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Abstract 
Pilomatricoma is a rare benign tumor of the hair follicle matrix cells, which associates during its evolution a foreign body-like inflammatory 
process. We have investigated three such tumors, two of them displaying a rather poor stroma, while the third was distinctive due to its stroma 
and large numbers of inflammatory cells infiltrating the tumor. The analysis of IL-8 (interleukin-8), CXCR1 (IL-8RA – IL-8 receptor alpha) and 
CXCR2 (IL-8RB – IL-8 receptor beta) expression showed that these molecules are present not only in many different types of inflammatory 
and endothelial cells, but also in several tumor basaloid, transitional and even few ghost cells. Taking into consideration the roles played by 
IL-8 and its two receptors, CXCR1 and CXCR2, this pattern of expression offers some insights on the potential roles of these molecules in 
tumor survival, cell proliferation and angiogenesis. Furthermore, given the expression of IL-1 (interleukin-1) and TNF (tumor necrosis factor) 
receptors by the tumor cells, IL-8 production by such cells might be under the control of these pro-inflammatory cytokines. 
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 Introduction 

Pilomatricoma, also known as pilomatrixoma or 
calcifying epithelioma of Malherbe, is a rare benign skin 
tumor developed from hair follicle matrix cells [1, 2]. The 
majority of cases (cca. 60%), are associated with the first 
two decades of life, females being affected more frequently 
than males [3, 4]. Usually, the tumor is solitary and its 
most common localizations are the head, the neck and the 
upper extremities [5]. 

Clinical diagnosis can be difficult, but the tissue 
histological examination easily identifies the particular 
features of the lesion. 

The tumor, frequently limited by a fibrous capsule, 
appears as islands of cells localized in the dermis. These 
cells are of epithelial origin with different morphology and 
features. The cells, arranged in several layers localized in 
the islands periphery, are called basaloid. They are small, 
with round nuclei and basophilic cytoplasm. Several 
basaloid cells, especially those localized in the outer 
layer, are proliferating cells [1, 2]. In the center of the 
islands are found the ghost or shadow cells. They are large 
enucleated cells, with abundant eosinophilic cytoplasm, 
containing important amounts of keratin. These cells are 
generated by the keratinization of basaloid cells and 
their number increases during the evolution of the lesion 
[2, 6]. In several cases, these two types of cells are 
separated by layers of so-called transitional cells, with 
small nuclei and cytoplasm that becomes progressively 
rich in keratin [1, 2]. Calcification often occurs and 
sometimes even ossification [7, 8]. 

The presence of tumor cells is associated with a 
foreign body-like inflammatory response, the islands being 

surrounded by a stroma containing usually many blood 
vessels, multinucleated giant cells and other inflammatory 
cells [4]. 

Inflammation is a complex response involving many 
effector cells of the immune system that accumulate in the 
inflammatory sites in the attempt to protect the tissues. 
It can be initiated by many triggers, represented by 
pathogens and their products, tumor cells or inert tissues, 
a large variety of factors released by injured cells and 
involves activated and armed cells able to destroy, as well 
as cells that contribute by secreting soluble molecules 
[9]. 

The chemokines are a family of small cytokines with 
chemotactic activity. The proteins are divided into two 
groups based on the presence or the absence of one amino 
acid in a particular motif containing two cysteine residues: 
the CC chemokines with no intervening amino acid and 
CXC chemokines with one such amino acid [10, 11]. 

IL-8 (interleukin-8) or CXCL8 is a CXC chemokine 
produced by activated monocytes and macrophages, 
epithelial and endothelial cells, fibroblasts and neutrophils 
[12, 13]. It is also known as neutrophil chemotactic factor 
(NCF), because it induces chemotaxis, primarily of neutro-
phils, but also of basophils and T-lymphocytes [9–11]. 
In other target cells such as endothelial cells, macrophages, 
mast cells and keratinocytes, IL-8 determines various other 
different effects, such as angiogenesis, phagocytosis, 
activation, exocytosis, respiratory burst [9, 14, 15]. All 
these effects are mediated by the interaction between the 
chemokine and its two receptors, CXCR1 (IL-8RA – IL-8 
receptor alpha) and CXCR2 (IL-8RB – IL-8 receptor beta), 
members of G-protein-coupled receptors group and 
expressed by a large variety of cells [16–19]. 
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The recruitment and accumulation of inflammatory 
cells in the stroma surrounding the islands of tumor cells 
in pilomatricoma is most probably mediated by many 
cytokines and chemokines and the aim of our study was 
to investigate the possible involvement of IL-8 and its two 
receptors, CXCR1 and CXCR2 in the pilomatricoma-
associated inflammation. Additionally, we investigated 
the presence of IL-1RI (interleukin-1 receptor I), TNFRI 
(tumor necrosis factor receptor I) and TNFRII (tumor 
necrosis factor receptor II), as receptors for cytokines 
such IL-1α, IL-1β and TNF, well known to stimulate the 
IL-8 secretion [9, 20, 21]. 

To the best of our knowledge, this is the first inves-
tigation of the IL-8 and its receptors expression in pilo-
matricoma. 

 Materials and Methods 

We investigated three cases of pilomatricoma treated 
in the Department of Surgery, “Prof. Dr. Nicolae Oblu” 
Emergency Hospital, Iassy, Romania, in the last two years. 
The excised tissues were formalin fixed and paraffin 
embedded. Sections from every case were stained with 
Hematoxylin and Eosin (HE) for the histological exami-
nation. 

Immunohistochemistry 

Tissue sections (4 μm) were deparaffinized in xylene 
and rehydrated in a series of graded ethanol solutions. 
Antigen retrieval was performed by heating the sections, 
20 minutes in Antigen Retrieval Solution (Dako, Denmark), 
pH 6.1, at 980C, followed by 5 minutes pre-incubation with 
Peroxidase-Blocking Solution (Dako, Denmark). The slides 
were incubated overnight at 40C with the following primary 
antibodies: monoclonal mouse anti-human IL-8 (clone 
6217, Sigma-Aldrich, St. Louis, USA, 25 μg/mL working 
dilutions of a 0.5 mg/mL stock solution), monoclonal 
mouse anti-human CXCR1 (clone 42705.111, Sigma-
Aldrich, St. Louis, USA, 25 μg/mL working dilutions of a 
0.5 mg/mL stock solution), monoclonal mouse anti-human 
CXCR2 (clone 48311.211, Sigma-Aldrich, St. Louis, USA, 
25 μg/mL working dilutions of a 0.5 mg/mL stock solution), 
polyclonal rabbit anti-human IL-1RI (clone C-20, Santa 
Cruz Biotechnology, Santa Cruz, USA, 1:100 working 
dilution of a 200 μg/mL stock solution), monoclonal mouse 
anti-human TNFRI (Cat. No. 550514, BD Biosciences 
Pharmingen, San Diego, USA, 1:100 working dilution of 
a 0.5 mg/mL stock solution) and monoclonal mouse anti-
human TNFRII (clone D-2, Santa Cruz Biotechnology, 
Santa Cruz, USA, 1:100 working solution from 200 μg/mL 
stock solution). 

The specific reactions were detected using EnVision™+ 
Dual Link System–HRP (Horseradish peroxidase) kit (Dako, 
Denmark), followed by counterstaining in Mayer’s 
Hematoxylin (Dako, Denmark). 

The same protocol, except for the primary antibodies 
incubation step, was applied for negative controls. 

Positive reactions were visualized in light microscopy 
as brown precipitates, corresponding to the respective 
antigen localization, cytoplasmic for IL-8, CXCR2, IL-1RI, 
TNFRI and TNFRII and nuclear/cytoplasmic for CXCR1. 
We considered 10% positive cells as the threshold between 
positive and negative tumors. 

 Results 

Histological analysis 

The histological examination of the three cases supported 
the clinical diagnosis but also evidenced several different 
aspects of the lesions, suggesting different stages of tumor 
evolution. 

In several tumor islands of the first case all types of 
cells, basaloid, transitional and ghost cells, were well 
represented (Figure 1), while the stroma, even not very well 
developed, was dominated by giant cells surrounding many 
large islands of ghost cells. 

The second case displayed numerous large islands of 
ghost cells, surrounded by a poorly developed stroma, with 
giant cells, and an extremely low number of basaloid and 
transitional cells (Figure 2). 

The last case was characterized by a small number 
of islands with basaloid, transitional and ghost cells and 
a large stroma infiltrated with numerous giant cells, 
neutrophils, other leukocytes, probably lymphocytes, blood 
vessels and fibroblasts. Also, many small groups or 
isolated shadow cells were scattered in the stroma. The 
inflammatory reaction was present in all three cases, but 
the third case showed a larger number of giant cells, blood 
vessels, inflammatory cells and fibroblasts as compared 
with Case No. 1 or Case No. 2 (Figure 3). 

Immunohistochemistry 

The IL-8 expression was found in many inflammatory 
cells, several blood vessels and fibroblasts (Figure 4). 

Furthermore, we were able to evidence the IL-8 
expression in more than 30% of the basaloid cells, appro-
ximately 70% of the transitional cells and even several 
ghost cells (<5%) in all three cases of pilomatricoma 
(Figure 5). To the best of our knowledge, this is the first 
evidence of IL-8 synthesis by the cells constituting these 
benign skin tumors. 

CXCR1 was identified in the basaloid, transitional and 
in few ghost cells (Figure 6). The positivity percentages 
were comparable with the IL-8 positivity for every type of 
the tumor cells. Also, endothelial cells, giant cells, and 
fibroblasts were CXCR1 positive. 

CXCR2 displayed the same pattern of expression as 
CXCR1 (Figure 7), although the intensity of the labeling 
was constantly lower, under the same labeling conditions. 

The labeling for IL-1 receptor I (IL-1RI) showed 
positivity in many types of cells scattered within the 
stroma (Figure 8), but also in 50–60% of the transitional 
cells and in several basaloid cells (Figure 9). 

TNFRII was present in approximately 5% of the 
basaloid cells, approximately 10% of the transitional 
cells and few giant cells (Figure 10), while TNFRI was 
found only in very few giant cells (data not shown). 

Due to the small number of the cases, we did not 
perform any statistical analysis and we did not establish 
any correlations between the expression of the molecules 
under investigation. However, we would like to stress that 
many basaloid cells and the majority of the transitional 
tumor cells, express simultaneously IL-8 and both its 
receptors. 
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Figure 1 – Pilomatricoma – Case No. 1. Tumor islands 
displaying all three types of pilomatricoma characteristic 
cells: basaloid, transitional and ghost cells. HE staining, 
×100. 

Figure 2 – Pilomatricoma – Case No. 2. The ghost cells 
dominate the lesion, while the stroma is less well 
represented. HE staining, ×100. 

 

Figure 3 – Pilomatricoma – Case No. 3 characterized by 
a small number of tumor islands scattered in a stroma 
extremely abundant, with many inflammatory cells and 
blood vessels. HE staining, ×200. 

Figure 4 – Inflammatory cells, endothelial cells and 
fibroblasts are IL-8-positive. HRP/DAB (Horseradish 
peroxidase/3,3’-Diaminobenzidine) immunostaining, ×200. 

 

Figure 5 – IL-8 is present mostly in the transitional cells, but also in basaloid and even in few ghost cells. HRP/DAB 
immunostaining: (A) ×100; (B) ×200. 
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Figure 6 – CXCR1 was found in all tumor cells, mostly 
in the transitional and in the basaloid cells. HRP/DAB 
immunostaining, ×200. 

Figure 7 – CXCR2 has the same pattern of expression 
as CXCR1. However, the labeling intensity is lower. 
HRP/DAB immunostaining, ×200. 

 

Figure 8 – IL-1RI is expressed by many cell types present 
in the stroma surrounding the tumor islands. HRP/DAB 
immunostaining, ×200. 

Figure 9 – Several tumor cells are also positive for  
IL-1RI. HRP/DAB immunostaining, ×200. 

 

 
Figure 10 – The anti-TNFRII antibody labels several 
basaloid and transitional cells. HRP/DAB immuno-
staining, ×200. 

 Discussion 

Pilomatricoma, a rare and, in most cases, benign tumor 
of the hair follicle matrix cells, associates a particular 
foreign body-like inflammation. The most important 

effector cells seem to be the multinucleated giant cells, 
responsible for the internalization and destruction of the 
tumor cells, especially ghost cells [4]. 

The recruitment of monocytes and macrophages in 
the tumor tissues, the activation of these cells and their 
fusion leading to the formation of giant cells is under the 
control of many factors, some of them soluble molecules, 
such as cytokines and chemokines [9, 22]. The sources 
of all these factors are represented by many different 
types of activated cells in the tumor site. Some of them 
are resident of the skin, such as macrophages, keratino-
cytes, mast cells, γδ T-lymphocytes [9, 22]. Other cells 
have to be recruited from the blood stream or surrounding 
tissues: neutrophils, additional monocytes and macrophages, 
NK cells, T- and B-lymphocytes [9, 22]. For this purpose, 
additional blood vessels have to be generated in a process 
named angiogenesis. The newly formed vessels will allow 
many circulating cells to accumulate in the inflammatory 
site [9, 22]. 

On the other hand, it is well known that tumors, 
especially the malignant ones, are able to create their own 
vascular network in order to support the cells proliferation 
and tumor growth and to facilitate the cells extravasation 
and invasion of other tissues [22, 23]. Many such tumor 
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cells gain the ability to secrete angiogenic factors, such 
as vascular endothelial growth factors (VEGFs) and IL-8 
[24, 25]. 

IL-8 is secreted by many types of cells, including 
mast cells, mononuclear, epithelial and endothelial cells 
stimulated by pro-inflammatory factors [12, 13]. It seems 
to be a multipotent cytokine and a powerful mediator of 
inflammation, since it is able to induce so many different 
effects, such as chemotaxis for neutrophils and T-lympho-
cytes, activation of various cell types, phagocytosis, exo-
cytosis, respiratory burst and angiogenesis [14, 15, 22]. 

In the pilomatricomas under investigation, IL-8 expres-
sion in the inflammatory and activated endothelial cells 
was not a surprise, as these cells are described as the most 
important sources of this cytokine [12, 13]. However, in 
our study, IL-8 was rather unexpectedly present in all the 
tumor cell types, basaloid, transitional and, inconstantly, 
even in ghost cells. 

Since the basaloid cells are proliferating cells [26–28], 
additional blood vessels to support the proliferation and 
tumor growth are needed and IL-8, an angiogenic factor, 
might be produced by the tumor cells for this particular 
purpose [23]. On the other hand, IL-8 production by the 
tumors’ cells might be a response to stress conditions, such 
as hypoxia, which, in many cases, is associated with 
tumors [23, 29]. 

However, the IL-8 presence in the apoptotic transi-
tional cells and in the ghost cells is difficult to explain. 
This could be a simple accumulation of the molecule in the 
cytoplasm of these dying cells, since it was synthesized by 
their precursors, the basaloid cells. Another explanation 
is backed by several studies showing that some external 
signals, for instance those mediated by the TNF (tumor 
necrosis factor) family members (most notably the 
Fas/FasL interaction), are able to induce in the same 
time apoptosis and IL-8 secretion in epithelial target 
cells [23, 30]. Although we did not find any Fas 
expression on the tumor cells (data not shown), it may 
well be possible that many apoptotic cells secrete IL-8, 
irrespective to the nature of the stimulating signals. 

The IL-8 production can be also induced (in tumor 
epithelial cells as well) by cytokines such as IL-1 [31] or 
TNF-α [32] and since within the tumor area an increasing 
number of inflammatory cells tend to accumulate, it is 
possible that such pro-inflammatory cytokines are secreted 
by activated cells, especially by macrophages and T-
lymphocytes. Such a scenario is supported by our data 
showing the expression of IL-1RI by the transitional 
tumor cells and even by several basaloid cells. 

Furthermore, our findings regarding the selective 
presence of TNFRII in a small number of transitional 
and basaloid cells draw attention as this receptor is 
known for its ability to transmit signals able to mediate 
cell survival [33, 34]. 

The effects of IL-8 upon different target cells are 
mediated by CXCR1 and CXCR2, two-related high-
affinity cell-surface G protein-coupled receptors [16, 
17]. CXCR1 seems to interact with two distinct ligands, 
CXCL8 (IL-8) and CXCL6, while CXCR2 is able to bind 
many additional molecules, members of the same chemo-
kines family [35]. Both receptors are widely expressed by 
neutrophils, monocytes and macrophages, endothelial and 

many epithelial cells, even after malignant transformation 
[36]. 

In our study, in all three pilomatricomas, both IL-8 
receptors could be evidenced in many different cells, tumor 
cells, several basaloid, transitional and even a small 
number of ghost cells, endothelial cells, inflammatory 
cells, fibroblasts. 

It is well known that the IL-8 receptors are capable 
of mediating various effects once stimulated by their 
ligands during an immune response or an inflammatory 
process [16, 35]. The present study does not bring infor-
mation regarding the functionality of these receptors, so 
we can only speculate that their presence in endothelial 
cells, leukocytes and fibroblasts is an indirect evidence 
for their involvement in mediating IL-8 effects such as 
chemotaxis, cells’ recruitment and activation, phagocytosis, 
and angiogenesis [9–11, 14, 15]. 

The rather unexpected expression of the IL-8 receptors 
in the tumor cells allowed us to suggest that IL-8-mediated 
stimulation might be involved in the survival, proliferation 
and perhaps local invasion of the tumor cells. Many studies 
demonstrated the IL-8 autocrine stimulation in several 
malignant tumors such as breast, lung, colon and pancreas 
cancers [37–40], hence the simultaneously expression of 
IL-8 and its receptors in pilomatricomas might be a proof 
for a similar behavior in this benign tumor. 

 Conclusions 

Pilomatricomas are benign tumors that seem to be able 
to secrete IL-8 and to use the cytokine apparently in an 
autocrine manner. The interaction between the cytokine 
and its receptors might be a response of the tumor cells 
to stress conditions, but might also be involved in the 
tumor cells survival and angiogenesis. On the other hand, 
as the tumor development is associated with an immune 
response and inflammation, IL-8 secretion is definitely 
playing a role in mediating these processes as well. 

Conflict of interests 
The authors declare that they have no conflict of 

interests. 

Acknowledgments 
We are indebted to Costel Slincu for his technical 

expertise. This work was supported by VIASAN 328 and 
CNCSIS 1150 Grants. 

References 
[1] Forbis R Jr, Helwig EB. Pilomatrixoma (calcifying epithelioma). 

Arch Dermatol, 1961, 83:606–618. 
[2] Hurt MA, Kaddu S, Kutzner H, Cribier B, Schulz T, 

Hartschuh W. Benign tumours with follicular differentiation. 
In: LeBoit PE, Burg G, Weedon D, Sarasin A (eds). Pathology 
and genetics of skin tumours. World Health Organization 
(WHO) Classification of Tumours, International Agency for 
Research on Cancer (IARC) Press, Lyon, 2006, 152–159. 

[3] Julian CG, Bowers PW. A clinical review of 209 pilomatri-
comas. J Am Acad Dermatol, 1998, 39(2 Pt 1):191–195. 

[4] Moehlenbeck FW. Pilomatrixoma (calcifying epithelioma). A 
statistical study. Arch Dermatol, 1973, 108(4):532–534. 

[5] Yencha MW. Head and neck pilomatricoma in the pediatric 
age group: a retrospective study and literature review. Int J 
Pediatr Otorhinolaryngol, 2001, 57(2):123–128. 

[6] Ni C, Kimball GP, Craft JL, Wang WJ, Chong CS, Albert DM. 
Calcifying epithelioma: a clinicopathological analysis of 67 
cases with ultrastructural study of 2 cases. Int Ophthalmol 
Clin, 1982, 22(1):63–86. 



Corina Maria Cianga et al. 

 

64 

[7] Boniuk M, Zimmerman LE. Pilomatrixoma (benign calcifying 
epithelioma) of the eyelids and eyebrow. Arch Ophthalmol, 
1963, 70:399–406. 

[8] Boyd AS, Martin RW 3rd. Pathologic quiz case 1. Pilomatri-
coma (calcified epithelioma of Malherbe) with secondary 
ossification. Arch Otolaryngol Head Neck Surg, 1992, 118(2): 
212–215. 

[9] Mak TW, Saunders ME. Cytokines and cytokine receptors. 
In: Mak TW, Saunders ME (eds). The immune response: basic 
and clinical principles. Elsevier Academic Press, San Diego, 
CA, USA, 2006, 463–516. 

[10] Ono SJ, Nakamura T, Miyazaki D, Ohbayashi M, Dawson M, 
Toda M. Chemokines: roles in leukocyte development, 
trafficking, and effector function. J Allergy Clin Immunol, 2003, 
111(6):1185–1199; quiz 1200. 

[11] Fernandez EJ, Lolis E. Structure, function, and inhibition of 
chemokines. Annu Rev Pharmacol Toxicol, 2002, 42:469–
499. 

[12] Wolff B, Burns AR, Middleton J, Rot A. Endothelial cell “memory” 
of inflammatory stimulation: human venular endothelial cells 
store interleukin 8 in Weibel–Palade bodies. J Exp Med, 1998, 
188(9):1757–1762. 

[13] Utgaard JO, Jahnsen FL, Bakka A, Brandtzaeg P, Haraldsen G. 
Rapid secretion of prestored interleukin 8 from Weibel–Palade 
bodies of microvascular endothelial cells. J Exp Med, 1998, 
188(9):1751–1756. 

[14] Yuan A, Chen JJ, Yao PL, Yang PC. The role of interleukin-8 
in cancer cells and microenvironment interaction. Front Biosci, 
2006, 10:853–865. 

[15] Rollins BJ, Walz A, Baggiolini M. Recombinant human MCP-1/ 
JE induces chemotaxis, calcium flux, and the respiratory burst 
in human monocytes. Blood, 1991, 78(4):1112–1116. 

[16] Le Y, Zhou Y, Iribarren P, Wang J. Chemokines and chemokine 
receptors: their manifold roles in homeostasis and disease. 
Cell Mol Immunol, 2004, 1(2):95–104. 

[17] Holmes WE, Lee J, Kuang WJ, Rice GC, Wood WI. Structure 
and functional expression of a human interleukin-8 receptor. 
Science, 1991, 253(5025):1278–1280. 

[18] Murphy PM, Tiffany HL. Cloning of a complimentary DNA 
encoding a functional human interleukin-8 receptor. Science, 
1991, 253(5025):1280–1283. 

[19] Murdoch C, Finn A. Chemokine receptors and the role in 
inflammation and infectious disease. Blood, 2000, 95(10): 
3032–3043. 

[20] Brasier AR, Jamaluddin M, Casola A, Duan W, Shen Q, 
Garofalo RP. A promoter recruitment mechanism for tumor 
necrosis factor-alpha-induced interleukin-8 transcription in 
type II pulmonary epithelial cells. Dependence on nuclear 
abundance of Rel A, NF-kappaB1, and c-Rel transcription 
factors. J Biol Chem, 1998, 273(6):3551–3561. 

[21] Chen Y, Chen Y. Cytokines, lymphocyte homeostasis and self 
tolerance. In: Santamaria P, Hackett P (ed). Cytokines and 
chemokines in autoimmune disease. Advances in Experimental 
Medicine and Biology, Kluwer Academic/Plenum Publishers, 
NY, USA, 2003, 520:66–70. 

[22] Mak TW, Saunders ME. Primer to the immune response. 
Elsevier Inc., 2011. 

[23] Brat DJ, Bellail AC, Van Meir EG. The role of interleukin-8 
and its receptors in gliomagenesis and tumoral angiogenesis. 
Neuro Oncol, 2005, 7(2):122–133. 

[24] Borgström P, Gold DP, Hillan KJ, Ferrara N. Importance of 
VEGF for breast cancer angiogenesis in vivo: implications 
from intravital microscopy of combination treatments with an 
anti-VEGF neutralizing monoclonal antibody and doxorubicin. 
Anticancer Res, 1999, 19(5B):4203–4214. 

[25] Matsuo Y, Sawai H, Funahashi H, Takahashi H, Sakamoto M, 
Yamamoto M, Okada Y, Hayakawa T, Manabe T. Enhanced 
angiogenesis due to inflammatory cytokines from pancreatic 
cancer cell lines and relation to metastatic potential. Pancreas, 
2004, 28(3):344–352. 

[26] Kaddu S, Soyer HP, Hödl S, Kerl H. Morphological stages 
of pilomatricoma. Am J Dermatopathol, 1996, 18(4):333–338. 

[27] Fayyazi A, Soruri A, Radzun HJ, Peters JH, Berger H.  
Cell renewal, cell differentiation and programmed cell death 
(apoptosis) in pilomatrixoma. Br J Dermatol, 1997, 137(5): 
714–720. 

[28] Indrei A, Cianga P, Dumitrescu GF, Cianga C. Immunohisto-
chemical evaluation of inflammatory reaction in a case of 
pilomatricoma. Rev Med Chir Soc Med Nat Iasi, 2009, 113(3): 
819–825. 

[29] Maxwell PJ, Gallagher R, Seaton A, Wilson C, Scullin P, 
Pettigrew J, Stratford IJ, Williams KJ, Johnston PG, Waugh DJ. 
HIF-1 and NF-kappaB-mediated upregulation of CXCR1 and 
CXCR2 expression promotes cell survival in hypoxic prostate 
cancer cells. Oncogene, 2007, 26(52):7333–7345. 

[30] Hagimoto N, Kuwano K, Kawasaki M, Yoshimi M, Kaneko Y, 
Kunitake R, Maeyama T, Tanaka T, Hara N. Induction of inter-
leukin-8 secretion and apoptosis in bronchiolar epithelial cells by 
Fas ligation. Am J Respir Cell Mol Biol, 1999, 21(3):436–445. 

[31] Bae JY, Kim EK, Yang DH, Zhang X, Park YJ, Lee DY, Che CM, 
Kim J. Reciprocal interaction between carcinoma-associated 
fibroblasts and squamous carcinoma cells through interleukin-1α 
induces cancer progression. Neoplasia, 2014, 16(11):928–938. 

[32] Salamon A, Adam S, Rychly J, Peters K. Long-term tumor 
necrosis factor treatment induces NFκB activation and pro-
liferation, but not osteoblastic differentiation of adipose tissue-
derived mesenchymal stem cells in vitro. Int J Biochem Cell 
Biol, 2014, 54:149–162. 

[33] García-Tuñón I, Ricote M, Ruiz A, Fraile B, Paniagua R, 
Royuela M. Role of tumor necrosis factor-alpha and its 
receptors in human benign breast lesions and tumors (in situ 
and infiltrative). Cancer Sci, 2006, 97(10):1044–1049. 

[34] Dobrzycka B, Terlikowski SJ, Garbowicz M, Niklińska W, 
Bernaczyk PS, Nikliński J, Kinalski M, Chyczewski L. Tumor 
necrosis factor-alpha and its receptors in epithelial ovarian 
cancer. Folia Histochem Cytobiol, 2009, 47(4):609–613. 

[35] Goczalik I, Ulbricht E, Hollborn M, Raap M, Uhlmann S, Weick M, 
Pannicke T, Wiedemann P, Bringmann A, Reichenbach A, 
Francke M. Expression of CXCL8, CXCR1, and CXCR2 in 
neurons and glial cells of the human and rabbit retina. Invest 
Ophthalmol Vis Sci, 2008, 49(10):4578–4589. 

[36] Waugh DJJ, Wilson C. The interleukin-8 pathway in cancer. 
Clin Cancer Res, 2008, 14(21):6735–6741. 

[37] Brew R, Erikson JS, West DC, Kinsella AR, Slavin J, 
Christmas SE. Interleukin-8 as an autocrine growth factor 
for human colon carcinoma cells in vitro. Cytokine, 2000, 
12(1):78–85. 

[38] Kamohara H, Takahashi M, Ishiko T, Ogawa M, Baba H. 
Induction of interleukin-8 (CXCL-8) by tumor necrosis factor-α 
and leukemia inhibitory factor in pancreatic carcinoma cells: 
impact of CXCL-8 as an autocrine growth factor. Int J Oncol, 
2007, 31(3):627–632. 

[39] Ginestier C, Liu S, Diebel ME, Korkaya H, Luo M, Brown M, 
Wicinski J, Cabaud O, Charafe-Jauffret E, Birnbaum D, 
Guan JL, Dontu G, Wicha MS. CXCR1 blockade selectively 
targets human breast cancer stem cells in vitro and in 
xenografts. J Clin Invest, 2010, 120(2):485–497. 

[40] Zhu YM, Webster SJ, Flower D, Woll PJ. Interleukin-8/ 
CXCL8 is a growth factor for human lung cancer cells. Br J 
Cancer, 2004, 91(11):1970–1976. 

 
 
 
Corresponding author 
Petru Cianga, MD, PhD, Department of Immunology, “Grigore T. Popa” University of Medicine and Pharmacy,  
16 Universităţii Street, 700115 Iassy, Romania; Phone +40745–682 383, e-mails: petrucianga@hotmail.com, 
petru.cianga@umfiasi.ro 
 
 
 
Received: June 11, 2015     Accepted: April 13, 2016 


