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Abstract 

Objective: Mutations in genes encoding proteins along the RAS-RAF-MEK-ERK pathway have been 

detected in a variety of tumor entities, including malignant melanoma, thyroid, colon, over carcinomas and 

some sarcomas. The increased activity of BRAF V600E leads to downward signalization activation via 

mitogen-activated protein kinase (MAPK), which plays an important role as cell growth, differentiation and 

survival regulator. Latest data show BRAF undergoes mutation in nearly 7% of cancers and this situation 

makes BRAF another important oncogene in this pathway. We aimed to evaluate the relationship between 

keratacanthoma and BRAF expression. 

Methods: 28 cases of keratocanthomas were included in this study. Sections were taken from the selected 

blocks with a thickness of 3 microns with poly-lysine coating. BRAF antibody was applied to the tissues. 

The obtained preparations were evaluated by light microscopy. It was rated according to the degree of 

staining in epidermis. 

Results: Areas showing cytoplasmic staining with BRAF were evaluated in sections. It was observed that 

there was no staining in the keratocanthomas, and staining in sebaceous glands and sweat glands in peripheral 

basal cells. It was also noted that the sweat glands had more stain than the sebaceous glands. The cases 

included 18 males and 10 females with ages varying from 33 to 85 years. The duration of the lesions was 

between one month and one year. Lesion dimensions varied from 5 to 70 mm, with mean size of 21 mm. 

There were 14 cases (50%) with head and neck localization, and 14 cases (50%) with localization other than 

the head and neck. 

Conclusion: As a result, it has been concluded that BRAF mutation may not be involved in keratoacanthoma. 
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Introduction  

The basis of the mitogen-activated protein 

kinase (MAPK) pathway is a signal pathway 

involving RAS, RAF, mitogen and extracellular-

regulated protein kinase kinase (MEK) and 

extracellular signal regulating kinase (ERK) and is 

active in many tumors due to mutations in the RAS 

or RAF families. Discovery of mutations in one of 

the RAF kinase family members of BRAF (v-raf 

murine sarcoma viral oncogene homolog B) 

contributed greatly to advances in melanoma 

research and it is generally associated with early-

stage melanoma (Abildgaard et al., 2015).  
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Additionally, BRAF mutations are observed with 

high frequency in melanocytic nevi (Davies et al., 

2002; Pollock et al., 2003; Kumar et al., 2004). This 

clearly shows the role of BRAF in early 

melanomagenesis (Tsao et al., 2012). Latest data 

show BRAF undergoes mutation in nearly 7% of 

cancers and this situation makes BRAF another 

important oncogene in this pathway (Garnett et al., 

2004). 

The highest incidence of BRAF mutations is in 

malignant melanoma (27-79%), papillary thyroid 

cancer (36-53%), colorectal cancer (5-22%) and 

serous ovarian cancer (30%). However, low 

incidence mutations (1-3%) may occur in a variety 

of other cancers (Davies et al., 2002; Garnett et al., 

2004). 

Keratoacanthoma (KA) is a dome-shaped lesion 

filled with keratin originating in hair follicles. It is 

commonly observed in humans and the cause of the 

tumor is not fully known. However, currently the 

histopathologic diagnosis criteria, prognosis and 

treatment protocols are still controversial. Names 

used for KA include molluscum sebaceum, 

pseudotumor, regressing tumor and self-healing 

squamous cell carcinoma (SCC) (Kwiek et al., 

2016). 

Histopathologically KA has some defined 

characteristics (Clausen et al., 2006). The surface 

epithelium at the lateral margin of the tumor appears 

normal; however, there is a clear angle observed 

between the lesion and the upper epithelium at the 

lip section of the crater in the center of the lesion. 

The crater is filled with keratin and the epithelial 

cells at the base of the lesion proliferate toward the 

bottom and generally induce a significant chronic 

inflammatory response. Dyskeratosis may cause 

confusion with well-differentiated SCC (Chauhan et 

al., 2011). The architecture of the tumor is more 

important than cytologic features for diagnostic 

procedures (Chauhan et al., 2011) because it may 

show microscopic features of SCC such as lesion 

infiltration and cellular atypia (Neville et al., 2009). 

The most common concern remains the boundary 

between malignancy and benignity of the tumor. 

This indecision is difficult for both clinicians and 

researchers but may be key to understanding the 

regression of this tumor (Kwiek et al., 2016). 

In this study we aimed to investigate the BRAF 

expression in KA cases. 

  
 

 

 

Methods 
Twenty-eight cases of keratoacanthoma were 

included in this study. Hematoxylin-eosin slides of 

tissue samples were re-examined, and appropriate 

paraffin blocks were selected. Sections were taken 

from the selected blocks with poly-lysine slides 3 

microns thick. BRAF antibody was applied to the 

tissues. Immunohistochemical staining was 

performed by deparaffinization, dehydration and 

incubation in buffered citrate (1/200 dilution). 

Staining was performed using Ultra Vision 

Polyvalent, HRP-AEC kit (Neomarkers-Biogen, Lab 

Vision Corp. USA). The obtained slides were 

evaluated using light microscopy. They were graded 

according to the degree of staining in the epidermis 

(Figure 1-3). Cytoplasmic positive areas with BRAF 

were evaluated in the sections (Adackapara et al., 

2013).  

Descriptive analysis was used for statistical 

analysis in this study.  

The trial was performed in accordance with 

clinical practice and the Helsinki Declaration. 

Approval was granted by the local ethics committee 

of Ordu University (2018-142). 

 

 
 

Figure 1. Loss of BRAF expression in crater cells 

(x40). 
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Figure 2. BRAF expression in sweat glands and 

sebaceous glands (x100). 

 

 
Figure 3. BRAF expression in basal cells outside 

crater (x400). 
 

Results 

A total of 28 cases with KA were evaluated. 

Positive areas with BRAF were evaluated in the 

sections. It was observed that there was no staining 

in the keratinocyte, and there was staining in 

sebaceous glands and sweat glands and peripheral 

basal cells outside the crater. It was also noted that 

the sweat glands had more stain than the sebaceous 

glands. The cases included 18 males and 10 females 

with ages varying from 33 to 85 years (mean 50). 

The duration of the lesions was between one month 

and one year. Lesion dimensions varied from 5 to 70 

mm, with mean size of 21 mm. There were 14 cases 

(50%) with head and neck localization, and 14 cases 

(50%) with localization other than the head and 

neck.  

 

 

 

 

Discussion 

KA is a benign keratinocytic tumor sourced in 

hair follicles (Neville et al., 2009). It is encountered 

as clinically sporadic, solitary lesion showing rapid 

growth over four to five weeks and then resolving 

after six months (Aksoy B et al., 2017). Numerous 

studies have investigated the differences between 

KA and SCC in terms of cellular proliferation, 

apoptosis and cell cycle, and histomorphological 

regulation of molecules (Tan et al., 2013). In the 

literature there are contradictory ideas related to the 

nature of KA. Just as KAs are accepted as a subgroup 

of SCC or a precancerous SCC lesion, some authors 

accept them as benign lesions completely different 

from SCC (Aksoy et al., 2017). Though KAs mostly 

regress spontaneously, some immunosuppressive 

patients with KA were reported to develop 

metastasis. This led to debate about whether KA is a 

different entity or a variant of cutaneous SCC (Putti 

et al., 2004). Unfortunately, there are no clinical 

signs to differentiate KA from SCC with high 

specificity and sensitivity (Aksoy et al., 2017). 

Among etiologic factors causing KAs are 

immunosuppression, ultraviolet radiation, chemical 

factors, genetic factors, BRAF inhibitors 

(vemurafenib, dabrafenib), hedgehog pathway 

inhibitors (vismodegib) and foreign material like 

tattoos or fillers (Aksoy et al., 2017; Tan et al., 2013; 

Putti et al., 2004; Hodak et al., 1993). Since the 

beginning of use of BRAF inhibitor treatment for 

melanoma and hedgehog pathway inhibitor 

treatment for advanced basal cell carcinoma, the 

incidence of KA has increased (Bell et al., 2015; 

Sarah et al., 2015). BRAF inhibitors are shown to 

lengthen survival in stage 4 metastatic melanoma 

patients with BRAF V600E mutation. However, 

development of KA, verrucous keratosis and 

cutaneous SCC is a disadvantage of the medication 

(Anforth et al., 2012). 

Recent evidence in vitro and in vivo suggests that 

selective BRAF inhibitors can induce activation of 

downstream elements of the MAPK pathway in 

BRAF wild-type cancer cells (Hatzivassiliou et al., 

2010; Heidorn et al., 2010; Poulikakos et al., 2010). 

A recent study showed BRAF inhibitors affect 

genetically abnormal keratinocytes causing 

formation of de novo lesions (Alloo et al., 2012).  

In a study, data indicates that RAS mutations are 

present in approximately 60% of cases treated with 

BRAF inhibitors. The researchers reported 

mutations present may cause tendency for SCC and 

KA development (Fei et al., 2012). In this study,  
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absence of BRAF supports the presence of RAS 

mutation in KA. 

There are many studies examining the 

relationship of squamoproliferative lesions due to 

BRAF inhibitors such as KA, verrucous papilloma 

(VP), SCC. In a study the authors evaluated both the 

MAPK pathway and the presence of (Human 

Papilloma Viruses) HPV and other polyomaviruses 

(HPyV), especially Merkel cell polyomavirus 

(MCPyV), in a group of BRAF inhibitor induced 

verrucous papillomas (VP), keratoacanthomas and 

squamous cell carcinomas. They detected HPV only 

in 2 VPs and they didn’t show any relation between 

KAs and HPV (Frouin et al., 2014). In an another 

study, Schrama et al detected HPV in 14 cSCC, 3 

KA and one acanthoma samples and all were HPV 

positive (Schrama et al., 2014). The results are 

controversial as to whether or not HPV has an effect 

on KA development in patients under melanoma 

treatment. In an another molecular study authors 

compare the mutational profiles of lesions after 

treatment with a BRAF inhibitor, with similar 

lesions arising sporadically. HRAS mutations were 

common among the BRAF inhibitor-induced 

lesions. So, despite similar histomorphological 

appearances, the underlying molecular mechanisms 

may be different. In addition, within 

the BRAF inhibitor-associated group, the lesions 

designated as KAs and BRAF inhibitor-associated 

verrucous keratoses had a similar mutational profile 

(mutations in PIK3CA, APC, and HRAS), which 

was distinct from squamous cell carcinomas 

(FGFR3, CDKN2A, and STK11) (Clynick et al., 

2015). 

The mechanism underlying SCC development in 

patients treated with RAF inhibitors is currently 

being actively researched (Hatzivassiliou et al., 

2010; Heidorn et al., 2010; Poulikakos et al., 2010). 

A study by Arnault et al. (Arnault et al., 2012) 

compared normal skin biopsy samples taken from 

patients treated with sorafenib with skin with normal 

appearance taken from patients treated with placebo. 

They showed the histologic sections of patients 

treated with sorafenib had increased rates of Ki67 

and phosphorylated ERK staining in keratinocytes. 

They suggested the MAPK signaling was actually 

increased in patients treated with sorafenib and this 

probably caused increased keratinocyte 

proliferation. However, paradoxical activation of 

MAPK signaling alone may not be sufficient to 

induce SCC and KA. With this aim, Oberholzer et 

al. (Oberholzer et al., 2012) compared patients  

 

treated with vemurafenib (30%) and sorafenib (11%) 

with a control group (3.2%) and identified RAS 

activated mutations were more common in SCC and 

KA of treated patients. Previously existing RAS 

mutations in keratinocytes (probably due to sun 

exposure or viral infections) may be a “second hit” 

on the paradoxical activation pathway beginning 

with MAPK signaling by the RAF inhibitor, and this 

will be sufficient for tumor development. 

In our study, expression of BRAF was not seen in 

the KA crater cells. Expression was seen in basal 

cells outside the crater of the lesions. In addition, 

expression of BRAF was seen in the sweat and 

sebaceous glands. We noted that the expression in 

the sweat gland was greater than in the sebaceous 

glands.  

In a study of melanomas with anorectal location, 

positive BRAF expression was observed in the 

control group and anorectal glands. However, BRAF 

expression was negative in all cases of primary 

anorectal melanoma (Tse et al., 2016). Other 

published studies found that among 323 colorectal 

carcinoma cases with wild-type BRAF by sequence 

analysis, 196 cases (61%) did not stain with the 

BRAF antibody (Estrella et al., 2015). 

 

Conclusion 

In this study, expression in the basal cell and 

gland is nonspecific. No significant staining was 

observed in the cases. Extensive research is 

needed to demonstrate the relationship between 

BRAF and KA. The staining of the glands is 

thought to be nonspecific because it was not 

associated with histopathology of 

keratoacanthoma. 
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