
Hypoxia–oxygen deficiency indicates reduced oxygen
availability in tissues (~ ≤ 2% O2), which is a common fea-
ture of most solid tumours. It arises from an insufficient
supply of oxygen through the vascular system in the grow-
ing tumour, which does not keep pace with rapidly prolif-
erating tumour cells [1-4].

Blood vessels in the tumour are characterised by many
abnormalities: they are widened, winding, dead-end, show
increased permeability due to the lack of continuity of cov-
erage with pericytes, and often their wall integrates with
tumour cells [1, 4].

Hypoxia in the tumour leads to the selection of an ag-
gressive phenotype facilitating invasion and metastasis,
which is associated with poor clinical course [2, 4-6].

Mechanisms of hypoxia include: 1) increase in hypoxia
inducible factor 1α (HIF-1α) protein expression, which
under hypoxia conditions is not degraded in proteasomes,
but penetrates into the nucleus of the cell and connects to
the β subunit. The resulting heterodimer binds to the hy-
poxia response element (HRE) genes and regulates the ex-
pression of over 30 hypoxia-related genes, including
glucose transporter-1 (GLUT-1), carbonic anhydrase 9
(CA-9), aldehyde dehydrogenase 1 (ALDH1). They are as-
sociated with unfavourable prognosis in many cancers [3,
7-10]. 2) Promoting angiogenesis, a key process in tumour
growth and its progression mainly by vascular endothelial
growth factor (VEGF), the main stimulator of angiogenesis
[6-8]. 3) Reconstruction of the intracellular matrix and im-
munological suppression by influencing the microenviron-
ment [4, 6, 11]. 4) Resistance to radiotherapy and
chemotherapy due to lack of fixation of DNA damage due

to lack of oxygen and autophagy (removal of damaged cel-
lular parts) also associated with resistance to chemotherapy
[1, 4, 12]. 5) Influence on cadherins-adhesion molecules,
which is associated with the migration of cancer cells, in-
vasive activity, and metastasis [13]. 6) Persistence and ac-
tivity of CSCs and stimulation of pathways associated with
their presence (Wnt, PI-3K-Act, Hedgehog, Notch) [6, 14-
16].

Hypoxia is therefore an important event in carcinogene-
sis, including “gynaecological” cancers. Increased inva-
siveness, metastasis, and recurrence, included in ovarian
and cervical cancer, cause an unfavourable course of the
disease, which is expressed by shortened time to progres-
sion: progression free survival (PFS) and shorter overall
survival (OS) [5]. Shen et al. [17] noted shortening of OS
in ovarian cancer in cases of HIF-1α and VEGF expression;
and they believe that these are important prognostic factors
of the disease. Panasare et al. [18] found that the expression
of HIF-1α plays a role in type I endometrial cancer; it cor-
relates with the degree of histological differentiation (G),
depth of invasion in myometrium, and in the degree of clin-
ical advancement. Research by Shimogai et al. [8] in
women with ovarian cancer determined that OS was shorter
in cases with high HIF-1α expression, but this did not affect
PFS. According to Huang et al. [19], HIF-1α expression
plays a role in paclitaxel resistance, and the elimination of
hypoxia, including silencing of HIF-1α by small interfering
RNA (siRNA) may lead to beneficial therapeutic results.
About 40 miRNAs (non-coding RNAs consisting of 19-21
nucleotides) have been identified that modify HIF-1α. Sev-
eral of them, including miR-155 and miR-429, induced by
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Summary
Hypoxia–oxygen deficiency is a feature of most solid malignant tumours. This leads to the selection of an aggressive neoplasm phe-

notype by activating molecular factors including hypoxia inducible factor 1α (HIF-1α), vascular endothelial growth factor (VEGF) pro-
moting angiogenesis, and also by the influence of the tumour microenvironment, no possibility of fixation of DNA damage after radio-
and chemotherapy, and the change in cadherin activity. Another mechanism of hypoxia facilitates the survival, and activity of cancer
stem cells (CSCs). The described therapies eliminating hypoxia include the use of cytotoxins, anaerobic bacteria, YC-1 factor, arsenic
trioxide (As2O3), and eradication of CSCs by using retinoic and ursolic acid. The paper describes hypoxia as the cause of failure in the
treatment of gynaecological cancers and therapies eliminating it.
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hypoxia, reduce HIF-1α levels [6]. The review of Serocki
et al. [20] describes many miRNAs that play a role in the
regulation of hypoxia. When using them, target therapy
against hypoxia, including against HIF-1α, is considered.

Many therapies that eliminate hypoxia as the cause of
failure of oncological therapies are described: 1) Hypoxia-
specific cytotoxins, e.g. tirapazamine, which, when used in
combination with radio- and chemotherapy in studies of
phase III in patients with head and neck cancer, did not
show the expected clinical effectiveness [21]. The tirapaza-
mine analogue TX-402, which is a prodrug, exerted sup-
pressive inhibitory effect (dose-dependent) on both HIF-1α
and angiogenesis in serous ovarian cancer cells. The re-
search also showed that the expression of ovarian cancer
stem cells Oct 4, Nanog, SOX2, CD133, and CD44 and hy-
poxia-induced Lin was inhibited by TX-402 [22]. 2) It has
been shown that genetically modified anaerobic bacteria
(Clostridium sporogenes) [23, 24] in the animal model have
a greater antineoplastic potential than the maximum doses
of fluorouracil (Fu) [23]. Subsequent studies have shown
on ovarian cancer cell lines that Clostridium perfringens
enterotoxin eradicates CD44+ ovarian cancer stem cells
that are responsible for resistance to chemotherapy [25]. 3)
HIF-1α was blocked using YC-1 (3- (5’-hydroxymethyl-
2’-furyl)-1-benzyl indazole), a factor inhibiting vasocon-
striction and platelet aggregation on an animal model. An
inhibitory effect on tumour growth and blocking angiogen-
esis has been described [26]. 3) Inhibition of hypoxia-in-
duced angiogenesis using small doses of arsenic trioxide
(As2O3). It has been shown in the studies of the established
ovarian cancer cell lines that added As2O3 reduces the ex-
pression of VEGFA and VEGFR2 receptor by inhibiting
the VEGFA-VEGFR2-PI3K/ERK signalling pathway,
which prevents tumour angiogenesis in the treatment of nu-
merous cancers, including the treatment of gynaecological
cancer [27-29]. However, there are doubts regarding the ef-
fectiveness of anti-angiogenic therapies. Conley et al. [15]
hypothesized that inhibitors of angiogenesis in breast can-
cer induce hypoxia, resulting in an increase in CSCs, which
is associated with tumour growth and metastasis. Therefore,
an antineoplastic therapy would require comprehensive
therapies, including against CSCs. 4) Aldehydedehydroge-
nase 1 (ALDH1) is a recognized marker of many cancer
stem cells, including ovarian cancer. Excessive activity of
this enzyme is associated with chemoresistance, and cor-
relates with shorter PFS and OS. It has been shown that
currently used chemotherapy regimens eradicate most of
the tumor mass but are not effective against CSCs [30].
Moreb et al. [31] studies showed that the use of retinoic
acid appears to be effective in destroying CSCs with the
ALDH1 marker. 5) It has been demonstrated that CSCs - a
small population of cells constituting 2-5% of the tumour
mass - as well as some pathways which they use for self-
renewal and survival, are associated with hypoxia [16, 32,
33]. Seo et al. [14] reported that hypoxia in ovarian cancer

stimulates the expression of transcription factors - OCT4
and SOX2 related to self-renewal of CSCs and the Notch
pathway, which controls their survival. Furthermore, SOX2
increases the resistance of CSCs by activating the expres-
sion of ABCB1 and ABCG2 membrane transporters asso-
ciated with multidrug resistance. The authors also showed
on the OVCAR-3 ovarian carcinoma cell lines that the use
of DAPT (N-[N-(3,5-difluorophenacetyl)-L-alanyl]-S-
phenylglycine t-butyl ester), especially with paclitaxel,
fights efficiently hypoxia and has a suppressive effect on
the NOTCH-1-SOX2 axis. Wang et al. [34] demonstrated
that ursolic acid inhibits proliferation and reverses drug re-
sistance of ovarian CSCs by inhibiting expression and de-
creasing HIF-1α and ABCG2 levels.

In summary, hypoxia is associated with the activation of
many molecular factors associated with resistance to the
treatment, resulting in poor clinical outcome. A variety of
therapeutic attempts have been used to avoid hypoxia - as
described above. Studies on animal models have demon-
strated the possibility of modulating hypoxia through the
use of novel oxygen-containing nanosystems allowing the
normalisation of blood vessels and reoxygenation therapy
[12, 35]. Moreover, in recent years it has been shown that
the mechanism of development and course of cancer de-
pends on so many factors that oncological therapies require
the simultaneous use of many drugs: cytostatics, immuno-
logical, anti-angiogenic, and eradicating CSCs.
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