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Abstract

Despite efforts in prevention, cervical cancer still presents with a high worldwide incidence
and remains a great problem in public health, especially in low-income countries.
Screening programs, such as colposcopy with Papanicolaou testing, have greatly
improved mortality rates. However, the agents currently used to delineate those lesions
(topical application of acetic acid and/or Lugol’s iodine) lack specificity and sometimes
can lead to unnecessary biopsies or even cervical excisions. A tool to enable in vivo
histology to quickly and quantitatively distinguish between tumor, dysplastic and healthy
tissue would be of great clinical interest.

Here we describe the use of PARPI-FL, a fluorescent imaging agent that targets PARP1,
a nuclear enzyme that is overexpressed in cancer when compared to the normal
surrounding tissues. We exploit its use as an optical imaging agent to specifically target
PARP1 expression, which was demonstrated to be higher in cervical cancer when
compared to the normal surrounding tissue.

After its topical application on freshly excised cone biopsies, the nuclei of tumor cells
emitted a specific fluorescent signal that could be visualized using a hand-held
fluorescence confocal microscope.

This approach has the potential to improve in vivo identification of tumor cells during
colposcopy examination allowing a rapid, non-invasive, and accurate histopathological

assessment.



Introduction:

Globally, cervical cancer is still a widespread disease and ranks as the second most
frequent cancer among young women (between 20 and 45 years of age) in low-income
and lower-middle-income countries (1, 2), where access to healthcare providers and
human papillomavirus (HPV) vaccination is scarce (2, 3). Several technologies to
improve prevention, screening, and detection of cervical cancer have been recently
described in the literature, including new imaging tools (4-7) and molecular tests for HPV
detection (8, 9); however, they have yet to be approved for standard clinical practice.
Visual inspection of the cervix after application of acetic acid and/or Lugol’s iodine is still
widely used as the standard screening method, especially in resource-limited places (4).
Although broadly used, this technique presents variable sensitivity and specificity for
detecting pre-cancerous lesions mostly due to observer bias (10). More consistent results
using acetic acid and/or Lugol's iodine to guide biopsies are acquired with adequate
provider training and continuous re-training (11). Besides this, staining with acetic acid
and/or Lugol’s iodine do not enable an in vivo cellular visualization of the cervix and are
used mainly to guide biopsies. The final result depends on the histopathological analysis
of the tissue, usually available only days after the procedure.

A tool to enable in vivo histology, to quickly and accurately distinguish between
malignant, in situ (CIN) carcinomas and healthy tissue without the need of invasive
biopsy, would be of great clinical interest. To address a possible solution and to perform
in vivo, nontoxic, more accurate and faster diagnosis of cervical lesions, without the need

of a biopsy, we turned to the topical application of PARPI-FL. PARPI-FL is a fluorescent



poly [ADP-ribose] polymerase 1 (PARP1) inhibitor, and a hand-held confocal microscope,
to enable immediate identification of invasive and in situ carcinoma at a cellular level.
PARPI-FL is derived from the scaffold of Olaparib, a PARP1 inhibitor that is currently
being used mostly for the treatment of breast and ovarian cancer (12, 13). PARPI-FL
penetrates the nuclei of cells and emits a fluorescent signal enabling its use as a
surrogate of PARP1 expression (14).

A previous report in oral squamous cell carcinoma demonstrated that PARP1
expression gradually increases as the tissue accumulates molecular alterations (15).
Besides this, it has also been reported that PARP1 overexpression in cancer cells is so
remarkable that it enables tumor delineation in several malignancies (14-17). Importantly,
studies have shown that PARPI-FL can be safely administered as a topical solution (15,
18) and has high tissue permeability (4.6 pm/s) accumulating within minutes in the nuclei
of cancer cells (19), where it is retained for several hours allowing its use as a tumor stain.
PARPI-FL use as an imaging tracer is well established and has been reported both
preclinically (18-21) and clinically (15), for several other tumor types. In this study, we
report PARP expression in cervical adenocarcinoma compared to the normal surrounding
tissue. In addition, we performed experiments on both a swine animal model and on
patients’ ex vivo cone biopsies to investigate the feasibility of in vivo detection of cervical

cancer during colposcopy procedures.



Materials and Methods

Chemicals. Commercially available compounds were used without further purification
unless otherwise stated. Bio Ultra PEG 300, triethylamine (NEt3) and trifluoroacetic acid
(TFA) were purchased from Sigma-Aldrich (St. Louis, MO). HPLC and LC-MS grade
acetonitrile (MeCN) were obtained from Fischer Scientific (Hampton, NH). Water (18.2
MQ cm™ at 25 °C) was obtained from an Alpha-Q Ultrapure water system from Millipore
(Bedford, MA). PARP-NH precursor (4-(4-fluoro-3-(piperazine-1-
carbonyl)benzyl)phthalazin-1(2H)-one) was purchased from AA blocks (San Diego, CA)
and purified by HPLC before use and further synthesis. BODIPY-FL NHS-ester was
purchased from Invitrogen, Carlsbad, CA without further purification. PARPI-FL was kept
as a 1.5 mM stock solution in 100% BioUltra PEG 300 and diluted to the final working
concentration for the respective experiments. All reactions were magnetically stirred, and
room temperature refers to 20-25 °C. High performance liquid chromatography (HPLC)
purification and analysis was performed on a Shimadzu UFLC HPLC system equipped
with a DGU-20A degasser, an SPD-M20A UV detector, a LC-20AB pump system, and a

CBM-20A communication BUS module.

PARPi-FL Synthesis. PARPI-FL was synthesized according to our previously described
procedure (22). Briefly, BODIPY-FL NHS-ester (1.0 equivalent) was conjugated to 4-(4-
fluoro-3-(piperazine-1-carbonyl)benzyl) phthalazin-1(2H)-one (1.0 equivalent) in the
presence of EtsN (5.0 equivalents) in acetonitrile for 4 h at room temperature. It was

purified by preparative HPLC (Atlantis® T3 5 pm column 4.6 x 250 mm, 1 mL/min, 5 to



95% of acetonitrile (0.1% TFA) in 15 min) to afford PARPI-FL in 70-79% yield as a red
solid. Analytical HPLC analysis (Waters’ Atlantis T3 C18 5 ym 4.6 x 250 mm column)
showed high purity (> 99%, tr = 13.9 min) of the imaging agent. The identity of PARPi-FL

was confirmed using ESI-MS (MS(+) m/z = 663.63 [M + Na]*).

Animal Work. To demonstrate PARP1 expression in the basal cells of normal cervixes
and to show that tissues would have PARPIi-FL uptake, we developed an animal model
using swine cervixes. Three Yorkshire female swine were purchased from Archer,
Darlington, Maryland, USA. A cold knife cone biopsy was performed after euthanasia.
The specimens were stained with PARPI-FL (tissue was submerged in a 100 nM solution
— 1 pg of PARPI-FL in 15 mL of 30% PEG 300 in PBS for 5 minutes) and then imaged
using a hand-held confocal microscope. After imaging, the specimens were routinely
processed (formalin fixed, paraffin embedded) for hematoxylin and eosin (H&E) staining
and PARP1 immunohistochemistry (IHC). All animal experiments were performed in
accordance with protocols approved by the Institutional Animal Care and Use Committee
(IACUC) of MSK and followed the National Institute of Health guidelines for animal

welfare.

Handheld Confocal Fiberoptic Imaging. Images were acquired as previously
described. Briefly, the FIVE2 (Optiscan, Victoria, Australia) hand-held confocal
microscope acquires images by using a single channel for illumination and detection of
PARPI-FL (488 nm excitation) and lens NA = 0.3 (similar to a 10x objective) with a field

of view of 475 ym x 475 ym. The probe was in direct contact with the tissue to acquire



images. Different depths were assessed (Z axis, 0 ym — 400 um). For all experiments,
we used a band pass filter of 515 nm — 575 nm, 94 - 100% laser power, and a scanning
speed of 1 frame per second. The depth in which the image was acquired is specified in

each figure.

Patient Population. Seven banked cases of cervical adenocarcinoma (no tissue with
CIN was included in this analysis) were acquired from the MSK tissue bank. In the
operating room, freshly resected cone excisions (n=3) and a clitoral biopsy (n=1) were
acquired. In all cases, research was performed under Institutional Review Board (IRB)
approval and in accordance with the Declaration of Helsinki guidelines. Written informed

consent had been obtained from all participants.

H&E Staining to Delineate Cervical Cancer Lesions. To delineate tumor vs. normal
tissue and further correlate findings with IHC, slides were stained with H&E according to
our previously described technique. Briefly, paraffin embedded sections (5 um each) were
obtained from the tissue bank at MSK and stained with H&E by the MSK Molecular
Cytology Core facility. Slides were further scanned (Mirax, 3DHISTECH, Budapest,
Hungary) to allow for digital histological analysis. All cases were reviewed by an

experienced gynecologic pathologist who delineated viable tumor and normal tissue.

PARP1 immunohistochemistry. PARP1 IHC was performed on a consecutive slide
according to our previously described procedure (18). Briefly, PARP1

immunohistochemistry was performed by automated Discovery XT processor (Ventana



Medical Systems, Tucson, AZ). The anti-PARP1 rabbit monoclonal antibody (46D11, Cell
Signaling Technology, Danvers, MA) specifically binds both human and mouse PARP1
(0.4 pg/mL). Anti-PARP1 antibody was incubated for 5hours, followed by 1 hour of
incubation with biotinylated goat anti-rabbit IgG (PK6106, Vector Labs, Burlingame, CA)
at 1:200 dilution. For IHC detection, a 3,3’-Diaminobenzidine (DAB) detection kit (Ventana
Medical Systems, Tucson, AZ) was used according to the manufacturer’s instructions,
sections were counterstained with hematoxylin and cover-slipped with Permount (Fisher
Scientific, Pittsburgh, PA). Incubating with a rabbit IgG instead of the primary antibody
controlled for non-specific binding of the secondary antibody. H&E stained slides were
used to delineate tumor and normal tissue. Those exact same areas were used for
PARP1 quantification using the consecutive slide. PARP1 quantification was performed
on digitalized slides according to our previously described procedure (15). Briefly, the
threshold for signal intensity in the DAB (brown) and hematoxylin (blue - representing all
tissue area) channels was determined using an automated script within the Image J
analysis software for all samples used in the quantitative analyses. Color deconvolution
was used to separate blue and brown signals and the threshold values were kept
constant: 0- 114 for DAB and 0 - 235 for hematoxylin. The relative PARP1 positive area

was calculated by dividing the brown (DAB) area by the blue (total tissue area).

PARPiI-FL Staining Procedure of Ex vivo Fresh Cervical Tissue. Staining was carried
out on the whole, freshly excised cone biopsy specimen by submerging the tissue in a
solution containing 1000 nM of PARPI-FL in 15 mL of 30% PEG 300 in PBS for 5 minutes

(rapid staining protocol). The specimen was further washed in PBS for 1 min prior to
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imaging. After imaging, the specimens were processed according to standard of care. A
gynecological pathologist confirmed the histological results and provided an H&E slide
and a slide for PARP1 IHC. Personnel that performed PARP staining and analyses were
blinded from the sample type and from the pathologist’s final report at the time of tissue

analysis.

Quantification of PARPi-FL signal intensity. The quantification of PARPI-FL signal
intensity was carried out on a tumor and normal areas using Fiji (Imaged). The same
window leveling was used for tumor and normal for each patient. 15 ROlIs in tumor and
15 ROls in the normal tissue were drawn. The intensity was calculated by averaging the
values. Tumor to background ratio was calculated by dividing the average signal derived

from tumor by the average intensity signal derived from the normal tissue.

Statistical analysis. Statistical analysis of PARP1 expression was performed using R
v3.6.0 (R Core Team -2018, R Foundation for Statistical Computing, Vienna, Austria) and
GraphPad Prism 8 (GraphPad Software, San Diego, CA). To compare PARP1 expression
(ratio PARP1 expression / Total tissue area) between tumor, epithelium and deep tissue,
we used a linear regression with random intercept in order to account for the correlation
between measurements from a same patient. The linear regression was done on the
logarithm transformation of the ratio (to ensure no negative prediction). Results with p-
value < 0.05 were considered statistically significant. Statistical analysis of PARPI-FL
confocal fluorescence was performed using the Mann-Whitney test. Data points represent

mean values, and error bars represent standard deviations.
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Results

PARPi-FL imaging of swine cervical tissue with a hand-held confocal microscope.
In order to analyze the value of handheld confocal microscopy in cervical tissue, we
evaluated three cervical cone biopsies from healthy swine (Fig. 1A), taking advantage of
the physiologic PARP1 expression in the healthy basal layer of the cervical squamous
mucosa (Fig. 1B). After staining, we observed a relatively weak, but detectable PARPI-
FL signal in the nuclei of the basal layer cells using the hand-held confocal microscope
(Fig. 1C). Confocal imaging showed a highly organized tissue layer, with a homogeneous
nuclear population of the same size and shape. The corresponding histological slides
(H&E and PARP1 IHC) confirmed PARP1 expression in the nuclei of the basal layer of
the cervical mucosa, which was present but weaker than what we observed in tumor

tissue (Fig. 1B).

PARP1 is overexpressed in cervical cancer when compared to normal tissue —
analysis of slides of banked tissue. Slides were cut from banked paraffin embedded
tissue of cervical adenocarcinoma and were reviewed by a gynecologic pathologist to
identify tumor and normal using H&E as gold standard. Immunohistochemistry was used
for quantification of PARP1 levels within tumor and normal tissue. The data on PARP1
expression comes from 7 patients with cervical adenocarcinoma, each having between
11 and 39 measurements (median = 33). No premalignant lesions were analyzed in this
cohort. We found that PARP1 was overexpressed in cancer and its expression was

significantly higher when compared to the normal adjacent squamous mucosa (Fig. 2A).
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Mean PARP1 expression in healthy deep cervical stroma was also shown to be lower
compared to the normal squamous epithelium. This was expected, because of
physiologic proliferation of the cervical epithelium. Importantly, the expression in the
epithelium was significantly lower than in tumor areas allowing a clear differentiation
between them (Fig.2B and Supplementary table 1). When accounting for the repeated
measurements per patients, using 1 as a reference coefficient value on the statistic
model, the ratio of the PARP1-positive area over the total tissue area was on average
95% lower (PARP1 positive area / Tissue area) in benign squamous epithelium as
compared to tumor, and 99% lower (PARP1 positive area / Tissue area) in normal stroma
as compared to tumor (p <0.001, see Supplementary table 2). The ratio (PARP1 positive/
Total tissue area) in normal stroma was on average 77% lower than in benign squamous
epithelium (95%CI: 0.18 to 0.30, p < 0.001). Fig. 2C demonstrates the ratio distribution in

tumor, squamous epithelium and stroma.

Ex vivo PARPi-FL tumor detection in human cervical excisions and clitoral biopsy.
After confirming feasibility of the technique in a preclinical large-animal model, we tested
hand-held confocal microscopy using PARPI-FL in human cone biopsies inside the
operating room. Three patients who were scheduled to undergo cone biopsy due to
suspicious adenocarcinoma lesions had their surgical specimens stained and imaged
prior to pathology assessment. Figure 3 visualize the study workflow. Patient 1 (Fig. 4A)
harbored an adenocarcinoma at the transformation zone, extending to the ectocervix
(dashed lines, Fig. 4A). Confocal imaging of the tumor area presented a disorganized

pattern of cell nuclei with different sizes and shapes (arrows), yielding a fluorescent signal
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of 83.57 £ 11.85 a.u. On the other hand, when imaging the normal mucosa, low PARPI-
FL signal could be observed, fluorescent signal of 31.57 + 14.82 a.u. We only observed
a small number of sparse and small nuclei (arrows), which were visually distinct from
tumor tissue. Each specimen underwent PARP1 IHC and the areas with increased
PARP1 expression corresponded to the tumor seen on H&E. PARP1 expression was
insignificant in the normal tissue, matching the observed levels of PARPI-FL. The tumor-
to-background ratio (TBR) of fluorescence in the histologically proven lesion versus
normal of the same tissue specimen/section of this patient is 2.65 (Fig. 4A). Patient 2
harbored an HPV-associated adenocarcinoma (dashed lines, Fig. 4B) located adjacent
to a benign Nabothian cyst (represented by the number 2 on Figs. 4B), which can lead to
overestimation of tumor volume on regular imaging. Confocal imaging of the tumor
demonstrated cells with differently sized and shaped nuclei arranged in a highly
disorganized manner. We did not observe any PARPI-FL uptake in the cyst wall or normal
cervical mucosa. PARP1 expression corroborated the confocal imaging findings: Higher
expression was seen in tumor, whereas almost no expression was present in the cyst or
normal cervical mucosa. PARPI-FL emitted a signal of 105.8 £ 15.45 a.u. in tumor. The
signal is significantly higher when compared to the normal adjacent mucosa (22.53 + 2.95
a.u., p <0.0001 — Figure 4B), yielding a TBR of 4.69.

We also imaged a patient with low grade squamous intraepithelial lesion (LSIL/CIN1), an
abnormal proliferation of immature squamous cells involving no greater than the lower
third of the squamous mucosa (Fig.5). Hand-held confocal microscopy of PARPI-FL
showed organized tissue, with cells arranged in layers, but with nuclei of different sizes

and shapes (Fig. 5A). H&E staining showed a similar finding in the CIN1, with nuclei of
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varying sizes and shapes. PARP1 expression, and thus PARPI-FL uptake, was higher in
the areas corresponding to disorganized tissue when compared to the healthy deeper
stroma tissue. As usual in patients harboring CIN, this patient proved to be HPV positive

(Fig. 5B).

To demonstrate that the technique could also be used to image tumor cells in different
gynecological subsites, one patient with a recurrent squamous cell carcinoma of the vulva
invading the clitoris was imaged. The clitoris biospecimen was imaged using the same
rapid staining protocol and imaging protocol and the results were similar to the ones seen
in the cervical cone biopsies: tumor presented with enlarged, variably-sized nuclei
arranged in a disorganized manner, whereas the benign clitoral squamous mucosa
(comprising the vast majority of the resected tissue) showed no PARPI-FL uptake (Fig
6A). Histology and PARP1 IHC corroborated the confocal findings, demonstrating that
areas with no PARPI-FL signal corresponded to normal tissue, while areas with nuclear
signal corresponded to tumor (Fig. 6B). The quantification of PARPI-FL fluorescence
signal was significantly (p < 0.0001) higher in the tumor area (98.07 + 18.78 a.u.) when
compared to the normal surrounding tissue (19.49 + 11.97), yielding a to a tumor to

background fluorescence ratio of 5.03.

Discussion

PARP1 is an interesting target for tumor detection and delineation because of its

increased expression in a large number of cancers types (23). Cancer is usually marked
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by genomic instability that is often the result of alterations in the signaling of the DNA
repair chain (24). Several clinical trials are investigating the use of PARP inhibitors in
different types of tumors with promising results (12, 25-27). Although no cutoff has been
previously reported determining when a lesion should be considered neoplastic by means
of PARP1 expression, several papers have demonstrated that its increased expression
can be used to differentiate tumors from their benign surrounding tissues (17, 23, 28, 29).
Similar to what has been previously published for other malignancies (15, 17, 30-32),
PARP1 is overexpressed in cervical adenocarcinomas. The difference in the PARP-
expression between tumor and benign tissue was so marked that tumor could be
delineated soley based on PARP quantification. Some tissues have physiologic PARP1
expression, especially those with high cellular turnover, such as the cervical squamous
epithelium at the transformation zone. Thus, we have demonstrated that, even though the
cervical squamous mucosa has higher PARP1 expression compared to stroma, it is
significantly lower than in tumor. In this study, due to the low number of individuals, we
did not consider the HPV status of patients for the purpose of imaging.

The ratio of PARP1 expression between tumor and normal allowed visualization
of cervical cancer cells, after staining with a fluorescent tagged PARP1 inhibitor - PARPI-
FL, using a hand-held confocal microscope. We demonstrate, using ex vivo fresh cone
biopsies, that topical application of PARPi-FL on cervix is feasible, is capable of
identifying tumor cells, and could potentially lead to a novel diagnostic tool for fast tumor
cell identification, allowing imaging of cervical cancer in real time.

In vivo confocal microscopy has been of great interest since it allows for

visualization of abnormal tissue without the need of an incisional biopsy. Both
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fluorescence and reflectance confocal microscopy technologies are being studied in
several other malignancies. We describe the use of a hand-held fluorescence microscope
equipped with a blue laser (excitation: 488, emission: > 510), to detect the fluorescence
signal arising from a contrast agent, PARPIi-FL, that is specifically bound to PARP1
overexpressed in cancer cells. It is important to emphasize that PARPI-FL signal is in the
green spectrum and autofluorescence emission is also a component of that same
spectrum. The broader autofluorescence peak width, however, allows us to separate
specific (PARPi-FL) and non-specific (autofluorescence) emissions. To achieve specific
imaging, autofluorescence was being filtered using a band pass filter (515 nm — 575 nm).
PARPI-FL is able to maintain target affinity once it has been modified on the cyclopropane
end of the Olaparib scaffold, region that is not essential for binding (33-35). Dyes in the
near infrared spectrum, were previously investigated and reported, but didn’t achieve

similar binding. (36, 37)

Taking advantage of the PARP1 expression in the basal layer of cervical
squamous epithelium, we confirmed, using a swine animal model, that PARPI-FL
penetrates into the tissue when applied topically. With minimal effort and time, its signal
was detected by the hand-held confocal microscope allowing its use to obtain cellular
resolution of the porcine cervix. As expected, the nuclei of normal tissue were
considerably organized with homogeneous size and shape. When imaging cone biopsies
with tumor, PARPI-FL showed higher uptake in lesions compared to surrounding normal
tissue (Fig. 4 and 5), corresponding to PARP1 IHC expression in those areas. The tumors
cells showed a disorganized pattern and heterogeneously shaped nuclei, which was

easily discernible through PARPI-FL staining.
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In addition, we found PARPI-FL uptake in CIN 1, which is not surprising since
PARP1 expression is not only present in the basal layer, but also in squamous dysplasia
(15). Importantly, different grades of cervical dysplasia are defined by the amount of
immature squamous cell proliferation involving the mucosal thickness (CIN 1- involving
one-third of the thickness, CIN 2 - one-third to two-thirds and CIN 3 - more than two-thirds
of the epithelial layer). Confocal microscopy picks up the fluorescent signal that arises
from one layer of cells (the XY-plane), which is ideal for cellularly resolving that layer and
confirming specificity of the probe. However, unless depth is considered as well (the Z-
plane) differentiating the grades of cervical dysplasia might be impractical. An associated
technology, such as a hand-held epifluorescence tool, that could integrate fluorescence
arising from the total thickness of the dysplastic area would be a promising asset for
distinguishing between the different grades of CIN and tumor. Additionally, PARPi-FL
could be used to assess suspicious lesions in real time or potentially replace acetic acid,

serving as a more precise guide for biopsies or replace the need to biopsy.

Lastly, although further studies are necessary to define sensitivity and specificity
of the tracer, our data suggests that PARPi-FL would work well for cancer screening
during colposcopy procedures. It could also play a role in intraoperative imaging as a
guide for tumor resection margins during LEEP / cone procedures as current approaches
to determine the tumor boundaries rely on the expertise of the surgeon and ultimately
final pathology. To date, no technology allows in vivo histology of cervical lesions, also
no intraoperative tumor marker is available to ensure clear margins, resulting in additional

procedures should positive margins be found on final pathology reports.
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Conclusion

Contemporaneous and specific cellular visualization of cervical and clitoral cancer tissue
was achieved using a topically applied fluorescent contrast agent, PARPi-FL, and a hand-
held fluorescence confocal microscope. This tracer has the potential to improve tumor

identification on colposcopy examination by allowing real time histology assessment.
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Key Points
Question. Can the difference in PARP1 expression between tumor and normal tissue,

and therefore PARPI-FL uptake, be observed when imaging cervical lesions?

Pertinent Findings. PARPI-FL is a topical fluorescent tracer that targets the PARP1
enzyme in the DNA repair chain, overexpressed in cervical adenocarcinoma. After topical
application, PARPI-FL signal could be picked up by a hand-held confocal microscope

allowing cellular resolution of cervical lesions.

Implications for Patient Care. PARPI-FL signal can be picked up by a hand-held
confocal microscope allowing cellular resolution of those lesions, we believe our tracer

has a translational potential and could offer advantages to the current standard of care.
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Figures
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Fig. 1. PARPI-FL imaging on a healthy swine cervix. Physiological PARP1 expression in

FIVE2 imaging

Intensity of PARPI-FL signal (a.u.)

cervical squamous basal layer allowed confocal imaging of healthy tissue in swine. (A)
A cone biopsy was obtained from three swine and stained with PARPi-FL. (B) H&E with
corresponding IHC demonstrating the presence of PARP1. (C) Hand-held confocal
microscopy shows cells arranged in layers with nuclei of the same size and shape.

Tissue depth 10 pm.
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Fig. 2. PARP1 expression on human cervical cancer banked tissue. (A) Tumor (cervical
adenocarcinomas) and normal areas on H&E and IHC patient slides. The circle
demarcates the tumor. IHC shows that PARP1 is highly expressed in adenocarcinoma
whereas it is much lower in the normal stroma of benign squamous epithelium. (B)
Density of the ratio value according to tissue type (x-axis truncated at 100 for visibility
purpose). (C) Distribution of the ratio value according to tissue type (10 higher extremes
values in the Tumor group were excluded for visibility purposes). Each color in the
graph represents a different patient (n = 7). *p < 0.05, **p < 0.01, ** p < 0.001. Data in

(C) are presented as mean + s.d.
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Fig. 3. Experimental plan for patient’s cone biopsy biospecimen collection. 1 - Cone
biopsies from patients were resected and evaluated in the operating room, before the
standard of care processing. 2 - Staining was carried out on the whole, freshly excised
specimen by submersing the tissue in a solution containing 1000 nM PARPI-FL solution
in 15 mL of 30% PEG 300 in PBS for 5 minutes (rapid staining protocol). The specimen
was further washed in PBS for 1 min prior to imaging. 3 - After imaging, the specimens
were processed according to the standard of care. The gynecological pathologist
confirmed the histological results and provided slides for the study. The magnified

image demonstrates how the pathology slides were acquired.
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Fig. 4. PARPI-FL imaging of cervical cancer. Patients imaged with PARPI-FL stain and
a hand-held confocal imaging in the OR, prior to final pathology report for the standard
of care. (A) Patient 1 harbored an adenocarcinoma of the cervical transformation zone,
extending to the ectocervical mucosa — dotted lines represent tumor delineation. The
second-row shows tumor and healthy mucosa imaged by the hand-held confocal
microscope, depth in the tissue 13 um, and 8 um respectively. Images show cells
arranged in a disorganized manner and nuclei with different sizes and shapes, arrows

point to cell nuclei (average intensity signal 83.57 + 11.85 a.u.). Normal mucosa shows
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almost no PARPI-FL uptake (average intensity signal 22.53 + 2.94 a.u.). Sparse and
regularly shaped nuclei were observed (arrows). H&E and PARP1 IHC slides show
areas of tumor with increased PARP1 expression. Almost no PARP1 expression is
present in the normal tissue area. (B) Patient 2 harbored a cervical adenocarcinoma,
represented in the dotted lines, located adjacent to a benign Nabothian cyst. Numbers
represent 1 — tumor, 2 — cyst, 3 — Normal stroma. Tissue depth 3 ym. PARPI-FL in
tumor emitted a significantly higher signal than in the normal surrounding mucosa
(105.8 £ 14.45 a.u., 22.53 + 2.94 a.u., respectively, p < 0.0001). H&E and PARP1 IHC

staining confirmed the presence of tumor. *
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Fig. 5. PARPI-FL imaging of cervical dysplasia. Patient imaged with PARPI-FL stain
and a hand-held confocal imaging in the OR, prior to the final pathology report.
Standard of care assessment. (A) The patient harbored a cervical intraepithelial
neoplasia type 1 (CIN1) of the cervical os. Images from the lesion demonstrated cells
arranged in a slightly disorganized manner with nuclei of different sizes and shapes.

Image depth: 4 um. (B) Overview of the specimen and magnified. The square

represents the magnified image.
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Fig. 6. PARPI-FL imaging of a clitoral excision — invasion from a vulvar squamous cell
carcinoma. Imaging with PARPIi-FL was also carried out in one patient harboring a
recurrent squamous cell carcinoma of the vulva invading the clitoris. (A) Patient
biospecimen ex vivo. The dotted area (1) corresponds to the tumor and the surrounding
area (2) corresponds to benign margins. Bottom row: Images acquired with the hand-
held confocal microscope demonstrated tumor cells with enlarged nuclei that were
different in size and arranged in a very disorganized manner. Tissue depth 4 ym (tumor)
and 6 um (normal tissue). (B) H&E staining showed that the tumor was restricted to a
small area in the tissue — represented by number 1. PARP1 IHC corroborated the
confocal findings since no PARP1 expression was present in the stroma (2) whereas it
was present in tumor (1). (C) Quantification of PARPI-FL uptake in tumor and normal
tissue. Fluorescence signal was significantly (p < 0.0001) higher in the tumor area when

compared to the normal surrounding tissue.
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Tables.

Tissue N (measures) N (patients) Mean SD Median  Min Max
Epithelium 46 5 462 394 437 0.16 18.48
Normal 83 7 1.08 0.91 0.82 0.03 5.58
Tumor 63 7 69.82 64.42 4449 13.20 263.02

Table 1. Data description. PARP1 expression in three tissue areas: epithelium, normal
tissue and tumor. The numbers represent measures of the percentage of PARP1
expression on those different areas (% of PARP1 expression over the total tissue area,
data also represented on Fig. 1B and C). Note that 2 patients had no measurements in
the epithelium since no healthy epithelium could be found on the specimen.

Predicted average value

p-value
(against tumor
N =192 Coefficient 95% ClI expression)
Tissue
Tumor 59.6 1.00 (Ref.)
Epithelium 3.0 0.05 0.04, 0.07 <0.001
Margin 0.7 0.01 0.009, 0.015 <0.001

Table 2. Linear regression accounting for the repeated measurements per patients. The
linear regression was done on the logarithm transformation of the ratio (to ensure no
negative prediction). The table presents the results transformed back to the original scale,
and coefficients are multiplicative. When accounting for the repeated measurements per
patients (with a random intercept), the ratio is on average reduced by 95% in epithelium
as compared to tumor, and by 99% in normal as compared to tumor. The ratio in normal
tissue is on average 77% lower than epithelium (95%CI: 0.18 to 0.30, p < 0.001).



