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ABSTRACT
Introduction: Studies have shown that the PD-1/PD-L1 immunomodulatory
pathway slows down anti-tumor immunity in a number of cancers. The description
of the expression of these molecules has never been performed in anal low-grade/
high grade squamous intra-epithelial lesions (LSIL/HSIL respectively).
Materials and Methods: Patients followed in the AIN3 cohort were routinely
sampled. For each selected sample, an immunohistochemical study was performed
with anti-CD8, PD-1, PD-L1 antibodies. The presence and distribution of CD8+
lymphocytes, and the presence of PD-1+ lymphocytes and PD-L1+ epithelial cells
were assessed. The comparison of these characteristics was performed between the
HSIL and LSIL groups.
Results: 33 patients were included and 78 samples selected (60 HSIL and 18
LSIL). CD8+ lymphocytes were observed more frequently in HSIL versus LSIL in the
lamina propria or intra epithelial (respectively 90% vs. 60%, p = 0.01; and 62% vs.
33%, p = 0.04). PD-1+ lymphocytes were observed more frequently in HSIL versus
LSIL (41% vs 11%, p = 0.03). There was no difference between HSIL and LSIL for
PD-L1+ epithelial cells.
Conclusions: Anal dysplastic lesions are accompanied by an inflammatory
lymphocytic infiltrate expressing CD8 and PD-1, more frequent in high-grade lesions.
These results highlight the involvement of the PD-1/PD-L1 pathway in the natural
history of anal dysplasia.

INTRODUCTION

(HPV)-related disease, HIV infection, and chronic intake
of immunosuppressant.
Since 2012, the Lower Anogenital Squamous
Terminology (LAST) [3] recommended denomination for
HPV-associated squamous lesions of the lower anogenital
tract as low-grade and high-grade squamous intraepithelial
lesion (LSIL and HSIL respectively). They may be further
classified by the applicable Anal Intraepithelial Neoplasia
(AIN) categorization into mild dysplasia AIN1 (LSIL),

Anal intraepithelial neoplasia (AIN) is the precursor
lesion for anal squamous cell carcinomas (ASCC).
GLOBOCAN survey estimated 40 000 new cases of ASCC
worldwide in 2012, 88% of which due to persistent HPV
infection [1, 2]. Risk factors for developing AIN and/or
ASCC are sexual behaviors (especially men who have sex
with men), women with previous human papillomavirus
www.oncotarget.com
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moderate dysplasia AIN2 and severe dysplasia AIN3 (both
of them HSIL).
Although much less studied than cervical cancer
and precursors, AIN and ASCC may have quite similar
progression model, however progression rate to cancer is
lower [4]. Oncogenic HPV infection plays a crucial role in
developing both cervical and anal lesions, by integration
of the viral DNA into the epithelial cells and activation
of oncogenic early proteins E6 and E7. This causes
downregulation of suppressing tumors genes, especially
TP53 and Rb, and upregulation of p16 [5]. In the cervix,
HPV related cancer often have increased infiltration
by immune cell populations, including cytotoxic
CD8+ T cells, that correlates with better response to
chemo radiotherapy and increased survival compared
to immune-deprived tumors. Moreover, p16 positive
tumors were shown to present higher tumor infiltrating
lymphocytes density and better recurrence-free survival
[6]. Interestingly, PD-1/PD-L1 inhibitors have shown
efficacy in treating cervical cancer [7]. In this context,
some authors evaluated PD-L1 expression in ASCC,
with conflicting results. In a large series of 150 patients,
Blermapas and al [8]. described that a high amount
of PD-1 positive tumor infiltrating lymphocytes was
associated with better disease-free survival. In contrast,
others found that PD-L1 expression was associated with
a worse prognosis [9, 10]. Immune checkpoint inhibition
has only been reported in a limited series of patients
with locally advanced, recurrent or metastatic ASCC,
showing 24% of tumor response [11]. To our knowledge,
no study has investigated the PD-1/PD-L1 pathway in
pre-cancerous anal lesions, whereas scarce data exist in
cervical intra-epithelial neoplasia [12–15]. The aim of our
study was to explore PD-1/PD-L1 pathway and immune
infiltration in a prospective cohort of patients presenting
anal intraepithelial neoplasia of different grades.

no band-like infiltrate (score 0), 22 had sporadic CD8
lymphocytes (score 1), 17 had a moderate amount of
CD8+ lymphocytes (score 2), 14 had an abundant amount
of CD8+ band-like lymphocytes infiltrate (score 3). In
summary, 53/78 lesions had a CD8+ band-like infiltrate
(68%). Inside the epithelium, there were 42/78 samples
with CD8+ lymphocytes (54%). Forty-four (90%)
AIN2/AIN3 samples had CD8+ lymphocytes in the
lamina propria as compared to 9 (60%) in AIN1 samples
(p = 0.01) (Figure 1A). Similarly, 36 (62%) AIN2/AIN3
samples had CD8+ intra epithelial lymphocytes versus 6
(33%) AIN1 samples (p = 0.04) (Figure 1B).
PD-1+ lymphocytes were detected in band-like
infiltrate in the lamina propria. One sample was not
analyzable as a result of material loss, 55 had no PD1+ lymphocytes in the lamina propria (score 0), 12
had sporadic PD-1+ lymphocytes (score 1), 6 had a
moderate amount of PD-1+ lymphocytes (score 2), 4
had an abundant amount of PD-1+ lymphocytes infiltrate
(score 3). In summary, 22/78 lesions had a PD-1+ bandlike infiltrate (28%). We found no intra epithelial PD-1+
lymphocytes. Twenty-four (41%) AIN2/AIN3 samples
contained PD-1+ lymphocytes as compared to 2 (11%)
AIN1 samples (p = 0.03) (Figure 2).
The rate of PD-L1 marked epithelial cells was
comparable between different grades of dysplasia: there
was one (6%) AIN1 sample with PD-L1+ epithelial cells
and 7 (12%) AIN2/3 samples (p = 0.43; Figure 3). The
distribution of PD-L1+ lymphocytes was comparable
between AIN2/AIN3 and AIN1 samples: 3 (16%) versus
15 (25%), respectively; p = 0.47.
Since we had only one AIN1 lesion in HIV negative
patients, we did not compare AIN1 lesion between the
two groups. We analyzed our markers in the AIN2/AIN3
group containing 14 HIV- patients and 46 HIV+ patients:
7 patients (70%) had CD8+ lymphocytes in the lamina
propria in the HIV negative group as compared to 37
(95%) in the HIV positive group (p = 0.05). There was no
difference between the two groups for the others markers.
Figure 4 illustrates different immunostainings (PD1, PD-L1, and CD8) and the standard morphology on HES
(Hematoxylin, Eosin and Saffron stain) of one patient with
AIN1 and AIN3. The AIN1 lesion (A), shows (C) few bandlike infiltrate or intra-epithelial CD8+ lymphocytes (both of
them scored 1), (E) no PD-1+ lymphocytes, (G) and no PDL1+ epithelial cells. In contrast, the AIN3 lesion (B), shows
(D) an abundant band-like infiltrate and intra-epithelial CD8+
lymphocytes (scored 3 and 1 respectively), (F) a high number
of PD-1+ lymphocytes (score 3), and (H) 40% of PD-L1+
epithelial cells, mainly located close to the basal membrane.

RESULTS
We included 78 samples of 33 patients (60 AIN2/
AIN3 and 18 AIN1). Among 18 LSIL/AIN1, we found 7
condylomas with no apparent dysplasia and 11 flat AIN1
lesions. Patients were mainly male (n = 23, 69.7%), HIVpositive (n = 24, 72.7%), with a median age of 49 years
(interquartile range 43–59).
Six patients had only one high grade available
sample, 9 patients had two high grade available samples,
and 18 had two high grade available samples plus one low
grade sample. In total, we had at our disposal 78 samples:
18 low grade lesions (AIN1), 7 high grade lesions
(AIN2) and 53 high grade lesions (AIN3). Among all
these samples, 60 were biopsies and 18 surgical excision
specimens.
CD8+ lymphocytes were distributed as band
like infiltrate in the lamina propria. Fourteen samples
were not analyzable as a result of material loss, 11 had
www.oncotarget.com
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To our knowledge, this is the first study analyzing
the PD-1 pathway in anal squamous intra epithelial
lesions.
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We found an increase of CD8+ lymphocytes
infiltration, both in the lamina propria and within the
epithelium, in high-grade lesions. Recruitment of
lymphocytes CD8 in dysplasia progression has been
described in cervical lesions [16]. This recruitment may
have a role in viral clearance in regressing cervical intra
epithelial lesion [17]. Furthermore, a decreased number
of CD8+ lymphocytes and their association with PD-L1
expression in tumor cells has also been described in anal
squamous cell carcinoma [9], suggesting that activation
of PD-L1 pathway may induce a immune tolerant profile
accelerating immune escapement of tumor cells.
In our study, HSIL had more PD-1+ lymphocytes
as compared to LSIL. This result is consistent with
most studies on PD-1/PD-L1 axis in cancers. PD-1 is a
transmembrane receptor expressed by activated T cells
and B cells. Activation of the PD-1/PD-L1 pathway leads
to tumor-infiltrating lymphocytes (TILs) dysfunction in
several cancers [18]. Dependence between CD8+ intraepithelial lymphocytes and PD-1+ lymphocytes supports
the idea of the crucial role of cytotoxic cells in the
neoplastic progression. In this respect, Mezache et al. [12]
found in co-expression analysis that the majority of the
PD-L1+ mononuclear stromal cells were CD8+ cells. We
found no association between CD8+ band-like infiltrate
in the lamina propria and PD-1/PD-L1+ lymphocytes.
This result suggests a direct role of HPV within the
epithelium, activating PD-1/PD-L1 pathway and
therefore stopping the anti tumoral activity of cytotoxic

lymphocytes. These findings also support the use of
Imiquimod in anal dysplasia [19]. Imiquimod induces high
levels of interferon-alpha (IFN-α), tumor necrosis factor
alpha (TNF-α), and other interleukins, activating innate
immune system and potentially activating cytotoxic T
lymphocytes and NK cells [20]. Furthermore, Ooi et al.
[21] showed statistically significant increases of CD3,
CD4, CD8, CD11c, CD86/CD11c lymphocytes, and CD68
macrophages positive cells by immunohistochemistry after
2 weeks of Imiquimod treatment in a series of 18 patients
with skin actinic keratosis.
Interestingly, we found little number of dysplastic
lesions with PD-L1+ epithelial cells. Nearly all positive
cases were high grade lesions. This is somewhat unusual in
regards to most data on cervical intra epithelial neoplasia
showing an increasing number of PD-L1+ epithelial cells
with dysplasia progression in most samples. For instance,
Mezache et al. [12] found 20/21 samples with at least 10%
PD-L1+ epithelial cell in their CIN1-2 cohort group, and
Yang et al. [15] found 8 out of 10 sample positive for PDL1. Only one study conducted by Chang et al. [22] found
no positive staining for PD-L1 in epithelial cell. In the
case anal dysplasia, this could be explained by the small
analyzed area where the majority of our samples consist
of small biopsies. A recent study reported 56% of PD-L1
positive anal cancer samples [10], and positive lesions had
a less favorable prognosis (increased local recurrence and
mortality rates) supporting the hypothesis that anti PD-1/
PD-L1 therapy may be effective to treat this invasive

Figure 1: Distribution of CD8+ band like lymphocytic infiltrate in lamina proria (A) or CD8+ intra epithelial lymphocytes (B) according
to severity of dysplasia (LSIL/HSIL).
www.oncotarget.com
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neoplasia. Eventually, a phase-Ib study published in 2017
[23] tested pembrolizumab in patients with advanced
anal carcinoma: out of 43 patients, 32 (74%) had PDL1 epithelial expression and resulting in 58% of disease
control rate.
Regarding difference between HIV positive and HIV
negative patients, we found a greater amount of CD8+
lymphocytes in the lamina propria of the AIN2/AIN3
lesions in the HIV positive group. This result could be

related with the antiviral activities of CD8+ lymphocytes
during HIV infection [24].
Our study has limitations. First, despite the scale of
our series (greatest AIN3 series in European countries), we
only had access to a limited number of samples, because
anal dysplasia is much rarer than cervical dysplasia with
a long dysplastic progression. Patient’s samples were
often small or already spent for the diagnosis, leading to
a difficult analysis of the immune microenvironment in

Figure 2: Distribution of PD-1+ lymphocytes according to the severity of dysplasia (LSIL/HSIL).

Figure 3: Distribution of PD-L1+ epithelial cells according to the severity of dysplasia (LSIL/HSIL).
www.oncotarget.com
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some cases. We did not find a lot of low grade lesions since
they are infrequently biopsied or excised by physicians.
The study the natural history of dysplasia progression is

very challenging since most patients developed several
lesions, some of these spontaneously regressing, but not
some of them.

Figure 4: Morphological and immunohistochemical (PD-1, PD-L1, and CD8) aspects in a patient with AIN1 and AIN3.
HES: Hematoxylin, Eosin and Saffron stain for morphological assessment. (A) AIN1 lesion stained with HES. (B) AIN3 lesion stained with
HES. (C) CD8 immunostain scored 1 for both band-like infiltrate (arrowheads) and intra-epithelial lymphocytes (arrows) in AIN1 lesion.
(D) CD8 immunostain scored 3 and 1 respectively for band-like infiltrate (arrowheads) and intra-epithelial lymphocytes (arrows) in AIN3
lesion. (E) PD-1 immunostain (score 0: no infiltrate) in AIN1 lesion. (F) PD-1 immunostain (score 3: abondant lymphocytic infiltrate) in
AIN3 lesion. (G) PD-L1 immunostain (no positive epithelial cells or lymphocytes) in AIN1 lesion. (H) PD-L1 immunostain (40% of PDL1+ epithelial cells) in AIN3 lesion. The positive cells are large epithelial squamous cells and no lymphocytes are marked.
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In summary, our exploratory study highlights the
interest of the PD-1/PD-L1 pathway in anal dysplasia and
the importance to further explore the different mechanisms
of immune micro environment in the progression of anal
intra epithelial lesion. It suggests the potential role of
therapeutic molecules targeting the immune response to
slow down the tumor progression in selected patients with
HSIL.

quantitatively as follows: (0) absence of intra-epithelial
lymphocytes [1], sporadic lymphocytes [2]; moderate
numbers of lymphocytes [3]; abundant lymphocytes.
We further classified band-like infiltrate and intraepithelial lymphocytes as present (score ≥ 1) or not (score 0).
(C) We quantified the percentage of stained
epithelial cells expressing of PD-L1. We further
considered the epithelium as positive for PD-L1 when the
percentage exceeded 5%.
These data were compared between case (high
grade intra-epithelial lesions) and control (low grade intraepithelial lesions) samples by the mean of a Wald test on
a mixed model taking into account multiple samples per
patient. We further analyzed difference between HIV
positive and HIV negative patients in the AIN2/AIN3 group.
All tests were 2-sided and significance level was set
at 5%.

MATERIALS AND METHODS
We conducted a case-control study nested in the
AIN3 cohort (NCT01877135). Briefly, this French
multicenter cohort aims at studying the incidence of anal
epidermoid carcinoma in the 3 years following a first
diagnosis of severe dysplasia (AIN3). Adult patients are
included at the date of first diagnosis of AIN3. Follow-up
includes clinical examination with an anal smear sample
at least once a year, and anal biopsies if appropriate. All
patients gave their informed consent to the study.
Eligible patients were those included in the AIN3
cohort and having at least one biopsy sample stored in the
Department of Pathology of Bichat hospital since the year
2000. All available pathological specimens were retrieved.
All the slides were reviewed by two pathologists (AC and
MB). Diagnosis of AIN was made according to the Lower
Ano-genital Squamous Terminology [3]: LSIL and HSIL
with further qualification in mild (AIN1/LSIL), moderate
(AIN2/HSIL) and severe (AIN3/HSIL). For patients with
several samples, we selected the first available AIN3
sample and, if available, another high grade lesion (AIN2
or AIN3). If disposable in our laboratory, a low grade
lesion (AIN1) was also selected for each patient.
Immunohistochemistry was performed with an
automated immunohistochemical stainer according to the
manufacturer’s guidelines (Streptavidine-peroxidase with
an automate Leica Bond III, USA). Four µm sections were
dewaxed, rehydrated and antigen retrieval was conducted
by pretreatment at high temperature at pH9 in TRIS buffer,
during 30 minutes. Slides were immunolabelled with
monoclonal antibodies against CD8 (1:300, C8/144B;
Dako), PD-1 (1:100, AB52587, Abcam) and PD-L1 (1:00,
13684 Cell Signaling). The estimation of the staining was
performed on the whole tissue section for each sample.
We scored the lymphocytes expressing PD-1, PDL1 or CD8 and their location (intra-epithelial and/or intralamina propria) and the epithelial cells expressing PD-L1.
(A) In the lamina propria forming band-like
infiltrate, the expression of the markers on lymphocytes
was scored semi-quantitatively as follows: (0) absence
of infiltrate [1], sporadic discontinuous band-like
lymphocytic infiltrate [2]; band-like lymphocytic
infiltrate of moderate importance [3]; abundant band like
lymphocytic infiltrate.
(B) In the epithelium, the expression of the
markers on intraepithelial lymphocytes was scored semiwww.oncotarget.com
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