
Review Article 

International Journal of Ocular Oncology and Oculoplasty, January-March, 2016;1(1):34-41                                34 

Sebaceous gland carcinoma and its correlation with different signaling pathways 

with emphasis on p53 
 

Royana Singh1,*, Rajendra P. Maurya2, Sanjay Bosak3, Mahendra K. Singh4, Virendra P. Singh5 

 
1Professor, Department of Anatomy, 2Assistant Professor, 3Junior Resident, 4,5Professor, Department of Ophthalmology, Institute 

of Medical Sciences, Banaras Hindu University, Varanasi 

 

*Corresponding Author: 
Email: drroyana@gmail.com 

 

Introduction  
In humans, sebaceous glands are microscopic 

glands in the skin that secrete sebum. Sebaceous glands 

are part of epidermal appendages. They are found 

abundantly in the face and scalp, and are present 

throughout the skin except palm and sole. Sebaceous 

glands are associated with hair follicles; arising at the 

junction of the inferior portion of the follicular 

infundibulum and the isthmus[1]. 

 

Surgical anatomy 
The eyelid can be divided into anterior and 

posterior lamellae. The skin, orbicularis muscle, 

eyelashes and their follicles are present in the anterior 

lamella while the posterior lamella consists of the 

mucocutaneous junction, meibomian gland orifices and 

tarsal plate. Sebaceous glands are found in the tarsal 

plate (upper and lower), caruncle and eye brow. 

 

Epidemiology 
Sebaceous gland carcinoma is an aggressive, 

uncommon, cutaneous tumor, first well-described by 

Allaire in 1891[2]. Neoplasm of the sebaceous glands 

may be benign or malignant e.g.,  sebaceous 

hyperplasia or sebaceous gland adenomas and  

malignant sebaceous gland carcinoma , respectively 

This tumor is thought to arise from sebaceous glands in 

the skin and, thus, may arise anywhere on the body 

where these glands exist, including the 

genitalia[3,4,5,6]. Approximately 75% of these tumors 

arise in the periocular region, an area rich in varieties of 

sebaceous glands[6,7]. Very few cases have been 

reported at extraocular sites. The most common site of 

origin is the meibomian glands of the eyelids, caruncle, 

the glands of Zeis and in the eyebrow. The meibomian 

glands originate in the tarsus and number 

approximately 25 in the upper eyelid and 20 in the 

lower eyelid. They are oil-producing sebaceous glands. 

Zeis glands are small, modified sebaceous glands 

that open into the hair follicles at the base of the 

eyelashes. The incidence of sebaceous cell carcinoma is   

0.8% of all eyelid tumors. The mortality rate is 22%. 

In a retrospective study, 31 patients were 

diagnosed with sebaceous cell carcinoma of the ocular 

adnexa on histopathology. Twenty (65%) of the patients 

were women and 11 were men. The upper eyelid was 

involved in 18 patients, the lower eyelid in 10 in 1 and 

the caruncle in 2[2]. 

Sebaceous cell carcinomas are typically found in 

women, more often in the seventh decade of life, and 

they usually are on the upper eyelid margin. They may 

be seen in younger patients with a history of radiation 

to the face. Diagnosis and therapy tends to be delayed 

because sebaceous carcinoma is frequently mistaken for 

more common benign entities like chalazion (an 

inflammation caused by obstruction of the meibomian 

glands) or chronic blepharitis, further complicating 

treatment of this aggressive malignancy[8-13]. In 

addition to its varied clinical appearance, a varied 

histologic appearance may occur and delayed diagnosis 

or misdiagnosis following a biopsy is not uncommon[8-

10]. 

It tends to invade locally, as well as spreading to 

regional lymph nodes. Sebaceous cell carcinomas may 

grow in nests with central necrosis. The intraepithelial 

spread may lead to the erroneous histologic diagnosis of 

epithelial dysplasia or carcinoma in situ. Foamy 

cytoplasm is seen only in sebaceous carcinoma but it is 

absent in conjunctival or cutaneous squamous cell 

carcinoma. It can also histologically mimic basal cell 

carcinoma, squamous carcinoma   or Merkel cell tumor. 

When arising in the periocular region, the clinical 

presentation is often variable, and sebaceous gland 

carcinoma is often not initially suspected. Instead, 

patients may receive multiple courses of incision and 

drainage for chalazion before a definitive biopsy is 

performed[8,14,15]. Sebaceous cell carcinoma is a 

lethal eyelid malignancy and carries a significant 

mortality rate with metastasis. 

 

Frequency 
Sebaceous gland carcinoma seems to occur with 

greater frequency relative to other skin cancers in Asian 

populations. In a large retrospective series from China, 

sebaceous gland carcinoma was the second most 

common periocular tumor after basal cell carcinoma, 

reported to represent 33% of eyelid malignancies[16]. 

 

Mortality/Morbidity 
Sebaceous gland carcinoma is an aggressive tumor, 

with a tendency for both local recurrence and distant 

metastasis. Reported local recurrence rate ranges from 



Royana Singh et al.               Sebaceous gland carcinoma and its correlation with different signaling pathways…. 

International Journal of Ocular Oncology and Oculoplasty, January-March, 2016;1(1):34-41                                35 

9-36%, with larger series reporting recurrence rate in 

30% range. Local recurrence tends to occur within 5 

years.[6,10] 

The rate of metastasis in extraocular and ocular 

sebaceous carcinoma is thought to be similar, occurring 

in 14-25% of cases, first to the draining lymph nodes 

and then to distant sites[8,19]. Sites of distant 

metastasis include the liver, lungs, bones, and 

brain[8,17,18]. Metastasis has been reported to occur as 

late as 5 years after the initial diagnosis, lending 

support to continuous surveillance of patients with 

sebaceous carcinoma[18]. 

 

Etiology  
Most sebaceous gland carcinomas have no obvious 

etiology. Only a few are associated with Muir-Torre 

syndrome. Although sebaceous adenoma and 

epithelioma are more specific markers for Muir-Torre 

syndrome, an evaluation for this syndrome is advisable 

once sebaceous gland carcinoma is diagnosed [20]. In 

approximately 40% of cases, patients with Muir-Torre 

syndrome develop some type of sebaceous tumor 

before or concurrent with visceral malignancy[21]. 

Rb and p53 mutations[23-25], HIV[19], and 

HPV[23,26] have  also been shown to be associated 

with it.  

 

Clinical features 
The upper lid is more frequently involved by SGC 

than the lower lid.[27] It masquerades not only various 

inflammatory conditions such as blepharoconjunctivitis 

or chalazion but also as premalignant lesions and other 

benign or malignant tumors.[26 -31] The nodular form 

of SGC presents as a discrete, hard, immobile nodule 

commonly located in the upper tarsal plate having a 

yellowish appearance. The pagetoid variety of SGC 

occurs with intraepithelial infiltration of the lid margin 

and/or conjunctiva causing diffuse thickening and loss 

of eyelashes resembling chronic 

blepharoconjunctivitis.[32,33] 

 

Diagnosis  
Modern tumor classification schemes name the 

tumors for the type of normal adult tissue towards 

which the tumor appears to be differentiating. 

Microscopic examination is the gold standard in 

diagnosis and confirmation of SGC. Most patients have 

a moderately differentiated tumor[35,36]. The tumor 

cells are arranged in the form of sheets or lobules, 

sometimes with central comedonecrosis 

The cell of origin is often not known. Sebaceous 

gland carcinoma clearly resembles normal sebaceous 

glands[34]. One may reasonably speculate that 

sebaceous gland carcinoma arises from mature 

sebaceous glands. Histologic studies have suggested 

that periocular sebaceous gland carcinomas arise from 

the sebaceous glands in this region.  

In Schwartz,s histologic series, 51% of cases 

reportedly arose from a specialized sebaceous gland of 

the eyelid, the meibomian gland. Indeed, sebaceous 

gland carcinoma is sometimes referred to as meibomian 

gland carcinoma. In the same series, 10% of cases arose 

from the glands of Zeis, less than 10% of cases arose 

from the caruncle and the eyebrow each, and 12% were 

multicentric with no obvious source of origin[35].  

Isolated case reports describe sebaceous gland 

carcinoma limited to the epithelium, with no obvious 

connection to the underlying sebaceous glands[36]. In 

these rare cases, the sebaceous gland carcinoma may 

fill the conjunctival epithelium and create the 

appearance of squamous cell carcinoma in situ. 

Whether these tumors truly have an epithelial origin or 

whether the dermal connection has been lost or is 

simply unappreciated is unknown. 

Approximately, 30 case reports have described the 

development of sebaceous carcinoma in a sebaceous 

nevus of Jadassohn[37-42]. Sebaceous carcinoma 

arising from a nevus sebaceous is more common in 

women and elderly persons, described as a nodule or 

ulcerated tumor that usually demonstrates rapid growth 

prior to diagnosis[38]. Although generally larger in 

diameter, this distinct entity tends to possess more 

benign features and follows a more favorable 

course[43]. Controversy exists regarding the 

prophylactic removal of a nevus sebaceous, but when 

malignant neoplasms are suspected, removal is 

warranted[44]. 

Recently, several molecular markers have been 

identified that may help elucidate the pathophysiologic 

progression of sebaceous carcinoma. Promotion of 

tumor metastasis and a poor clinical outcome have been 

associated with epigenetic inactivation of E-cadherin 

and subsequent loss of cell-to-cell adhesion in 

sebaceous carcinoma[45]. Hormonal receptors may also 

play a significant role. Increased expression of 

androgen receptor in the nucleus of periocular 

sebaceous carcinoma may indicate a greater likelihood 

of recurrence and help distinguish this entity from 

squamous cell and basal cell carcinomas[46,47]. 

Immunostaining for androgen receptor (AR) in SGC 

has been extensively described in the recent literature 

suggesting AR to be a reliable marker of sebaceous 

differentiation[51-55]. A panel of antibodies 

comprising carcino-embryonic antigen (CEA) seen in 

approximately 39% patients[49,50,52-56]. Intra-

epithelial spread, a common cause of misdiagnosis, is a 

characteristic feature of SGC. Intra-epithelial spread 

can have a Bowenoid, pagetoid or mixed pattern. 

Reports in the literature describe the Bowenoid and 

pagetoid patterns in up to 35% and 47% of SGC, 

respectively[48,57].  

 

Syndromes and Genes associated with SGC   
Muir-Torre syndrome and mismatch repair genes: 

Muir-Torre syndrome is diagnosed if a person has one 
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or more of the skin changes and one or more of the 

internal cancers listed above. A person diagnosed with 

Muir-Torre syndrome can have a blood test to see if 

they have a mutation in the MLH1 or MSH2 genes. 

However, not everyone with Muir-Torre syndrome will 

have a detectable mutation in one of these two genes. 

Several studies have investigated the relationship 

between MTS and SGC.[1,58-60] A subset of patients 

with clinical or phenotypic MTS have a defect in the 

DNA mismatch repair (MMR) genes and are at a risk 

for developing future malignancy[58]. An MMR defect 

results in the accumulation of replication errors or 

unstable microsatellite sequences[61]. In MTS, 

germline mutation in one of the MMR-genes is 

complemented by a second somatic molecular alteration 

in a neoplasm. 

A sebaceous lesion is present either before or 

concurrent with the first visceral malignancy in 63% 

patients with MMR-deficient MTS[62]. 

It should also prompt the laboratory to perform 

immunostaining for the commonly absent MMR 

proteins (MSH2, MLH1, PMS1 and PMS2). One-third 

of patients with clinical MTS demonstrate failure to 

express normal MMR proteins[61]. Mutations in MSH2 

and MLH1 are more frequent than those in MSH6, 

MSH3, MLH3, PMS2 and PMS1. Many cell signaling 

pathways have been shown to be dysregulated in SGC. 

 

Wnt/b-catenin pathway: The Wnt/b-Catenin 

pathway regulates stem cell pluripotency and cell fate 

decisions during development. In the absence of Wnt, 

glycogen synthase kinase 3 (GSK-3) constitutively 

phosphorylates the b-catenin protein. Overexpression of 

b-catenin has been demonstrated in SGC thus 

suggesting a possible dysregulation of the Wnt/b-

catenin pathway[64-66]. Further, it was also shown that 

reduced membranous expression of b-catenin correlated 

with invasion and metastasis, especially at the site of 

invasion[64]. 

 

p21/WAF1: p21WAF1, a cyclin-dependent kinase 

inhibitor, regulates G1-S transition and mediates G1 

cell cycle arrest. It can be transcriptionally upregulated 

by p53 but may be activated independently. 

Compartmentalization of p21WAF1 in the 

differentiated component of the gland, seen in normal 

sebaceous glands and benign sebaceous lesions, is lost 

in SGC[67]. A recent study associated down regulation 

of p21 with lymph node metastasis in SGC[68]. 

 

Sonic hedgehog pathway: The sonic hedgehog (Shh) 

signaling pathway is also altered in SGC with Shh and 

ABCG2 proteins being overexpressed in patients with a 

metastatic disease[64]. This study thus suggested that 

activation of Wnt and Shh signaling pathways is 

associated with higher cumulative incidences of lymph 

node and distant metastasis in SGC[62]. 

 

Androgen receptor: AR has been identified as a MYC 

target gene in mouse epidermis[66]. p53 can inhibit AR 

gene expression by direct association with AR 

promoter[67] and by inhibiting AR protein activity 

[70]. On the other hand, strong AR activity can inhibit 

p53 expression [71] and p53 activity[72]. Thus, the 

expressions of AR and p53 are inversely related to each 

other in SGC[73]. 

 

E-cadherin: E-cadherin promoter hyper methylation 

through Wnt/ bcatenin/ TCF pathway has been 

associated with poor clinical outcome like reduced 

disease-free survival, size>2 cm, lymphnode metastases 

and poor differentiation[7]. 

Sonic hedgehog and Wnt/b-catenin signaling pathways 

in sebaceous gland carcinoma[72] 

 

 
 

TP53: p53 Mutations in SGC, as demonstrated by overexpression, suggest a possible role of UV radiation and 

subsequent signal alterations[44]. 
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Sebaceous neoplasm should prompt the clinician to carry analysis of p53 mutation and its expression in 

sebaceous carcinoma of the eyelid. Taking into consideration the single strand comformation polymorphism 

technique, sequencing of the coding axons 5 -8 of the p 53 gene is usually done  

The expression of the p 53 protein is analyzed by 

immunohistochemistry. In a study, 66. 67% point 

mutation were detected in the p 53 gene. CC to TT 

double base changes (tandem mutations which are 

known to be caused only by the UV were not detected 

in any of the mutations. Correlation between the p 53 

mutation and expression were found to be statistically 

significant (P < or = 0.007). Among the cancers, the 

sebaceous carcinoma of the eyelid may be one of those 

showing most frequent mutation of the p 53 gene which 

may not be caused by exposure to UV. 

 

Sebaceous carcinoma in young age and P 53 

correlation: Authors described a sebaceous carcinoma 

presenting in a 32 year-old woman. This case was 

previously included in a series of seven cases[73]. Here, 

we revisit this case to provide further clinical, 

histopathological and molecular studies. The case 

emphasizes that this highly aggressive cancer can occur 

in young patients without history of retinoblastoma, 

radiation therapy, or hereditary cancer syndrome. 

Finally, the case suggests that the role of UV radiation 

and p53mutations in sebaceous carcinoma deserve 

further study. 

 

Pathologic and molecular observations: In a study, 

the initial full thickness wedge biopsy revealed in a 

study a moderately well differentiated sebaceous 

carcinoma (grade II [74]). Subsequently, the upper 

eyelid was removed under frozen section control 

between the medial and lateral canthal angles, and to 

the fornix superiorly. Histologically, the tumor filled 

the eyelid replacing most of the tarsus. The deep 

surgical margin was found to be focally involved. The 

tumor had a lobular pattern and extensively invaded the 

tarsus, dermis and muscle. There was no Pagetoid 

involvement of the conjunctiva or epidermis. Mitotic 

figures were numerous, and often atypical in 

appearance. In most areas, the cytoplasm contained 

small but distinct Oil-red-O positive vacuoles. These 

vacuoles did not stain with mucicarmine or periodic 

acid-Schiff (data not illustrated). The tumor was 

previously shown to stain focally for epithelial 

membrane antigen and p21WAF1/CIP1; Bcl-2 was negative 

as was HPV by in situ hybridization and PCR[73]; p53 

showed striking nuclear positivity[73] . 

To know the nature of the mutation responsible for 

the p53 nuclear accumulation, we sequenced exons 5 

through 9. To do this, DNA from a tumor metastasis 

was extracted. Hematoxylin & eosin stained frozen 

sections were used to establish that the portion of the 

tissue used for the DNA extraction consisted only of 

tumor without contaminating normal tissue. The DNA 

was extracted and purified by acid-phenol 

chloroform[75]. From the purified tumor genomic 

DNA, p53 exons 5 and 6, and 7 through 9 were 

amplified separately by PCR, and subjected to 

automated fluorescence DNA sequencing using 

magnetic beads, and dye-primer and dye-terminating 

chemistries. The strategy and primers used have been 

previously described[73]. DNA sequencing identified a 

G:C→A:T (GGA to AGA) missense mutation at a 

dipyrimidine site in exon 6. The mutation results in 

substitution of arginine for the highly conserved glycine 

at codon 199 located at the dimer-dimer interface. 

Energy minimization modeling anticipates that this 

substitution will significantly alter the ionic 

environment at the p53 dimer-dimer interface. 

Epidemiological studies suggest a role of sunlight 

and radiation in sebaceous carcinoma. A recent 

retrospective study of 1,349 cases, showed that 

Caucasians are more frequently affected with sebaceous 

carcinoma compared to Asian/Pacific Islanders and 

Blacks[76]. Furthermore, Rao et al. (1982) found only 

four Blacks among 75 patients with sebaceous 

carcinoma[77], and Zürcher et al. (1998) noted no black 

patients in their series of 43 cases (42, Caucasian; one, 

Chinese)[78]. Finally, sebaceous carcinoma has 

occurred at non-ocular sites in the setting of radiation 

exposure[79-80] and sunlight[81]. Interestingly, the 

G199R substitution detected in our patient was due to a 

G:C→A:T mutation at a dipyrimidine site (GGA to 

AGA, sense strand; TCC to TCT, antisense strand). UV 

light is known to cause C→T substitutions at 

dipyrimidines, or CC→TT substitutions in the p53 

gene[80]. Although this class of mutation is typical of 

UV light induced mutations, it does not prove that the 

mutation was caused by UV exposure. Among 11 cases 

of sebaceous carcinoma with documented p53 

mutations, 5 showed C→T mutations at dipyrimidine 

sites[83]. An additional reported case from a 75 year-

old woman showed a G:C→T:A typical of bulky 

carcinogens[73]. The diversity of mutations suggests 

that different mechanisms may play a role in different 

cases (Table 1). Known p53 mutations in ocular 

sebaceous carcinoma. 

 

 

 

 

 

 

 

 

Table 1: Different cases with known p 53 mutation 

Age / sex Site Mutation 
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  Location Codon Amino acid Type 

3 yrs/F [79] Lower lid  Exon 5 TACt to TAGt Y126stop C:G→G:C 

5 yrs/M [79] Upper lid  Exon 5 GTG to ATG V173M G:C→A:T 

36 yrs/F [79] Lower lid Exon 5 CGC to CAC R175H G: C→A:T 

78 yrs/M [79] Upper lid Exon 6 
CAT to CGT, AGT 

to GGT 
H193R, S215G 

A:T→G:C 

A:T→G:C 

2 yrs/F* Upper lid Exon 6 GG A to AG A G199R G:C→A:T 

85 yrs/M [79] Lower lid Exon 7 GG C to AG C G245S G:C→A:T 

42 yrs/M [82] NP Exon 7 cC GG to cT GG R248Y C:G→T:A 

76 yrs/F [79] Lower lid Exon 7 cC GG to cT GG R248W C:G→T:A 

61 yrs/M [15] Lower lid Exon 8 gG TG to gA TG V272M G:C→A:T 

61 yrs/F [15] Upper lid Exon 8 TGT to TAT C275Y G:C→A:T 

75 yrs/F [3] Lower lid Exon 8 TGT to TTT C277F G:C→T:A 

47 yrs/F [15] Upper lid Int 1 TGg t to TGt t NA G:C→T:A 

68 yrs/M [15] Lower lid Int 1 agG T to aaG T NA G:C→A:T 

 

Clinical data and molecular studies suggest that 

G199R interferes with p53 function. Early X-ray 

structures of p53 showed that the known "hot-spot" 

mutations are often involved in DNA binding. 

However, codon 199 lies outside the direct DNA-

protein binding site. Nevertheless, missense mutations 

of this codon are listed in 48 tumors in the International 

Agency for Research on Cancer database[82]. Of those, 

12 are G199R substitutions[82]. In many of these cases, 

a link between G199R and p53 function can be seen. 

Cyclophosphamide induced bladder cancer is more 

commonly associated with G199R compared to 

sporadic, smoking-related and schistosomiasis-linked 

tumors[83]. In a study of giant cell 

glioblastomamultiforme, G199R was more often 

associated with evidence for microsatellite instability 

compared to other mutations[8]. G199R, which was 

observed in BRCA-1 associated familial breast cancer 

[85], shows reduced activity in yeast transactivation 

capacity assays. Thus, although not directly involved in 

DNA-protein binding, G199 appears to have a critical 

role in p53 function. 

X-ray crystallography is providing key insights 

into the structure-function significance of p53 

mutations[86]. An emerging picture is that p53 

functions as homotetrameric complexes interacting with 

the DNA helix, and a multitude of regulatory proteins. 

DNA-p53 and p53-p53 monomer contacts are important 

in stabilizing the tetrameric complex. The tetramer is 

composed of two p53 dimers each straddling the DNA 

helix. The dimers come together through binding 

closely spaced DNA decameric half-sites[87,88]. The 

resulting dimer-dimer is further stabilized by specific 

p53-p53 interaction sites. G199, which is located in 

such a key interface termed "patch I", makes critical 

contacts with residues of the adjacent p53 

monomer[88]. 

To evaluate the effect of the arginine substitution, 

in silico energy minimization within a 10Å sphere 

surrounding G199R was performed using the Molecular 

Operating Environment. Although the analysis 

anticipates only a subtle conformational change in the 

interface site, the electrostatic environment is 

significantly altered. The arginine residue affects 

interactions with other amino acids much more than the 

neutral glycine residue originally did. The modeling 

predicts that the substitution of arginine for glycine at 

position 199 will neutralize negative charges 

contributed by nearby inter- and intramonomeric 

glutamate residues (E171 and E198, respectively). It is 

therefore likely that G199R would destabilize the 

tetramer, acting in a dominant negative manner 

reducing its DNA affinity, and disrupting cooperative 

interactions between its subunits, and perhaps 

regulatory proteins. Taken together, the above 

observations suggest that G199R probably contributed 

to the molecular events leading to the development of 

sebaceous carcinoma in this patient. 

In summary, the present review on the sebaceous 

carcinoma emphasizes that young age should not 

exclude consideration of sebaceous carcinoma. Further 

studies are needed to determine if sebaceous carcinoma 

may arise through different sets of environmental 

factors. 

Immunohistochemical evaluation of several 

markers, including p53, Ki-67, bcl-2, and p21, may be 

diagnostically useful in cases of incompletely sampled, 

difficult, or borderline sebaceous lesions. As a potential 

practical application of these results, we would 

recommend using a panel including p53, Ki-67, p21, 

and bcl-2 for difficult cases in which the following 

results would favor sebaceous carcinoma over a benign 

lesion. 
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