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Abstract: Although increasing studies have indicated that Nucleotide-oligomerization domain-containing protein 
1 (NOD1) signaling could play an important role in gastrointestinal tumorigenesis, the protein expression and 
function of NOD1 signaling have not been understood well in oral squamous cell carcinoma (OSCC) progression. The 
objective of this study is, thus, to examine protein expression of NOD1 signaling immunohistochemically in normal, 
premalignant and malignant specimens of oral cavity, and to take insights into the association between the protein 
expression of NOD1 signaling pathway and OSCC precession. In this study immunohistochemical expression of 
NOD1, Receptor-interacting protein 2 (RIP2), Caspase12, human β Defensin1, 2 and 3 (hBD1, 2, 3) was examined 
in 15 normal controls, 30 cases of oral leukoplakia (OLK) and 60 cases of OSCC. The immunostaining score 
was assessed by 2 pathologists, respectively. We found that the expression of NOD1, RIP2, Caspase12, hBD1, 
2, and 3 decreased along with the progression of OSCC. NOD1 expression was correlated significantly to tumor 
differentiation, lymph node metastasis, and tumor size. Our results also showed the correlation of hBD2, 3 to 
lymph node metastasis of OSCC. These results suggest that the dysfunction of NOD1 signaling pathways could be 
associated with OSCC development and progression. NOD1, RIP2 and Caspase12 could be used as potentially novel 
biomarkers for oral carcinogenesis. 
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Introduction

Innate immunity constitutes the first line of 
defense against infection by microbes. As two 
main classes of innate immune receptors, the 
Toll-like receptors (TLR) and NOD-like receptors 
(NLR) serve as pattern recognition receptors 
that recognize conserved structures of patho- 
gens and endogenous compounds or cellular 
damage known as “danger signals”. Although 
the importance of innate immune signals in 
sensing microbes has been established, the 
molecular machineries whereby innate immu- 
nity communicates with oncogenic stresses 
and regulates tumorigenesis remain elusive [1]. 

TLRs have been implicated in the tumorigenesis, 
but the role of NLRs in the tumorigenesis 

remains unclear. As a fundamental member of 
NLR family, nucleotide-oligomerization domain-
containing protein 1 (NOD1) plays an important 
role in the induction of innate immune and 
inflammatory responses. Several crucial pro- 
teins, NOD1, Receptor-interacting protein 2 (RI- 
P2), Caspase12 and human β Defensin1, 2, 3 
(hBD1, 2, 3) constitute or regulate NOD1 sig- 
naling pathway. da Silva Correia and colleagues 
[2] were the first to report that NOD1 could play 
an important role in controlling tumorigenesis. 
The disruption of NOD1 functions rendered 
MCF-7 breast cancer cells to resist apoptotic 
cell death and promote in vivo tumor growth. 
Using an established mouse model system of 
colitis-associated colon tumorigenesis, study 
data of Chen et al. suggested that NOD1 
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deficiency results in the increased development 
of both colitis-associated and Apc tumor 
suppressor-related colon tumors [3]. Moreover, 
NOD1/CARD4 and NOD2/CARD15 gene poly- 
morphisms may be associated with altered risk 
of various tumors [4]. Recently a study has 
shown that gene polymorphisms of NOD1 may 
be associated with Helicobacter pylori-induced 
premalignant gastric lesions and gastric cancer 
in the Chinese population [5]. 

RIP2 is not only a crucial constituent of NOD1 
signaling but also an important regulator of 
cellular proliferation, apoptosis and differen- 
tiation. In a most recent study, Guirado et al. 
found the association of RIP2 polymorphisms 
and urothelial cancer risk [6]. 

Caspase12 is a crucial molecule associated 
with endoplasmic reticulum (ER) stress-induced 
apoptosis and inflammasome activation. Incre- 
asing reports indicate Caspase-12 is a pivotal 
regulator of tissue homeostasis and innate 
immunity, including NOD1 signaling [7-9]. 
Dupaul-Chicoine et al. showed that Caspase-12 
deficiency resulted in exaggerated epithelial 
cell compensatory proliferation due to the 
resistance to acute and chronic colitis and 
could enhance azoxymethane and dextran 
sulfate sodium induced colon tumorigenesis 
[10]. 

hBD1, 2, 3 are small secreted peptides and 
expressed in mucosal tissues. Significantly 
altered expression of hBDs has been observed 
in some tumors, such as renal cancer, prostate 
cancer, lung cancer, cervical cancer, cutaneous 
squamous cell carcinoma (CSCC), oral squa- 
mous cell carcinoma (OSCC), and salivary gland 
tumor [11-22]. Therefore, hBDs have been 
considered as potential cancer biomarkers and 
antitumour molecules [23]. 

In the gastrointestinal tract, NOD1 signaling 
has been linked to gastric cancer and colon 
cancer, but the expression and role of NOD1 
signaling pathway in oral cancer have not been 
clarified. Therefore, we hypothesized there 
were potential links between expressional 
changes of crucial proteins in NOD1 signaling 
pathway and the tumorigenesis of oral cavity. 
The aim of our study was to investigate the 
potentiality of crucial proteins in NOD1 signaling 
pathway as novel biomarkers for oral squamous 
cell carcinoma progression. 

Materials and methods

Patients and tissue sampling

In total, 105 specimens from 105 individuals 
(60 OSCC, 30 OLK, 15 normal controls) were 
included in the study. Before the study, informed 
consent was obtained from each subject. All 
had been undergone histopathological exami- 
nation and surgical resection at the Institute 
and Hospital of Stomatology, Nanjing University 
Medical School between 2011 and 2012. 
Medical records were reviewed to collect 
patient data including age, gender, tumor 
differentiation, lymph node metastasis, tumor 
size, and pathological grade of OLK. No patient 
underwent preoperative radiotherapy, chemo- 
therapy, or any other treatment. Normal speci- 
mens of oral mucosa were from the normal 
controls who received orthognathic surgery or 
surgical removal of completely impacted third 
molar. This study was approved by the Ethics 
Committee of the Institute and Hospital of Sto- 
matology, Nanjing University Medical School. 

Immunohistochemistry

Serial tissue sections (4 μm) were sliced from 
paraffin-embedded formalin-fixed normal, pre- 
neoplastic or neoplastic tissues and immuno- 
histochemical staining was performed. Briefly, 
tissue sections were deparaffinized, hydrated, 
and stained using specific primary antibodies, 
biotin-conjugated secondary antibodies, and 
horse radish peroxidase (HRP)-conjugated avi- 
din. Specific antibody interactions were detec- 
ted with the HRP substrate 3, 3’-diaminoben- 
zidine (DAB). Subsequently, sections were 
washed and counterstained with hematoxylin. 
Appropriate positive controls were concurrently 
performed and negative controls were obtained 
by omission of the primary antibodies from the 
staining procedure. Primary antibodies used 
were rabbit polyclonal anti-NOD1 (1:200; Ab- 
cam), mouse monoclonal anti-RIP2 (1:50 dilu- 
tion; Abcam), rabbit polyclonal anti-Caspase12 
(1:800 dilution; Abcam), mouse monoclonal 
anti-hBD1 (1:300 dilution; Abcam), rabbit poly- 
clonal anti-hBD2 (1:500 dilution; Abcam), and 
rabbit polyclonal anti-hBD3 (1:400 dilution; 
Novus). 

Immunostaining scoring

The immunostaining results were assessed by 
2 pathologists, respectively. The immunoreac- 
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tivity measurement was represented by the 
intensity and percentage of positive staining. 
Final immunohistochemical score was deter- 
mined from a combination of intensity and 
percentage and categorized as - (no staining or 
the percentage of positive staining ≤5% of 
epithelial cells), +1 (weak, the percentage of 
positive staining >5% and ≤25% of epithelial 
cells), +2 (moderate, the percentage of positive 
staining >25% and ≤50% of epithelial cells), 
and +3 (strong, the percentage of positive 
staining >50% of epithelial cells) at 10 randomly 
selected 400×magnified fields. In order to 
avoid artificial effects, significant folding, 
staining artifacts or blurriness was excluded.

Statistical analysis

Statistical analysis was performed using SPSS 
13.0 (SPSS, Chicago, IL). The Kruskal-Wallis 

test was used to evaluate the differences of 
immunohistochemical score data between 
multiple groups. The Fisher’s exact test was 
used to evaluate the differences of immuno- 
histochemical score data between two groups. 
P value less than 0.05 was considered to be 
statistically significant. 

Results

Clinicopathological characteristics of patient 
cohort

Table 1 summarizes patient’s clinicopathologi- 
cal characteristics. The ages of the patients 
and normal controls ranged from 19 to 84 
years (mean, 55.1 years). In 30 patients with 
OLK, 13 patients are male and 17 are female. 
The age range of OLK patients is from 28 to 75 
years (mean, 56.3 years). In total, 60 patients 
with OSCC, including 32 males and 28 females, 
were analyzed in this retrospective study. The 
ages of the patients ranged from 41 to 84 years 
(mean, 59.9 years). The tumor sizes ranged 
from 0.5 to 4 cm (mean, 2.1 cm). The histological 
tumor type of all 60 patients was squamous 
cell carcinoma. 

The expression of NOD1, RIP2, Caspase12 
and hBD1, 2, 3

We examined expression of NOD1, RIP2, 
Caspase12 and hBD1, 2, 3 in normal mucosa, 
OLK and OSCC specimens by IHC. Represen- 
tative immunohistochemical expression of 
NOD1, RIP2, Caspase12 and hBD1, 2, 3 are 
presented in Figure 1. IHC analysis showed 
that the expression of NOD1, RIP2, Caspase12 
and hBD1, 2, 3 decreased gradually with the 
progression of OSCC. In the normal squamous 
epithelium and OLK tissues, moderate to strong 
staining intensity was observed, while no or 
weak staining intensity was noted in malignant 
epithelium frequently. As Figure 1 shown, 
NOD1, Caspase12, hBD1 and hBD2 expression 
are observed in the cytoplasm and nucleus. 
RIP2 and hBD3 expression was mainly obser- 
ved in the cytoplasm, with some cases also 
demonstrating nucleus staining. The staining 
intensity of NOD1, RIP2 and Caspase12 in 
cancer nest areas was weaker than that in 
surrounding dysplastic epithelium areas (Figure 
2). 

Table 1. Characteristics of tissue samples 
used for immunohistochemical analysis
Variables Frequency %
Age 55.1*  
Gender
    Male 49 46.7
    Female 56 53.3
Diagnostic category
    Healthy control 15 14.3
    OLK 30 28.6
    OSCC 60 57.1
OLK pathological grade
    No dysplasia 9 30.0
    Mild dysplasia 13 43.3
    Moderate dysplasia 7 23.3
    Severe dysplasia 1 3.4
OSCC differentiation
    Well 40 66.7
    Moderate 12 20.0
    Poor 8 13.3
Tumor size
    <2 cm 24 40.0
    ≥2 cm 36 60.0
Lymph node metastasis
    Negative 44 73.3
    Positive 16 26.7
Neoplasm metastasis
    Negative 60 100
    Positive 0 0
*mean value.
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Relationship between immunostaining score 
results and clinicopathological parameters

Immunostaining score results of NOD1, RIP2, 
Caspase12 and hBD1, 2, 3 were described in 
Tables 2-6. NOD1, RIP2, Caspase12 and hBD1, 
2, 3 expression correlated significantly to diag- 
nostic category (Table 2). NOD1 expression 
was also correlated significantly to tumor dif- 
ferentiation (P = 0.008), lymph node metastasis 
(P = 0.014), and tumor size (P = 0.027) (Tables 
3-5). However, there was no statistically signi- 

ficant difference in NOD1 expression with 
regard to dysplastic grade of OLK (Table 6). 
RIP2 and hBD1 expression was not correlated 
significantly to tumor differentiation, lymph 
node metastasis, tumor size, and dysplastic 
grade of OLK (Tables 3-6). Statistically signifi- 
cant correlation was found between Caspase12 
expression and tumor differentiation (P = 
0.049), while there was no association between 
Caspase12 expression and lymph node meta- 
stasis, tumor size and dysplastic grade of OLK 
(Tables 3-6). There was statistically significant 

Figure 1. Representative immunohistochemical expression for NOD1, RIP2, Caspase12, hBD1, hBD2 and hBD3. 
NOD1 is stained in cytoplasm and nucleus shown with strong staining in the whole epithelium of normal oral speci-
mens (A), moderate cytoplasm staining mainly in the granular layers and cuticular layer of OLK tissues (B), and 
weak staining in OSCC (C). RIP2 is stained in cytoplasm shown with moderate staining in normal oral epithelium (D), 
weak staining in OLK (E), and no staining in OSCC (F). Caspase12 (G-I), hBD1 (J-L) and hBD2 (M-O) are shown with 
cytoplasmic and nuclear staining, while hBD3 is mainly shown with cytoplasmic staining (P-R). Representative Cas-
pase12 expression is shown with extremely strong staining intensity in the basal layer and strong staining intensity 
in the spinous layer of normal oral epithelium (G), strong staining intensity in OLK (H) and weak staining intensity 
in OSCC (I). hBD1 is detected in the squamous epithelium shown with strong staining in normal oral specimens (J), 
strong staining in OLK (K), and absent staining in OSCC (L). hBD2 is detected in the squamous epithelium shown 
with strong staining in normal oral specimens (M), strong staining in OLK (N), and weak staining in OSCC (O). hBD3 
is detected in the squamous epithelium shown with strong staining in normal oral specimens (P), strong staining in 
OLK (Q), and absent staining in OSCC (R). Original magnification: 100×.

Figure 2. Representative immunohistochemical stai- 
ning for NOD1 (A), RIP2 (B) and Caspase12 (C) at the 
border between cancer nest area of OSCC and sur-
rounding dysplastic epithelium area. Closed arrow-
heads indicate cancer nest areas, while open arrow-
heads indicate dysplastic epithelium areas. Original 
magnification: 100×.



NOD1, RIP2 and Caspase12: novel biomarkers of OSCC

1682	 Int J Clin Exp Pathol 2014;7(4):1677-1686

tastasis (P = 0.004), dyspla- 
stic grade of OLK (P = 
0.002) (Tables 3, 4 and 6). 
However, there was no 
association between hBD2 
expression and tumor size 
(Table 5). hBD3 expression 
was correlated significantly 
to lymph node metastasis 
(P = 0.039) and tumor size 
(P = 0.011), while there was 
no statistically significant 
difference in hBD3 expre- 
ssion with regard to tumor 
differentiation and dysplas- 
tic grade of OLK (Tables 3- 
6). 

Discussion

In the present study, we fo- 
und a statistically significa- 
nt association between the 
diminishing expression of 
NOD1 and OSCC progress- 
ion. Moreover NOD1 expre- 
ssion was also correlated 
significantly to tumor diffe- 
rentiation, lymph node me- 
tastasis, and tumor size. To 
the best of our knowledge, 
the present study showed 
the involvement of NOD1 
signaling pathway in oral 
carcinogenesis for the first 
time.

The etiology of cancer is 
highly complicated. The de- 
velopment of cancer has 
been associated with micr- 
obial infection, repeating 
injury, chronic inflammation, 
cigarette smoke and gene- 
tics factors [6]. NOD1 have 
an important role not only 
in host defense against 
pathogens but also in main- 
taining tissue homeostasis 
by regulating cell apoptosis, 
the inflammatory and tiss- 
ue repair responses to in- 
jury. The dysregulation of 

difference between hBD2 expression and tu- 
mor differentiation (P = 0.031), lymph node me- 

NOD1 signaling could result in the persistent 
infection and chronic inflammation due to 

Table 2. Association of immunostaining scores of NOD1, RIP2, Cas-
pase12 and hBD1, 2, 3 and OSCC progression

Variables Diagnostic 
category N

n (%)
p value

- +1 +2 +3
NOD1 HC 15 0 (0) 2 (14) 5 (33) 8 (53) 0.006

OLK 30 1 (3) 17 (57) 9 (30) 3 (10)
OSCC 60 20 (33) 14 (23) 8 (14) 18 (30)

RIP2 HC 15 1 (7) 5 (33) 9 (60) 0 (0) <0.001
OLK 30 8 (26) 18 (60) 2 (7) 2 (7)

OSCC 60 45 (75) 9 (15) 6 (10) 0 (0)
Caspase12 HC 15 0 (0) 0 (0) 2 (13) 13 (87) <0.001

OLK 30 1 (3) 2 (7) 17 (57) 10 (33)
OSCC 60 6 (10) 23 (38) 24 (40) 7 (12)

hBD1 HC 15 0 (0) 0 (0) 3 (20) 12 (80) <0.001
OLK 30 0 (0) 8 (27) 12 (40) 10 (33)

OSCC 60 4 (7) 36 (60) 14 (23) 6 (10)
hBD2 HC 15 0 (0) 1 (7) 3 (20) 11 (73) <0.001

OLK 30 0 (0) 0 (0) 2 (7) 28 (93)
OSCC 60 2 (3) 8 (13) 30 (50) 20 (34)

hBD3 HC 15 0 (0) 0 (0) 4 (27) 11 (73) <0.001
OLK 30 1 (3) 6 (20) 12 (40) 11 (37)

OSCC 60 7 (12) 27 (45) 14 (23) 12 (20)

Table 3. Association of immunostaining scores of NOD1, RIP2, Cas-
pase12 and hBD1, 2, 3 and tumor differentiation of OSCC

Variables Tumor dif-
ferentiation N

n (%)
p value

- +1 +2 +3
NOD1 Well 40 10 (25) 8 (20) 6 (15) 16 (40) 0.008

Moderate 12 4 (33) 4 (33) 2 (17) 2 (17)
Poor 8 6 (75) 2 (25) 0 (0) 0 (0)

RIP2 Well 40 30 (75) 4 (10) 6 (15) 0 (0) 0.168
Moderate 12 7 (58) 5 (42) 0 (0) 0 (0)

Poor 8 8 (100) 0 (0) 0 (0) 0 (0)
Caspase12 Well 40 4 (10) 15 (38) 17 (42) 4 (10) 0.049

Moderate 12 0 (0) 4 (33) 5 (42) 3 (25)
Poor 8 2 (25) 4 (50) 2 (25) 0 (0)

hBD1 Well 40 0 (0) 26 (65) 12 (30) 2 (5) 0.053
Moderate 12 3 (25) 3 (25) 2 (17) 4 (33)

Poor 8 1 (13) 7 (87) 0 (0) 0 (0)
hBD2 Well 40 2 (5) 3 (8) 17 (42) 18 (45) 0.031

Moderate 12 0 (0) 3 (25) 7 (58) 2 (17)
Poor 8 0 (0) 2 (25) 6 (75) 0 (0)

hBD3 Well 40 3 (8) 17 (42) 8 (20) 12 (30) 0.080
Moderate 12 4 (33) 3 (25) 5 (42) 0 (0)

Poor 8 0 (0) 7 (88) 1 (12) 0 (0)
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crucial role in ER stress-mediated apoptosis 
and inflammasome activation [9]. Therefore 
Caspase12 downregulation could contribute to 
the apoptosis resistance and chronic inflam- 
mation, both of which could promote the OSCC 
progression. In addition, our results revealed 
significant correlation between Caspase12 
expression and tumor differentiation. Some 
conditions, such as hypoxia and nutrient 
deprivation, are frequently encountered in 
tumor tissues and induce ER stress of cancer 
cells. Therefore, the role of ER stress in tumor 
progression is being actively researched. The 
expression of some other ER stress-related 
proteins, such as CHOP and BIP, had been 
correlated to histological grade or tumor size of 

insufficient pathogen clearance, while chronic 
inflammation can initiate and promote cancer 
development [2]. In the gastrointestinal tract, 
NOD1 has been linked to gastric cancer and 
colon cancer [3, 5]. Our results show that 
decreased expression of NOD1 could play a 
crucial role in oral carcinogenesis. 

In this study, we found the expression of RIP2 
diminished paralleled with oral carcinogenesis. 
The results suggest RIP2 appeared to be 
involved in the progression of OSCC. NOD1 is 
thought to recruit the downstream effector 
RIP2. Activation of the effector kinase RIP2 
induces the NF-κB and the MAP kinase 
pathways, resulting in activation of inflammatory 

genes and production of 
antimicrobial polypeptide, 
such as hBD1, 2, 3. There- 
fore RIP2 plays an impor- 
tant role in mediating in- 
flammation and innate im- 
mune. A recent study indi- 
cates that RIP2 polymor- 
phism could promote a 
bladder chronic inflamma- 
tion, leading to the deve- 
lopment of bladder cancer 
[6]. Apart from the crucial 
role in inflammatory res- 
ponse to infection, RIP2 
can mediate NOD1-depen- 
dent apoptosis [24]. A pre- 
vious study indicates that 
differential expression of 
RIP2 can be associated 
with abnormal growth and 
differentiation behavior of 
skeletal myoblasts [25]. 
Therefore our results show 
that abnormal expression 
of RIP2 in OLK and OSCC 
could impair innate immu- 
ne and disturb cell apop- 
tosis, proliferation and di- 
fferentiation which promo- 
te the carcinogenesis of 
oral mucosa. 

In this study, we found that 
the expression of Caspase- 
12 is significantly associa- 
ted with OSCC progression. 
Considerable data confi- 
rm that Caspase12 plays a 

Table 4. Association of immunostaining scores of NOD1, RIP2, Cas-
pase12 and hBD1, 2, 3 and lymph node metastasis of OSCC

Variables Lymph node 
metastasis N

n (%)
p value

- +1 +2 +3
NOD1 Negative 44 10 (23) 10 (23) 8 (18) 16 (36) 0.014

Positive 16 10 (62) 4 (25) 0 (0) 2 (13)
RIP2 Negative 44 33 (75) 7 (16) 4 (9) 0 (0) 0.895

Positive 16 12 (75) 2 (13) 2 (12) 0 (0)
Caspase12 Negative 44 4 (9) 18 (41) 18 (41) 4 (9) 0.666

Positive 16 2 (13) 5 (31) 6 (37) 3 (19)
hBD1 Negative 44 3 (7) 27 (61) 10 (23) 4 (9) 0.959

Positive 16 1 (6) 9 (56) 4 (25) 2 (13)
hBD2 Negative 44 2 (5) 3 (7) 27 (61) 12 (27) 0.004

Positive 16 0 (0) 5 (31) 3 (19) 8 (50)
hBD3 Negative 44 6 (14) 16 (36) 10 (23) 12 (27) 0.039

Positive 16 1 (6) 11 (69) 4 (25) 0 (0)

Table 5. Association of immunostaining scores of NOD1, RIP2, Cas-
pase12 and hBD1, 2, 3 and tumor size of OSCC 

Variables Tumor 
size N

n (%)
p value

- +1 +2 +3
NOD1 <2 cm 24 10 (42) 4 (16) 0 (0) 10 (42) 0.027

≥2 cm 36 10 (28) 10 (28) 8 (22) 8 (22)
RIP2 <2 cm 24 20 (84) 2 (8) 2 (8) 0 (0) 0.510

≥2 cm 36 25 (70) 7 (19) 4 (11) 0 (0)
Caspase12 <2 cm 24 2 (8) 6 (25) 14 (59) 2 (8) 0.139

≥2 cm 36 4 (11) 17 (47) 10 (28) 5 (14)
hBD1 <2 cm 24 2 (8) 14 (59) 6 (25) 2 (8) 1.000

≥2 cm 36 2 (6) 22 (61) 8 (22) 4 (11)
hBD2 <2 cm 24 0 (0) 1 (4) 15 (63) 8 (33) 0.191

≥2 cm 36 2 (6) 7 (19) 15 (42) 12 (33)
hBD3 <2 cm 24 3 (13) 5 (21) 8 (33) 8 (33) 0.011

≥2 cm 36 4 (11) 22 (61) 6 (17) 4 (11)
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of hBD2, 3 to lymph node metastasis of OSCC. 
Study data have shown that hBD2 may play a 
role in tumor angiogenesis and cancer 
metastasis [27]. Several studies suggested 
that hBD3 enhanced lymphatic invasion of 
squamous cell carcinoma of the head and neck 
[28, 29]. However, a recent study showed that 
hBD3 suppressed head and neck cancer cell 
migration [30]. Except hBD2, we did not find the 
association of NOD1, RIP2, Caspase12, hBD1 
and hBD3 expression with dysplastic degree of 
OLK. This is a limitation in our study. One 
explanation for the limitation could be small 
number of OLK specimens, especially for OLK 
specimen with severe dysplasia. The other 
explanation could be that differential protein 
expression in neoplastic cells is more notable 
than that in dysplastic cells.

Biological markers of cancer have become 
increasingly important for the clinician to 
diagnose, predict and monitor progression, and 

lung cancer [26]. Our results and others 
indicate that the expression of ER stress 
markers could be related to clinicopathologic 
factors of human cancers. 

In the present study, we found that the 
expression of hBD1, 2, 3 is correlated to OSCC 
progression. The results are consistent with the 
previous study [18, 21]. hBDs play important 
roles in innate immune and adaptive immune, 
such as antimicrobial activity, antitumor effect, 
chemoattractive effect and immunomodulation. 
Decreased production of hBDs has negative 
influence on antimicrobial activity, wound 
healing, and immunoregulatory functions, all of 
which are associated with cancer progression. 

Study data on hBDs expression in OSCC are in 
conflict. Loss of hBD1, hBD2 and hBD3 
expression has been shown in OSCC [21]. 
Several studies have reported that hBD1, hBD2 
and hBD3 gene expression were significantly 

downregulated in OSCC 
[18, 21]. Decreased expre- 
ssion of hBD1 has also 
been suggested in OLK, a 
common premalignant le- 
sion of oral mucosa [18]. 
Oppositely, elevated expre- 
ssion of hBD2, 3 has been 
reported in OSCC [17, 19, 
20]. Overexpression hBD3 
has also been observed in 
premalignant cells of oral 
mucosa [20]. According to 
accumulated evidences, 
hBDs could play a complex 
and poorly understood role 
in cancer pathogenesis ei- 
ther promoting or suppres- 
sing tumor cell growth [14]. 

A study showed that there 
was significantly lower hB- 
D2 expression in poorly 
differentiated lung cancer 
than that in moderately 
differentiated lung cancer 
[14]. In accordance with 
the previous study, our re- 
sults indicated there was 
the correlation of hBD2 to 
tumor differentiation of OS- 
CC. The other finding in our 
study was the correlation 

Table 6. Association of immunostaining scores of NOD1, RIP2, Cas-
pase12 and hBD1, 2, 3 and dysplasia grade of OLK

Variables OLK dys-
plasia N

n (%)
p value

- +1 +2 +3
NOD1 No 9 1 (11) 5 (56) 1 (11) 2 (22) 0.322

Mild 13 0 (0) 7 (54) 6 (46) 0 (0)
Moderate 7 0 (0) 5 (71) 2 (29) 0 (0)

Severe 1 0 (0) 0 (0) 0 (0) 1 (100)
RIP2 No 9 3 (33) 4 (45) 2 (22) 0 (0) 0.204

Mild 13 4 (31) 9 (69) 0 (0) 0 (0)
Moderate 7 1 (14) 5 (72) 0 (0) 1 (14)

Severe 1 0 (0) 0 (0) 0 (0) 1 (100)
Caspase12 No 9 0 (0) 1 (11) 6 (67) 2 (22) 0.180

Mild 13 1 (8) 1 (8) 8 (61) 3 (23)
Moderate 7 0 (0) 0 (0) 3 (43) 4 (57)

Severe 1 0 (0) 0 (0) 0 (0) 1 (100)
hBD1 No 9 0 (0) 1 (11) 6 (67) 2 (22) 0.480

Mild 13 0 (0) 5 (38) 3 (24) 5 (38)
Moderate 7 0 (0) 1 (14) 3 (43) 3 (43)

Severe 1 0 (0) 1 (100) 0 (0) 0 (0)
hBD2 No 9 0 (0) 0 (0) 1 (11) 8 (89) 0.002

Mild 13 0 (0) 0 (0) 0 (0) 13 (100)
Moderate 7 0 (0) 0 (0) 0 (0) 7 (100)

Severe 1 0 (0) 0 (0) 1 (100) 0 (0)
hBD3 No 9 0 (0) 1 (11) 2 (22) 6 (67) 0.153

Mild 13 0 (0) 3 (23) 6 (46) 4 (31)
Moderate 7 1 (14) 2 (29) 3 (43) 1 (14)

Severe 1 0 (0) 0 (0) 1 (100) 0 (0)
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Saleh M. Caspase-12 modulates NOD signaling 
and regulates antimicrobial peptide production 
and mucosal immunity. Cell Host Microbe 
2008; 3: 146-157.
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guardians against infections and sepsis. Cell 
Death Differ 2007; 14: 23-31.
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BA, Saleh M. Control of intestinal homeostasis, 
colitis, and colitis-associated colorectal cancer 
by the inflammatory caspases. Immunity 2010; 
32: 367-378.

[11]	 Donald CD, Sun CQ, Lim SD, Macoska J, Cohen 
C, Amin MB, Young AN, Ganz TA, Marshall FF, 
Petros JA. Cancer-specific loss of beta-defensin 
1 in renal and prostatic carcinomas. Lab Invest 
2003; 83: 501-505.

[12]	 Sun CQ, Arnold R, Fernandez-Golarz C, Parrish 
AB, Almekinder T, He J, Ho SM, Svoboda P, Pohl 
J, Marshall FF, Petros JA. Human beta-defen- 
sin-1, a potential chromosome 8p tumor sup- 
pressor: control of transcription and induction 
of apoptosis in renal cell carcinoma. Cancer 
Res 2006; 66: 8542-8549.
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of human beta-defensins-1, 2 and 4 mRNA in 
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Oncol 2008; 30: 153-156.
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2010; 32: 273-276.
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assess the therapeutic effect of interventions 
on underlying pathogenic mechanisms [31]. 
The present study and strong evidences from 
others suggest that hBDs may be useful 
markers of OSCC. The current data indicate 
that NOD1, RIP2, Caspase12 may serve as a 
novel and potential biomarker for development 
and progression of OSCC. Further studies are 
needed to investigate the molecular mecha- 
nisms of NOD1 signaling pathway in the 
development of OSCC.
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