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Abstract

Human papilloma virus (HPV) infection causes cancers and their precursors (high grade squamous 

intraepithelial lesions) near cervical and anal squamocolumnar junctions. Recently described 

cervical squamocolumnar junctions cells are putative residual embryonic cells near the cervical 

transformation zone. These cells appear multipotential and share an identical immunophenotype 

(strongly CK7-positive) with over 90% of high grade squamous intraepithelial lesions and cervical 

carcinomas. However, because the number of new cervical cancers discovered yearly world-wide 

is 17-fold that of anal cancer, we posed the hypothesis that this difference in cancer risk reflects 

differences in the transition zones at the two sites. The microanatomy of the normal anal 

transformation zone (n = 37) and topography and immunophenotype of anal squamous neoplasms 

(n = 97) were studied. A discrete anal transition zone was composed of multi-layered CK7-

positive/p63-negative superficial columnar cells and an uninterrupted layer of CK7-negative/p63-

positive basal cells. The CK7-negative/p63-positive basal cells were continuous with – and 

identical in appearance to - the basal cells of the mature squamous epithelium. This was in contrast 

to the cervical squamocolumnar junction, that harbored a single-layered CK7-positive/p63-

negative squamocolumnar junction cell population. Of the 97 Anal intraepithelial neoplasia/

squamous cell carcinomas evaluated, only 27% (26/97) appeared to originate near the anal 

transition zone and only 23% (22/97) were CK7-positive. This study thus reveals two fundamental 

differences between the anus and cervix: 1) the anal transition zone does not harbor a single 

monolayer of residual un-differentiated embryonic cells and 2) the dominant tumor immuno-
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phenotype is in keeping with an origin in metaplastic (CK7-negative) squamous rather than 

squamocolumnar junction (CK7-positive) epithelium. The implication is that at birth, the 

embryonic cells in the anal transition zone have already begun to differentiate, presenting a less 

vulnerable squamous metaplasia that - like vaginal and vulvar epithelium - is less prone to HPV 

directed carcinogenesis. This in turn underscores the link between cancer risk and a very small and 

discrete population of vulnerable squamocolumnar junction cells in the cervix.

Introduction

Human papilloma virus (HPV) infection causes cervical cancer and its precursor lesions 

(HSIL), specifically at the squamocolumnar junction (squamocolumnar junction) near the 

transformation zone (1–4). For decades, this topographical preference for cervical neoplasia 

has remained unexplained. However, in 2011 a population of residual embryonic cells was 

discovered at the gastro-esophageal squamocolumnar junction that was linked to Barrett’s 

metaplasia (5). A subsequent study revealed a nearly identical population at the cervical 

squamo-columnar junction and these cells were found to share an identical immuno-

phenotype (including strong staining for CK7) with over 90% of high grade squamous 

intraepithelial lesions and carcinomas (6). These shared properties coupled with the physical 

juxtaposition of squamocolumnar junction cells and cervical neoplasia support a 

carcinogenic sequence that initiates in the cervical squamocolumnar junction cells. In 

contrast, the mature metaplastic cervical epithelium, and mature squamous epithelium of the 

ectocervix, vulva and vagina are squamocolumnar junction marker-negative, implying 

carcinogenic HPV infection of non-squamocolumnar junction type basal keratinocytes. This 

disparity in target cell of origin between tumors in the two regions (cervical 

squamocolumnar junction versus lower genital tract squamous epithelium) has been 

postulated to explain why the number of new cervical cancers yearly world-wide (~500,000) 

is nearly 20-fold that of vulvo-vaginal carcinomas (~25,000) (6,7).

The anorectal junction is presumably another squamocolumnar junction similar to the 

cervix, where the squamous epithelium joins with the rectal mucosa at an “anal transition 

zone”. Epidemiological and molecular studies have shown that HPV is the causative agent 

of most anal carcinomas, with an estimated population attributable fraction of 88% (8–13). It 

is noteworthy that HPV DNA is detected at least as frequently in the anus as in the cervix 

(14–16). Furthermore, a history of receptive anal intercourse is not a significant risk factor 

for anal HPV infection in women (14,15). Finally, based on the rate of reported anal cancers 

in the world each year (~28,000) the cervical/anal cancer ratio is about 17:1(7). Thus, 

despite the high rates of anal HPV exposure there is an inexplicably low rate of anal cancer 

in the world relative to the cervix.

Because the incidence rate of anal cancer was so similar to that of the vulva/vagina we 

hypothesized that a study of the microanatomy of the cervical and anorectal transition zones 

might reveal differences to explain their disparate susceptibilities to HPV-related 

carcinogenesis. The purpose of this study was to 1) characterize the cellular phenotypes in 

the adult and fetal anal canals, 2) survey a spectrum of anal squamous lesions (low/high 

grade squamous intraepithelial lesion, squamous cell carcinoma) for squamocolumnar 
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junction marker expression, and 3) compare the findings to the cervical squamocolumnar 

junction.

Materials and Methods

Rationale, Case Material and Tissue Classification

The surgical anal canal is composed of 3 discrete epithelial zones (Figure 1A): 1) colorectal 

zone (uninterrupted colonic mucosa), 2) anal transitional zone (mixed epithelial type) and 3) 

squamous zone (uninterrupted squamous epithelium that merges into the perianal skin) (17). 

"Normal" anal canal tissue from adults (6 abdominoperineal resections, 26 

hemorrhoidectomy) and fetuses (5 fetopsies/fetal abortal examinations less than 24 weeks 

gestational age and considered surgical specimens; gestational age ranging from 14–22 

weeks, estimated by foot length), in addition to neoplastic anal canal tissue (low grade 

squamous intraepithelial lesion, n = 42; HSIL, n = 36; squamous cell carcinoma, n = 19) 

were retrieved from the archives of Brigham and Women's Hospital (Boston, MA) and 

University of Arkansas Medical Center (Little Rock, AR) with the approval of the 

Institutional Review Board at the respective institutions. All slides were reviewed (E.Y.) and 

categorized into the 3 zones of the anal canal as described above. Discrepancies in 

interpretation were resolved by consensus review (E.Y. and C.P.C).

Immunohistochemistry

Immunohistochemistry analyses were performed as previously described (5,6,18) and as 

routinely performed at Brigham and Women’s Hospital, Department of Pathology. The 

following primary antibodies were used: CK7 (clone RCK105; Thermo Scientific, Waltham, 

MA; used at concentration _____), p63 (Dako Corp), p16ink4 (Santa Cruz Biotechnology, 

Santa Cruz, CA), integrin alpha 6 (Abcam, San Francisco, CA; not routinely used for 

surgical pathology practice at Brigham and Women’s Hospital). Mouse and rabbit control 

IgG (Santa Cruz Biotechnology) were used as negative controls. CK7, p63, and p16 

antibodies are

Results

Microanatomy of the Anal Transition Zone

A total of 37 anal canals (32 adults and 5 fetuses) were evaluated. There was a discrete anal 

transitional zone (anal transition zone) epithelium that merged into the colorectal zone 

proximally and the squamous zone/perianal skin distally. This transitional epithelium was 

composed of multi-layered columnar to cuboidal cells (Figure 1B/C, top row; ranging from 

one to nine layers) at the surface, with variable mucin production (scant to rare goblet cell 

metaplasia). Below this was a population of small basal cells that created an uninterrupted, 

1–2 cell layer at the stromal interface. Anal glands with epithelium similar to the anal 

transition zone-type were present within the stroma. In the adult anal transition zone, there 

were occasional islands of squamous metaplastic epithelium (Supplemental Figure 1A/B) 

and scattered crypts of colorectal type. These epithelial heterogeneities (e.g. squamous, 

colorectal-type cells) were relatively rare in the fetal anal transition zone (one squamous 

metaplastic island in a 22 week gestational age fetopsy; Supplemental Figure 1C/D); 
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however the microanatomy of the adult and fetal anal canal (regardless of gestational age) 

was otherwise remarkably similar. The fetal anal transition zone length correlated with 

gestational age, increasing in length from 95 cells (14 week gestational age) to 900 cells (22 

week gestational age); (mean = 349 ± 329; n = 5). The length of the adult anal transition 

zone was difficult to evaluate because of frequent mucosal irregularities (e.g. mucosal 

ulceration, squamous metaplasia vs. true squamous zone epithelium, etc.); however, overall, 

the adult anal transition zone length varied greatly, ranging from abrupt transition (direct 

squamous to colorectal epithelial transition; n = 4), up to approximately 700 cell-lengths in a 

longitudinal section of an intact abdominoperineal resection specimen.

The cervical and gastroesophageal squamocolumnar junctions contain residual embryonic 

cells that are implicated in transition-zone specific carcinomas and precursor lesions (i.e. 

squamous cell carcinoma/high grade squamous intraepithelial lesion in the cervix and 

esophageal carcinoma/Barrett’s esophagus at the gastroesophageal junction (5,6,19,20)). 

These cells strongly express CK7, which is not or weakly expressed in the adjacent 

squamous and columnar epithelium respectively. Given that the bladder (with known CK7 

expression) and anus share a common embryonic origin (10), we predicted that the anal 

transition zone epithelium would also be CK7 positive. The multilayered surface epithelium 

of the anal transition zone (present in 88%; 28 of 32 specimens) stained strongly with CK7 

(Adult 100%, 28/28; Fetal 100%, 5/5; Figure 1B/C and Table 1) but was negative for p63 

(0%, 0/28). Scattered CK7-positive anal transition zone cells extended into the adjacent 

colorectal epithelium and over the surface of the stratified squamous epithelium; however, 

cells of the squamous and colorectal epithelium did not express CK7 (Figure 1, 

Supplemental Figure 2). The basal cells underlying the surface anal transition zone cells 

were p63-positive, CK7-negative and were present as an uninterrupted layer at the stromal 

interface in all examined anal canals (100%, 28/28; Figure 1B/C, bottom row and Table 1). 

This basal cell population emerged at the colorectal/transition zone junction and continued 

into the squamous/perianal zone as basal keratinocytes. The overall CK7/p63 staining 

pattern was identical in the adult and fetal anal transition zone.

Anal intraepithelial neoplasia and Invasive squamous cell carcinoma Arising from anal 
transition zone vs. Squamous zone/Perianal Skin

The findings are summarized in Table 2. Ninety-seven (97) total cases of HPV-related 

precursor lesions (n = 78) and invasive squamous cell carcinoma (n = 19) arising in the anal 

canal were evaluated. The lesions were divided into two micro-anatomical categories: 1) 

anal transition zone (based on the presence of anal transition zone-type epithelium) and 2) 

squamous zone/perianal skin (based on the presence of uninterrupted squamous epithelium 

and/or adnexal structures). Given the above criteria, 27% (26/97) of the lesions were present 

within the anal transition zone and 73% (71/97) were present within the squamous zone/

perianal skin. Of the lesions present in the anal transition zone, 64% (7/11) of low grade 

squamous intraepithelial lesions, 100% (8/8) of high grade squamous intraepithelial lesions, 

and 86% (6/7) of squamous cell carcinomas expressed patchy to strong/diffuse CK7 (Figure 

2, top 3 rows). All CK7-positive lesions were arising from anal transition zone epithelium. 

The four CK7-negative low grade squamous intraepithelial lesions located at the anal 

transition zone were not arising from the anal transition zone epithelium but from the 
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adjacent squamous epithelium (Supplemental Figure 3). Of the lesions present in the 

squamous zone/perianal skin, 0% (0/31) of low grade squamous intraepithelial lesions, 0% 

(0/28) of high grade squamous intraepithelial lesions, and 8% (1/12) of squamous cell 

carcinomas were positive for CK7 (Figure 2, bottom 3 rows). We speculate that the CK7-

negative squamous cell carcinoma present at the anal transition zone and CK7-positive 

squamous cell carcinoma present at the squamous zone/perianal skin each originated in their 

respective zones (as expected by their immunophenotype), but was sampled in their 

nonnative zones into which they invaded/expanded.

Discussion

This study has revealed distinct differences between the anus and cervix with respect to the 

region where the caudal squamous epithelium undergoes transition to the more cephalad 

columnar epithelium. Development of this region in the anus entails the emergence of cells 

comprising a discrete, biphasic anal transition zone epithelium composed of CK7-positive/

p63-negative multilayered superficial cells and an underlying CK7-negative/p63-positive 

population of basal cells. The CK7-positive/p63-negative superficial cells are multilayered 

with columnar to cuboidal morphology, with variable mucin production, and an apparent 

capacity for undergoing basal expansion to produce squamous metaplasia (as seen in adult 

and occasional fetal anal transition zone; Supplemental Figure 2). These cells are limited to 

the anal transition zone, with scattered cells present in the distal colorectal zone and along 

the surface of the proximal squamous zone. The CK7-negative/p63-positive basal cells 

compose the bottom 1–2 cell layers of the anal transition zone and are in direct contact with 

the basement membrane and anal stroma. These basal cells appear at the distal colorectal 

zone, continue uninterrupted throughout the anal transition zone and merge into the 

squamous zone and perianal skin as basal keratinocytes. The immune-phenotypic findings 

are in keeping with previous studies that have evaluated the anal canal and its keratin 

staining patterns (17,21–23).

As shown in Results, the anal transition zone exhibits some similarity to the cervix transition 

zone. Both exhibit squamous metaplasia that appears to emerge from the CK7+ cell 

population. However, in distinct contrast to the cervix, the anal transition zone does not 

contain a monolayer of CK7+ cells (5,6,18). Unlike the anal transition zone where the CK7+ 

cells define zones of basal cell expansion and squamous metaplasia, the cervical 

squamocolumnar junction is a single cell-layered epithelium that is directly superimposed on 

the basement membrane. These two differentiating characteristics seen in the anal transition 

zone- the multilayered CK7+ cells and the obligatory underlying basal cells - are illustrated 

in Figure 3.

We propose two possible explanations for why the anal transition zone differs from the 

cervical transition zone. First, a wholesale proliferation of basal cells does not occur with 

expulsion of the CK7+ columnar cells, leaving a multilayer population capable of metaplasia 

without a separate solitary layer of residual embryonic cells clinging to the SC junction. 

(18). An alternative explanation is a collision of CK7-negative/p63-positive basal cells 

(migrating proximally from the squamous epithelium) with the CK7-positive/p63-negative 

columnar population, the latter apically displaced to form the bilayered anal transition zone 
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epithelium; this is a developmental model analogous to the formation of the embryonic 

gastroesophageal junction (19). From our analysis of the fetal anal transition zone, we know 

that the final form of the biphasic anal transition zone is already established at 14 weeks 

gestational age and even earlier (9 weeks gestational age) according to previous studies (23). 

A detailed evaluation of the fetuses at earlier gestational ages is necessary for further insight 

into the mechanism of anorectal junction formation. More practically, however, the question 

is how these differences in microanatomy of the anal transition zone and cervical 

squamocolumnar junction influence HPV-related carcinogenic susceptibility.

Of the 97 anal intraepithelial neoplasia/squamous cell carcinomas evaluated, only 22 (23%) 

were CK7 positive, suggesting that the cells in the anal transition zone are not uniquely 

vulnerable to carcinogenic HPV transformation. In contrast, nearly all high grade squamous 

intraepithelial lesionsand squamous cell carcinomas (as well as adenocarcinomas) of the 

cervix express CK7 as well as other squamocolumnar junction-related biomarkers. (6,18). 

Two potential differences between basal keratinocytes and squamocolumnar junction cells 

lie in their proximity to infectious viral particles and their susceptibility to carcinogenesis. 

Infection of the former requires injury to the epithelium that creates access to basal cells 

(24). In contrast, the single-layered cervical squamocolumnar junction cells are constantly 

exposed, making them more physically accessible for HPV infection. In addition to viral 

access, HPV attachment to the cell surface is an integral step to viral infection. Injury to the 

squamous epithelium disrupts the integrin α6β4/laminin-5 interaction that anchors basal 

cells to the basement membrane. Both components are thought to mediate HPV infection: 

laminin-5 through the attachment and sequestration of the virus at the basement membrane 

(24) and integrin α6β4 as the putative HPV receptor on the cell surface (25,26). By virtue of 

the cervical squamocolumnar junction cells having direct contact with the basement 

membrane, we would expect these cells to express integrins that anchor them to the 

basement membrane and coincidentally make them more susceptible to HPV infection. 

Indeed, our preliminary data show that cervical squamocolumnar junction cells and basal 

cells are enriched for integrin α6 expression while minimal expression is seen in anal 

transition zone cells and expression is lost in the superficial keratinocytes (Supplemental 

Figure 4). Therefore, because the cervical squamocolumnar junction cells are 1) single 

layered and 2) have direct contact with the BM, they may be more susceptible to HPV 

infection compared to anal transition zone cells. Precisely why the squamocolumnar 

junction monolayer would be more susceptible to carcinogenesis remains is a question 

requiring further study. However, target cell phenotype as a determinant of risk following 

HPV infection is a theme repeated throughout the multiple susceptible mucosal sites in the 

human genital tract and elsewhere.

In summary, the comparative microanatomy of the anal and cervical transition zones 

exposes distinct topographical differences that may influence cancer outcome. This 

observation supports the discrepancy in the incidences of cervical and anal carcinoma, 

despite both lesions arising at an ostensibly similar squamocolumnar junction. However, 

HPV infection alone does not determine the carcinogenic potential of the lesion, as 

evidenced by the majority of low grade squamous intraepithelial lesions that do not progress 

to high grade lesions or carcinoma. Further studies investigating the differences in the 
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cellular and molecular biology of the target cells within the cervical and anal 

squamocolumnar junction are needed to address these additional questions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Microanatomy of the anal transition zone. A) Schematic of the surgical anal canal. B) 

Representative fetal anal canal with the squamous, transitional, and colorectal zones and 

their staining patterns with CK7 and p63. C) Representative adult anal canal with the 

squamous and transitional zones and their staining patterns with CK7 and p63. The adult 

colorectal zone is depicted in Supplemental Figure 2.
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Figure 2. 
Anal intraepithelial neoplasia and anal squamous cell carcinoma arising from the Anal 

transition zone and Squamous zone/Perianal Skin. The top nine panels represent low/high 

grade intraepithelial lesions and squamous cell carcinoma arising from the anal transition 

zone and their staining patterns for CK7 and p16. The lower nine panels represent low/high 

grade intraepithelial lesions and squamous cell carcinoma arising from the squamous zone/

perianal skin and their staining patterns for CK7 and p16.
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Figure 3. 
Schematic representation of the Cervical squamocolumnar junction (top panel) vs. Anal 

transition zone (lower panel). The cervical squamocolumnar junction cells (CK7-positive) 

are single layered and are in direct contact with the basement membrane. The anal transition 

zone cells (CK7-positive) are multilayered and always have an underlying layer of p63-

positive basal cells. Blue = CK7-positive junctional cells; red = p63-positive basal cells.
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Table 2

CK7 expression in anal squamous lesions

CK7
Positive

% CK7
Positivity

Anal Transitional Zone 21/26 80%

LSIL 7/11 64%

HSIL 8/8 100%

SCC 6/7 86%

Squamous Zone 1/71 1.4%

LSIL 0/31 0%

HSIL 0/28 0%

SCC 1/12 8%

Total (n = 97) 22/97 23%
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