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Despite efforts in prevention, cervical cancer still presents with a high
worldwide incidence and remains a great problem in public health, es-
pecially in low-income countries. Screening programs, such as col-
poscopy with Papanicolaou testing, have greatly improved mortality
rates. However, the agents currently used to delineate those lesions
(topical application of acetic acid or Lugol iodine) lack specificity and
sometimes can lead to unnecessary biopsies or even cervical exci-
sions. A tool to enable in vivo histology to quickly and quantitatively
distinguish between tumor, dysplastic tissue, and healthy tissue would
be of great clinical interest. Methods: Here, we describe the use of
PARPi-FL, a fluorescent inhibitor of poly[adenosine diphosphate-
ribose]polymerase 1 (PARP1), which is a nuclear enzyme that is over-
expressed in cancer when compared with 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 than the normal surrounding tissue. Results: After
topical application of PARPi-FL on freshly excised cone biopsy sam-
ples, the nuclei of tumor cells emitted a specific fluorescent signal that
could be visualized using a handheld fluorescence confocal micro-
scope.Conclusion: This approach has the potential to improve in vivo
identification of tumor cells during colposcopy examination, allowing
a rapid, noninvasive, and accurate histopathologic assessment.
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Globally, cervical cancer is still a widespread disease and
ranks as the second most frequent type of cancer among young
women (between 20 and 45 y old) in low-income and lower-
middle-income countries (1,2), where access to health-care pro-
viders and human papillomavirus (HPV) vaccination is scarce
(2,3). Several technologies to improve prevention, screening, and

detection of cervical cancer have recently been described in the lit-
erature, 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 ap-
plication of acetic acid or Lugol iodine is still widely used as the
standard screening method, especially in resource-limited places
(4). Although broadly used, this technique presents variable sensi-
tivity and specificity for detecting precancerous lesions, mostly
due to observer bias (10). More consistent results using acetic acid
or Lugol iodine to guide biopsies are achieved with adequate pro-
vider training and continuous retraining (11). In addition, staining
with acetic acid or Lugol iodine does not enable an in vivo
cellular visualization of the cervix and is used mainly to guide bi-
opsies. The final result depends on the histopathologic analysis of
the tissue, usually available only days after the procedure.
A tool to enable quick and accurate distinction between malig-

nant, in situ cervical intraepithelial neoplasia (CIN) carcinomas
and healthy tissue in vivo, without the need for invasive biopsy,
would be of great clinical interest. To address a possible solution,
we turned to the topical application of PARPi-FL, a fluorescent
poly[adenosine diphosphate-ribose]polymerase 1 (PARP1) inhibi-
tor, along with use of a handheld confocal microscope, to enable
immediate identification of invasive and in situ carcinoma at a cel-
lular level. PARPi-FL is derived from the scaffold of olaparib, a
PARP1 inhibitor that is currently being used mostly for the treat-
ment of breast and ovarian cancer (12,13). PARPi-FL penetrates
the nuclei of cells and emits a fluorescent signal that allows it to
serve as a surrogate for PARP1 expression (14).

A previous report on oral squamous cell carcinoma demonstrat-
ed that PARP1 expression gradually increases as the tissue accu-
mulates molecular alterations (15). In addition, reports indicate
that PARP1 overexpression in cancer cells is so remarkable that it
enables tumor delineation in several malignancies (14–17). Impor-
tantly, studies have shown that PARPi-FL can safely be adminis-
tered as a topical solution (15,18) and has high tissue permeability
(4.6 lm/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 estab-
lished and has been reported both preclinically (18–21) and
clinically (15) for several other tumor types. In this study, we ex-
amined PARP expression in cervical adenocarcinoma compared
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with the normal surrounding tissue. In addition, we performed ex-
periments on both a swine animal model and on patients’ ex vivo
cone biopsy samples to investigate the feasibility of in vivo detec-
tion of cervical cancer during colposcopy procedures.

MATERIALS AND METHODS

Chemicals
Commercially available compounds were used without further purifi-

cation unless otherwise stated. Bio Ultra polyethylene glycol (PEG) 300,
triethylamine, and trifluoroacetic acid were purchased from Sigma-
Aldrich. A high-performance liquid chromatography (HPLC) and liquid
chromatography–mass spectrometry grade of acetonitrile was obtained
from Fischer Scientific. Water (18.2 MV cm21 at 25� C) was obtained
from an Alpha-Q Ultrapure water system from Millipore. PARP-NH
precursor (4-(4-fluoro-3-(piperazine-1-carbonyl)benzyl)phthalazin-1(2H)-
one) was purchased from AA Blocks and purified by HPLC before use
and further synthesis. Bodipy-FL succinimidyl-ester was purchased from
Invitrogen and used 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. HPLC purification and analysis was performed on a
Shimadzu ultrafast liquid chromatography HPLC system equipped with a
DGU-20A degasser, an SPD-M20A ultraviolet detector, an LC-20AB
pump system, and a CBM-20A communication bus module.

PARPi-FL Synthesis
PARPi-FL was synthesized according to our previously described pro-

cedure (22). Briefly, Bodipy-FL succinimidyl-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 Et3N (5.0 equivalents) in
acetonitrile for 4 h at room temperature (20� C–25� C). It was purified by
preparative HPLC (Atlantis T3 5-lm column, 4.6 3 250 mm, 1 mL/min,
5%–95% acetonitrile [0.1% trifluoroacetic acid] in 15 min) to afford
PARPi-FL in 70%–79% yield as a red solid. Analytic HPLC analysis
(Waters Atlantis T3 C18 column, 5 lm, 4.6 3 250 mm) showed the im-
aging agent to have high purity (.99%; retention time, 13.9 min). The
identity of PARPi-FL was confirmed using electrospray ionization mass
spectrometry (MS(1) m/z5 663.63 [M1 Na]1).

Animal Work
To demonstrate PARP1 expression in the basal cells of normal cer-

vixes and to show that tissues would have PARPi-FL uptake, we devel-
oped an animal model using swine cervixes. Three Yorkshire female
swine were purchased from Archer. A cold-knife cone biopsy was per-
formed after euthanasia. The specimens were stained with PARPi-FL
(tissue was submerged in a 100 nM solution: 1 lg of PARPi-FL in
15 mL of 30% PEG 300 in phosphate-buffered saline for 5 min) and
then imaged using a handheld confocal microscope. After imaging, the
specimens were routinely processed (formalin-fixed, paraffin-embedded)
for hematoxylin and eosin (H&E) staining and PARP1 immunohisto-
chemistry. All animal experiments were performed in accordance with
protocols approved by the Institutional Animal Care and Use Committee
of Memorial Sloan Kettering and followed the National Institutes of
Health guidelines for animal welfare.

Handheld Confocal Fiberoptic Imaging
Images were acquired as previously described. Briefly, the FIVE2

(Optiscan) handheld confocal microscope acquires images by using a
single channel for illumination and detection of PARPi-FL (488-nm
excitation) and a lens numeric aperture of 0.3 (similar to a 310 objec-
tive) with a field of view of 475 3 475 lm. The probe was in direct
contact with the tissue to acquire images. Different depths were as-
sessed (z-axis, 0–400 lm). For all experiments, we used a band-pass
filter of 515–575 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 Memorial
Sloan Kettering tissue bank. In the operating room, freshly resected
cone excisions (n 5 3) or a clitoral biopsy (n 5 1) was acquired. In
all cases, the research was performed under Institutional Review
Board approval and in accordance with the guidelines of the Declara-
tion of Helsinki. Written informed consent had been obtained from all
participants.

H&E Staining to Delineate Cervical Cancer Lesions
To delineate tumor versus normal tissue and further correlate the

findings with immunohistochemistry, the slides were stained with
H&E according to our previously described technique. Briefly, paraf-
fin-embedded sections (5 lm each) were obtained from the tissue
bank at Memorial Sloan Kettering and stained with H&E by the Me-
morial Sloan Kettering Molecular Cytology Core facility. The slides
were further scanned (Mirax; 3DHISTECH) to allow for digital histo-
logic analysis. All cases were reviewed by an experienced gynecologic
pathologist, who delineated viable tumor and normal tissue.

PARP1 Immunohistochemistry
PARP1 immunohistochemistry was performed on a consecutive slide

according to our previously described procedure (18), using an automated
Discovery XT processor (Ventana Medical Systems). The anti-PARP1
rabbit monoclonal antibody (46D11; Cell Signaling Technology) specifi-
cally binds both human and mouse PARP1 (0.4lg/mL). Briefly, anti-
PARP1 antibody was incubated for 5h, followed by 1h of incubation
with biotinylated goat antirabbit IgG (PK6106; Vector Labs) at 1:200 di-
lution. For immunohistochemistry detection, a 3,39-diaminobenzidine
detection kit (Ventana Medical Systems) was used according to the manu-
facturer’s instructions; sections were counterstained with hematoxylin and
cover-slipped with Permount (Fisher Scientific). Incubating with a rabbit
IgG instead of the primary antibody controlled for nonspecific binding of
the secondary antibody. H&E-stained slides were used to delineate tumor
and normal tissue. Those same areas were used for PARP1 quantification
using the consecutive slide. PARP1 quantification was performed on digi-
talized slides according to our previously described procedure (15). Brief-
ly, the threshold for signal intensity in the 3,39-diaminobenzidine (brown)
and hematoxylin (blue, representing all tissue area) channels was deter-
mined using an automated script within Fiji (ImageJ) analysis software
for all samples used in the quantitative analyses. Color deconvolution was
used to separate blue and brown signals, and the thresholds were kept
constant: 0–114 for 3,39-diaminobenzidine and 0–235 for hematoxylin.
The relative PARP1-positive area was calculated by dividing the brown
(3,39-diaminobenzidine) area by the blue (total tissue area).

PARPi-FL Staining Procedure for Ex Vivo Fresh
Cervical Tissue

Staining was performed on the whole, freshly excised cone-biopsy
specimen by submerging the tissue in a solution containing 1,000 nM
PARPi-FL in 15 mL of 30% PEG 300 in phosphate-buffered saline
for 5 min (rapid staining protocol). The specimen was further washed
in phosphate-buffered saline for 1 min before imaging. After imaging,
the specimens were processed according to the standard of care. A gy-
necologic pathologist confirmed the histologic results and provided an
H&E slide and a slide for PARP1 immunohistochemistry. The person-
nel who performed PARP staining and analyses did not know the sam-
ple type or the pathologist’s final report at the time of tissue analysis.
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Quantification of PARPi-FL Signal Intensity
PARPi-FL signal intensity was quantified on a tumor and normal areas

using Fiji software. The same window leveling was used for tumor and nor-
mal tissue for each patient. Fifteen ROIs in the tumor and 15 ROIs 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 signal derived from normal tissue.

Statistical Analysis
Statistical analysis of PARP1 expression was performed using R,

version 3.6.0 (R Core Team), and Prism, version 8 (GraphPad Soft-
ware). To compare PARP1 expression (ratio of PARP1 expression to
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 the same patient. The linear
regression was done on the logarithm transformation of the ratio (to
ensure no negative prediction). Results with a P value of 0.05 or less
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 SDs.

RESULTS

PARPi-FL Imaging of Swine Cervical Tissue with a Handheld
Confocal Microscope
To analyze the value of handheld confocal microscopy in cervical

tissue, we evaluated 3 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 handheld
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 histologic slides (H&E and
PARP1 immunohistochemistry) confirmed that the nuclei of the basal
layer of the cervical mucosa showed PARP1 expression, which was
weaker than that in tumor tissue (Fig. 1B).

PARP1 Overexpression in Cervical Cancer When Compared
with Normal Tissue in Slides from 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 tissue using H&E as the gold standard.
Immunohistochemistry was used for quantification of PARP1 lev-
els within tumor and normal tissue. The data on PARP1 expres-
sion come from 7 patients with cervical adenocarcinoma, each
having between 11 and 39 measurements (median, 33). No pre-
malignant lesions were analyzed in this cohort. We found that
PARP1 was overexpressed in cancer and that its expression was
significantly higher than in the normal adjacent squamous mucosa
(Fig. 2A). Mean PARP1 expression was also shown to be lower
in healthy deep cervical stroma than in the normal squamous epi-
thelium. This finding was expected because of physiologic prolif-
eration of the cervical epithelium. Importantly, the expression
was significantly lower in the epithelium than in tumor areas, al-
lowing a clear differentiation between them (Fig. 2B; Supplemen-
tal Table 1 [supplemental materials are available at http://jnm.
snmjournals.org]). When accounting for the repeated measure-
ments per patient, using 1 as a reference coefficient value on the
statistic model, the ratio of the PARP1-positive area to the total
tissue area averaged 95% lower in benign squamous epithelium
than in tumor and 99% lower in normal stroma than in tumor (P
, 0.001; Supplemental Table 2). The ratio of the PARP1-positive
area to the total tissue area averaged 77% lower in normal stroma
than in benign squamous epithelium (95%CI, 0.18–0.30; P , 0.
001). Figure 2C demonstrates the ratio distribution in tumor,
squamous epithelium, and stroma.

Ex Vivo PARPi-FL Tumor Detection in Human Cervical
Excisions and Clitoral Biopsy Samples
After confirming the feasibility of the technique in a preclinical

large-animal model, we tested handheld confocal microscopy us-
ing PARPi-FL in human cone biopsies inside the operating room.
Three patients who were scheduled to undergo cone biopsy be-
cause of suspected adenocarcinoma lesions had their surgical
specimens stained and imaged before pathology assessment. Fig-
ure 3 shows the study workflow. Patient 1 (Fig. 4A) harbored an
adenocarcinoma at the transformation zone, extending to the ecto-
cervix (Fig. 4A). Confocal imaging of the tumor area presented a
disorganized pattern of cell nuclei with different sizes and shapes,
yielding a fluorescent signal of 83.57 6 11.85 arbitrary units
(a.u.). On the other hand, when imaging the normal mucosa, we

FIGURE 1. PARPi-FL imaging of healthy swine cervix. Physiologic PARP1 expression in cervical squamous basal layer allowed confocal imaging of healthy
tissue in swine. (A) Cone biopsy obtained from 3 swine and stained with PARPi-FL. (B) H&E with corresponding immunohistochemistry demonstrating pres-
ence of PARP1. (C) Handheld confocal microscopy image showing cells arranged in layers with nuclei of same size and shape. Tissue depth is 10 lm.
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observed a low PARPi-FL signal (31.57 6 14.82 a.u.) and only a
small number of sparse and small nuclei, which were visually dis-
tinct from tumor tissue. Each specimen underwent PARP1 immu-
nohistochemistry, 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 of fluorescence in the
histologically proven lesion versus normal tissue in the same

specimen section from this patient was 2.65 (Fig. 4A). Patient 2
harbored an HPV-associated adenocarcinoma adjacent to a benign
nabothian cyst (Fig. 4B), which can lead to overestimation of tu-
mor volume on regular imaging. Confocal imaging of the tumor
demonstrated cells with differently sized and shaped nuclei ar-
ranged 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 the tumor,
whereas almost no expression was present
in the cyst or normal cervical mucosa.
PARPi-FL emitted a signal of 105.8 6
15.45 a.u. in the tumor. The signal was sig-
nificantly higher than that in the normal ad-
jacent mucosa (22.53 6 2.95 a.u., P ,
0.0001; Fig. 4B), yielding a tumor-to-back-
ground ratio of 4.69.
We also imaged a patient with a low-

grade squamous intraepithelial lesion (CIN
type 1), an abnormal proliferation of imma-
ture squamous cells involving no more
than the lower third of the squamous mu-
cosa (Fig. 5). Handheld confocal microsco-
py of PARPi-FL showed organized tissue,
with cells arranged in layers but with nu-
clei of different sizes and shapes (Fig. 5A).
H&E staining showed a similar finding in
the CIN type 1, with nuclei of varying
sizes and shapes. PARP1 expression, and
thus PARPi-FL uptake, were higher in the
areas corresponding to disorganized tissue
than in the healthy deeper stroma tissue.
As usual in patients harboring CIN, this pa-
tient proved to be HPV-positive (Fig. 5B).
To demonstrate that the technique can

also be used to image tumor cells in differ-
ent gynecologic subsites, 1 patient with a

FIGURE 2. PARP1 expression on human cervical cancer banked tissue. (A) Tumor (cervical adenocarcinomas) and normal areas on H&E and immuno-
histochemistry patient slides. Circle demarcates tumor. Immunohistochemistry shows that PARP1 is highly expressed in adenocarcinoma but is much
lower in normal stroma of benign squamous epithelium. (B) Density of ratio according to tissue type (x-axis truncated at 100 for visibility purposes). (C)
Distribution of ratio according to tissue type (10 higher extreme values in tumor group were excluded for visibility purposes). Each color in graph repre-
sents a different patient (n 5 7). Data in C are presented as mean 6 SD. *P , 0.05. **P , 0.01. ***P , 0.001; ****P , 0.0001. IHC 5

immunohistochemistry.

FIGURE 3. Experimental plan for patient’s cone-biopsy biospecimen collection. (1) Cone biopsy
samples from patients were resected and evaluated in operating room before standard-of-care
processing. (2) Staining was performed on whole, freshly excised specimen by submersing tissue in
solution containing 1,000 nM PARPi-FL solution in 15 mL of 30% PEG 300 in phosphate-buffered
saline for 5 min (rapid staining protocol). Specimen was further washed in phosphate-buffered saline
for 1 min before imaging. (3) After imaging, specimen was processed according to standard of care.
Gynecologic pathologist confirmed histologic results and provided slides for study. Magnified image
demonstrates how pathology slides were acquired.
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recurrent squamous cell carcinoma of the vulva invading the cli-
toris was imaged. The clitoris biospecimen was imaged using the
same rapid staining protocol and imaging protocol, and the re-
sults 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 most of the resected tissue) showed no
PARPi-FL uptake (Fig. 6A). Histology and PARP1 immunohis-
tochemistry corroborated the confocal findings, demonstrating
that areas with no PARPi-FL signal corresponded to normal tis-
sue whereas 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 6
18.78 a.u.) than in the normal surrounding tissue (19.49 6
11.97), yielding 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 cancer types
(23). Cancer is usually marked 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 inhibi-
tors in different types of tumors, with promising results (12,25–27).
Although no cutoff has been previously reported for determining
when a lesion should be considered neoplastic by means of PARP1
expression, several papers have demonstrated that its increased ex-
pression can be used to differentiate tumors from their benign sur-
rounding tissues (17,23,28,29). Similar to what has been previously
published for other malignancies (15,17,30–32), PARP1 is overex-
pressed in cervical adenocarcinomas. The difference in PARP ex-
pression between tumor and benign tissue was so marked that tumor

FIGURE 4. Imaging of cervical cancer with PARPi-FL stain and handheld confocal imaging in operating room before final pathology report for standard
of care. (A) Patient 1 harbored adenocarcinoma of cervical transformation zone, extending to ectocervical mucosa. Dotted lines demarcate tumor. Sec-
ond row shows tumor and healthy mucosa imaged by handheld confocal microscope at tissue depths of 13 and 8 lm, respectively. Images show cells
arranged in disorganized manner and nuclei with different sizes and shapes. Arrows point to cell nuclei (average signal, 83.57 6 11.85 a.u.), which were
sparse and regularly shaped. Normal mucosa shows almost no PARPi-FL uptake (average signal, 22.53 6 2.94 a.u.). H&E and PARP1 immunohisto-
chemistry slides show areas of tumor with increased PARP1 expression. Almost no PARP1 expression is present in normal-tissue area. (B) Patient 2 har-
bored cervical adenocarcinoma, demarcated by dotted lines, adjacent to benign nabothian cyst. Numbers represent tumor (1), cyst (2), and normal stro-
ma (3). Tissue depth is 3 lm. PARPi-FL emitted significantly higher signal in tumor than in normal surrounding mucosa (105.86 14.45 and 22.536 2.94
a.u., respectively; P , 0.0001). H&E and PARP1 immunohistochemistry staining confirmed presence of tumor. ****P , 0.0001. IHC 5

immunohistochemistry.
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could be delineated solely on the basis of PARP quantification.
Some tissues have physiologic PARP1 expression, especially those
with high cellular turnover, such as the cervical squamous epitheli-
um at the transformation zone. Thus, we have demonstrated that
even though PARP1 expression is higher in cervical squamous mu-
cosa than in stroma, it is significantly lower than in tumor. In this
study, because of 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 tissue allowed visualiza-
tion of cervical cancer cells, after staining
with PARPi-FL, using a handheld confocal
microscope. We demonstrated, using ex
vivo fresh cone biopsy samples, that topi-
cal application of PARPi-FL on the cervix
is feasible, is capable of identifying tumor
cells, and can potentially lead to a novel di-
agnostic tool for fast tumor cell identifica-
tion, allowing imaging of cervical cancer
in real time.
In vivo confocal microscopy has been of

great interest since it allows for visualiza-
tion of abnormal tissue without the need
for an incisional biopsy. Both fluorescence
and reflectance confocal microscopy tech-
nologies are being studied in several other
malignancies. We describe the use of a
handheld fluorescence microscope
equipped with a blue laser (excitation, 488;
emission, .510) to detect the fluorescence
signal arising from a contrast agent, PAR-
Pi-FL, that is specifically bound to PARP1
overexpressed in cancer cells. It is impor-
tant to emphasize that PARPi-FL signal is
in the green spectrum and that autofluores-

cence emission is also a component of the same spectrum. The
broader autofluorescence peak width, however, allows us to sepa-
rate specific (PARPi-FL) and nonspecific (autofluorescence) emis-
sions. To achieve specific imaging, autofluorescence was being fil-
tered using a band-pass filter (515–575 nm). PARPi-FL is able to
maintain target affinity once it has been modified on the cyclopro-
pane end of the olaparib scaffold, a region that is not essential for
binding (33–35). Dyes in the near-infrared spectrum were

FIGURE 5. Imaging of cervical dysplasia with PARPI-FL stain and handheld confocal imaging in
operating room before final pathology report. Standard-of-care assessment was used. (A) Patient
harbored CIN type 1 of cervical os. Images from lesion demonstrated cells arranged in slightly disor-
ganized manner, with nuclei of different sizes and shapes. Image depth is 4 lm. (B) Overview of
specimen.

FIGURE 6. PARPi-FL imaging of excised clitoris with invasion from vulvar squamous cell carcinoma. (A) Patient biospecimen ex vivo. Dotted area (1)
corresponds to tumor, and surrounding area (2) corresponds to benign margins. In bottom row, images acquired with handheld confocal microscope
demonstrate tumor cells with enlarged nuclei that were different in size and arranged in very disorganized manner. Tissue depths are 4 lm in tumor and
6 lm in normal tissue. (B) H&E staining showed that tumor was restricted to small area in tissue, represented by number 1. PARP1 immunohistochemis-
try corroborated confocal findings since PARP1 expression was absent in stroma (2) but present in tumor (1). (C) Quantification of PARPi-FL uptake in tu-
mor and normal tissue. Fluorescence signal was significantly (P, 0.0001) higher in tumor area than in normal surrounding tissue. ****P , 0.0001. IHC5

immunohistochemistry.
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previously investigated and reported but did not 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 the tissue when applied topical-
ly. With minimal effort and time, its signal was detected by the
handheld confocal microscope, allowing its use to obtain cellular
resolution of the porcine cervix. As expected, the nuclei of normal
tissue were considerably organized, with a homogeneous size and
shape. When cone biopsy samples with tumor were imaged, PAR-
Pi-FL showed higher uptake in lesions than in surrounding normal
tissue (Figs. 4 and 5), corresponding to PARP1 immunohisto-
chemistry expression in those areas. The tumor cells showed a dis-
organized pattern and heterogeneously shaped nuclei, which were
easily discernible through PARPi-FL staining.
In addition, the fact that we found PARPi-FL uptake in CIN

type 1 is not surprising since PARP1 expression is present not
only in the basal layer but also in squamous dysplasia (15). Impor-
tantly, different grades of cervical dysplasia are defined by the
amount of immature squamous cell proliferation involving the mu-
cosal thickness (CIN type 1, involving one third of the thickness
of the epithelial layer; CIN type 2, involving one to two thirds;
and CIN type 3, involving more than two thirds). Confocal micros-
copy picks up the fluorescent signal that arises from a single layer
of cells (the xy-plane), which is ideal for cellularly resolving that
layer and confirming the 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 technolo-
gy, such as a handheld epifluorescence tool, that could integrate
fluorescence arising from the total thickness of the dysplastic area
would be a promising asset for distinguishing between the differ-
ent grades of CIN and tumor. Additionally, PARPi-FL could be
used to assess suspected lesions in real time or potentially replace
acetic acid, serving as a more precise guide for biopsies or replac-
ing the need for biopsy.
Lastly, although further studies are necessary to define the sen-

sitivity and specificity of the tracer, our data suggest that PARPi-
FL would work well for cancer screening during colposcopy
procedures. It might also play a role in intraoperative imaging as a
guide for tumor resection margins during loop electrosurgical ex-
cision or cone procedures, as the current approaches to determin-
ing the tumor boundaries rely on the expertise of the surgeon and,
ultimately, the final pathology report. To date, no technology al-
lows in vivo histologic determination of cervical lesions, and no
intraoperative tumor marker is available to ensure clear margins,
resulting in additional procedures should positive margins be not-
ed in final pathology reports.

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 handheld fluorescence
confocal microscope. This tracer has the potential to improve tu-
mor identification on colposcopy examination by allowing real-
time histology assessment.
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KEY POINTS

QUESTION: Can the difference in PARP1 expression between tu-
mor and normal tissue, and therefore PARPi-FL uptake, be ob-
served when imaging cervical lesions?

PERTINENT FINDINGS: PARPi-FL is a topical fluorescent tracer
that targets the PARP1 enzyme in the DNA repair chain, overex-
pressed in cervical adenocarcinoma. After topical application,
PARPi-FL signal could be picked up by a handheld confocal
microscope, allowing cellular resolution of cervical lesions.

IMPLICATIONS FOR PATIENT CARE: PARPi-FL signal can be
picked up by a handheld confocal microscope, allowing cellular
resolution of those lesions. We believe that our tracer has transla-
tional potential and might offer advantages over the current stan-
dard of care.
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