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Abstract
Basal cell carcinoma (BCC) is a malignant skin tumor originating from cells of the epidermal basal layer and adnexal epi-
thelium, especially in sun-exposed areas. Unlike squamous cell carcinoma (SCC), BCC has a propensity to grow only locally 
possibly due to differences in the surrounding microenvironment including the basement membrane (BM) and stroma. To 
investigate the components constituting the BM and surrounding connective tissue in BCC and SCC, we analyzed the expres-
sion of BM proteins, nidogen 1 (NID1) and type IV collagen (COL4). We compared the immunohistochemical expressions 
of NID1 and COL4 among tumor specimens from BCC, SCC and its precancerous condition, actinic keratosis (AK), (n = 5 
each condition). The expressions of NID1 and COL4 were both decreased around the tumor nest of SCC. In contrast, the 
expressions of both NID1 and COL4 around the nest of BCC were much higher than in the peri-lesional normal skin not 
only at the BM, but also in the surrounding stromal tissue. Our findings imply that the surrounding stromal cells of BCC, 
but not SCC or AK, excessively produce NID1 and COL4, which may be involved in preventing BCC cells from destroying 
the BM and invading the dermis.
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Introduction

Recent epidemiological studies have shown that a growing 
number of individuals, along with the aging of the popula-
tion, suffer from malignant skin tumors, including squamous 
cell carcinoma (SCC), basal cell carcinoma (BCC), malig-
nant melanoma (MM) and actinic keratosis (AK), a precan-
cerous lesion of SCC, particularly in the sun-exposed areas 
of the skin of older individuals [1, 2].

BCC is the most common cutaneous tumor worldwide. 
The number of BCC patients has been growing with the 
increasing numbers of people who take part in outdoor activ-
ities, as well as the aging of the society. In contrast to SCC 

and MM, both of which have metastatic ability, BCC usually 
remains locally, thus it rarely results in remote metastasis or 
patient’s death [3].

The invasiveness and metastatic phenotype of the malig-
nant skin tumors are known to depend on the conditions of 
the basement membrane (BM), which provides the surround-
ing cutaneous and vascular tissues with physical barriers and 
prevents the tumor cells from disseminating systemically 
[4].

The BM is a thin layer of highly specialized extracellular 
matrix (ECM), that underlies epithelial cells and separates 
these cells from and connects them to their interstitial matrix 
[5]. The main components of the BM are type IV collagen 
(COL4), laminins, perlecan and nidogens [6]. While the 
roles of some components have been studied in detail, the 
role of nidogens in the physiological and pathological skin 
conditions remains unclear.

Nidogens are linker proteins that connect to COL4 and 
laminin networks to stabilize the three-dimensional structure 
of the BM. The nidogen family in humans consists of two 
members; nidogen 1 (NID1) and nidogen 2 (NID2). NID1 
is broadly found in the BM of most tissue types, while NID2 
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is typically enriched in endothelial BM. Unlike other ECM 
molecules such as COL4, laminins and perlecan, which are 
derived from epidermal cells, the nidogens are derived from 
stromal fibroblasts [7, 8].

To our knowledge, the detailed roles of the BM compo-
nents, in the skin tumor biology have been relatively stud-
ied well only on COL4, although the surrounding microen-
vironment including the BM and stroma in the tumor are 
known to be pivotal for tumor proliferation [9]. We therefore 
focused in the present study on assessing the expression of 
NID1 in the various cutaneous malignant conditions, mainly 
in the sun-exposed areas. We evaluated the change in the 
immunohistochemical expressions of the NID1 as well as 
COL4 as a reference in the tissue specimen from patients 
with AK, SCC and BCC.

Materials and methods

Patients

Paraffin-embedded tumor samples obtained from 15 total 
patients with AK (4 hypertrophic and 1 atrophic), SCC (5 
well-differentiated SCC) and BCC (3 nodular BCC and 2 
superficial BCC) between February 2016 and April 2017 
were included in the present study. In addition, the normal 
skin surrounding each tumor tissue was used as a control. 
The clinical characteristics of the patients are summa-
rized in Table 1. All of the tumors were solitary and well 
circumscribed.

The protocol of the present study was approved by the 
institutional review board at Osaka Medical College and 

the study was conducted according to the Declaration of 
Helsinki principles.

Primary and secondary antibodies

Commercially available primary antibodies were used for 
immunohistochemical analyses. Anti-human nidogen 1/
entactin affinity purified polyclonal antibody AF25700-SP 
was obtained from R&D SYSTEMS (Minneapolis, MN, 
USA) and anti-human type IV collagen mouse monoclo-
nal antibody (PHM-12, code: 413741) was purchased from 
Nichirei Biosciences Inc. (Tokyo, Japan). A Histofine Sim-
ple Stain MAX-PO (MULTI) kit and MAX-PO(G) kit were 
also purchased from Nichirei Biosciences Inc. (Tokyo, 
Japan).

Immunohistochemistry

Formalin-fixed skin sections from five patients with AK, 
SCC and BCC each were subjected to immunohistochemical 
staining for NID1 and COL4 protein. For antigen retrieval, 
deparaffinized sections were kept in a staining trough filled 
with protease (415231, Nichirei Bioscience, Tokyo, Japan) 
for 15 min. The sections were then rinsed in 0.01 M phos-
phate-buffered saline (PBS; pH 7.4) and exposed to peroxide 
blocking for 10 min at room temperature. The sections were 
then incubated with primary antibodies against NID1 and 
COL4 protein for 1 h. After rinsing twice with PBS, the 
sections were incubated for 30 min with secondary antibod-
ies, which were conjugated with peroxidase-labeled dextran 
polymers. After rinsing again with PBS, the sections were 
treated with 3, 3′-diaminobenzidine as the substrate for per-
oxidase for 5 min. Finally, the sections were counterstained 
with hematoxylin, dehydrated and cleared in xylene prior 
to mounting in DPX (Entellan New, code: 107961, Merck, 
Kenilworth, New Jersey, USA). Negative controls were pre-
pared by replacing the primary antibodies with PBS. The 
expression of NID1 and COL4 in the peri-lesional skin was 
compared with those in each tumor. Immunostaining images 
were acquired with an ECLIPSE 80i microscope (Nikon, 
Tokyo, Japan) and the Image J software program (NIH) was 
used for quantification in the co-localization analysis.

Statistical analyses

All quantitative values were expressed as the means ± stand-
ard deviation (SD) of the expressions in the tumor or control 
samples. Statistical significance between the tumor and con-
trol groups was evaluated using a Student’s t test. Values of 
p < 0.05 were considered to be statistically significant.

Table 1   Characteristics of the patients with AK, SCC and BCC in the 
present study

Patient no. Age Sex Region Histopathological type

AK (1) 93 F Cheek Hyperkeratosis
AK (2) 84 M Cheek Hyperkeratosis
AK (3) 56 F Cheek Atrophy
AK (4) 83 M Temporal head Hyperkeratosis
AK (5) 67 F Cheek Hyperkeratosis
SCC (1) 78 M Dorsum of hand Well-differentiated
SCC (2) 74 M Abdomen Well-differentiated
SCC (3) 75 F Dorsum of foot Well-differentiated
SCC (4) 100 F Cheek Well-differentiated
SCC (5) 88 M Nose Well-differentiated
BCC (1) 57 F Axilla Solid
BCC (2) 49 F Lower eyelid Superficial
BCC (3) 69 F Cheek Solid
BCC (4) 73 F Nose Superficial
BCC (5) 41 F Parietal head Solid
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Results

NID1 and COL4 expression in peri‑lesional normal 
skin

Immunohistochemical studies of peri-lesional normal skin 
showed continuous staining of NID1 and COL4 in the BM 
at the dermal epidermal junction (Figs. 1a, c, 2a, c, 3a, c, 
arrowheads) as well as around blood vessels, sweat glands, 
hair follicles and fat cells. The expressions of NID1 and 
COL4 were the concurrent presence in linear and continu-
ous deposition in all of the BM areas in the peri-lesional 
normal skin around SCC and BCC (Figs. 1a, c, 2a, c, 3a, c). 
No marked differences in the expression of NID1 or COL4 
were noted between sun-exposed and non-sun-exposed areas 
(data not shown).

NID1 and COL4 expression in AKs

Immunostaining for both NID1 and COL4 in dysplastic areas 
containing BM in AK samples was continuous (Fig. 1b, d, 
arrowheads) and the intensities were slightly lower than in 
peri-lesional skin (Fig. 1a, c, arrowheads). This observa-
tion was not related to the histopathological features of AK 
(hypertrophic or atrophic) (data not shown). A quantitative 
analysis of the immunostaining signals appeared to show 

a slight decrease in the expressions of AK compared with 
those in the peri-lesional normal skin (Fig. 4a).

NID1 and COL4 expression in SCC

The intensity of staining for both NID1 and COL4 in dys-
plastic areas containing BM was discontinuous or partially 
absent and significantly lower than in peri-lesional skin 
(Fig. 2a–d). The expression of NID1 and COL4 in SCC 
samples showed a reduction in both NID1 and COL4 stain-
ing compared with that in peri-lesional skin samples. This 
observation was not related to the site location of SCC (sun-
exposed or non-sun exposed) (data not shown). A quantita-
tive analysis of the immunostaining signals showed that both 
NID1 and COL4 in SCC were significantly decreased com-
pared with those in peri-lesional skin (p < 0.05) (Fig. 4b).

NID1 and COL4 expression in BCC

All five BCC samples showed continuous linear staining of 
BM around tumor islands for both NID1 and COL4. The 
intensity of staining for both NID1 and COL4 in dysplastic 
areas containing BM was continuous and increased com-
pared to those in peri-lesional skin. Furthermore, the immu-
noreactivities for both NID1 and COL4 in all BCC samples 
were remarkably higher on focal staining than in peri-
lesional skin, not only at the BM but also in the surrounding 

Fig. 1   The expressions of nido-
gen 1 and type IV collagen in 
AK. The expressions of COL4 
and NID1 in epithelial BM were 
clearly visualized and found to 
be continuous in peri-lesional 
normal skin samples (a, c). 
Note that the expressions of 
both COL4 and NID1 in the 
BM of AK were continuous and 
slightly decreased compared 
with peri-lesional normal skin 
(b, d). Arrowheads indicate the 
BM at the dermal epidermal 
junction. Scale bar = 50 µm
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stromal tissue (Fig. 3b, d, f, h). These findings were more 
obvious in nodular BCC (Fig. 3b, d) than in superficial BCC 
(Fig. 3f, h). This observation was not related to the site loca-
tion (sun-exposed or non-sun- exposed) (data not shown). In 
addition, marked differences were noted in BCC compared 
with AK and SCC, as neither NID1 nor COL4 reacted to 
the stromal tissue (Figs. 1, 2b, d). A quantitative analysis of 
the immunostaining signals confirmed that both NID1 and 
COL4 were significantly increased in BCC compared with 
those in peri-lesional skin (p < 0.05) (Fig. 4c).

Discussion

In this study, we described for the first time the expression of 
NID1 in cutaneous malignant tumors such as AK, SCC and 
BCC as well as peri-lesional skin, although several reports 
have described the expression of COL4 in these conditions. 
Immunohistochemical studies demonstrated the expression 
of NID1 and COL4, which were concurrently present in the 
BM as linear and continuous deposition in AK, SCC and 
BCC. The expression of NID1 and COL4 were found to be 
decreased in SCC but not in AK compared with peri-lesional 
skin.

It has been reported that matrix metalloproteinase-2 
(MMP-2) exerts degradative activity against components of 
the BM and may be involved in the progression of AK and 

SCC [10, 11]. MMP-2, which is activated by tumor cells of 
SCC, may degrade NID1 and COL4. Given that the intensity 
of NID1 and COL4 expression was significantly decreased 
in SCC, but not AK, the grade of tumor progression may 
be associated with the MMP-2-related degradation of BM 
proteins. In contrast, the expression of both NID1 and COL4 
in BCC was much higher than in the peri-lesional skin, not 
only at the BM but also in the surrounding stromal tissue. 
This suggests that the BM surrounding BCC may be resist-
ant to degradation unlike AK and SCC.

The BM in BCC is reported to be incomplete compared 
to that of normal skin [12, 13]. To investigate the changes in 
the property of BM in BCC, we focused on the expression of 
NID1, a major component of the BM, derived from stromal 
fibroblasts. Many electron microscopic studies have reported 
that the components of BM in BCC is relatively immature 
compared with those of normal human skin [12, 14–16, 20]. 
These studies have revealed the presence of poorly organized 
hemidesmosomes, discontinuous lamina densa, and a lack of 
anchoring fibrils. Other immunohistochemical studies have 
also reported the characteristic lack of bullous pemphigoid 
(BP) antigen [17, 18], some integrin components and type 
VII collagen as well as the presence of granular deposits of 
COL4 around the tumor cell nests of BCC [19–22].

It is becoming increasingly clear that BM and stromal 
microenvironments play a critical role in tumor development 
and progression [23–25]. However, the interactions between 

Fig. 2   The expressions of 
nidogen 1 and type IV collagen 
in SCC. Immunohistochemi-
cal localization of both COL4 
and NID1 around SCC were 
discontinuous and significantly 
decreased (b, d) compared with 
that in the peri-lesional normal 
skin (a, c). Arrowheads indicate 
the BM at the dermal epidermal 
junction. Scale bar = 50 µm
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the BM and BCC have been considered critical in local 
invasion of the tumors, as they depend on the production of 
degradative enzymes specific for the BM and surrounding 

connective tissue components. Tumor cells [26], including 
BCC [27, 28], produce collagenases, which digest collagen 
in the BM and surrounding stroma. Markey et al. reported 

Fig. 3   The expressions of 
nidogen 1 and type IV collagen 
in BCC. Intense immunoreac-
tivity for COL4 and NID1 was 
observed in the endothelial BM 
of the peri-lesional normal skin 
(a, c, e, g). The expressions 
of both COL4 and NID1 in 
nodular-type BCC were much 
higher than in peri-lesional 
normal skin not only at the 
BM but also in the surround-
ing stromal tissue (b, d). The 
expressions of both COL4 and 
NID1 in superficial-type BCC 
were also higher than in those 
of peri-lesional normal skin (f, 
h). Arrowheads indicate the BM 
at the dermal epidermal junc-
tion. Scale bar = 50 µm
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that the production of molecules such as collagenase by stro-
mal cells, perhaps in response to factors released by tumor 
cells, leads to the selective dissolution of type VII collagen 
[21].

In the present study, we found that the expression of 
NID1 was not only present, but also increased in the BM 
and stromal tissues of BCC. Its expression pattern was par-
allel with that of COL4. One possible mechanism for the 

high expression of NID1 and COL4 in BCC is that the sur-
rounding stromal cells of BCC start to produce BM compo-
nents, including NID1 and COL4 in response to the growth 
of BCC. The excessive BM components may strengthen the 
BM around the tumor nest against the degradation of the 
tumor cells and only sequester the tumor at the primary site. 
In our observation, stromal fibroblasts in the peri-lesional 
normal skin showed faint NID1 immunostaining, while the 

Fig. 4   Quantitative analyses 
of the expressions of nidogen 
1 and type IV collagen in AK, 
SCC and BCC. Quantified 
immunostaining signals of 
COL4 and NID1 in AK (n = 5) 
(a), SCC (n = 5) (b) and BCC 
(n = 5, 3 nodular type of BCCs 
and 2 superficial type of BCCs) 
(c) compared with those in the 
peri-lesional normal skin as 
the quantitative control. All 
values are shown as the means 
± SD from 5 specimens of each 
tumor. *p < 0.05 by a Student’s 
t test
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intensity of NID1 immunostaining increased in the stromal 
tissue around the BCC nests, implying that the fibroblasts 
surrounding the BCC nest might strongly express NID1. 
Quail and Joyce reported that cancer-associated fibroblasts 
(CAFs) play a critical role in tumor development and pro-
gression in invasive malignant tumors [25]. It is possible 
that CAFs that appear around the BCC nests (but not SCC 
nests) start to produce large amounts of NID1, which may 
play a role in keeping BCC localized, unlike SCC. Our data 
imply that NID1 and other BM proteins are involved in the 
suppression of BCC cells’ infiltrative characteristics, making 
BCC only locally invasive and rarely expressing a metastatic 
phenotype.

Taken together, this study suggests that NID1 as well as 
COL4 may play a critical role in the tumor development of 
AK, SCC and BCC. The molecular role of NID1 and other 
factors related to the BM in the progression of BCC and 
other skin cancers should be elucidated in the future.
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