direction of differentiation of the cells which is more im-
portant. The latter may be evaluated using a microscope, im-
munocytochemical and molecular studies. Tumour cells may
exhibit uniform or variable expression of phenotypic traits and,
therefore, leiomyosarcoma represents a malignant tumour
which not only originates from smooth muscle cells but differ-
entiates toward smooth muscles while carcinosacroma involves
a tumour which differentiates in the epithelial and mesenchy-
matic direction although it need not to originate from the cells.
Therefore, the direction of differentiation is more important for
a clinician than the hypothetical origin of the tumour [21].

Behaviour of myomas and particularly of those which un-
dergo coagulative necrosis may be ompared to the pattern of
the so called knot-type inflammatory focus, composed of 5
zones, including the central necrosis surrounded by infiltrate
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of granulocytes with multilobar cell nuclei, zone of hyperae-
mia, multifocal inflammatory belt (histiocytes, lymphocytes,
plasmacytes) and, first of all, the marginal band or the disoric
zone (tissue oedema and secondary injury to healthy tissues).
For oncology the most significant is the marginal band beyond
which the tissue should be healthy. In analogy to the inflam-
matory process, the zone should be termed the disoric neoplas-
tic zone, which no longer contains neoplastic cells but its cells,
nevertheless, exhibit several tumourigenic traits, e.g. increased
activity of telomerase, IL-8, vascular endothelium growth fac-
tor and lowered levels of EGF [4, 18]. Following a variable
period of rest the cells begin the stages of initiation, promotion
and progression and may provide a site of relapse of the tu-
mour or of metastases. For example, augmented activity of
telomerase inhibits apoptosis and in this way promotes prolif-
eration of tumour cells [28]. The increased activity of telom-
erase in the disoric zone was observed by Madej et al. [29].
This might explain why myosarcomas of less than 5 cm in
diameter infrequently are aggressive and those of up to 3 cm
in diameter form no metastases [24].

SUMMARY

ECM-extracellular matrix and not tumour parenchyma as a
criterion of categorization, the tumours can be divided into
two groups, i.e. those which produce stroma (non-epithelial
malignant tumours) or sarcomas and the tumours which take
advantage of the local tissue stroma (malignant epithelial tu-
mours) or carcinomas. Involvement of stroma is noted also
within the reciprocal relationship between stroma and tumour
cells, which has been described in detail on the example of
uterine myoma. ECM also "collaborates" with CAM (cell ad-
hesion molecules), particularly in development of neoplastic
metastases.

Pathomorphosis of myomas, myosarcomas and of "stro-
mal" uterine tumours was described with particular attention
given to differential diagnosis and the resulting for the clinic
predictive and prognostic implications. A probable mechanism
of neoplasia based on dissipative structures of cells was pre-
sented and introduction of a disoric zone of a tumour, i.e. of a
marginal zone between the tumour and the morphologically
normal tissue was suggested. The zone seems extremely im-
portant in prediction and prognosis related to relapse and/or
tumour metastases.
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