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Abstract 
 
Background/Aim. Hypoxia is one of the major changes 
that occurs in the tumor microenvironment. It has been ob-
served that there are pluripotent cancer cells in the cancer 
cell population that affect tumor growth and their resistance 
to therapy. The aim of this study was to examine the ex-
pression of hypoxia-inducible factor-1 alpha (HIF-1α), en-
dogenous marker of hypoxia, and SOX2, marker of the plu-
ripotent stem cells existing in the normal adult tissues, in the 
cervical squamous cell carcinoma (SCC). Methods. The 
study was conducted in 90 women with invasive cervical 
SCC, divided into two groups – 60 women in the Group A, 
with FIGO IB1 < 20 mm tumors (no metastases in the 
lymph nodes), and 30 women in the group B with tumors 
FIGO I–II (positive lymph nodes). The basic clinical pa-
rameters were determined by standard histopathological 
analysis, and the expression of HIF-1α and SOX2 by im-
munohistochemical examination. Results. There was a sig-
nificant difference between the groups A and B, in the ex-
pression of HIF-1α (p = 0.024), but not in the expression of 
SOX2 (p = 0.566). Expression of HIF-1α was significantly 
higher in the group with lymph node metastases and inva-
sion of lymphovascular spaces (p <0.001) but not associated 
with tumor size (p = 0.291) or lymphocytic stromal re-
sponse (p = 0.940). The tumor grade significantly influenced 
the expression of HIF-1α (p = 0.013). The expression of 
SOX2 did not significantly correlate with any of the estab-
lished clinical tumor parameters. Conclusion. A significant 
difference in the expression of HIF-1 α between the group 
with and that without metastases in lymph nodes in invasive 
cervical SCC could distinguish HIF-1α as a parameter of 
poor prognosis of the disease. The prognostic significance 
of SOX2 as well as a significant correlation between expres-
sion of HIF-1α and SOX2 were not established. 
 
Key words:  
uterine cervical neoplasms; neoplasm staging; 
prognosis; hypoxia; biomarkers. 

Apstrakt 
 
Uvod/Cilj. Hipoksija je jedna od bitnih promena koja se 
dešava u mikrookolini tumora. Zapaženo je da u populaciji 
kancerskih ćelija postoje pluripotentne kancerske stem ćelije 
koje utiču na rast tumora i njihovu rezistenciju na terapiju. 
Cilj rada je bio da se kod bolesnica sa skvamoznim karci-
nomom (squamous cell carcinoma – SCC  grlića materice ispita 
ekspresija faktora 1 alfa indukovanog hipoksijom (hypoxia-
inducible factor-1 alpha – HIF-1α), endogenog markera hipok-
sije i SOX2, markera pluriponentnih stem ćelija koje postoje 
u normalnim tkivima odraslog čoveka. Metode. U ispitiva-
nje je bilo uključeno 90 žena sa invazivnim SCC grlića mate-
rice podeljenih u dve grupe – 60 žena u grupi A, sa tumori-
ma stadijuma FIGO IB1 < 20 mm (bez metastaza u lim-
fnim nodusima) i 30 žena u grupi B, sa tumorima FIGO I–
II (sa pozitivnim limfonodalnim statusom). Osnovni klinič-
kopatološki parametri su bili određeni standardnom pato-
histološkom analizom, a ekspresija HIF-1α i SOX2 imuno-
histohemijskim ispitivanjem. Rezultati. Između grupa A i B 
utvrđena je značajna razlika u ekspresiji HIF-1α (p = 0,024), 
ali ne i u ekspresiji SOX2 (p = 0,566). Ekspresija HIF-1α bi-
la je značajno viša u grupi sa limfonodalnim metastazama i 
invazijom limfovaskularnih prostora (p < 0,001), ali nije bila 
povezana sa veličinom tumora (p = 0,291) niti jačinom lim-
focitnog odgovora (p = 0,940). Gradus tumora je značajno 
uticao na ekspresiju HIF-1α (p = 0,013). Ekspresija SOX2 
nije značajno korelisala ni sa jednim utvrđenim kliničko-
patološkim parametrom tumora. Zaključak. Značajna raz-
lika u ekspresiji HIF-1α između grupa sa i bez metastaza u 
limfnim nodusima kod invazivnog SCC grlića materice mo-
gla bi izdvojiti HIF-1α kao parametar loše prognoze bolesti. 
Nije utvrđen prognostički značaj SOX2, niti značajna uza-
jamna korelacija ekspresije HIF-1α i SOX2. 
 
Ključne reči: 
materica, neoplazme; neoplazme, određivanje 
stadijuma; prognoza; hipoksija; biološki pokazatelji. 
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Introduction 

Cervical cancer is the third most common malignant 
tumor of women in the world, and Serbia is ranked fourth in 
Europe 1. The most common histological type of invasive 
cervical cancer according to the WHO classification is 
squamous cell carcinoma (SCC) with a frequency of 70%–
80%, while the frequency of other types is much lower 2. The 
therapeutic procedure is determined according to the clinical 
the International Federation of Obstetrics and Gynecology 
(FIGO) stage of the tumor disease. There are four FIGO 
stages, FIGO I–IV, which are determined regardless of the 
histological type of tumor. Small invasive cervical cancer is 
a FIGO IA, and FIGO IB1 indicates tumor smaller than 20 
mm. Standard treatment for the stages FIGO IA1 and FIGO 
IA2, FIGO IB1 and IB2, as well as FIGO IIA is surgical, 
while primary treatment for the stages from FIGO IIB to FI-
GO IV is chemoradiotherapy. 

In the last decades numerous attempts have been made 
to determine the prognostic factors that influence the trans-
formation of preinvasive stage to malignant one, the tumor 
spreading process, and its metastatic potential, by determin-
ing the tumor immunophenotype and its environment. It is 
considered that one of the factors of the malignant transfor-
mation of the cell are changes in its microenvironment, 
which include, among other things, damage of blood vessels, 
the formation of hypoxic focus and the maintenance of hy-
poxia by the activation of signal molecules, such as hypoxia-
inducible factor 1-alpha (HIF-1α). HIF-1α is part of the tran-
scriptional complex involved in the regulation of many as-
pects of tumor biology. Increased activation of HIF-1α or 
hypoxia causes the transition from oxidative to glycolytic 
metabolism and leads to increased expression of angiogene-
sis markers [vascular endothelial growth factor (VEGF)] and 
of numerous metabolic markers, such as: glucose transporter 
1 (GLUT-1), c-met and carbonic anhydrase 9 (CA9), which 
in recent years have been the subject of intensive research, 
not only as prognostic parameters of the disease, but also for 
potentially targeted therapy 3. 

Karsten and Goletz 4 found that one of the important 
reasons for the difference between cancer and normal stem 
cells is the effect of microenvironment, where hypoxia 
plays an important role. SOX2 was initially known as a 
protein that maintains stem cells in the mature tissue of an 
adult (including brain tissue), and then it has been con-
firmed that it is one of the leading transcriptional proteins 
that affect the induction of pluripotent stem cells 5. Exces-
sive expression and genetic amplification of SOX2 are, 
however, associated with the formation of SCC in various 
tissues 6. The assumption is that enhanced SOX2 expres-
sion affects the proliferation of cancer stem cells and pro-
vides worse prognosis 7. 

The aim of this study was to determine the expression 
of HIF-1α and SOX2 and to compare it between FIGO IB1 
and FIGO I–II stages. In addition, we wanted to determine 
whether there was a relationship between the level of expres-
sion of these two markers, as well as their relationship with 
clinicopathological parameters: FIGO stage of tumor disease, 

tumor size, tumor grade, lymphovascular invasion (LVSI), 
and metastases in the lymph nodes. 

Methods 

The study included 90 patients with a histopathologically 
confirmed diagnosis of cervical SCC. They were surgically 
treated at the Gynecology Clinic of the Clinical Center of Serbia 
in Belgrade, Serbia. All women had radical hysterectomy with 
lymphadenectomy and on the basis of a definitive finding, the 
entire group was divided into two groups: the group A – small 
invasive carcinoma of the stage FIGO IB1 < 20 mm (60 pa-
tient), and the group B – all cases of cervical SCC in which me-
tastases existed in lymph nodes (30 patients). 

From the group A, with small invasive carcinoma, we 
excluded: patients with microinvasive carcinoma of the stage 
FIGO IA1 and FIGO IA2, patients with stage FIGO IB1 in 
which the tumor was greater than 20 mm, patients of the 
stage FIGO IB2 and more. 

The group B included patients with positive lymph 
nodes, regardless of the FIGO stage, so in this group there 
were women in the stages of FIGO IA1, FIGO IB1 (irrespec-
tive of the size of the tumor), FIGO IB2, FIGO IIA and FI-
GO IIB. The number of positive lymph nodes was not impor-
tant for inclusion in this group. 

The common criteria for both groups were: women who 
previously had not any other type of oncological treatment of 
their illness, and those without other malignancies, including 
gynecological malignancies outside the cervix. 

Biopsy material in paraffin blocks was processed in the 
laboratory of the Department of Pathology of the Clinical 
Center of Serbia in Belgrade. The obtained samples of cervi-
cal tumor tissue, fixed in 10% neutral buffered formalin and 
embedded into paraffin blocks were analyzed on standard 
hematoxylin-eosin colored cross-sections of 4 μm in order to 
establish a pathohistological diagnosis. The study included 
cases of squamous differentiation, whereas adenocarcino-
mas, adenosquamous carcinoma and other rare types of tu-
mors were excluded. The pathological report determined the 
size of the tumor, degree of differentiation, nuclear grade, 
lymphovascular invasion, lymphocytic response, parametrial 
and vaginal wall involvement, number of lymph nodes taken 
out and number of positive lymph nodes. 

From the obtained preparations, the most homogeneous 
field for further processing is selected using the tissue mi-
croarray (TMA) method. From the selected paraffin blocks, 
from the field of the most homogeneous tumor tissue, 2 tis-
sue cylinders (per patient) were taken, using a 2 mm punc-
ture needle, and then inserted into a new paraffin block 
(TMA block), where a 60-cylinder series was placed. Each 
TMA block was cut at a thickness of 4 μm, and after deparaf-
finization and heat treatment an immunohistochemical (IHC) 
analysis was performed. 

Immunohistochemical analysis 

Immunohistochemistry was performed on archived 
formalin-fixed, paraffin-embedded tissue, using a manual 
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method for HIF-1α antibody (EP1215Y, Abcam) at 1 : 100 
dilution. Pretreatment antigen retrieval by microwave heat-
ing in 10 mM citrate buffer pH 6 was performed according 
to the manufacturer’s directions and current laboratory pro-
tocol, applying avidin-biotin complex method (UltraVi-
sion™ Detection System, Termoscientific) using 3,3'-
diaminobenzidine (DAB) as chromogen. Nuclear and cyto-
plasmatic staining were analysed. The positive control was 
ovarian carcinoma. 

HIC stain for SOX 2 antibody (SP76, Ventana) was 
done automatically (Leica Bond), according to the manufac-
turer’s directions and resulted in nuclear staining of variable 
intensity in the positive cases. 

Expression was quantitatively analyzed by determining 
the intensity of coloring and the percentage of positive tumor 
cells. The quantitative scale for the intensity and percentage 
of colored tumor cells is categorized into 4 and 5 classes, re-
spectively in the following way: coloring intensity – 0 (col-
orless), 1+ (poor), 2+ (medium), 3+ (strong), and percentage 
of positive carcinoma cells in relation to the total number of 
tumor cells – 0 (< 5%), 1+ (6%–25%), 2+ (26%–50%), 3+ 
(51%–75%), 4+ (> 75 ). The final IHC score is calculated as 
a combination of intensity and percentage scores (range 0–
12). The values of < 4 indicated a weak positivity, 5–8 mod-
erate, and 9–12 a strong positivity of expression. 

Statistical analysis 

Results are presented as count (%) or mean ± standard 
deviation depending on data type. Groups are compared us-
ing t test, ANOVA, χ2 test (Pearson and Cochrane-Armitage 
test), Kruskal-Wallis and Mann-Whitney U test. To assess 
correlation between variables Spearman’s correlation was 
used. All p values less than 0.05 were considered significant. 
All data was analyzed using SPSS 20.0 (IBM Corp. Released 
2011. IBM SPSS Statistics for Windows, Version 20.0. Ar-
monk, NY: IBM Corp.). 

Results 

In the group A, 60 cases of small invasive tumors were 
analyzed. The average age of women was 45.2 years, the 
oldest patient was 53 years old and the youngest one 37, with 
a standard deviation rate of ± 10.1 years. In the group B, the 
youngest woman had 28 and oldest 71 year, with an average 
of 51.9 ± 11.8 years. 

In the group A all women were clinical FIGO IB1 
stage, with the largest dimension of a tumor of up to 20 mm. 
In the group B, all women had metastatic disease in lymph 
nodes, but their FIGO stages were different: 2/30 patients 
were at the stage FIGO IA1, 10/30 were at the stage FIGO 
IB1 (all > 20 mm), 9/30 women had FIGO IB2 stages (tumor 
> 40 mm), 4 women had infiltration of the vagina – FIGO 
IIA stage, and 5 women had a parametrial infiltration – FI-
GO IIB stage. For both groups, the total tumor volume was 
calculated. 

All prognostic parameters of the tumor were determined 
by histopathological analysis. The average tumor volume in 
the group A was 1,420 (625–2,405) mm³, and in the group B 
19,775 (8,000–40,500) mm³. For the degree of differentia-
tion, the Broders classification was used. The group A had 
the highest number of moderately differentiated carcinomas 
(G2) – 66.7%, and much less well differentiated (G1) 3.3% 
and poorly differentiated cases (G3) 31.3% which makes 
63.5% of G2, 100% of G1 and 72% of G3 tumors, of the to-
tal number of cases in both groups. In the group B there were 
no well-differentiated cases; the G2 tumor was present in 
23/30 (76.7%) cases and G3 in 7/30 (23.3%) cases, corre-
sponding to 36.5% of G2 and 28% of G3 SCCs of a total of 
90 analyzed in the groups A and B. 

Lymphovascular invasion was not present in 40 cases in 
the group A, while 33.3% of patients in this group had an in-
vasion of blood and/or lymph vessels. 

After standard analysis and determination of clinicopa-
thological parameters, an IHC analysis of HIF-1α and SOX2 
was performed. Results for HIF-1α were classified into 3 
categories, where the first category comprised cases with a 
negative and weak positive reaction, in the second category 
there were cases of moderate positivity, and in the third cate-
gory there were tumors that showed strong expression. The 
SOX2 expression was also divided into three groups: cases 
with a negative reaction, cases with weak positive expres-
sion, while cases of moderate and severe expression are clas-
sified in the same group. Due to statistical processing, the 
number of categories was adjusted to the number of samples 
in both groups. 

In the group A, only one (1.7%) case showed a negative 
reaction to HIF-1α, 20 (33.3%) cases were weak positive, 14 
(23.3%) were strongly positive, and the most showed moder-
ately positive reactions – 25/60 (41.7%) cases. In the group 
B, 19/30 cases had a negative or weak, 5/30 moderate and 
6/30 strong reaction to HIF-1α. The obtained results showed 
a statistically significant difference between the group A and 
the group B (p = 0.024) in the expression of hypoxia mark-
ers. However, in the expression of SOX2, no significant dif-
ference was found between these groups (p = 0.566). Only 
11/60 tumors in the group A and 6/30 of SCC in the group B 
had moderate or strong positivity, while the majority of cases 
were either negative or poorly positive (Table 1). 

We analyzed the correlation between the expression of 
HIF-1α and the defined clinical-pathological parameters and 
found that it existed in relation to a tumor grade (p = 0.013), 
lymph node metastases and a LVSI (p = 0.006), but it was 
not expressed in relation to a tumor size or volume (p = 
0.291) nor a strength of the inflammatory stromal response 
(p = 0.940) (Table 2). 

The expression of SOX2 was analyzed in relation to 
clinicopathological parameters. No statistically significant 
association was found in any category: in relation to a tumor 
grade (p = 0.331), invasion of vascular spaces (p = 0.645), 
and a lymphocytic stromal response (p = 0.916) (Table 3). 

There was no significant association in the expression 
of HIF-1α and SOX2 (ρ = 0.132; p = 0.215) (Figures 1 and 2). 
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Table 1 
Clinicopathological characteristics and levels of expression of HIF-1α and SOX2 in patients with cervical  

squamous cell carcinoma 

Metastases Variable 
no yes 

p value 

Age (years), mean ± SD 45.2 ± 10.1 51.9 ± 11.8 0.006a 
Tumor dimensions (mm), mean ± SD     

length (mm) 14.3 ± 4.6 29.8 ± 12.0 < 0.001b 

width (mm) 11.9 ± 4.2 28.8 ± 12.7 < 0.001b 

depth (mm) 8.6 ± 4.2 22.1 ± 9.7 < 0.001b 

volume (mm3) 1,420 (625–2,405) 19,775 (8,000–40,500) < 0.001b 

LVSI, n (%)    
no 40 (100) 0  
lymph or vascular 5 (74.4) 2 (28.6) < 0.001c 
both lymph an vascular 15 (34.9) 28 (65.1)  

Tumor grade, n (%)    
1 2 (100) 0  
2 40 (63.5) 23 (36.5) 0.821d 
3 18 (72.0) 7 (28.0)  

Stage, n (%)    
IB1 < 20 mm 60 (92.3) 5 (7.7) < 0.001c 
other 0 25 (100)  

HIF-1α, n (%)    
no/weak 21 (52.5) 19 (47.5)  
moderate 25 (83.3) 5 (16.7) 0.024c 
strong 14 (70) 6 (30)  

SOX2, n (%)     
no 33 (70.2) 14 (29.8)  
weak 16 (61.5) 10 (38.5) 0.566d 
moderate/strong 11 (64.7) 6 (35.3)  

Lymhocytic stromal response, n (%)    
weak 19 (61.3) 12 (38.7)  
moderate 16 (59.3) 11 (40.7) 0.041d 
strong 25 (86.2) 4 (13.8)  

LVSI – lymphovascular invasion; HIF-1α – hypoxia-inducible factor 1-alpha; SD – standard deviation. 
at-test; bMann-Whitney U test; cPearson χ2 test; dχ2 test for trend (Cochrane-Armitage test). 
 
Table 2 

Expression of HIF-1α in relation to clinicopathological characteristics in patients with cervical squamous  
cell carcinoma 

HIF-1α  
Variable 

no/weak moderate strong p value 
Age (years), mean ± SD 49.6 ± 10.7 46.1 ± 10.8 45.2 ± 12.1 0.253a 
Tumor dimensions, mean ± SD     

length (mm) 22.5 ± 12.4 16.8 ± 9.2 17.3 ± 7.5 0.095b 

width (mm) 19.2 ± 13.3 16.0 ± 9.3 16.6 ± 9.9 0.752b 

depth (mm) 14.7 ± 10.1 10.3 ± 6.1 13.3 ± 10.1 0.242b 

volume (mm3) 2,630 (1,125–22,775) 1,590 (750–3,780) 2,625 (960–5700) 0.291b 

LVSI, n (%)     
no 13 (32.5) 20 (66.7) 7 (35)  
lymph or vascular 2 (5) 1 (3.3) 4 (20) 0.006c 
both lymph and vascular 25 (62.5) 9 (30) 9 (45)  

Grade, n (%)     
1 1 (2.5) 1 (3.3) 0  
2 32 (80) 21 (70) 10 (50) 0.013d 
3 7 (17.5) 8 (26.7) 10 (50)  

Lymhocytic response, n (%)     
weak 16 (41) 8 (27.6) 7 (36.8)  
moderate 10 (25.6) 9 (31) 8 (42.1) 0.940d 
strong 13 (33.3) 12 (41.4) 4 (21.1)  

For the abbreviations see under Table 1. 
aANOVA; bKruskal-Wallis test; cPearson χ2 test; dχ2-test for trend (Cochrane-Armitage test).  
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Table 3 
Correlation between the expression of SOX2 and clinicopathological parameters in patients with cervical squamous 

cell carcinoma 

SOX2 Variable 
no weak moderate/strong 

p value 

Age (years), mean ± SD 48.5 ± 12.3 44.3 ± 9.3 49.5 ± 9.7 0.229a 

Tumor dimensions, mean ± 
SD     

length (mm) 19.7 ± 10.5 17.6 ± 10.9 21.8 ± 11.1 0.534b 

width (mm) 18.3 ± 11.5 16.6 ± 13.5 17.1 ± 6.7 0.423b 

depth (mm) 13.5 ± 9.7 11.9 ± 9.2 12.5 ± 7.4 0.910b 

volume (mm3) 2,250 (1,000–8,000) 1,710 (1,050–3,780) 3,000 (960–11,500) 0.726b 

LVSI, n (%)     
no 20 (42.6) 13 (50) 7 (41.2)  
lymph or vascular 2 (4.3) 3 (11.5) 2 (11.8) 0.645c 

both lymph and 
vascular 

25 (53.2) 10 (38.5) 8 (47.1) 
 

Grade, n (%)     
1 2 (4.3) 0 0  
2 35 (74.5) 15 (57.7) 13 (76.5) 0.331d 
3 10 (21.3) 11 (42.3) 4 (23.5)  

Lymhocytic response, n 
(%) 

   
 

weak 16 (35.6) 7 (28.0) 8 (47.1)  
moderate 15 (33.3) 9 (36) 3 (17.6) 0.916d 
strong 14 (31.1) 9 (36) 6 (35.3)  

For the abbreviations see under Table 1. 
aANOVA; bKruskal-Wallis test; cPearson χ2 test; dχ2-test for trend (Cochrane-Armitage test). 

 
 

 
Fig. 1 – Imunohistochemical expression  

of hypoxia-inducible factor-1 alpha (×40). 

 
Fig. 2 – Imunohistochemical expression  

of SOX2 (×100). 
 
 

Discussion 

Screening programs in highly developed countries re-
cord mainly cases of premalignant changes in the cervix. 
However, for the rest of the world, invasive cervical cancer is 
still one of the leading causes of morbidity and mortality in the 
female population. In Serbia, this malignant tumor is at the 3rd 
place at the rate of mortality, because a large number of patients 
appear in advanced stages of the disease, when additional ra-
diation or combined chemoradiotherapy is required. 

One of the main reasons for the weaker success of ad-
ditional therapy is hypoxia that occurs in solid tumors, and 
many studies are focused on enhancing oxygenation in tu-
mors. HIF-1 as a parameter of hypoxic conditions in a 
changed microenvironment has been the target of numerous 
trials aimed at finding targeted therapy, during the last dec-
ade. It has been confirmed that HIF-1 is composed of two 
domains: alpha and beta, and HIF-1α consists of three dif-
ferent components: HIF-1α, HIF-2α and the least known 
HIF-3α. 
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Most of the studies have been carried out to estimate 
the expression of HIF-1α and its effects on various tumor 
characteristics, such as neoangiogenesis, metabolic repro-
gramming, genetic instability, cancer stem cells proliferation, 
invasiveness and metastasis, immune response of the host, 
survival and resistance to applied therapies. It has been 
shown that enhanced HIF-1 expression is a parameter of 
poor prognosis for many malignant tumors, both in the cases 
of the primary process and in metastatic disease. 

Numerous, early trials were performed on tumors of 
the breast and ovaries, and then extended to other gyneco-
logical tumors, and tumors of other localities, irrespective 
of the type of differentiation. In most of those papers, the 
influence of HIF-1α marker is observed in correlation with 
the vascular endothelial growth factor marker of neoangio-
genesis. The summarized results of the study by Jin et al. 8, 
observing the prognostic effect of HIF-1α marker expres-
sion on tumors of gynecological origin, show a significant 
but still insufficiently clear role of this hypoxia marker. 
The meta-analysis included 59 different studies with the 
conclusion that HIF-1α was associated with FIGO stage, 
tumor grade, lymph node metastases, 5-year survival and 
recurrence rate. The results were as follows: expression in 
the stage III–IV or in the presence of metastases in lymph 
nodes was significantly higher than in the stage I–II with or 
without metastases in lymph nodes, respectively (p < 
0.00001, p < 0.0001, respectively); compared to tumor 
grade (gradus 3 vs. gradus 1: p < 0.00001; gradus 3 vs. gra-
dus 2: p = 0.002; gradus 2 vs. gradus 1: p < 0.00001 p < 
0.00001), 5-year survival without disease (p = 0.001) and 
5-year survival (p < 0.000). 

However, the results regarding the relationship of HIF-
1α and cervical carcinoma are heterogeneous and partly con-
tradictory. In the study of Huang et al. 9 it has been stated 
that the excessive expression of HIF-1α in invasive carci-
noma is present in 94.6% of subjects, with a significant asso-
ciation with FIGO stage (p = 0.024) and tumor size (p = 
0.003), which our research did not show. 

In the work of Kim et al. 10, HIF-1α strong positivity 
was present in 39.7% of analyzed cervical cancers and corre-
lated significantly with FIGO stage (p < 0.001) and lymph 
node positivity (p < 0.001). Our findings are similar. The in-
creased activity of HIF-1α causes a decrease in the activity 
of E cadherin, an adhesive cellular molecule that suppresses 
the invasion and metastases by maintaining cell integrity. 
However, there was no significant association of expression 
of HIF-1α with tumor size (p = 0.210) and invasion of blood 
and lymph vessels (p = 0.725). 

In our study, 50 cases of a total of 90, showed moderate 
and strong positivity for HIF-1α. According to Iwasaki et 
al. 11, 28 cases of 54 were positive for HIF-1α, with signifi-
cant association with FIGO stage (p = 0.0349) and tumor 
type (more significant expression in adenocarcinomas com-
pared to squamous) but no association with lymph node me-
tastases (p = 0.5615), LVSI (p = 0.2350), or tumor size 
(p = 0.5826). Our results obviously partially coincide with 
the already published results of other authors, but there are 
some disagreements. It is interesting that each study com-

pared to the previous one had deviations in significance, at 
least in some histopathological parameters. 

There are several ways to explain differences in the ob-
tained results. The antibodies used in the IHC analysis in 
studies are by different manufacturers and this is considered 
to be one of the explanations why controversial results were 
obtained 12. The degree of cytoplasmic and nuclear positivity 
also varies, which affects the assessment of the strength of 
expression. Some authors include only nuclear positivity, 
while in other papers both nuclear and cytoplasmic staining 
are considered in estimating positive reaction 10. An impor-
tant reason is the interobserver difference in the interpreta-
tion of the results, considering the fact that automated digital 
analysis of expression is not used in most cases 13. 

In recent studies that indicate an increased expression 
of HIF-1α as a prognostic parameter for endometrial carci-
noma, there are also some other explanations for the ob-
served differences. There is no established cut off value that 
defines excessive expression of HIF-1α, and no clearly de-
fined field in which expression is determined. In most papers 
related to cervical carcinomas, the IHC reaction is deter-
mined only in the carcinoma islands, while in the case of en-
dometrial carcinoma it is the case of the inverse influence of 
stromal and carcinogenic positivity of HIF-1α – high stromal 
and low carcinoma HIF-1α positivity isa parameter of poor 
prognosis 14. 

In the paper of Seeber et al. 15, correlation between ne-
crosis and HIF-1α expression is also observed in endo-
metrioid carcinoma, with the emphasis only on nuclear posi-
tivity in cancer cells in three different aspects: perinecrotic 
positivity, diffuse positivity or mixed (combinations of the 
preceding two), which indicates the difference in interpreta-
tion and the discordance in determining the positivity of the 
hypoxia markers. We should not neglect the fact that the 
general condition of a patient can also affect variations in the 
values of HIF-1α, e.g. hyperglycemia or hemoglobinemia 16. 

Interestingly, in some studies it has been shown that 
there is no significant difference between the increased ex-
pression of HIF-1α in high grade squamous intraepithelial le-
sions and in invasive carcinoma, which is considered to be 
evidence that this endogenous metabolic marker is involved 
in early stages of tumor development, associating it with 
highly oncogenic human papilloma virus (HPV) 17, 18. The 
HPV E6 oncoprotein, the p53 tumor suppressor gene inacti-
vator, increases the stability of HIF-1α and enhances the ex-
pression of HIF-1α -dependent VEGF in hypoxic conditions, 
so it is believed that HIF-1α is not only a prognostic parame-
ter but also plays an important role in progression from pre-
invasive lesion to invasive disease. 

Much less is known about the association of SOX2 and 
the tumor process. The research was directed to finding the 
link between SOX2 and cancer stem cells, with the conclu-
sion that its overexpression and genetic amplification were 
associated with the formation of SCC in various tissues, in-
cluding the lungs and esophagus 19. In the review paper of 
Weina and Utikal 20, the obtained results are summarized, 
and through various mechanisms, by determining the genetic 
amplification, it is concluded that SOX2 can be a prognostic 
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marker, a metastatic indicator, a biomarker, or a potential 
targeted therapy for certain types of tumors such as pancre-
atic, esophageal SCC, carcinomas of lungs and oral regions, 
and, in particular, in tumors of neurogenic origin. 

However, for cervical cancer, gene amplification is listed 
as unknown, and that is the mechanism through which it works. 
Ji and Zheng 21 in their work state that the SOX2 nuclear expres-
sion, as an IHC reaction, was significantly higher (p = 0.05) in 
SCC cells than in the normal epithelium 21, with the conclusion 
that the expression is much higher as the tumor was less differ-
entiated, but for all other clinical pathological parameters there 
was no significant difference. 

Our results are concordant with results of the research 
of Yang et al. 22, in which, unlike in the study by Ji and 
Zheng 21, there was no statistically significant difference in 
the degree of tumor differentiation. The digital software sys-
tem analyzed the cytoplasmic positive reaction of SOX2 in 
the carcinoma cells, and the obtained expression did not cor-
relate with clinicoathological parameters – FIGO stage of 
tumor disease (p = 0.519), histological tumor grade (0.594), 
tumor size (p = 0.493), vascular invasion (p = 0.592) and 
lymph node metastases (p = 0.181). 

In their study, Kim et al. 23 showed a somewhat differ-
ent result, revealing a significant difference in the tumor size 
category (p = 0.015), but not in FIGO stages (p = 0.519), the 
degree of tumor differentiation, lymphovascular invasion, or 
lymph node metastases (p = 0.879), which is in accordance 
with results of Yang et al. 22, as well as our results. 

Interesting observations are given in the paper by Stew-
art and Crook 24. They noted that most of the squamous cells 
in squamous intreapithelial lesions were SOX2 positive, and 
that most of the cancer cells in the FIGO IA1 group (early 
invasive tumors) were completely negative or weakly posi-
tive, and that corresponds with our results. The authors sug-
gest that the explanation might be in the disorder of SOX2 
regulation during the initial stages of the invasive processes, 
or that the progression of cervical SCC may include cyclical 
changes in the activity of SOX2. 

In our study there was no link between HIF-1α and 
SOX2 expression in the two investigated groups, i.e. no sig-

nificant coexpression of these two markers was found. There 
is a small number of studies determining their connection. 
Miyazawa et al. 25 showed a significant relationship between 
expression of HIF-1α and two other stem cells markers, 
NANOG and OCT4, that coexpress with SOX2, using pros-
tate carcinoma samples. Mathieu et al. 26 link hypoxia or its 
endogenous HIF marker with increased transcription of stem 
cell markers: NANOG; SOX2, OCT4 (and others) within 
eleven cancers including cervical cancer. However, most pa-
pers are not based on the application of IHC methods, but on 
molecular-genetic analyzes, so perhaps the difference in the 
obtained results can be explained by differences in the speci-
ficity and sensitivity of the applied methods. Keith et al. 27 
conclude that HIF-1 influences glucose metabolism disorder, 
while HIF-2 is included in OCT4-regulated stem cell pluri-
potency (OCT4 is coexpressed with SOX2). In our research 
we used HIF-1α, not HIF-2α, so maybe this is a part of the 
explanation why we did not get the link between the HIF-1α 
and SOX2 markers. 

Conclusion 

The importance of SOX2 as a prognostic parameter for 
cervical SCC, as well as the correlation of the HIF-1α and 
SOX2 expression, has not been established. However, the 
significant difference between small invasive carcinomas 
without lymph node metastases and invasive carcinomas 
with lymph nodes metastases (regardless of FIGO stage) in 
expression of HIF-1α confirms the role of hypoxia in the tu-
mor microenvironment, in the process of invasion and metas-
tasis. This is defining HIF-1α as a poor prognostic parameter. 
The increase in oxygenation in the tumor microenvironment 
and/or inhibition of this marker activity could be a basis for 
targeted therapy. So far, certain inhibitors of HIF-1α were 
used in the treatment of advanced breast carcinoma and renal 
cell carcinoma, so it is possible to expect their usage in ad-
vanced stages of cervical cancers, as well. However, before 
treatment and for determination of HIF-1α expression, it is 
important to work out a standardization of IHC and/or other 
molecular methods with a goal of results validity estimation. 
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