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Abstract 
Non-melanoma skin cancers (NMSCs) are the most frequent types of cancer in white skin populations, all over the world. In the last 40 
years, there was observed a rapid increase of their incidence, because of the UV radiations exposure and weather changes. Although its 
morbidity is a relatively modest one, the direct social costs of NMSCs are quite substantial due to a high incidence. Due to these reasons, 
numerous studies try to clarify the etiopathogenic mechanisms of NMSCs, to elaborate treatment and prevention measures. In the last 
years, a special attention was given to the relation between inflammation and skin cancer. In our study, we performed a histological and 
immunohistological evaluation of the inflammatory reaction on a number of 73 surgical exeresis pieces coming from the patients diagnosed 
with NMSCs. Of these, 21 were squamous cell carcinomas (SCCs) and 52 basal cell carcinomas (BCCs). The peritumoral inflammatory 
reaction in NMSCs was an extremely variable one in intensity and distribution, from one case to another and even from one area to another 
within the same tumor, thus proving the complexity of the relations between tumor cells and the cells of the immune system. By comparing 
the intensity of the inflammatory reaction between the two main types of NMSCs, there was observed that in SCCs the inflammatory reaction 
was more intense in comparison to BCCs. Also, in SCC there was highlighted a more abundant inflammatory infiltrate in poorly differentiated 
carcinomas, in comparison to the well-differentiated ones. The presence of the immune system cells (T-lymphocytes, macrophages, mast 
cells) among the tumoral cells, in a direct contact with these, makes us believe that between the two categories of cells there may appear 
mechanisms of intercellular communication, distinct from the mechanisms of paracrine signaling. 
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 Introduction 

Non-melanoma skin cancers (NMSCs), represented 
mainly by the basal cell carcinomas (BCCs) and squamous 
cell carcinomas (SCCs), are a major concern of healthcare 
systems all over the world, due to the fact that in the last 
decades there was observed a rapid increase of their 
incidence, reaching the proportions of an epidemics [1, 2]. 
According to some opinions, NMSCs are the most frequent 
cancers all over the world [2–4]. In Australia, NMSCs 
include 75% of all cancer cases, and in the United States, 
between 1992 and 2006, the number of NMSCs increased 
by 76.9%, from 1 158 298 in 1992, to 2 048 517 in 2006 
[5]. Also, in the United States, NMSCs represent 40% of 
all cancer cases [6]. Estimations of the American Society 
for Cancer suggest that every year, in the USA, there are 
diagnosed more than two million cases of NMSCs [7–9]. 
The annual costs for the care of patients with NMSCs 
raise up to approx. 511 million dollars in Australia [4, 
10] and to about 650 million dollars in the USA [4, 11]. 

The most known risk factors involved in the etio-
pathogeny of NMSCs are represented by the UV radiations, 
alongside the medical irradiation with X-rays or γ rays, 
the presence of some chemical cancer agents in the envi-
ronment or alimentation, some treatments with immuno-
suppressors, etc. There is estimated that UV exposure 
causes molecular and genetic lesions in over 90% of the 
NMSCs cases [12, 13]. These alarming statistics underline 
the importance of studying the cellular and molecular 
mechanisms that are at the basis of NMSCs onset, with 
the purpose of elaborating some prevention methods and 
finding new treatment strategies. 

The relation between inflammation and cancer is more 
and more studied in various types of human tumors. Most 
studies suggest that acute inflammation is not associated 
with the onset of tumoral lesions, while chronic inflam-
mation is frequently incriminated in carcinogenesis [14, 
15]. 

In the present study, our purpose was to evaluate some 
pathological and immunohistochemical quality aspects of 
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the peritumoral immunohistochemical reaction in the two 
major types of NMSCs. 

 Materials and Methods 

The study included a number of 73 cases of non-
melanoma skin cancers admitted and operated between 
2014 and 2015 in the Clinics of Surgery, Dermatology 
and Plastic and Reconstructive Surgery within the Clinical 
Emergency Hospital of Craiova, Romania. Of these, 21 
cases were squamous cell carcinomas (SCCs) and 52 basal 
cell carcinomas (BCCs). The most frequent localization 
of neoplastic lesions was on the face (61 cases), on the 
hands (nine cases) and on the lower limbs (three cases). 

After excision, the fragments of skin tumors were 
fixed in 10% neutral formalin solution and processed by 
the histological technique of paraffin inclusion. For the 
pathological study, there were used two stainings: Hema-
toxylin–Eosin (HE) staining and green light trichrome 
staining, the Goldner–Szekely (GS) technique. For the 
immunohistochemical study of the biological material 
included in paraffin, there were performed sections of  
3-μm thickness, harvested on port-object blades, covered 
with poly-L-lysine (Sigma), in order to increase the section 
adherence to the blades, followed by the classical immuno-
histochemical protocol, consisting in the deparaffinization 
and hydration of sections, antigen demasking by boiling 
the sections in a sodium citrate, pH 6, for 21 minutes, 
blocking of endogenous peroxidase by incubating the 
histopathological pieces in 3% oxygenated water for  
30 minutes. The blocking of non-specific sites was per-
formed by transferring the sections into a 2% skimmed 
milk bath for 30 minutes. 

The biological material prepared was incubated with 
primary antibodies for 18 hours (overnight), in a refri-
gerator, at 40C, and the next day there was applied the 
biotinylated secondary antibody for 30 minutes at room 
temperature. After washing the biological material with 
1% phosphate-buffered saline (PBS), there was applied 
Streptavidin–HRP (Horseradish peroxidase) for 30 minutes, 
at room temperature, followed by blade washing in 1% PBS 
3×5 minutes. The signal was detected by using 3,3’-Diamino-
benzidine (DAB, Dako). There followed the contrasting with 
Mayer’s Hematoxylin, alcohol dehydration, xylene clarifi-
cation and blade setting using a DPX environment (Fluka). 

For the immunohistochemical study, there were used 
the following antibodies: 

▪ monoclonal mouse anti-human CD3 (clone F7.2.38, 
Dako, 1:100 dilution); 

▪ monoclonal mouse anti-human CD20cy (clone L26, 
Dako, 1:100 dilution); 

▪ monoclonal mouse anti-human CD68 (clone KP1, 
Dako, 1:200 dilution); 

▪ monoclonal mouse anti-human mast cell tryptase 
(clone AA1, Abcam, 1:1000 dilution). 

 Results 

The skin is an extremely complex structure acting like 
a physical and immunological barrier that constantly and 
efficiently responds to the aggression of external patho-
genic agents, toxins or some physical agents from the 
external environment, due to the immune system cells that 
reside in various tissues of the skin. The skin immune 

system also plays the part of discharging the old or altered 
cells, deteriorated molecules and non-self structures, so 
as tissue homeostasis could be preserved. The molecular 
mechanisms by which the immune system cells become 
tolerant towards the tumoral cells still remain unclear. 

In our study, the microscopic evaluation of peri-
tumoral inflammatory reaction in NMSCs showed that 
this had an aspect of chronic reaction, mainly made up of 
mononuclear round cells, of the lymphocyte, plasmocyte 
and macrophage type. The evaluation of peritumoral 
inflammatory reaction in BCCs and SCCs with small 
microscopic objectives, for the overall analysis of images, 
showed major changes of the pathological aspects from 
one case to another, and even from one area to another 
within the same tumor. Thus, in BCC, there were high-
lighted areas of intense inflammatory reaction and areas 
with reduced peritumoral inflammatory reaction (Figures 1 
and 2), without any other particular pathological changes 
to justify this heterogeneous distribution of the immune 
system cells. In squamous cell carcinomas, the intensity 
of the peritumoral inflammatory reaction seemed to be 
correlated with the degree of tumoral differentiation. Thus, 
in well-differentiated SCCs, the inflammatory reaction was 
low or medium (Figure 3), while in poorly or moderately 
differentiated carcinomas, the intensity of inflammatory 
reaction was high (Figure 4). 

By comparing the two types of carcinomas, there was 
observed that in SCCs the peritumoral inflammatory 
reaction was more intense and more extended in com-
parison to BCCs. Also, there was observed that, while 
basal cell carcinomas have the tendency to clearly differ-
entiate from the tumoral stroma, squamous cell carcino-
mas have diffuse prolongations in the tumoral stroma, 
the neoplastic cells being in direct contact with stromal 
cells or inflammatory cells, an aspect that might explain 
the more intense inflammatory reaction in these types of 
carcinomas. Also, there was observed that most BCCs had 
a tendency to develop a denser stroma, sometimes with a 
desmoplastic aspect, while CSSs most often presented a 
lax stroma allowing the accumulation of abundant peri-
tumoral inflammatory infiltrates. 

The evaluation of the main types of inflammatory cells 
in the tumoral stroma of NMSCs was performed by using 
certain specific immunohistochemical markers. The use 
of anti-CD3 antibody allowed us to remark that in SCCs, 
the peritumoral infiltrate contained a higher number of 
CD3+ T-lymphocytes (Figure 5), in comparison to BCCs, 
where CD3+ T-lymphocytes were more reduced (Figure 6). 
In SCCs, there were observed CD3+ T-lymphocytes among 
the tumoral cells, in a close relation to these (Figures 7 
and 8), which makes us believe that these cells are directly 
involved in inducing the immune tolerance. In poorly and 
moderately differentiated SCCs, the number of CD3+ T-
lymphocytes present among the tumoral cells was much 
higher than in well-differentiated SCCs. 

B-lymphocytes, highlighted by using the anti-CD20 
antibody, were less numerous in the inflammatory infiltrate 
of the tumoral stroma of NMSCs, in comparison to T-
lymphocytes. Their distribution was completely hetero-
geneous from one area to another of the tumoral stroma. 
Similarly to T-lymphocytes, most B-lymphocytes were 
identified in the tumoral stroma of SCCs, especially of 
poorly and moderately differentiated SCCs (Figure 9); 
in BCCs, the number of B-lymphocytes was very low 
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(Figure 10). In SCCs, there were observed CD20+ B-
lymphocytes in close relation to neoplastic cells. 

In the skin immune system, the cells of the macro-
phage system play an essential part in detecting and pre-
senting the antigens that reach the structures, as well as 
in the phagocytizing of pathogenic agents, antigens, changed 
self-molecules or other non-self cells. Their role in 
carcinogenesis is still unclear. In our study, highlighting 

macrophages in NMSCs was performed by using the anti-
CD68 antibody. We observed that the macrophage distri-
bution, similar to T- and B-lymphocytes, was a hetero-
geneous one in the peritumoral stroma. Most macrophages 
were highlighted in SCCs, especially the poorly and 
moderately differentiated ones (Figure 11). Also, there 
were frequently highlighted intratumoral macrophages, 
in a direct contact with neoplastic cells (Figure 12). 

 

Figure 1 – Basal cell carcinoma with intense peritumoral 
inflammatory reaction (HE staining, ×200). 

Figure 2 – Basal cell carcinoma with low peritumoral 
inflammatory reaction (GS trichrome staining, ×200). 

 

Figure 3 – Squamous cell carcinoma with low peritumoral 
inflammatory reaction (HE staining, ×100). 

Figure 4 – Image of poorly differentiated squamous 
cell carcinoma with intense peritumoral inflammatory 
reaction (HE staining, ×200). 

 

Figure 5 – Poorly differentiated squamous cell carcinoma 
with stroma strongly infiltrated with inflammatory cells 
where CD3+ T-lymphocytes are well represented (Anti-
CD3 antibody immunomarking, ×200). 

Figure 6 – BCC image with moderate inflammatory 
reaction, CD3+ T-lymphocytes are in low number (Anti-
CD3 antibody immunomarking, ×200). 
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Figure 7 – Image of well-differentiated SCC (with kera-
tosis pearls) where there may be observed the presence 
of T CD3+ lymphocytes in a close relation with tumor 
cells (Anti-CD3 antibody immunomarking, ×400). 

Figure 8 – Poorly differentiated SCC with T-lymphocytes 
in contact with tumor cells (Anti-CD3 antibody immuno-
marking, ×400). 

 

Figure 9 – Image of moderately differentiated SCC with 
intense peritumoral inflammatory reaction, with well-
represented T-lymphocytes (Anti-CD20 antibody immuno-
marking, ×200). 

Figure 10 – BCC with moderate inflammatory reaction, 
with rare B-lymphocytes in tumor stroma (Anti-CD20 
antibody immunomarking, ×100). 

 

Figure 11 – Image of moderately differentiated SCC with 
numerous macrophages present in the tumor stroma 
(Anti-CD68 antibody immunomarking, ×200).

Figure 12 – SCC with numerous intratumoral macro-
phages (Anti-CD68 antibody immunomarking, ×400). 

 

On the contrary, in BCCs, the macrophage reaction 
was moderate or reduced (Figure 13). 

The evaluation of mast cells reaction in NMSCs was 
performed by using the anti-tryptase antibody. In our 
study, in SCCs there was identified a high number of mast 

cells in the peritumoral inflammatory infiltrate, and also 
in the intratumoral one (Figures 14 and 15). In BCCs, 
the number of mast cells identified in the chronic 
inflammatory infiltrate in the peritumoral stroma was 
reduced (Figure 16). 
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Figure 13 – Image of BCC with low number of macro-
phages in the peritumoral chronic inflammatory infiltrate 
(Anti-CD68 antibody immunomarking, ×200). 

Figure 14 – Moderately differentiated SCC with intense 
inflammatory reaction in the peritumoral stroma and  
a high number of mast cells (Anti-tryptase immuno-
marking, ×200). 

 

Figure 15 – Poorly differentiated SCC with numerous 
intratumoral mast cells (Anti-tryptase immunomarking, 
×400). 

Figure 16 – Image of BCC with a low peritumoral inflam-
matory reaction, with a low number of mast cells loca-
lized in the peritumoral stroma (Anti-tryptase immuno-
marking, ×200). 

 

 Discussion 

NMSCs represent an extremely frequent pathology 
world widely, mainly in white skin persons. According to 
some studies, the global incidence of NMSCs increased 
from 1960 by a rate of 3–8% every year [3]. Most studies 
show that the main factor involved in the etiopathogeny 
of NMSCs is represented by the UV radiations of the sun, 
which cause a multitude of lesions of the keratinocyte 
genetic material, especially deletions and genetic mutations, 
thus activating the oncogenes. Because of solar UV 
exposure, the incidence of NMSCs is correlated to the 
geographical latitude [2], while the most frequent lesions 
appear on the skin areas exposed to solar radiations. In 
our study, of the 73 NMSCs, 70 (95.89%) were localized 
on skin areas that were exposed to solar radiations (61 on 
the face and nine on the hands), which confirms the 
hypothesis that the main etiopathogenic factor of NMSCs 
is represented by solar UV radiations. 

Relatively recent data show that UV A radiations with 
a wavelength of 320–400 nm and UV B radiations with a 
wavelength of 280–320 nm act as initiators and promoters 
of carcinogenesis, by a direct harming of the keratinocyte 
DNA. Moreover, they cause skin immunosupression, 

chronic inflammation and oxygen-reactive species favoring 
carcinogenesis [3, 13, 16–20]. There should be noted that 
UV-caused lesions on DNA are cumulative in time and 
explain the onset of skin cancer, especially in the elderly. 

Other risk factors mentioned in various epidemiological 
studies, except UV radiations, are represented by old age, 
immunosupression (induced or acquired), chronic inflam-
matory disease, human papillomavirus infections, genetic 
diseases, etc. [21]. Although the skin has numerous defense 
mechanisms against UV radiations, cancer chemical agents, 
oncogene viruses [22] or pathogenic bacteria, it is the 
headquarters of one of the most frequent neoplasia: non-
melanoma skin cancer. 

We must show that the immune system of the skin is 
extremely complex, being formed of a network of effectors 
of cellular and humoral immunity that cooperate against 
physical, chemical or biological attacks. The cell popu-
lations that cooperate for preserving the homeostasis of 
the skin organ are represented by keratinocytes, antigen 
presenting dendritic cells, cells of the macrophage system, 
lymphocytes, granulocytes, mast cells and vascular endo-
thelial cells [23]. These cell populations, of an immune and 
non-immune origin, communicate among them through 
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some specific mediators, such as cytokines, chemokines, 
immunoglobulins, neuropeptides, prostaglandins, free radi-
cals, anti-microbial peptides, etc. Regarding the process 
of tumorigenesis, Paul Ehrlich, ever since 1909, suggested 
that the immune system may provide protection against 
cancer [24], while other studies consider that inflammatory 
processes often facilitate the cancer development [25, 26]. 
In other words, the peritumoral inflammatory reaction 
may be a defense mechanism, and also a factor favoring 
the development of neoplasia. 

Most studies consider that the immune system of the 
skin plays the main part in developing certain mechanisms 
of anti-tumoral monitoring and skin carcinogenesis 
blocking, but when its defense capacity is obsolete, it 
may favor the development of skin tumors [27]. 

In our study, all cases of NMSCs presented a chronic 
inflammatory reaction in the peritumoral stroma, more or 
less intense mainly formed of mononuclear round cells. 
These pathological aspects show that between NMSCs 
and the immune system there is a very close relation. 
The heterogeneous aspect of the peritumoral chronic 
inflammatory infiltrate may be due to the presence of a 
varied quantity of biochemical mediators of inflammation 
produced both by the immune system cells and by the 
tumoral cells. Moreover, NMSCs by their development, 
they destroy the natural defense barriers of the skin, thus 
allowing the entrance of some microorganisms (saprophyte 
bacteria, viruses) or of other antigens on skin surface in 
its depth, thus amplifying the inflammatory reaction and 
its heterogeneous aspect. Also, in evaluating the variability 
of the peritumoral inflammatory reaction in NMSCs, we 
must also take into consideration the individual reactivity. 

The molecular mechanisms determining the onset of 
peritumoral inflammatory reaction are not completely 
understood. Some studies mention that UV radiations 
produce reactive oxygen species (ROS) at skin level that 
alter the deoxyribonucleic acid (DNA), harms the cellular 
membranes, alters enzyme systems, finally leading to 
the deterioration of epidermal keratinocytes and of skin 
conjunctive tissue [28, 29]. The emergence of certain 
cellular and molecular changes in the skin structure 
activates the immune system, which leads to the accu-
mulation of macrophages, lymphocytes, granulocytes and 
mast cells. The inborn immune system cells, residing in 
the skin tissues react by secreting various mediators, 
which, in their turn, lead to the activation of resident 
mesenchymal cells (fibroblasts, endothelial cells), thus 
involving changes of the conjunctive tissue and driving 
the cells of the adaptive immune system [30]. When the 
injury is chronic, inflammation, which was initially an 
acute response, becomes chronic, thus creating a favorable 
environment for the onset of carcinogenesis [22, 31]. At 
present, chronic inflammation is accepted as a distinctive 
sign of cancer development, where the immune system 
cells exert both pro-tumoral and anti-tumoral activities, 
according to their state of activation and their micro-
environment [25, 32, 33]. 

In our study, the peritumoral inflammatory reaction 
was more intense in SCCs in comparison to BCCs. This 
difference may be correlated with the more aggressive 
character of SCCs compared to BCCs. Also, in SCCs we 
identified the presence of a more abundant inflammatory 

infiltrate in poorly differentiated carcinomas, in compa-
rison to well-differentiated SCCs. According to some 
studies [34], the complexity of peritumoral inflammatory 
infiltrates depends largely on the tissue where the tumor 
develops, the tumor stage and the tumoral differentiation 
degree. 

In our study, by evaluating the presence of T- and B-
lymphocytes in the inflammatory infiltrate, we observed 
that T-lymphocytes are prevailing, which shows that 
cellular immunity is intensely involved in carcinogenesis. 
Similar data were reported in other types of cancer [35, 
36]. It is well known the fact that cytotoxic (CD8+) T-
lymphocytes are responsible for tumor regression, acting 
upon tumoral cells through the gamma interferon (IFN-γ). 
Still, some tumoral cells often escape the aggressiveness 
of T-cells by reducing the expression of IFN-γ receptors 
[22], thus allowing tumor multiplication and growth. 

The cells of the monocyte-macrophage system, 
immunohistochemically marked by using the anti-CD68 
antibody, were in a relatively higher number in the 
inflammatory infiltrate of NMSCs, but with a hetero-
geneous distribution. Macrophages represent an important 
group of non-specific immune cells, originating in the blood 
monocytes, capable of infiltrating islands of tumor cells 
or the peritumoral stroma. Recent studies showed that 
these macrophages, called tumor-associated macrophages 
(TAMs) are two phenotypes with opposite functions: the 
M1 phenotype, which exerts a cytotoxic effect on cancer 
cells (by releasing reactive oxygen or nitrogen species 
and inflammatory cytokines) and the M2 phenotype that 
enables the development of cancer cells (by releasing 
some growth factors that promote tumor mass growth 
and vascularization) [37–41]. 

The study of mast cells reaction in NMSCs allowed us 
to remark that their density was higher in SCCs, compared 
to BCCs. Moreover, the thorough examination with strong 
microscopic objectives showed that around the mastocytes 
there were numerous tryptase positive granules, thus 
proving their secretor cell characteristic, including in  
the tumoral stroma. Their role in carcinogenesis is still 
incompletely known. Mast cells were among the first 
cells of the immune system considered as playing a pro-
tumoral part [42]. In skin cancers, mast cells, under the 
influence of UV radiations, secrete a multitude of medi-
ators, proangiogenic factors and biochemical compounds 
that are involved in the remodeling of skin tissue, thus 
favoring the development of tumor cells [43]. 

We consider that the relations among the immune 
system cells and NMSCs are extremely complex. Tumor 
cells are capable of synthesizing and secreting a multi-
tude of biochemical products through which they alter 
the surrounding environment or act upon the immune 
system cells, missing the immune defense. There was 
proven that cancer cells may secrete immunosupressor 
cytokines, such as interleukin (IL)-10 and transforming 
growth factor-beta (TGF-β), factors by which they induce 
immune tolerance [44, 45]. In their turn, the immune 
system cells synthesize and secrete numerous growth 
factors (epidermal growth factor – EGF), TGF-β, tumor 
necrosis factor-alpha (TNF-α), fibroblast growth factors 
(FGFs), interleukins, chemokines, histamine and heparins, 
various classes of proteolytic enzymes, that may selectively 
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break down some proteins and glycoproteins and may 
thus alter the structure and function of the extracellular 
matrix, thus facilitating or inhibiting the process of 
carcinogenesis [30, 46]. This vast variety of biochemical 
factors make that peritumoral inflammatory reaction be in 
a continuous remodeling and present diverse microscopic 
aspects [47]. 

The presence of immune system cells (T-lymphocytes, 
macrophages, mastocytes) among tumor cells, in direct 
contact to these, makes us believe that between the two 
categories of cells there may arise intercellular commu-
nication mechanisms different from the already known 
paracrine signaling mechanisms. 

Together with other authors [48], we consider that  
in NMSCs the interactions between the immune system 
cells and tumor cells are complex ones, and we are still 
trying to understand them. 

 Conclusions 

The study of the inflammatory reaction in the 73 cases 
of NMSCs showed a heterogeneous distribution of the 
immune system cells on the section surface of the same 
tumor, probably because of a very high variability of the 
antigenic structure distribution and/or the cellular signaling 
factors. The peritumoral inflammatory reaction was more 
intense in SCCs in comparison to BCCs and in poorly 
differentiated carcinomas, in comparison to the well-
differentiated ones. By evaluating the presence of T- and 
B-lymphocyes in the peritumoral inflammatory infiltrate, 
we observed that T-lymphocytes are more numerous, which 
shows that cellular immunity is intensely involved in skin 
carcinogenesis. The presence of immune system cells 
(T-lymphocytes, macrophages, mastocytes) among the 
tumor cells, in direct contact to these, makes us believe 
that between the two-cell categories there may arise 
intercellular communication mechanisms different from 
the paracrine signaling mechanisms. 
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