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Abstract: 14-3-3σ is a p53-regulated G2/M inhibitor involved in numerous cellular signaling pathways related to 
cell cycle, DNA repair and apoptosis. Recent studies have showed that 14-3-3σ was silenced transcriptionally 
through promoter hypermethylation mainly in HPV-negative vulvar squamous cell carcinoma (SCC). However, the 
expression of 14-3-3σ protein has not yet been studied in anal SCC and its precursor, anal intraepithelial 
neoplasm (AIN). In this study, we evaluated the expression of 14-3-3σ, p16 and p53 in 34 cases of normal 
perianal squamous mucosa, 5 cases of squamous hyperplasia and 62 cases of AIN, including 54 bowenoid and 8 
differentiated AINs. Fourteen cases of invasive anal SCC were also included in the study, including 8 cases 
associated with bowenoid AIN and 6 cases associated with differentiated AIN. Expression of p16, p53 and 14-3-
3σ proteins was not seen in normal squamous epithelium. Weak staining for 14-3-3σ was seen in anal squamous 
hyperplasia. Strong and diffuse p16 immunoreactivity was seen in 98.1% of bowenoid AIN, but only in 12.5% of 
differentiated AIN. In contrast, increased basal staining with suprabasal extension of p53 was seen in 100% of 
differentiated AIN, but in none of the bowenoid AIN. Expression of p16 and p53 was essentially mutually exclusive 
except in one case. Overexpression of 14-3-3σ was detected in 97% (60/62) of AIN cases, including 96.3% of 
bowenoid AIN and 100% of differentiated AIN. Expression of 14-3-3σ was independent of immunoreactivity status 
for p16 and p53. In conclusion, two histopathologic types of AIN, bowenoid and differentiated, have distinct 
immunoprofiles for p16 and p53, which suggests dual molecular pathways during anal carcinogenesis. Increased 
expression of 14-3-3σ protein was found in approximately 97% of AIN lesions, regardless of histopathologic type 
and independent of p16 and p53 expression. Our study indicates that immunohistochemical detection of 14-3-3σ 
in conjunction with p16 and p53 may be useful in histopathologic recognization of AIN. 
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Introduction 
 
Anal squamous cell carcinoma (SCC) is a rare 
malignancy, accounting for only 4% of all 
cancers affecting the gastrointestinal tract.  
However, it is the fourth most common 
reported malignancy among men with HIV 
infection [1]. Anal SCC affects both men and 
women, but it is the only cancer with a greater 
prevalence among men who have sex with 
men (MSM) than in the general population. 
About 35 in every 100,000 MSM develop anal 
cancer, compared to less than one in every 
100,000 heterosexual males. The risk for anal 
cancer in HIV-positive men is twice as high as 
that for HIV-negative MSM [2]. The American 

Cancer Society estimates that in 2007 there 
will be 4,650 new cases of anal cancer in the 
United States. The exact pathogenesis of anal 
SCC remains unknown, although it probably 
arises and behaves similar to cervicovaginal 
lesions in women. Anal SCC has comparable 
histologic features with cervical SCC, which 
has a strong association with human 
papillomavirus (HPV) [3]. The precursor of 
invasive squamous cell carcinoma is called 
anal intraepithelial neoplasm (AIN). 
Histopathologically, the vast majority of AIN 
resembles classic or bowenoid type of VIN [3]. 
 
14-3-3σ belongs to the 14-3-3 protein family 
and is the most directly linked with cancer 
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among all its isoforms [4]. 14-3-3σ is a p53-
regulated G2/M inhibitor involved in numerous 
cellular signaling transduction pathways 
related to the cell cycle, DNA repair and 
apoptosis [5, 6]. In addition to its G2/M arrest 
function, 14-3-3σ also inhibits apoptosis 
through interactions with pro-apoptotic 
proteins such as Bax and Bad [7]. Thus, it 
appears that while 14-3-3σ halts cell cycle 
progression at the G2 checkpoint, it also 
inhibits apoptosis, possibly to allow for cell 
repair. Recent studies have shown that 14-3-
3σ is typically silenced transcriptionally 
through promoter hypermethylation in HPV-
negative vulvar SCC [8]. However, based on 
our knowledge, the expression of 14-3-3σ 
protein and its relationship with expression of 
p53 and p16 in anal SCC and its precursor has 
not yet been reported. 
 
Materials and Methods 
 
The surgical pathology archive between 1981 
and 2004 was searched for cases diagnosed 
as perianal Bowen’s disease, AIN or anal 
squamous carcinoma in situ. Pathologic 
diagnosis of each case was reviewed and a 
representative block was selected for 
immunohistochemical analysis. All AIN cases 
were further classified as Bowenoid (classic) 
and differentiated (simplex) types according to 
VIN classification proposed by Yang and Hart 
[9, 10]. Briefly, bowenoid AIN consists of 
proliferative basaloid cells occupying 2/3 to 
full thickness of the anal squamous 
epithelium. These dysplastic basaloid cells 
have slightly enlarged nuclei with 
hyperchromasia and high nuclear/cytoplasmic 
ratio. In some cases, a warty, undulating and 
hyperkeratotic surface is present. In contrast, 
differentiated AIN lacks bowenoid AIN 
morphology, and consists of large polygonal 
cells with abundant eosinophilic cytoplasm, 
enlarged nuclei with prominent nucleoli. At the 
surface of the lesion, parakeratosis is often 
present. 
 
Immunohistochemical staining with p53 (1:20 
dilution; DAKO, Carpinteria, CA), p16 (1:100 
dilution; Biocare Medical, Walnut Creek, CA) 
and 14-3-3σ (1:100 dilution; Labvision 
NeoMarkers, Fremont, CA) was performed in 
all cases utilizing an automated immuno-
stainer (Ventana ES). Positive and negative 
controls were used with each immunostain. In 
evaluation of staining, positive staining was 

defined as >10% of cells labeled with 
antibodies to p53, p16 or 14-3-3σ. A case was 
considered as negative when there was no 
staining or <10% of cells labeled with each 
antibody. The immunostaining intensity for 14-
3-3σ was graded as follows: weak staining = 
1+, moderate staining = 2+ and strong 
staining = 3+. The location of the staining was 
recorded as submembranous cytoplasmic, 
perinuclear cytoplasmic or nuclear staining. 
For p16, either cytoplasmic and/or nuclear 
staining was considered positive. For p53, only 
nuclear staining was considered positive. 
 
Data was analyzed for statistical significance 
using a chi-square test of association and 
using the Fisher exact probability test, if the 
sample size was too small. P value <0.01 was 
considered as statistically significance. 
 
Results 
 
Clinicopathologic Characterization of AIN 
 
Sixty-two cases from 51 patients, including 14 
males and 37 females, were included in the 
study. Patients’ age ranged from 31 to 91 
years, with a mean of 54 years. After 
histopathologic review, eight cases from seven 
patients were classified as differentiated type 
AIN, and 54 cases as bowenoid (classic) type 
AIN (Figures 1-2). Invasive keratinizing SCC 
was seen in 14 cases, all are associated with 
AIN. Among them, 8 cases of anal SCC were 
associated with bowenoid AIN and 6 cases 
were associated with differentiated type of 
AIN. Adjacent normal squamous mucosa was 
identified in 34 cases and benign squamous 
hyperplasia was present in 5 cases. 
 
Expression of p16 Protein in AIN and Anal SCC 
 
Expression of p16 protein in AIN is 
summarized in Table 1. No detectable p16 
expression was found in 34 adjacent normal 
squamous mucosa and 5 cases of squamous 
hyperplasia. All but one cases of bowenoid AIN 
(53/54, 98%) displayed strong and diffuse 
cytoplasmic and nuclear staining for p16. In 
contrast, only one of eight differentiated AINs 
(12%) showed cytoplasmic staining for p16. All 
8 cases of invasive SCC associated with 
bowenoid AIN had strong and diffuse nuclear 
and cytoplasmic expression of p16, but none 
of the invasive SCC associated with 
differentiated AIN expressed p16. There was a 
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Figure 1 Differentiated (simplex) type AIN maintains squamous maturation with enlarged nuclei and eosinophilic 
cytoplasm. There is increased expression of p53 in basal layer with suprabasal zone extension. Dysplastic cells 
are highlighted by strong and diffuse14-3-3σ immunostaining. 

 
 

 
 
Figure 2 Bowenoid (classic) AIN loses epithelial maturation with proliferation of basaloid cells. Dysplastic cells are 
highlighted with both p16 and 14-3-3σ immunostain, but negative for p53 immunostain. 
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  Table 1 Expression of 14-3-3σ, p16 and p53 proteins in AIN and invasive SCC 
 AIN Invasive SCC 
 Differentiated Bowenoid Differentiated Bowenoid 
Total number of cases 8 (12.9%) 54 (87.1%) 6 (42.9%) 8 (57.1%) 
p53 positive 8 (100%) 0 6 (100%) 0 
p16 positive 1 (12.5%) 53 (98.1%) 0 8 (100%) 
14-3-3 positive 8 (100%) 52 (96.3%) 6 (100%) 8 (100%) 

  AIN: anal intraepithelial neoplasm; SCC: squamous cell carcinoma 
 
 
significant difference in p16 expression 
between bowenoid AIN and differentiated AIN 
(p<0.001) and between invasive SCC 
associated with bowenoid AIN and those 
associated with differentiated AIN (p<0.01).  
 
Expression of p53 Protein in AIN and Anal SCC 
 
p53 was not expressed in normal squamous 
mucosa or in squamous hyperplasia. In 
contrast, more than 25% of tumor cells 
stained strongly for p53 in 8 cases of 
differentiated AIN and all 6 cases of invasive 
SCC associated with differentiated AIN. In the 
majority of the differentiated AIN cases, p53 
immunostain labeled greater than 90% of 
basal layer dysplastic cells with suprabasal 
zone extension. Although very focal p53 
staining, ranging from 1-5% of tumor cells, was 
encountered in approximately 30% of 
bowenoid AIN, the p53 labeled cells were 
restricted to the basal layer with no suprabasal 
zone extension and was considered negative, 
using >10% cells stained with p53 as the 
cutoff in this study. There was a significant 
difference in p53 expression between 
differentiated AIN and invasive SCC associated 
with differentiated AIN and bowenoid AIN and 
invasive SCC associated with bowenoid AIN. 
 
Expression of 14-3-3σ in AIN and Anal SCC 
 
All 34 cases of normal anal squamous mucosa 
had no detectable expression of 14-3-3σ 
immunohistochemically. Five cases of 
squamous hyperplasia showed weak (1+) 
submembranous cytoplasmic staining. In 
contrast, 60/62 (97%) AINs, including 52/54 
bowenoid AIN and 8/8 differentiated AIN, 
showed diffuse 14-3-3σ staining with variable 
staining intensity. Eighteen cases of AIN 
showed strong (3+) immunostaining intensity 
with perinuclear cytoplasmic or nuclear 
staining pattern. Thirty cases had moderate 
(2+) staining intensity with perinuclear 

cytoplasmic and rarely nuclear staining 
pattern. Twelve cases of AIN showed weak 
(1+) perinuclear cytoplasmic staining.  The 
invasive SCC in general had similar 
immunostaining intensity and pattern to the 
AIN, although in some cases invasive SCC 
showed slightly stronger staining intensity. 
There was no obvious difference in staining 
distribution, intensity and pattern between 
bowenoid and differentiated AIN or between 
invasive SCC associated with either bowenoid 
or differentiated AIN. 
 
Discussion 
 
14-3-3σ is a p53-regulated G2/M inhibitor 
involved in numerous cellular signaling 
transduction pathways related to the cell cycle, 
DNA repair and apoptosis. In addition to its 
G2/M arrest function, 14-3-3σ also inhibits 
apoptosis through interactions with pro-
apoptotic proteins such as Bax and Bad [4, 6, 
11-12]. Recent studies indicate abnormal 
expression, either increased or decreased, of 
14-3-3σ protein in a variety of human 
neoplasms [13-21]. Decreased expression of 
14-3-3σ has been attributed to promoter 
hypermethylation of the 14-3-3σ gene [22], 
whereas increased expression has been 
associated with disruption of p53 function [12, 
14, 23-24]. It seems that there are tissue or 
tumor type-specific alterations for 14-3-3σ. 
 
Expression of 14-3-3σ in anal SCC and its 
precursor AIN has not been previously 
evaluated. Using an immunohistochemical 
approach, we studied the expression of 14-3-
3σ in 14 anal invasive SCC and 64 AIN in 
comparison with controls including 34 cases 
of normal anal squamous mucosa and 5 cases 
of anal squamous hyperplasia. In our study, 
normal anal squamous mucosa showed no 
immunoreactivity for 14-3-3σ protein, while 
squamous hyperplasia showed slight increase 
of 14-3-3σ expression. In AIN and invasive 
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squamous SCC, expression of 14-3-3σ was 
dramatically increased, demonstrated by 
diffuse and strong 14-3-3σ immunoreactivity. 
Our results indicate that 14-3-3σ as an anti-
apoptotic factor may play an important role 
during malignant transformation and early 
carcinogenesis in anal SCC. 
 
Recently, it has been proposed by the 
International Society for the Study of Vulvar 
Disease (ISVVD) that there are two different 
histopathologic types of squamous intra-
epithelial neoplasm of the vulva and the 
perineum: bowenoid (classic type) and 
differentiated (simplex) type [10, 15]. 
Bowenoid type of vulvar intraepithelial 
neoplasm (VIN) is associated with HPV 
infection and can be labeled with p16, a 
surrogate maker for HPV-related squamous 
dysplasia in the vulva and cervix [26-28]. 
Differentiated VIN is not associated with HPV 
infection and often shows accumulation of 
p53 protein [9, 28-29]. We have applied this 
concept and classification to AIN and anal SCC 
in this study. Based on histopathologic 
features and VIN classification criteria, we 
identified 54 cases of bowenoid AIN and 8 
cases of differentiated AIN. We found that 
virtually all cases (98%) of bowenoid AIN had 
overexpression of p16 compared to about 13% 
of differentiated AIN. In contrast, over-
expression of p53 was seen in all 8 cases of 
differentiated AIN, but in none of the bowenoid 
AIN. Expression of p16 and p53 is essentially 
mutually exclusive. Our study suggests that, 
similar to VIN, there are two distinct types of 
AIN that have different histopathologic 
features and have separate pathogenetic 
pathways. Our conclusion is further supported 
by recent studies from others showing that 
p16 is overexpressed in HPV-related bowenoid 
AIN [30-31]. 
 
Interestingly, we found that overexpression of 
14-3-3σ was seen in the majority of AIN 
regardless of histopathologic type, and 
furthermore expression of 14-3-3σ is 
independent of expression of either p16 or 
p53. Our data indicates that 14-3-3σ is most 
likely a common and downstream element 
involved in tumorigenesis for both bowenoid 
and differentiated AIN. It is not surprising to 
predict that overexpression of 14-3-3σ in 
differentiated VIN is presumably through p53 
mutation as detected in vulvar SCC, since 14-
3-3σ is a p53-regulated G2/M inhibitor. 

However, there are very few studies exploring 
the relationship between expression of 14-3-
3σ and p16 protein. Sano et al recently 
studied the correlation of expression of 14-3-
3σ and HPV status and p16 expression in 
cervical intraepithelial neoplasm (CIN) and 
cervical SCC [19]. They found consistent 
overexpression of 14-3-3σ in p16-positive CIN 
and cervical SCC. They therefore hypothesized 
that inactivation of either 14-3-3σ or p16 has 
an effect equivalent to the expression of E6 
and E7 oncoproteins of HPV [19]. Sano’s study 
and ours, however, are in contradiction to 
recent findings in vulvar SCC by Gasco’s group 
who found promoter hypermethylation of the 
14-3-3σ gene in approximately 60% of vulvar 
SCC cases, but no correlation between 14-3-
3σ methylation and HPV status [8]. Regardless 
of the underlying molecular mechanism, our 
data demonstrates that overexpression of 14-
3-3σ in AIN is an excellent biomarker in 
facilitating early and accurate detection of 
anal SCC precursor, since it is independent of 
HPV, p16 or p53 status. 
 
In summary, we analyzed the expression of 14-
3-3σ, p16 and p53 proteins immunohisto-
chemically in normal anal mucosa, squamous 
hyperplasia, AIN and invasive SCC. Our study 
showed that there are two types of AIN which 
had distinct histopathologic features and 
different immunoprofiles for p16 and p53, 
indicating presumably two separate molecular 
genetic pathways. Since overexpression of 14-
3-3σ protein was independent of expression of 
p16 and p53, we believe that the 
immunohistochemical detection of 14-3-3σ is 
useful in histopathologic preconization of AIN. 
 
Please address all correspondences to Bin Yang, 
M.D., Ph.D., Department of Anatomic Pathology, 
L25, Cleveland Clinic Foundation, Cleveland, Ohio. 
Tel: 216-445-0306; Fax: 216-445-6967; Email: 
yangb@ccf.org  
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