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Dear Editor:
Sir, Basal cell carcinoma (BCC) is the most common ma-
lignant tumor of the skin. BCC is locally invasive and high-
ly destructive, but rarely metastasizes1. Identification of 
the pathogenic mechanisms underlying BCC could facili-
tate treatment and prevention of this cancer. It is generally 
accepted that BCC arises from keratinocyte stem cells2, 
but its biological mechanisms, including those of its carci-
nogenesis, remain unknown. Leucine-rich repeat-contain-
ing G-protein-coupled receptor (LGR4) is expressed in 
proliferating tissues, including stem cells3. LGR4 was re-
ported to be expressed in the epidermis and hair follicles 
of human skin4. Recently, it was reported that LGR4 pro-

moted skin carcinogenesis by mediating the activation of 
MEK1/ERK1/2 and Wnt/β-catenin pathways in mouse 
model5. To our knowledge, no study has addressed LGR4 
expression in BCC. In this study, we investigated the ex-
pression and localization of LGR4 in BCC via immunohis-
tochemical analysis.
This study was approved by the ethics committee of The 
Catholic University of Korea (no. XC14SIMI0060K). All 
patients gave written informed consent. A total of 46 biop-
sy specimens that had been diagnosed as BCCs were col-
lected from the three branch hospitals of The Catholic 
University of Korea. Paraffin sections of BCCs (total, n=47: 
including nodular [n=19], superficial [n=10], micro-
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Table 1. LGR4 expression in BCCs

BCCs
Total 

(n=47) 
0

(n=25)
+

(n=10)
++

(n=9)
+++
(n=3)

p-value Location

Non-aggressive BCC 29 21 3 4 1
  Nodular BCC 19 14 1 3 1 Cytoplasm
  Superficial BCC 10 7 2 1 0 Cytoplasm
Aggressive BCC 18 4 7 5 2 0.003*
  Micronodular BCC 4 1 2 1 0 0.203 Cytoplasm
  Infiltrative BCC 6 1 1 2 2 0.014** Nucleus and cytoplasm
  Metatypical BCC 5 2 3 0 0 0.448 Cytoplasm
  Nodular infiltrative 3 0 1 2 0 0.041** Nucleus and cytoplasm

Values are presented as number only. LGR4 positivity: +, focal (1%∼20%); ++, moderate (21%∼50%), and +++, diffuse (＞50%).
*Mann-Whitney tests were conducted to compare between non-aggressive and aggressive BCC. **Bonferroni’s correction was done 
to compare between non-aggressive BCC and the selected aggressive BCC subtype. 

Fig. 1. (A) Notice decreased imm-
unoreactivity in nodular BCC (×100).
(B) Notice marked increased nuclear 
and cytoplasmic LGR4 expression 
in infiltrative BCC (×200) and (C) 
at the invasive front of nodular- 
infiltrative BCC (×100). The white 
arrow highlights the area magnified 
in (D) (×200). The black arrow 
highlights the area magnified in (E) 
(×200).

nodular [n=4], metatypical [n=5], infiltrative [n=6], and 
nodular-infiltrative [n=3]) were analyzed for LGR4 
expression. 
The tissue sections were cut to 5 μm thickness. After de-
paraffinization and hydration, sections were subjected to 
the VECTASTAIN Elite ABC System and ImmPACT 
NovaRED (Vector Lab., Burlingame, CA, USA) according 
to the manufacturer’s recommended procedure. Microscopic 
analysis was performed by two independent observers (ST 
Oh and JU Lee). The degree of expression was graded 
semi-quantitatively as follows: −, negative (0%); +, focal 
(1%∼20%); ++, moderate (21%∼50%); and +++, dif-
fuse (＞50%). LGR4 immunoreactivity was also assessed 
with respect to localization (membranous, cytoplasmic, or 
nuclear). The Mann-Whitney test was applied to compare 
LGR4 expression between histologically non-aggressive 

BCC and aggressive BCC. Additional Mann-Whitney tests 
with Bonferroni's correction were carried out for separate 
comparisons between non-aggressive BCC and the se-
lected aggressive BCC subtype. 
The expression of LGR4 in BCC is presented in Table 1. 
Strong LGR4 immunoreactivity (++/+++) was detected 
in 14 of 46 cases (30%) of BCC. In histologically non-ag-
gressive BCC (nodular BCC and superficial BCC), strong 
LGR4 immunoreactivity was detected in 5 of 29 cases 
(17%). In nodular (Fig. 1A) and superficial BCC, LGR4 im-
munoreactivity was decreased compared to that in the 
overlying epidermis. In histologically aggressive BCC 
(micronodular BCC, infiltrative BCC, metatypical BCC, 
nodular-infiltrative BCC), strong LGR4 immunoreactivity 
was detected in 7 of 18 cases (39%). LGR4 expression 
was elevated in aggressive BCC as compared to that of 
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non-aggressive BCC (p=0.003). LGR4 expression in in-
filtrative BCC was elevated compared to that in non-ag-
gressive BCC (p＜0.001) (Fig. 1B). LGR4 expression in 
nodular-infiltrative BCC was elevated compared to that in 
non-aggressive BCC (p=0.005) (Fig. 1C, D).
G protein-coupled receptors represent the largest group of 
cell surface receptors, and are currently used in medicine 
as therapeutic targets. They are involved in signal trans-
duction systems and are particularly relevant in tumor cell 
biology. LGR4, also called G-protein-coupled receptor 48, 
is specifically expressed in stem cells of the epidermis and 
hair follicles4. Overexpression of LGR4 has been reported 
in several types of cancer. It is well known that LGR4 acti-
vates Wnt/β-catenin signaling to regulate cancer cell pro-
liferation6. LGR4 increased nuclear β-catenin accumu-
lation, and activated T-cell factor 4 transcription activity 
and expression of its target genes (including Cyclin D1, 
c-Myc, MMP-1 and MMP-7) that are important regulators 
of proliferation, cell cycle, migration, and invasion7.
The histologic subtype of BCC influences the biologic 
behavior. BCCs with aggressive histologic patterns are 
commonly associated with recurrence after treatment. 
Based on this, BCC has been classified as histologically 
aggressive or non-aggressive, and nodular BCC is the main 
non-aggressive subtype. Traditionally, superficial BCC is 
regarded as non-aggressive due to its indolent behavior. 
Therefore, we suggest that superficial BCC should be in-
cluded in the non-aggressive group. Sexton et al.8 classi-
fied BCC as nodular, superficial, micronodular, infiltrative, 
morpheic pattern and a mixed pattern. Mixed BCC can be 
various, and so the nodular-infiltrative subtype in this 
study can be described as mixed BCC. Mixed BCC is now 
regarded as a histologically aggressive because of its ag-
gressive growth pattern in a deeper potion of the tumor9. 
Although, the significance of basosquamous carcinoma is 
still debatable, there is evidence that metatypical BCC 
(BCCs associated with moderate/severe squamous atypia) 
are associated with a higher incidence of recurrence and 
metastatic potential. Therefore, we suggest that aggressive 
BCC include infiltrative BCC, micronodular BCC, nod-
ular-infiltrative BCC, and metatypical BCC.
LGR4 positively regulates Sonic Hedgehog (Shh) through 
unknown mechanisms in early prostate development7. 
Shh signaling is a major signal transduction pathway in 
the pathogenesis of BCC. In addition, given that BCC aris-
es from keratinocyte stem cells1, and that LGR4 is a mark-
er of stem cells in the epidermis and hair follicles3, it is 
possible that LGR4 may play a role in the formation of 
BCC. BCC has been classified as aggressive and non-ag-
gressive subtypes. In our study, we did not found little 
LGR4 expression in non-aggressive BCC. Therefore, it is 

conceivable that LGR4 may have little involvement in the 
development of non-aggressive BCC. Instead, we found 
that LGR4 expression was increased in aggressive BCC as 
compared to that of non-aggressive BCC. In addition, we 
detected strong LGR4 expression in the nucleus of tumor 
cells in infiltrative BCC and nodular-infiltrative BCC. 
We previously reported that expression of beta-catenin 
was increased in aggressive BCC but not in non-aggressive 
BCC10. It was postulated that LGR4 expression was pos-
itively associated with β-catenin expression7. Therefore, 
we speculate that increased expression of LGR4 in the ag-
gressive BCC may be related with β-catenin. Given that 
either β-catenin or LGR4 contribute to promote migration 
and invasion of cancer cells7, we suggest that LGR4 may 
play a role in cancer cell invasion of aggressive BCC.
In conclusion, we found LGR4 expression in aggressive 
BCC especially in infiltrative and nodular-infiltrative sub-
type, suggesting that LGR4 may play a role in the cancer 
cell invasion of BCC. 
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Huge Steatocystoma Multiplex with New Point 
Mutation in the Exon 1 of KRT 17 Gene
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Dear Editor:
A 50-year-old woman presented with huge multiple cysts 
on the back, chest, abdomen, neck, axillae, antecubital 
fossae, and popliteal fossae for 40 years (Fig. 1A). All of 
the cysts were asymptomatic and non-inflammatory. Her 
father and her son also had cysts of same nature. 
However, the cysts were not huge in size. Her laboratory 
findings, including CBC, urinalysis, VDRL, LFT/RFT, 
PT/PTT, and HB markers, were normal or within normal 
limits. Histopathologic findings showed a huge cyst sur-
rounded by stratified squamous epithelium with adjacent 
sebaceous glands (Fig. 2A). Immunohistochemistry using 
CK-17 antibody was positive on the cyst wall and seba-
ceous glands (Fig. 2B). She was diagnosed with steatocys-
toma multiplex. We carried out mutation analysis of KRT 
17 gene using direct sequencing. We found new point 
mutation in the exon 1 of KRT 17 gene (c. 425G＞T) (Fig. 

2C). She underwent operations several times and finally 
got a good cosmetic result (Fig. 1B). We received patient 
consent form for publishing photos.
Steatocystoma multiplex is a rare disorder manifested as 
skin-colored subcutaneous cysts1. It usually begins on the 
chest and abdomen in pubertal period, and varies from 
matchhead to bean in size. However, the cysts in this case 
were extraordinarily huge. In Korea, only Jeong et al.2 re-
ported giant steatocystoma multiplex limited in the scalp. 
Pathogenetically, steatocystoma multiplex is usually asso-
ciated with mutation in the KRT 17 gene exhibiting auto-
somal dominance1. Keratin 17 is a type I cytokeratin 
which is found in nail beds, hair follicles and sebaceous 
glands. Based on the data of several studies, different mu-
tations can develop the same clinical phenotype in steato-
cystoma multiplex, and the same mutations can cause dif-
ferent clinical phenotypes3. Therefore, it is supported that 
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