
 

 

Introduction 
 
Tumorigenesis denotes a process from initia-
tion, progression to establishment of a tumor. 
Existing histopathological and clinical data have 
suggested that the formation of a tumor may 
undergo the stages of benign proliferation or 
tumor initiation, precancer and cancer, which 
might be mediated by tumor-initiating stem cells 
(TISCs), precancerous stem cells (pCSCs) and 
cancer stem cells (CSCs), respectively [1-6]. 
Generally, the stage of tumor initiation is consid-
ered to be associated with benign proliferative 
lesions, such as hyperplasia, metaplasia and/or 
low grade dysplasia; precancer stages is dem-
onstrated as high grade dysplasia and carci-
noma in situ (CIS); and malignant stage exhibits 
uncontrollable and irreversible proliferation, 
invasiveness and metastasis of tumor cells [2, 
7]. Although numerous cancer genes including 

oncogenes (ONGs), tumor suppressor genes 
(TSGs) and stability genes (SGs) have been con-
sidered as biomarkers for various types of can-
cer, most of them are not tumor-specific or not 
expressed throughout the process of tumor de-
velopment [2, 8-10]. Therefore, identification of 
a biomarker(s) that is specific for cancer and 
expressed throughout the process of cancer 
development is important for us to better under-
stand the mechanisms underlying tumorigene-
sis.   
 
Recent identification of precancerous stem cells 
(pCSCs) in our laboratory [1-4] has led us to 
discovering pCSC-associated biomarkers,  such 
as piwil2 [1-3], which is not expressed in normal 
adult stem cells or somatic tissue cells but has 
been detected in various types of human and 
animal tumor cell lines as well as human breast 
cancers [3, 11, 12]. Therefore, we hypothesized 
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that piwil2 is potentially a common biomarker 
for various types of cancers [1, 2].  
 
The PIWIL2 gene (alias mili in mouse or hili in 
humans) is a member of the P-element-induced 
wimpy testis/Argonaute (PIWI/AGO) gene sub-
family, which is essential for germ cell develop-
ment [13-17].  PIWI/AGO genes contain Piwi 
and PAZ domain (PPD), playing important roles 
for stem cell self-renewal in drosophila [18], 
gametogenesis [14], small RNA-mediated gene 
silencing [19, 20] and/or chromatin remodeling 
[21, 22] . Recently, piwil2 was found to bind a 
novel class of RNA called piwi-interacting RNA 
(piRNA) or repeat-associated small interfering 
RNAs (rasiRNAs), in mammal testis [23-28].  It 
may silence the selfish genetic elements, such 
as retrotransposons, in the germline stem cells 
(GSCs) of testis [24, 28, 29]. Dysregulated piwi 
protein expression appears to be associated 
with tumorigenesis [3, 11, 30]. Therefore, piwil2 
might play an important role in tumor develop-
ment [1, 3], including cervical cancers.  
 
To determine whether piwil2 is a common bio-
marker for caners, it is a premise to determine 
whether piwil2 is expressed in various stages of 
tumor development, including the stages of be-
nign proliferation, precancer and invasive can-
cer. Recently, we have demonstrated that piwil2 
is expressed in various stages of breast cancer 
[12]. To extend the observation to other can-
cers, we examined piwil2 expression in various 
stages of cervical cancers, because the devel-
opmental stages of human cervical carcinomas 
are better defined histopathologically than other 
cancers.  
 
Cervical cancer remains one of most common 
cancers threatening woman life, although a pro-
phylactic human papillomavirus (HPV) vaccine 
may reduce its incidence [31, 32]. HPV infection 
is a major cause for cervical carcinomas, which 
can induce the expression of p16INK4a (p16), a 
tumor suppressor protein [33, 34], in the 
epithelial cells [32, 35, 36]. The p16, a CDKN2A 
gene product, is a cyclin-dependent kinase 
(CDK) inhibitor that decelerates the cell cycle by 
inactivating the CDKs that phosphorylate retino-
blastoma (Rb), an oncogenic protein [32, 35, 
36]. HPV E7 protein can inactivate the function 
of Rb through the induction of p16 expression. 
Although the effect of p16 expression on cervi-
cal cancer development is not clear, HPV plus 
p16 has sufficient sensitivity to screen cervical 

lesions caused by high risk (HR)-HPV infection, 
but lacking high specificity, because only a mi-
nority of cases of HPV infection can progress to 
premalignant or malignant lesions in cervical 
mucosa [37]. 
 
In this study, we have investigated whether pi-
wil2 is expressed in various stages of cervical 
cancers and compared it with p16 expression. 
The results demonstrated that piwil2 is ex-
pressed in various stages of cervical cancers 
and has the potential to be used as a comple-
mentary biomarker for p16 to improve the sen-
sitivity and specificity of current screening meth-
ods for cervical cancers.  
 
Materials and methods 
 
Specimens and reagents 
 
This study was approved by the Institutional 
Review Board (IRB #2007EO686) at the Ohio 
State University (OSU). Archival formalin-fixed, 
paraffin-embedded cervical cancer specimens 
at various developmental stages were obtained 
from the Tissue Procurement Shared Resource 
(TPSR), Comprehensive Cancer Center, Ohio 
State University. 91 specimens were procured 
from surgical pathology specimens of the pa-
tients with various stages and various types of 
cervical lesions (Table 1). The specimens were 
fixed in 10% formalin, embedded in paraffin 
and prepared for tissue microarrays (TMAs).  
The TMA cores with 2 mm in diameter were built 
by the Histological Core Facility, Department of 
Pathology, OSU.  Since tumor tissue were het-
erogenous in lesions and TMA cores were ob-
tained from a small area of specimens, each H 
& E stained TMA cores were reassessed double-
blindly by two pathologists (Table 1).  For experi-
ments from Figures 1 to 5, regular tissue sec-
tions were used for analysis of piwil2 expression 
in various types of lesions, including the his-
tologically “normal” appearing tissues within or 
near carcinomas. In addition, normal cervical 
uteri biopsy tissues (NCBT: n=8) were used as 
normal control for piwil2 staining (Table 1 & 
Figure 6). 
 
Polyclonal rabbit anti-mili antibody was gener-
ated and purified as previously described [12, 
14].  The mAb to Ki67 was purchased from 
Dako (Carpinteria, California, USA), and mAb to 
p16 (clone E6H4) was purchased from the CIN-
tec (mtm Laboratories, Heidelberg, Germany).   
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Histological and immunohistochemical (IHC) 
analysis 
 
IHC analysis was performed as previously de-
scribed [3, 4, 38]. TMAs were examined for pi-
wil2 and p16 by immunohistochemistry (IHC). 
Sections (4 ~ 5 µm) were stained by H & E for 
pathological analysis, or immunostained with a 
primary antibody to mili (piwil2) or p16 followed 
by a horseradish peroxidase (HRP)-conjugated 
secondary antibody. The immunostained sec-
tions were counterstained with hematoxylin and 
graded for histopathological scores as the fol-
low: cell positive score + staining intensity 
score/2. The cell positive score was graded: < 
5% as 0 (-); 5% – < 25% as 1 (+); 25% - 50% as 
2 (++) and > 50% as 3 (+++), and staining in-
tensity score was graded as 0, negative (-); 0.5 - 
1, faint (+); 1.5 - 2, moderate (++); and 2.5 - 3, 
strong staining (+++) (Figure 1). The histological 
score ≥ 1 was designated as positive.  
 
Immunocytochemical ICC analysis of exfoliated  
cervical cells 
 
Eighteen cervical Pap (SurePath-BD Diagnostics 
– TriPath, Burlington, NC 27215) slides from 
women of 16 to 39 years old were selected for 
the samples diagnosed as low-grade squamous 

intraepithelial lesion (LSIL), high-grade 
squamous intraepithelial lesion (HSIL) and 
atypical glandular cells, not otherwise specified 
(AGC-NOS). Duplicated cervical smear slides 
were made using the SurePath Prep according 
to standard procedures. The slides were stained 
with the Papanicolaou stain and polyclonal rab-
bit anti-piwil2 antibody or murine mAb to 
p16. Endometrial cells, piwil2- or p16-
expressing cells were identified and photo-
graphed.  
 
For antigen retrieval, the slides were first proc-
essed with 0.01 mol/L of Citric Buffer (Target 
Retrieval Solution from Dako, Carpinteria, CA) 
for 25 minutes in steamer, then incubated se-
quentially with anti-piwil2 or p16, followed 
by horseradish peroxidase–conjugated anti-
rabbit (LSAB+ from Dako) for piwil2 and anti-
mouse (EnVision + from Dako) for p16, follow-
ing manufacturer’s instruction.  
 
Statistical analysis 
 
Pearson Chi-Square test was used to compare 
the expression in percentage between piwil2 
and p16 in each stage of cervical lesion. A value 
of p ≤ 0.05 was considered significant. Data are 
represented as mean ± SD or percentage.  

Table 1. Pathological Diagnosis and Comparison of Expressions between Piwil2 and p16  

*, Pearson Chi-Square test; #, ND, not determinable; $, NA, not applicable; NCBT: normal cervical uteri biopsy tissue; 
HP: cervical hyperplasia;  CIN-1, 2 or 3: cervical intraepithelial neoplasia-1, 2 or 3; Inv. Sqcc: invasive squamous cell 
carcinoma; AIS: adenocarcinoma in situ; Adc: adenocarcinoma; Inv. Adc: invasive adenocarcinoma; Keratinized sqcc:  
keratinized squamous cell carcinoma; Clear cell poor: poorly differentiated clear cell carcinoma; Small cell:  small cell 
carcinoma; Ser adc: serous adenocarcinoma.  

Pathological diagno-
sis Case No. 

Piwil2+ 
(n) 

Piwil2 
(%) 

p16+ 
(n) 

p16 
(%) P value* 

NCBT (Regular section) 8 2 25 0 0 #ND 
HP 2 2 100 1 50 ND 
CIN-1 2 2 100 8 100 $NA 
CIN-2 8 8 100 10 100 NA 
CIN-3 16 16 100 16 100 NA 
Inv.Sqcc 36 36 100 30 83.33 0.011 
AIS 5 5 100 5 100 NA 
Adc 11 11 100 9 81.82 0.17 
Inv. Adc 4 4 100 3 75 0.39 
Keratinized sqcc 1 1 100 0 0 ND 
Clear cell poor 1 1 100 0 0 ND 
Small cells 3 3 100 3 100 NA 
Ser adc 2 2 100 2 100 NA 
              
Total TMA cores 91 91 100 87 0.87 0.0001 
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Results  
 
Piwil2 is expressed in cervical precancers and 
cervical carcinomas 
 
Because piwil2 was detected in pCSCs and vari-
ous types of tumor cell lines [3, 11], we hy-
pothesized that piwil2 might also be expressed 
in cervical carcinomas. We examined piwil2 ex-
pression in cervical precancers, including cervi-
cal squamous cell carcinoma in situ (CIS) or 
high-grade cervical intraepithelial neoplasia (CIN
-3) and adenocarcinoma in situ (AIS), as well as 
invasive cervical carcinomas such as squamous 
cell carcinoma (Sqcc) and adenocarcinoma 
(Adc). As shown in Figure 2, piwil2 was not only 
detected in all the lesions of CIN-3 and AIS, but 
also in the Sqcc and Adc. In CIN-3 and invasive 
Sqcc, piwil2 expression was expressed differen-

tially (Figure 2). While high grade dysplastic 
cells in CIN-3 expressed piwil2 mainly in cyto-
plasm, some of them co-expressed piwil2 in the 
nucleus; invasive Sqcc had fewer piwil2-
expressing cells, especially those with nuclear 
pattern, than CIN-3 (Figure 2, arrows). A similar 
expression pattern was also observed in AIS 
and Adc (Figure 2). As controls, normal 
squamous and glandular epithelial cells did not 
express piwil2 (Figure 2). The results suggest 
that piwil2 is expressed in cervical precancers 
and invasive carcinomas without restriction of 
histologic types, and its level might be altered 
with the progression of tumors. 
 
Piwil2 is expressed in proliferating metaplastic 
epithelial cells of cervix uteri  
 
It has been proposed that piwil2 might serve as 

Figure 1. Representative micrographs of IHC staining intensity of piwil2 in cervical cancers. A, Strong intensity: +++; 
B, Moderate intensity: ++; C, Weak intensity: +; D, Negative control: Rabbit IgG was used as primary antibody instead 
of polyclonal rabbit anti-piwil2.  
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Figure 2. Piwil2 is expressed in various types of cervical precancers and cancers . The specimens of cervical precan-
cers (CIN-3 and AIS), invasive cancers (Sqcc and Ad-ca), and normal cervical tissues (Nor Sqc and Nor Glc) were 
stained with rabbit anti piwil2.  Shown are representative figures of cervical precancers and invasive cancers stained 
by anti-piwil2. The arrows in the figures indicate the representative cells that are strongly expressed with piwil2 in the 
cytoplasm and nucleus (C-N). CIN-3: high-grade cervical intraepithelial neoplasia or squamous cell carcinoma in situ; 
AIS: Adenocarcinoma in situ; Sqcc: invasive squamous cell carcinoma; Adc: invasive adenocarcinoma; Nor Sqc: nor-
mal squamous epithelial cells; Nor Glc: normal glandular epithelial cells.  
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a barrier gene to tumorigenesis [1, 2]. If this is 
true, piwil2 should be expressed in very early 
stages of cancer development. In fact, piwil2 
was also detected in some metaplastic epithe-
lial cells adjacent to cervical precancerous or 
cancerous lesions. Metaplasia is defined as the 
transformation of one type of mature differenti-
ated cell type into another mature differentiated 
cell type or as an adaptive response to some 
insults or injuries, such as carcinogens. During 
cervical tumorigenesis, cervical metaplasia 
could be a reversible developmental stage ear-
lier than CIN-1.  As shown in Figure 3, in a cervi-
cal specimen from a patient with CIN-3, meta-
plastic squamous epithelial cells close to the 
neoplastic lesions were observed (Figure 3A).  
Piwi12 was moderately expressed in the meta-
plastic squamous epithelia (Figure 3B & D), 
even in the early premature proliferative para-
basal squamous cells (Figure 3B & C). However, 
not all the cells in these areas expressed piwil2 
(Figure 3C & D; yellow arrows). As a control, p16 

was not detected in the same sample at all 
(Figure 3E), implicating that the piwil2-
expressing metaplastic cells were not necessar-
ily associated with HR-HPV infection or PIWIL2 
gene was activated earlier than CDKN2A in the 
HR-HPV-infected cells. However, Ki67 (also 
known as MKI67), a cellular marker for prolif-
eration [39], was concomitantly detected with 
piwil2 in the area, indicating that these piwil2-
expressing cells were proliferating metaplastic 
cells (Figure 3F). Therefore, the metaplastic 
cells that expressed piwil2 might be associated 
with tumor initiation or benign proliferation [5, 
40].  
 
Piwil2 is expressed in the histologically “normal” 
appearing tissues adjacent to cancers 
 
Recently it has been demonstrated that in the 
colorectal, gastric, and breast cancers, aberrant 
DNA methylation was detected in histologically 
“normal” appearing tissues adjacent to cancer-

Figure 3. Piwil2 is expressed in the metaplastic proliferating squamous epithelial cells. Shown are the representative 
figures of cervical metaplastic squamous epithelial cells stained by anti-piwil2, Ki67 or p16 antibody in the morpho-
logically normal appearing area of the consecutive tissue section from a patient with CIN-3 lesion. Piwi12 was moder-
ately expressed in metaplastic squamous epithelial cells, and even in the early parabasal proliferating squamous 
cells, the piwi12 was faintly or weakly expressed.  A, H & E staining; B, Piwil2 was expressed in metaplastic 
squamous epithelial cells and “normal” cells surrounding the lesion; C, The basal and parabasal cells in the histologi-
cally “normal” area projected from expressed piwil2 moderately or weakly. Yellow arrows in C & D indicates the piwil2
-negative metaplastic cells. D, Shown is the area projected from B, in which piwil2 was expressed moderately in the 
epithelial layers of cervical mucosa with newly metaplastic squamous epithelium; E, The section was stained with anti
-p16; and F, the section was stained by anti-Ki67. The micrographs were originally taken at x40 (A, B & E) and x100 
(F). Figure C & D were projected from B (x400).  
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ous lesions [6, 41-44], suggesting that the oc-
cult precancerous alterations at molecular level 
exist in the histologically “normal” tissues sur-
rounding the malignant lesions. To determine 
whether piwil2 is expressed in the histologically 
“normal” tissue adjacent to cervical lesions, we 
investigated piwil2 expression in the “normal” 
appearing tissues within or adjacent to prema-
lignant or malignant areas of cervix uteri. As 
shown in Figure 4 & 5, “normal” appearing tis-
sues adjacent to CIN-3 lesions (Figure 4A & 5A) 
were strongly stained by anti-piwil2 (Figure 4D 
and 5B). The glandular epithelial cells with 
strong piwil2 staining appeared to be hyperplas-
tic (Figure 4E & 5B). This staining is piwil2-
specific, because within the same area, some 
glandular epithelial cells that appeared to be 
completely normal (without hyperplasia) were 
not stained by anti-piwil2 at all (Figure 4E: ar-
rows). The size of piwil2-expressing cells was 
obviously larger than that of piwil2-negative 
cells (Figure 4E). Thus, the piwil2-expressing 
cells were sporadically but selectively distrib-
uted among normal epithelial cells and might be 
distinct in origin from those not expressed with 
piwil2, despite the fact that they were exposed 
to the same environmental cue.  
 
Furthermore, we observed that piwil2-
expressing cells in the histologically “normal” 
tissues did not always concomitantly express 
p16 and Ki67 (Figure 4B & C and Figure 5C & 
D). While piwil2 was widely expressed in most 
glandular epithelial cells of a gland (Figure 4D), 
p16 was only detected in limited area of the 
same gland (Figure 4B). The p16 expression is 
implicated that the involved cells were infected 
by HPV [35, 36] and had already developed into 
dysplastic cells undergoing proliferation.  This 
appeared to be true, because the Ki67, a mole-
cule that can be easily detected in proliferating 
cells within a tumor, was also detected in the 
same area where p16 was detected with the 
cell numbers being comparable (Figure 4C). 
Similar phenomenon was also observed in the 
cervical squamous epithelium (Figure 5). The 
piwi12 was detected in the CIN-3 (Figure 5B) 
with a level being comparable to p16 (Figure 
5C) and Ki67 (Figure 5D). However, piwi12 pro-
teins but not Ki67 and p16 were also detected 
in the adjacent columnar and metaplastic 
squamous epithelia and in a “normal” appear-
ing gland nearby (Figure 5B: arrows). These re-
sults suggest that piwil2 expression may but not 
necessarily correlated with p16 and Ki67 ex-

pression in metaplastic epithelia, which might 
convey a distinct biological signal from p16 and 
Ki67. Concomitant expression of piwil2 with 
Ki67 might represent aggravated cell transfor-
mation (Figure 3 & [3, 12]). Therefore, PIWIL2 
gene activation might be an event earlier than 
p16 and Ki67 activation at the initial stage of 
cervical lesions.  
 
Piwil2 is expressed in p16-negative cervical 
carcinomas   
 
To further verify that piwil2 expression is associ-
ated cell transformation but not necessarily 
correlated with HPV infection, we extended the 
observations above to up to another 91 cases 
of cervical lesions at various developmental 
stages (Figure 6 & Table 1). TMA cores were 
prepared and stained by anti-piwil2 or anti-p16.  
In addition, 8 cases of normal cervical biopsy 
tissues (NCBT) with colposcopy without express-
ing p16 were used as normal tissue controls 
(Figure 6).  As a result, piwil2 was detected in all 
types and all stages of cervical lesions (Figure 
6). While all benign proliferation (HP, CIN-1 and 
GA), precancers (CIN-2, CIN-3, and AIS), and 
invasive cancers (Inv-Sqcc and Inv-Adc) were 
expressed with piwil2 (100%), p16 was de-
tected in only about 84.62% of the TMA cores 
(p= 0.0001), especially, the percentage of pi-
wil2 expression in cervical squamous carcinoma 
was significantly higher than p16 expression 
(p=0.01) (Figure 6A).  However, the histological 
score of piwil2 was individually different but had 
no significant difference between the lesions in 
average (Figure 6B). In contrast, no significant 
levels of piwil2 were detected in NCBT in aver-
age (score: < 0.5; Figure 6B), although about 
25% (2/8) of NCBT were detected with low lev-
els of piwil2 (Figure 6A).  While not all TMA 
cores were expressed with p16 in the lesions of 
CIN-1, AIS, invasive Sqcc, invasive Adc, kerati-
nized squamous cell carcinoma and poorly dif-
ferentiated clear cell carcinoma (Figure 6A, and 
Table 1), p16 was detected in all lesions of CIN-
2/3, CIS and glandular atypia (GA) (Figure 6A).  
These results suggest that piwil2 is also ex-
pressed in non-HPV-infected cervical neoplasia 
or p16-negative cervical neoplasia.  

Piwil2-expessing cells were detected in exfoli-
ated abnormal cervical epithelial cells  
 
Papanicolaou (Pap smear) is used to detect 
abnormal cells in the cervix uteri. Since piwil2 
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Figure 4. Piwil2, p16 and Ki67 expression in “normal” appearing glands near neoplasia. The consecutive sections 
from a patient with cervical neoplasia were staining with antibody to piwil2 (D & E), p16 (A & B), or Ki67 (C). Piwi12 
shows the intensity from entirely negative (E, arrows) to weak-moderate-strong positive staining (D & E) in the mor-
phologically normal appearing glands, in which p16 and Ki67 expressions were relatively limited (B & C). A, shown is 
a CIN-3 lesion stained by anti-p16 and a gland near the lesion (arrow) (x20). B, shown is the p16-stained gland pro-
jected from the A (x50). C, shown is Ki67 staining in the same gland (x40). D, the same gland was widely stained by 
anti-piwil2, demonstrating variable staining intensity as shown in E projected from D (x 200), in which hyperplastic 
cells were strongly stained by anti-piwil2 and normal cells were negatively stained as indicated by arrows. 
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Figure 5. Comparison of the expression between piwil2, p16 and Ki67 in the same cervical neoplasia. The consecu-
tive sections from a patient with CIN-3 were staining with antibody to p16 (A & C), piwil2 (B), or Ki67 (D). A, shown is 
the micrograph with low magnification showing p16 staining in whole area of CIN-3 (x10). The boxed area was pro-
jected as shown in B, C & D (x 100), which were stained by anti-piwil2, p16 and Ki67, respectively. The arrows in the 
B indicate that the normal appearing glands near CIN-3 were stained by anti-piwil2, but not by anti-p16 (C) and Ki67 
(D). 

Figure 6. Comparison between piwil2 and p16 
expressed in cervical neoplasias. Ninety-one 
tissue microarray (TMA) cores were prepared 
from 91 cervical cancer specimens and were 
examined for piwil2 and p16 expression by IHC. 
Normal cervical uteri biopsy tissues (NCBT): 
n=8; Hyperplasia (HP): n=2; cervical intraepithe-
lial neoplasm-1 (CIN-1): n=2; CIN-2: n=8; CIN-3: 
n=16; invasive squamous cell carcinoma (Inv-
sqcc), n=36; adenocarcinoma in situ (AIS), n=5; 
adenocarcinoma (Adc), n=11; invasive adeno-
carcinoma (Inv-adc): n=4; Total: n=91.  Poly-
clonal rabbit antibody to piwil2 was used for IHC 
staining. A, Shown is the prevalence of piwil2 
and p16 in various stages and types of cervical 
neoplasia. Overall, piwil2 but not p16 was ex-
pressed in all cervical lesions, especially in the 
Inv-sqcc. **, p = 0.0001 (Pearson Chi-Square 
test), and *, p = 0.01(Pearson Chi-Square test) 
when compared between piwil2 and p16. B, The 
levels of piwil2 expressed in various developing 
stages of cervical neoplasia. Shown are the 
mean score ± SD. In addition, one case of 
keratinized squamous cell carcinoma and a 
poorly differentiated clear cell carcinoma ex-
pressed piwil2, but not p16. Three cases of small cell carcinoma and two serous adenocarcinomas expressed both 
piwil2 and p16 (Table 1).  
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can be detected in the cervical tissues with vari-
ous types of lesion, we hypothesized that piwil2 
can also be detected in exfoliated abnormal 
epithelial cells. As shown in Figure 7, piwil2 was 
detected by immunocytochemistry (ICC) in exfo-
liated abnormal epithelial cells from all abnor-
mal lesions of the 18 patients examined, includ-
ing AGC-NOS, LSIL and HSIL, but not in normal 
cells (Figure 7). In contrast, p16 was detected in 
only about 50% of the samples (9/18) of Pap 
smear samples with abnormal cervical cells. 
Atypical glandular cells (AGC) on cervical smears 
are often associated with clinically significant 
uterine lesions [45]. The results suggest that 
piwil2 has the potential to be used as a comple-
mentary biomarker for p16 to promote the sen-
sitivity and specificity of Pap smear screening.  
 
Discussion 
 
In this study, we have demonstrated that piwil2, 
like in breast cancers [12], is expressed in vari-

ous stages of human cervical squamous cell 
carcinomas and adenocarcinomas.  Interest-
ingly, while varying levels of piwil2 were de-
tected by IHC in all the premalignant and malig-
nant lesions, p16 was detected in only 84.62% 
of the specimens. In Papanicolaou (Pap) test, 
piwil2 was also consistently detected in all the 
atypical glandular cells (AGC), low-grade (LSIL) 
and high-grade squamous intraepithelial lesions 
(HSIL), whereas p16 was not always concomi-
tantly detected in the same specimens. The 
results suggest that piwil2 is more widely ex-
pressed in various stages of cervical lesions 
than p16.  To our surprising, the frequency of 
p16-positive lesions in the selected Pap test is 
obviously lower than we expected. This may be 
related to quality control of ICC in different labo-
ratory. Whether p16 expression in cervical can-
cer screening is traditionally overestimated 
needs further investigation. 
 
Although large numbers of genes that contrib-

 
 
 
 
 
 
 
 
 
Figure 7. Piwil2 is expressed in 
abnormal cervical epithelial cells. 
Unstained SurePath cervi-
cal smear slides from all abnor-
mal lesions of the 18 patients 
were prepared and stained with 
rabbit anti-piwil2 or mAb to p16 
followed by HRP-conjugated sec-
ondary antibody. The data show 
that piwil2 (hili) was specifically 
expressed in the various types of 
atypical cells and precancerous 
lesions, such as AGC-NOS 
(atypical glandular cells, not other-
wise specified), LSIL (low-grade 
squamous intraepithelial lesion) 
and HSIL (high-grade squamous 
intraepithelial lesion). In contrast, 
p16 was not detected in the 
matched specimens. The result 
s u g g es t s  th a t  p iw i l2  i s 
more sensitive than p16 in Sure-
Path prepared cervical smear 
slides as a biomarker for cervical 
lesion. An inset in the figure of 
LSIL (left panel) shows Koilocytes 
expressing piwil2. Original magni-
fication of the micrographs: x600. 



Piwil2 in cervical neoplasia  

 
 
166                                                                                                             Am J Transl Res 2010;2(1):156-169 

ute to cancer development, including ONG, TSG 
and SG, have been identified and extensively 
investigated [8-10], the mechanisms underlying 
tumor development remain elusive. This is due 
to the current failure to identify a causal gene 
that is ubiquitously responsible throughout the 
whole process of cancer development [1, 2, 8]. 
Recently, we have reported that piwil2 is ex-
pressed in pCSCs as well as in various stages of 
breast cancers without the restriction of their 
classification [3, 12]. Consistently in this study, 
we have also demonstrated that piwil2 is ex-
pressed in various stages and various types of 
cervical neoplasia. These results strongly sug-
gest that piwil2 might play important roles 
throughout the process of tumor development 
without restriction of tissue origin. Because pi-
wil2 is a carrier of tens of thousands of piRNAs 
and play crucial roles in germline development, 
especially for the maintenance of GSCs [46], its 
abnormal or ectopic expression might disturb 
the many molecular pathways of a normal cell, 
leading to cell transformation or carcinogenesis 
[1, 2, 46]. In supporting of the hypothesis, we 
have observed that overexpression of piwil2 in 
adult stem cells led to transformation-
associated cell death (TACD) [3]. Moreover, the 
fact that expression of piwil2 in various stages 
of both human breast and cervical cancers pro-
vides us an important avenue to explore the 
mechanism underlying piwil2 regulating tumor 
development.   
 
Field cancerization is an important phenome-
non associated with cancer recurrence [47]. 
Like in the breast cancers [12], piwil2 was also 
detected in the histologically “normal” appear-
ing tissue adjacent to cancerous lesions of cer-
vix uteri.  This may be related to the “field ef-
fect” of cancerization [48]. The epigenetic and/
or genetic alterations in the “normal” appearing 
tissues are often the risk factors of canceriza-
tion [41, 42], and thus this change in the nor-
mal tissues distant from cancerous lesions 
could be a cause of tumor recurrence [49]. In 
this study, we have found that piwil2-expressing 
epithelial cells within the “normal” appearing 
tissues usually exhibited hyperplastic and/or 
metaplastic morphology, suggesting a different 
origin of these cells from real normal cells or 
varying fates of the epithelial cells exposing to 
the same environment. Such fates are certainly 
supposed to be determined by cell-intrinsic fac-
tors. Moreover, we have also observed that not 
all hyperplastic and metaplastic epithelial cells 

expressed piwil2 in the same area, suggesting 
that piwil2-expressing hyperplastic and meta-
plastic cells are qualitatively distinct from their 
piwil2-negative counterparts. Taken together, 
these findings implicate that piwil2 expression 
is likely associated with tumor initiation. A large 
cohort of experiment is warranted to delineate 
the significance of piwil2-expressing hyperplas-
tic and metaplastic cells in tumor initiation. 
 
Since piwil2 is expressed in various stages of 
cervical neoplasia, it seems feasible that pi-
wil2 be used as a biomarker for early detection 
and intervention of cervical cancers.  There is 
no doubt that piwil2 has the potential to be a 
target of cancer intervention. However, the fact 
that piwil2 appears in all grades of precancer 
(LSIL and HSIL), makes it less likely that it alone 
could be used as a biomarker for diagnosis of 
cervical cancer. A major challenge for CIN diag-
nosis is that CIN -2 and its mimics are difficult 
to be diagnosed based on morphology alone 
with poor inter-pathologist agreement [50, 51]. 
It might be possible to distinguish CIN-2 from its 
mimics with the help of piwil2 and or piwil2 in 
combination with other biomarkers such as p16 
and HR-HPV.  
 
HR-HPV testing is very sensitive, and could be 
excellent for screening, but it is not specific 
enough.  P16 is one marker being explored to 
improve specificity.  In addition, CIN is also un-
derestimated in women positive for HR-HPV with 
negative biopsy, and addition of p16 may offset 
the underestimation [52]. While piwil2 was de-
tected in all tissue specimens and Pap smears 
with cervical lesions, p16 was only detected in 
up to 50% - 80% of the specimens [53], sug-
gesting that piwil2 is more widely expressed 
than p16 in cervical lesions. Thus, HR-HPV + 
p16 might still underestimate CIN in women 
positive for HR-HPV with negative biopsy, and 
addition of piwil2 might overcome the defi-
ciency.  
 
Piwil2 expression in various stages of cervical 
lesions is not only confirmed in histopathology 
as discussed above but also in cytology. In Pap 
smears, piwil2 but not p16 was detected in all 
cervical epithelial lesions, such as AGC-NOS, 
LSIL and HSIL. Atypical glandular cells (AGC) in 
cervical smears are often associated with clini-
cally significant uterine lesions, as revealed by a 
study that showed that ~ 56% of the AGC-
diagnosis are associated with significant can-
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cerous or precancerous lessons [45]. However, 
subjective variations between cytopathologists 
and the lack of p16 expression might lead to 
underestimation of AGCs. Addition of piwil2 as a 
complementary marker might overcome the 
difficulty and promote sensitivity and specificity 
of Pap test [11, 54].  
 
In conclusion, piwil2 is expressed in various 
stages of cervical cancer including benign prolif-
erative lesions, precancerous lesions and malig-
nant lesions regardless of lesion classification. 
Since it is more widely expressed in cervical 
lesions than p16; it has the potential to be used 
as a complementary biomarker with HR-HVP 
and p16 to promote their sensitivity and speci-
ficity for detection of cervical neoplasias. A fur-
ther large study is warranted to consolidate the 
findings.  
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