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Abstract
Background: Spheroid cell structures (SCS) described in cell culture are used to study cell-cell and cell-matrix interactions. 

However, the role of the SCS in the repair process in vivo remains unexplored. The aim of the study was to examine the cellular 
composition of the spherical structures and their functional significance in the repair of the squamous epithelium in human papilloma 
virus-associated chronic cervicitis (HPV-CC). 

Methods and Results: The cytology and biopsy materials from 223 patients with HPV-CC were subjected to molecular testing for 
HPV DNA by Real-Time Polymerase Chain Reaction (Real-Time PCR) with genotyping and chromogenic in situ hybridization (CISH), 
as well as immunocytological and immunohistochemical analyses of p16INK4A, Ki67, SMA,  Vimentin,  CD34,  E-cadherin, Oct4,  
CD44, CKW markers. In the stem cell niche zone, these spheroid structures were discovered having proliferative activity and showing 
signs of producing stem cells involved in the repair of the cervical mucosa in HPV-CC. 

Conclusion: The persistence of the HPV in the stem cell niche zone cells in the cervix determines the chronization of inflammation 
in this area, with the ability to perform pathological repair. The immunophenotype of the spheroid cell structures in the HPV-CC includes 
cells with signs of stem cells (‘stemness’) and the mesenchymal-epithelial transition. 
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Introduction
The SCS over the recent years have captured the attention 

of many researchers. More than 2000 works according to 
PubMed 01.07.2013 have been focused on this problem. Vast 
majorities of studies have been conducted on the cultures of 
non-transformed and cancer cells (3D culture models) and fetal 
tissues; a few studies were performed with animal experiments 
with the transfer of the SCS in the peritoneal cavity. However, the 
first mention of these multicellular spheroid structures was in the 
’80s of the previous century [1-3]. These cellular structures were 
described under various names, such as, reparative modules and 
epithelial-mesenchymal spheroids (EMSs) [4], micro-mass [5], 
mammosphere [6], and micro-tissue structures [7]. The spheroids 
were obtained by culturing the chondrocytes [8], hepatocytes [9], 
and tumor cells of various tissues [10-12].

According to E. Fennema et al. [13], the spheroid structures 
could be used to study the cell-cell and cell-matrix interactions, 
the properties of the progenitor and stem cells, as well as to 

create transplants. In addition, according to I. Saburina [4], the 
plasticity of the EMSs may serve as the donor of the epithelium 
for the stroma in the damaged areas.

 “Granulation tissue” described by R. Virchow consists 
of loops of the newly produced capillary-type blood vessels 
and mesenchymal elements forming macroscopically visible 
“granules”, possibly an analog of the cellular spheroids in 
the tissue culture. However, “the spheroid structures” in 
the granulation tissue are composed solely of mesenchymal 
derivatives. We observed EMSs formation in the squamous 
epithelium, in the diseases of the cervix associated with HPV 
[14]. However, the question regarding their cellular composition 
and functional significance still remains open.

Material and Methods
A clinical-morphological and molecular-biological investi-

gation of the materials obtained from 223 women of reproductive 
age with chronic cervicitis associated with high-risk types of 
human papilloma virus (HR-HPV) was performed. Group 1 
consisted of 48 patients with HR-HPV and no other pathology 
of the cervix. Group 2 comprised 60 patients with HR-HPV-CC 
in combination with cervical intraepithelial neoplasia (CIN 1). 
Group 3 included 115 patients with HR-HPV-CC in combination 
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with CIN 2-3. The women ranged in age from 28 to 43 years. All 
the women were examined and treated at the Center in 2012. 

All the patients underwent molecular HPV DNA testing with 
genotyping of the virus, cytology testing (using the liquid-based 
cytology method) and cervical biopsy with immunocytological 
and immunohistochemical analyses of p16INK4A, Ki67.

The cervical samples were collected using an endocervical 
brush and placed in SurePath medium. The cervical samples 
were used for liquid-based cytology and DNA testing in the 
Cobas system (Roche Molecular Systems, USA). The Cobas 
system is a fully automated system that detects DNA on three 
separate channels: for HPV-16, HPV-18 and the pooled HPV of 
12 genotypes (31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68).  

Liquid-based cytology was performed in the B&D TriPath 
system. The specimens were subjected to Papanicolaou staining. 
The results were evaluated based on the Bethesda classification 
(Wright TCJr, et al., 2006). In parallel, the same material was 
studied using immunocytochemistry CINtec PLUS cytology 
kit (Roche, Germany) to detect the expression of p16INK4A 
and Ki67. Furthermore, we were trying to detecting the Oct4 
expression (MRQ-10, 1:100, Cell Marque, USA). 

The biopsy material was presented as cervical scrapings 
in the cases of CC in combination with CIN1, and with the 
operating pictures (the remote cervix cones) in the cases of 
CC in combination with CIN 2-3 to study HPV-CC in the 
surrounding intact cervical mucosa. Biopsies were fixed in 10% 
neutral formalin and embedded in paraffin. The serial paraffin 
sections were stained with hematoxylin and eosin staining; 
the immunohistochemical detection of the p16INK4A, Ki67 
(Roche, Germany), SMA (SP171, 1:50, Springbioscience, 
USA),  Vimentin (SP20, 1:200,  Springbioscience, USA),  CD34 
(QBEnd/10, 1:100, Cell Marque, USA),  E-cadherin (EP700Y, 
RTU, Cell Marque, USA), Oct4 (MRQ-10, 1:100, Cell Marque, 
USA),  CD44 (DF1485, 1:50, Dako, Denmark),  CKWSS (1:500, 
Dako, Denmark), and p16INK4a (Е6Н4, CINtec histology kit, 
Roche, Germany) expression was performed using conventional 
methods. We used the Dako REAL EnVision Detection System 
(Dako, Denmark) kit for secondary antibodies. Positive and 
negative control reactions were performed.

In addition, in the serial paraffin sections (n=27), we 
determined the localization of the HR-HPV DNA (16, 18, 
31, 33, and 35) by CISH using  ZytoFast PLUS (Germany) 
kit. Hybridization was performed with digoxigenin-labeled 
DNA probes. The hybridization results were visualized by the 
primary anti-digoxigenin antibodies, which were detected by the 
secondary antibodies. The reaction with diaminobenzidine led to 
the formation of the resistant brown-colored stain that was seen 
under the light microscope. Positive and negative controls were 
performed, which were represented by the histological slices of 
the cervix tested for the presence of HPV using Real-Time PCR. 

Results
 In the first phase, we evaluated the distribution of HR-

HPV among those patients with HPV-CC from groups 1-3. 
Evidence of the HPV genotypes was found in these groups. For 
example, HPV-16 and HPV-18 were not found in the Group 1 
patients. All the 48(100%) patients were infected with the pooled 
HPV (31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68). In Group 
2, the Cobas test revealed HPV-16 DNA in 12 (20%) women, 

whereas the combination of HPV-16 DNA with the other 12 types 
was determined in 48 (80%) women. In Group 3, the individual 
HPV-16 DNA was identified in 100 (87%) women, whereas the 
combination of the HPV-16 DNA with the other 12 types was 
identified in 15 (13%) women.

 In the second phase, the cytological diagnosis of CC was 
performed. In the cytology samples of Group 1 patients, we found 
koilocytes and signs of chronic inflammation as evidence of the 
reactive epithelial changes in combination with the symptoms of 
leukopedesis and the presence of inflammatory cells in the cytology 
samples (lymphocytes, macrophages, eosinophils, fibroblasts). 
In the groups with the HR-HPV-CC with CIN combination, a 
combination of these changes was observed with the presence 
of atypical squamous cells with dyskaryosis, hyperchromia and 
polymorphism of the nuclei with the formation of multicellular 
clusters in the samples. In the control group, only the cytologic 
signs of CC were recorded. In the immunocytochemical study, 
solitary proliferating Ki67- positive cells of the squamous and 
glandular epithelium, as well as solitary senescent cells expressing 
p16 were found in the HVP-CC patients. In the samples of HR-
HPV-CC women with CIN1, on double staining, atypical cells 
simultaneously expressing p16 and Ki67 markers were identified, 
which comprised from 15 to 100% of the squamous epithelium. 
We found multicellular clusters consisting of monomorphic cells 
with no signs of atypia, which expressed Ki67, Oct4 (Fig. 1a-b), 
an embryonic stem cell marker [19] and p16INK4A- negative 
cells in 5 cases of Group 1. 

In the third phase, we conducted histological and 
immunohistochemical studies of the biopsy and surgical 
specimens [20-22].  The histological examination of the cervical 
mucosa from the HPV-CC women revealed a specific complex of 
morphological signs, such as lymphohistiocytic infiltration with 
some plasma cells, as well as the phenomenon of neo-angiogenesis 
in the lamina propria, leukopedesis of the lymphocytes, acanthosis 
and koilocytosis in the squamous epithelium.

In 56 cases from among the 223 (25%) HPV-CC patients, 
the thickness of the squamous epithelium revealed epithelial-
mesenchymal SCS composed of the squamous cells of the basal 
and parabasal types with intact cell-cell contacts in the form of 
so-called bridges. Squamous cells with the CKWS expression in 
SCS had the preserved the intercellular contacts called “bridges” 
(Fig. 1c-d). In the center of several SCS, endothelium was present, 
located on the basal membrane. In addition, it was possible to see 
the formation of SCS in the zone of the stem cell niches around 
the invaginated blood capillaries. On double staining of the 
p16INK4A and Ki67 in the SCS described, only the expression 
of Ki67 was detected in some epithelial and endothelial cells. In 

Fig. 1(a). 
SCS in liquid-based cytology sample. 
Stained by Papanicolaou (x 1000)

Fig. 1(b). 
Oct4+ cells in the liquid-based 
cytology samples.
Immunocytohemical staining (x 1000)
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the HPV-CC patients, the p16INK4A oncomarker was absent in 
the SCS cells. Some SCS contained koilocytes and cells with 
apoptotic changes (Fig. 1e-f). Formations such as SCS were 
found, although in the CIN area they differed morphologically, 
and expressed the Ki67 and r16INK4A oncomarkers on double 
staining. 

In the fourth phase, we studied the immunophenotype of 
the SCS in the squamous epithelium of those with HPV-CC. 
The SCS are clearly visible in the CC areas, due to the greater 
expression of Oct4, CD34-, CD44-, and E-cadherin compared 
with the adjacent epithelium (Fig. 1d-e; Fig. 2). Thus, many 
SCS were localized in the cervical transformation zone, which 
is the stem cell niche, located directly on the basal membrane. 
Oct4 was detected as a brown-colored staining of the nuclei and 
cytoplasm of the cells, located around the perimeter of the SCS or 
at one of its poles, as well as in certain endothelial cells adjacent 
to the SCS, and in the connective tissue cells (Fig. 2a-b). The 
expression of CD34 was observed in the endothelium of the SCS 
capillaries; the reaction product was localized in the endothelial 
cell cytoplasm in the center of the SCS or in the invaginated 
blood capillaries close to the basal membrane. 

Besides, CD44 and E-cadherin were found in the cells 
of the squamous epithelium of the SCS (Fig. 2c). In this case, 
the intercellular bridges (desmosomal contacts) were clearly 

contoured. Mainly, Vimentin was detected in the capillary 
cells (Fig. 2d); however, Oct4 was found in the cytoplasm and 
nuclei of some epithelial cells in the SCS as well. The question 
regarding their origin in the SCS in the squamous epithelium 
is still not answered, but is probably due to the phenomenon 
of mesenchymal-epithelial transition (MET) in the SCS of the 
cervical squamous epithelium, as we discovered. Thus, the SCSs 
contained the cells with the epithelial immunophenotype (СК 
WSS+ и E-cadherin+), with the mesenchymal immunophenotype 
(Vimentin+, SMA+, СК WSS-, and E-cadherin-) and the 
epithelial-mesenchymal phenotype (Vimentin+, SMA+, СК 
WSS+, and E-cadherin+).  

In the fifth phase, we investigated the localization of HR-
HPV DNA (16, 18, 31, 33, and 35) using CISH in the сervical 
biopsies of patients with СС. Viral DNA was detected in the 
nuclei of the parabasal and basal epithelial cells, koilocytes, as 
well as in the capillary endothelium, fibroblastic cells and cells of 
the inflammatory infiltrate (Fig. 2e-f). 

Discussion

 In the HPV genotyping test we found that the characteristic 
of the HPV-CC without CIN is the absence of HPV-16. In 
contrast, the combination of the HPV-CC with CIN 1-3 was 
characterized by HPV-16 presence, both individually and in 
combination with the other HR-HPV DNA genotypes. Similar 
results have been described by several authors [15-17]. The HPV-
18 was not detected, which is consistent with the published data 
on its active participation in the occurrence of hysterocarcinoma 
[18]. It should be noted that the HPV DNA was detected in the 
zone of the stem cell niche, where an infection was present not 
only in the epithelial cells, including SCS, but in the vascular 
endothelium in the MET areas as well. Thus, it can be assumed 
that HPV is involved in MET. This assumption is also confirmed 
by the literature. In the experiments, in the HPV16 E6/E7 

Fig. 1(c). 
SCS with koilocytes and  the capillary 
in centre. Stained with H&E (x 600)

Fig. 1(d). 
SCS with proliferation of the Ki67+ 
cells and the Р16INKA4- cells. 
Immunohistochemical staining (x 600)

Fig. 1(e).
E-cadherin+ cells in SCS. 
Immunohistochemical staining (x 600)

Fig. 1(f). 
СD 34+ cells in SCS. 
Immunohistochemical staining (x 600)

Fig. 2(a). 
Oct4+ cells in SCS. 
Immunohistochemical staining (x 600)

Fig. 2(b). 
Oct4+ cells in SCS in the zone of 
the stem cell niche of the cervix.
Immunohistochemical staining (x 600)

Fig. 2(c). 
СD 44+ cells in SCS.
Imunohistochemical staining (x 600)

Fig. 2(d). 
Vimentin+ cells in SCS. 
Immunohistochemical staining (x 600)

Fig. 2(e). 
DNA HPV in the forming SMS. 
CISH (x 100)

Fig. 2(f). 
DNA HPV in the squamous epithelium 
and the capillary endothelium in 
the zone of the stem cell niche of the 
cervix. CISH (x 1000).
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infected cell culture, HPV was revealed to induce the phenotypic 
and molecular programming of the MET in the culture of normal 
keratinocytes. The fibroblast growth factor was found to inhibit 
the expression of the epithelial marker E-cadherin and increase 
the expression of Vimentin, the mesenchymal marker [24-25].  In 
cervical cancer, Lee et al., also observed MET programming [26]. 

Therefore, the spheroid structures represented by the cell 
clones having signs of stem cells and functioning as the reparative 
formations in the HPV-CC patients, contained HR-HPV types 
that, probably, can potentiate MET.

The spheroidal structures discovered by us in the HPV-CC 
were composed of cells with proliferative activity and signs of 
‘stemness’. Considering the proliferative activity of the SCS, the 
cellular structure and the lack of p16INK4A expression lead us 
to suggest that these structures are involved in the repair of the 
cervical mucosa in HPV-CC. The composition of the reparative 
SCS in HPV-CC includes those cells with the expression of the 
stem cells markers, which are involved in squamous epithelium 
repair. 

The phenomenon of epithelial-mesenchymal transition 
(EMT) has been described in the earlier studies on tissue culture 
and in vivo during the invasion and metastasis of the malignant 
tumors. MET is the reverse process of EMT, which is discussed in 
some chronic inflammatory diseases [23]. Our data and literature 
data confirm the existence of MET in HPV-CC and enables one 
to assume that the cells with signs of ‘stemness’ in the SCS may 
be a result of the MET, possibly, with the participation of the 
tissue stem cells and, also possibly with bone marrow-originated 
mesenchymal stem cells.

Findings:
1. The persistence of the HPV in the cells of the stem cell 

niche zone of the cervix causes the chronization of inflammation 
here, having the capacity for pathological repair.

2. Regarding the repair of the cervical mucosa in HPV-CC, 
we found the participation of special epithelial-mesenchymal 
SCSs, which had been formed in the zone of the stem cell niche 
and were able to accomplish the proliferative activity.

3. The cells of the spheroid structures in the HPV-CC are 
of the heterogeneous immunophenotype and include cells with 
the signs of stem cells and the mesenchymal-epithelial transition 
which, in turn, suggests the possibility of MET in the repair of 
epithelium in the HPV-CC.

References
1. Lord EM, Penney DP, Sutherland RM, Cooper RAJr. 

Morphological and functional characteristics of cells infiltrating 
and destroying tumor multicellular spheroids in vivo. Virchows 
Arch B Cell Pathol Incl Mol Pathol 1979; 31(2):103-16.

2. Sutherland RM, Durand RE. Radiation response of 
muiticell spheroids – an in vitro tumour model. Curr Top Radiat 
Res Q 1976; 11(1):87-139.

3. Umanskii IuA, Semenova-Kobzar’ RA, Kushko Lla.  
3-dimensional growth (spheroid formation) of tumor cells in 
diffusion chambers. Tsitologiia 1975; 27(5):557-9. [Article in 
Russian].

4. Saburina IN. Epithelial-mesenchymal plasticity of 

multipotent mesenchymal stromal cells in normal and pathological 
conditions (experimental study). Doctoral Dissertations Abstract. 
Moscow, 2010. [Abstract in Russian].

5. Greco KV, Iqbal AJ, Rattazzi L, Nalesso G, Moradi-
Bidhendi N, Moore AR, et al. High density micromass cultures of 
a human chondrocyte cell line: a reliable assay system to reveal 
the modulatory functions of pharmacological agents. Biochem 
Pharmacol 201; 82(12):1919-1929. 

6. Klopp AH, Lacerda L, Gupta A, Debeb BG, Solley T, 
Li L, et al. Mesenchymal stem cells promote mammosphere  
formation and decrease E-cadherin in normal and malignant 
breast cells. PloS ONE 2010; 5(8): e12180.

7. Rivron NC, Rouwkema J, Truckenmuller R, Karperien 
M, de Boer J, van Blitterswijk CA. Tissue assembly and 
organization: developmental mechanisms in microfabricated 
tissues. Biomaterials 2009; 30(28): 4851-8.

8. von der Mark K, Gauss V, von der Mark H, Müller P. 
Relationship between cell shape and type of collagen synthesised 
as chondrocytes lose their cartilage phenotype in culture. Nature 
1977; 267(5611):531-2. 

9. Bierwolf J, Lutgehetmann M, Feng  K,  Erbes J, 
Deichmann S, Toronyi E, et al. Primary rat hepatocyte culture 
on 3D nanofibrous polymer scaffolds for toxicology and 
pharmaceutical research. Biotechnol Bioeng 2011; 108(1):141-
50.

10. Kuch V, Schreiber C, Thiele W, Umansky V, Sleeman 
JP. Tumor-initiating properties of breast cancer and melanoma 
cells in vivo are not invariably reflected by spheroid formation 
in vitro, but can be increased by long-term culturing as adherent 
monolayers. Int J Cancer 2013; 132(3):E94-105.

11. Wei B, Han XY, Qi CL, Zhang S, Zheng ZH, Huang Y, 
et al. Coaction of spheroid-derived stem-like cells and endothelial 
progenitor cells promotes development of colon cancer. PLoS 
One 2012; 7(6):e39069.

12. Kurioka D, Takagi A, Yoneda M, Hirokawa Y, 
Shiraishi T, Watanabe M.  Multicellular spheroid culture models: 
applications in prostate cancer research and therapeutics. J Cancer 
Sci Ther 2011; 3(3):060-065.

13. Fennema E, Rivron N, Rouwkema J, van Blitterswijk 
C, de Boer J.  Spheroid culture as a tool for creating 3D complex 
tissues. Trends  Biotechnol 2013; 31(2):108-15.

14. Kogan EA, Faizullina NM, Demura SA, Demura TA, 
Israilova AKh, Kozachenko A.V. Remodeling of an endocervical 
stem cell niche in HPV-associated precancer and microinvasive 
cancer of the cervix uteri. Obstet & Gynecol 2012; 7:54-8. 
[Article in Russian].

15. Buitrago-Perez A, Garaulet G, Vazquez-Carballo A, 
Paramio JM, Garcia-Escudero R. Molecular signature of HPV-
induced carcinogenesis: pRb, p53 and gene expression profiling. 
Curr Genomics 2009; 10(1):26–34. 

16. Castle PE, Stoler MH, Wright TC Jr, Sharma A, 
Wright TL, Behrens CM. Performance of carcinogenic human 
papillomavirus (HPV) testing and HPV16 or HPV18 genotyping 
for cervical cancer screening of women aged 25 years and 
older: a subanalysis of the ATHENA study. Lancet Oncol 2011; 
12(9):880-90.

17. Rijkaart DC, Berkhof J, Rozendaal L, van Kemenade 
FJ, Bulkmans NW, Heideman DA, et al. Human papillomavirus 
testing for the detection for high-grade cervical intraepithelial 
neoplasia and cancer: final results of the POBASCAM randomized 



196                                             E. A. Kogan et al. / International Journal of BioMedicine 3(3) (2013) 192-196

controlled trial. Lancet Oncol 2012; 13(1):78-88.
18. Giatromanolaki A, Sivridis E, Papazoglou D, 

Koukourakis MI,  Maltezos E. Human papillomavirus in 
endometrial adenocarcinomas: infectious agent or a mere 
“Passenger”? Infect Dis Obstet Gynecol 2007; 2007:60549. 

19. Wang X, Dai J. Concise review: isoforms of OCT4 
contribute to the confusing diversity in stem cell biology. Stem 
Cells 2010; 28(5):.885-93. 

 20. Malpica A, Deavers MT, Euscher E. Biopsy 
interpretation of the uterine cervix and corpus. Philadelphia: 
Wolters Kluwer Health/Lippincott Williams &Wilkins; 2010.  

21. Wright TC, Ronnett BM, Ferenczy A et al. Bening 
deseases of the cervix. Precancerous lesions of the cervix. In 
book: “Blaustein’s Pathology of the Female Genital Tract”. 
Editors: Ellenson LH, Kurman RJ, Ronnett BM. New York; 
London: Springer, 2011. Chapter 4-5:155-252.

22. Baak JPA, Stoler MH, Bean SM, et al. Cervical 
precancer (intraepithelial neoplasia), including functional 
biomarkers and colposcopy. In book: Robboy’s pathology of 
the female reproductive tract. Robboy SJ, Bentley  RC, Russell 
P, Anderson MC, Mutter GL,  Prat J. Elsevier Health Sciences, 
2009; Chapter 8:189-226.

23. Stewart CJR, McCluggage WG. Epithelial–
mesenchymal transition in carcinomas of the female genital tract. 
Histopathology 2013; 62(1):31-43.

24. Hellner K, Mar J, Fang F, Quackenbush J, Munger 
K. HPV16E7 oncogene expression in normal human epithelial 
cells causes molecular changes indicative of an epithelial to 
mesenchymal transition. Virology 2009; 391(1):57–63.

25. Cheng YM, Chou CY, Hsu YC, Chen MJ, Wing LY. 
The role of human papillomavirus type 16 E6/E7 oncoproteins in 
cervical epithelial–mesenchymal transition and carcinogenesis. 
Oncol Lett 2012; 3(3):667–671.

26. Lee MY, Shen MR. Epithelial–mesenchymal transition 
in cervical carcinoma. Am J Transl Res 2012; 4(1):1–13.

 


