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Abstract

Background: In patients diagnosed with cervical cancer, the purpose of
lymphadenectomy is the removal of lymph nodes for diagnosis and potential treat-
ment of metastasized tumor cells. It is unclear if afferent lymphatic vessels harbor
tumor cells and, thus, may pose additional risk for recurrence or progression if not
removed.

Aim: In this feasibility study, we analyzed the lymphatic vessels afferent to sentinel
lymph node (SLN) using a highly sensitive and specific molecular marker for cervical
cancer cells.

Methods and Results: Twenty patients diagnosed with cervical cancer of FIGO stage
IA1 to IIB2 underwent laparoscopic SLN removal. Labeling was done using patent
blue and the afferent lymphatic vessels were harvested from the parametric tissue
and frozen at —80°C. HPV DNA type was evaluated in the primary tumor. Lymphatic
vessels afferent to the sentinel lymph nodes were analyzed for the presence of viral
oncogene transcripts of the respective HPV type. In one of 18 patients, all with
tumor stage <IBI and pNO by conventional histopathology, HPV mRNA could be
detected in two of four lymphatic vessels, whereas at least one of the lymphatic ves-
sel biopsies of both patients with tumors >4 cm and pN1 status was HPV mRNA pos-
itive. No clinical correlation with recurrence after a median follow-up of 9 years was
noticed.

Conclusion: HPV mRNA indicative of disseminated tumor cells could be detected in
lymphatic vessels. The relevance of harvesting lymphatic vessels afferent to SLN in
order to increase oncologic safety will have to be investigated in a future prospective

study.

Abbreviations: cDNA, complementary DNA; CxCa, invasive cervical carcinoma; HE, hematoxylin-eosin; ICG, indocyanine green; qRT-PCR, quantitative real-time PCR; STR, short tandem repeats.
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1 | INTRODUCTION

In patients with cervical cancer, metastatic spread to lymph nodes is
the most important prognostic marker and is decisive for the selection
of therapy. Histopathological examination is standard medical care for
the past 100 years. In order to decrease morbidity associated with
systematic lymphadenectomy, sentinel lymph node removal is
accepted for women with low volume tumors.! To avoid false-
negative results associated with selective bilateral pelvic sentinel
lymph node harvesting, ultra-staging was investigated in order to
identify micrometastasis and isolated tumor cells. Immunohistochemi-
cal staging for cytokeratin markers is simple and convenient? but its
clinical predictive value is controversially discussed.> In terms of
molecular markers, it was shown that HPV type specific mRNA (viral
oncogene transcripts) is not only more specific than cytokeratin19
mRNA for the detection of tumor cells but is also of prognostic signifi-
cance in patients with pNO status.®”

Several studies have recently been initiated to reduce radicality
of treatment where only sentinel lymph nodes and no parametria are
removed,®1° leaving afferent lymphatic vessels accompanied with
minute lymph nodes in situ. Tracers such as patent blue or infrared

1112 3llow identification of small

fluorescence from indocyanine green
lymphatic vessels, whereas radioactive labeling is only suitable for
lymph node identification alone.

Selective removal of SLN without the afferent lymphatic vessels
and/or preservation of the parametria, which contain the afferent ves-
sels, may lead to the risk that tumor cell containing lymphatic vessels
remain in situ and may lead to loco-regional recurrence. In our study,

we address the following questions:

e Do lymphatic vessels afferent to the sentinel lymph node contain
micrometastasis or isolated tumor cells?
e Does presence or absence of tumor cells in lymphatic vessels

correlate with the histopathologic status of the respective SLN?

2 | MATERIALS AND METHODS

21 | Patients

In this monocentric prospective study, 20 patients (aged 26-47 years,
median 33.5) with stage IA1 to IIB2 cervical cancer predominantly of
squamous cell histologic type were included (Table 1). Fourteen
patients were treated by applying the sentinel concept concurrent
with surgical removal of the tumor. For three further patients, beside
SLN detection, complete lymphadenectomy (LNE) was performed
concurrent with tumor surgery. For the remaining three patients, only

pelvic LNE or pelvic and para-aortic LNE staging was conducted.

Sentinel lymph nodes were identified by laparoscopy using patent
blue as a tracer. In our cohort, two patients with tumors >4 cm were
included because of the high likelihood to detect HPV mRNA in lym-
phatic vessel biopsies. Of each patient, at least one tissue sample com-
prising afferent lymphatic vessels (ie, leading from the primary tumor
to the SLN) was removed and shock frozen at —80°C for subsequent
molecular analysis. For one of the two patients with large tumors, no
SLN could be detected, instead one lymphatic vessel biopsy afferent
to a lymph node and a lymph node biopsy were taken. After surgery,
all lymph nodes were paraffin-embedded and examined by standard

histologic examination. Ultra-staging of SLN was not performed.

2.2 | HPV-genotyping of primary tumors
HPV-genotyping was performed using genomic DNA extracted from
FFPE primary tumors. Thirty-seven different genital HPV types, including
all hrHPV types, can be amplified by the GP5+ and GP6+ bio assay.*®

2.3 | STR analysis

Sample identity of all primary cancers and their corresponding lymph
vessel biopsies were confirmed by STR analyses. The standard ESS
DNA profiles (amelogenin, vWA, SE33, THO1, D21S11, D851179,
D3S1358, FGA, D18S51, D16S539, D19S433, D1S1656, D25441,
D251338, D10S1248, D125391, and D2251045) were obtained by
amplification with the multiplex PCR Kits Powerplex ESX17 Fast
(Promega) and ESSPlexSE QS (Qiagen) following the manufacturer's
instructions with reduced PCR volume of 12.5 puL employing 1 ng
DNA. A positive control (corresponding to the respective multiplex
kits) and a negative control (sterile water) were analyzed in each
amplification. All amplifications were done in a T3000 Thermal Cycler
(Biometra, Gottingen, Germany). Amplification products were sepa-
rated and detected on the ABI3500 Genetic Analyzer (ThermoFisher).
Alleles were assigned in comparison to the corresponding allelic lad-
ders. Electrophoresis results were analyzed with GeneMapper ID-X
Software. Allele peaks were interpreted when greater than or equal to
100 RFUs.

2.4 | Serial sectioning of lymphatic vessel biopsies
for hematoxylin-eosin staining, immunohistochemical
analyses, and RNA extraction

Frozen tissue samples of lymphatic vessels afferent to the sentinel
nodes were carefully embedded in TissueTec for sectioning. All steps

were conducted in a HPV-free laboratory to avoid contamination.
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TABLE 2 Primers used for qRT-PCR

Gene GenBank
HPV16 K02718.1
E6*I nt 103-4272
E7 nt 563-666

HPV18 AY262282.1
E6*I nt 120-426°

E7 nt 751-841

GAPDH M33197.1
nt 923-1041

!Cancer Reports ﬂI—WI LEY_L 5°°

Sequence 5'-3' Size (bp) Ta (°C)
F AATGTTTCAGGACCCACAGG 143 57

R CTTTTGACAGTTAATACACCTCACG

F TGCATGGAGATACACCTACATTG 104 57

R CTCCTCCTCTGAGCTGTCATTTA

F GATCCAACACGGCGAC 125 57
R ACCGCAGGCACCTCT

F CGAACCACAACGTCACACA 91 57
R TCGAAGGTCGTCTGCTGAG

F GCGACACCCACTCCTCCACC 119 57
R GAGGTCCACCACCCTGTTGC

Abbreviations: F, forward; R, reverse; Ta, annealing temperature.
2E6*| splice HPV16 nt 226-409 and HPV18 nt 234-415.

Serial tissue sections (7 pm) were prepared of which the first and last
sections were hematoxylin-eosin (HE) stained. The flanking sections
were used for immunohistochemical staining of cytokeratins (AE1/3) and
podoplanin (D2-40). RNA was extracted from 20 to 30 consecutive sec-
tions (10 pm) flanked by the sections for immunohistochemistry using
NucleoSpin RNA Plus XS kit (Machery-Nagel) according to the manufac-
turer’s recommendation, which also included DNase treatment. An ovar-
ian cancer biopsy was sectioned and processed in the same way at

intervals of five lymphatic samples and served as negative control.

2.5 | Detection of HPV oncogene transcripts in
lymphatic vessels

2.5.1 | cDNA synthesis

RNA concentration and quality were determined by spectrophotometry
(NanoDrop ND-1000) and gel electrophoresis. Up to 500 ng of total RNA
was reverse transcribed in a 20 pL reaction comprising 20 pmole CDS
primer (5'-T3oVN-3'), 0.5 mM of each dNTP, 50 mM Tris-HCI (pH 8.3),
75mM KCl, 3mM MgCl, 10 mM DTT, 20 U RNaseOUT, and 100 U
SuperScript Il Reverse Transcriptase (ThermoFisher Scientific). To allow
optimal annealing, primer and RNA were incubated at 70°C for 10 minutes
and quick chilled on ice. The remaining reagents were then added in the
form of a master mix and cDNA synthesis was done at 42°C for 1 hour.
The reaction was stopped at 70°C for 15 minutes and stored at —80°C
until PCR analyses. A second round of cDNA synthesis was done with a

hexanucleotide primer (50 pmole per reaction) instead of the CDS primer.

2.5.2 | Quantitative PCR

Quantitative PCRs (qPCRs) were performed in triplicate runs with
assays designed to detect GAPDH and E6*I-E7 transcripts. For the

detection of E6*I-E7 transcripts, mMRNA primer pairs for E6*l and E7,
respectively, were used (Table 2). Both CDS- and hexanucleotide-
primed cDNAs were analyzed, thereby providing for each sample six
PCR results per target. The reactions consisted of 10 puL Fast Start
Universal SYBRGreen-Master Mix (Roche Applied Science,
Mannheim, Germany), 5 pmole forward and reverse primer each, 2 pL
cDNA template, and was adjusted to 20 pL with aqua dest. Cycling
included a 10 minutes initial denaturation step at 98°C, 40 cycles of
15 seconds denaturation (98°C), 20 seconds annealing (60°C), and
40 seconds elongation (72°C) and 10 minutes final elongation step
(72°C). The melting temperature of the PCR product was determined
to ensure specificity.

All samples were analyzed for the presence of E6*I-E7 mRNA of
HPV16 and HPV18, respectively. By this approach, the samples from
patients with HPV16 positive tumors served as negative controls for

the HPV18 assays and vice versa.

2.5.3 | Algorithms for HPV mRNA scoring

A previous study has shown that the gPCR assays applied here have
an analytical sensitivity of one tumor cell equivalent in a background
of 10° HPV-negative HaCaT cells.® To account for stochastic effects
in samples with low template numbers, we conducted triplicate
gPCR runs using two independently generated cDNAs. To be scored
positive for HPV mRNA at least one of six reactions, both for E6*I
and E7, respectively, had to be positive. These requirements are
based on the fact that the most abundant HPV mRNA species in cer-
vical cancers is polycistronic and comprises a spliced E6 open read-
ing frame (E6*l), E7 and further downstream viral genes.®1%15
Moreover, the incorporation of a splice-specific PCR (E6*]) excluded
the detection of contaminating viral DNA. Although the Ct values
for GAPDH ranged from 19 to 29, all samples were scored for the
presence of HPV mRNA.
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2.6 | Immunohistochemical staining for multi-
cytokeratins (AE1/AE3) and podoplanin (D2-40)

In order to assess the histology of the lymph vessel biopsies, sections
flanking the tissue for RNA extraction were stained for the epithelial
cells (AE1/3) and lymphatic cells (D2-40). Briefly, cryosections of
7 pum thickness were fixed on Superfrost Plus slides with 4% parafor-
maldehyde for 10 minutes. Slides were washed with tris-buffered
saline (50 mM Tris, 150 mM NaCl) and 0.1% Tween-20 (TBST) and
incubated in 0.6% H,0, for 7 minutes. Staining was performed for
1 hour at room temperature with AE1/3 (Dako) diluted to a final con-
centration of 1.7 pg/mL and podoplanin D2-40 (Dako) diluted to a
final concentration of 0.5 pg/mL. For detection, the DAKO EnVision
System was used according to the manufacturer's protocol. Finally,
slides were counterstained with hematoxylin, dehydrated in alcohol,

equilibrated in xylol, and embedded using RotiHistokitt (Roth).

3 | RESULTS
3.1 | Histological assessment of lymphatic vessels
biopsies

The presence of lymphatic vessels could be confirmed in HE-stained
sections in all but one biopsy (Figure 1). In most biopsies, varying
amounts of fat, connective tissue, blood vessels, and nerve cells were
also evident. Moreover, in 10 biopsies, small lymph nodes (<1 mm)
were also detected (Table 1 and Figure 1). One biopsy comprised a

lymph node with metastatic disease.

3.2 | Detection of HPV oncogene transcripts

Four of 33 lymphatic vessel biopsies of 18 patients with HPV16 posi-
tive primary tumors were positive for low levels of HPV16 E6*I-E7
oncogene transcripts. Ct values were in the range of 35 to 39, and
multiple testing revealed stochastic effects characteristic for the
detection of single tumor cells (see definition of HPV mRNA positivity
in Section 2). As expected, the lymph node with metastases (patient
#9) revealed high levels of oncogene transcripts (Ct value 19). For this
biopsy, transcript concentration was 4-fold higher than that detected
in an equivalent amount of cDNA derived from HPV16-positive SiHa
cells. All six lymphatic vessel biopsies from two patients with HPV18
positive primary tumors were negative for HPV16 mRNA. This was
also the case for all ovarian cancer control sections prepared intermit-
tently when sectioning the lymphatic vessel biopsies. None of the
HPV18
HPV18-positive C4-l cells served as positive control. Repeated dilu-

biopsies were positive for oncogene transcripts.
tion experiments of RNA derived from HPV-positive SiHa and C4-I
cells in a background of RNA from 5 x 10* HPV-negative HaCaT cells
allowed the reliable detection of HPV oncogene transcripts

corresponding to a 1 to 2 SiHa or C4-| cells per PCR reaction.

3.3 | Correlation between HPV-positive lymphatic
vessels and the histopathology of the corresponding
lymph nodes

With exception of two cases (ID #9 and #12 in Table 1), all patients
were pNO. One lymphatic vessel biopsy of each patient with pN1 sta-
tus contained HPV16 oncogene transcripts. In another patient, two of
four lymphatic vessel biopsies were HPV mRNA positive despite pNO
status (ID #19, Table 1). The details of the above three cases are as
follows:

ID #9: The only patient in this cohort without identifiable sentinel
lymph nodes. Thirty-five of 44 lymph nodes were positive for metas-
tasis by final histopathological assessment. In this patient, beside one
lymphatic vessel biopsy, a lymph node biopsy was also taken for HPV
mRNA analyses. Both biopsies were taken from different sites. The
lymph node (left) contained high levels, and the lymphatic vessel
(right) contained low levels of oncogene transcripts, respectively.

ID #12: Three unilateral sentinel lymph nodes on the right side
were free of metastasis by final histopathological assessment. Two of
11 pelvic lymph nodes on the left side were positive by histopathol-
ogy. Besides, 19 left-sided para-aortic lymph nodes and 13 right-sided
para-aortic lymph nodes were negative. The lymphatic vessel biopsy
afferent to one of the right sentinel nodes contained low levels of
oncogene transcripts. Two further para-aortic lymph vessel biopsies
were HPV mRNA negative.

ID #19: Overall, three pelvic sentinel lymph nodes, one on the
left, two on the right side, were detected. There was no evidence of
metastasis by final histopathological assessment. Two of three lym-
phatic vessel biopsies afferent to the right sentinel nodes contained
low levels of oncogene transcripts. The lymphatic vessel on the left
side was HPV mRNA negative.

Overall, the presence of low-level HPV oncogene transcripts in
lymphatic vessels does not correlate with the histopathology of the

corresponding sentinel lymph nodes.

3.4 | Comparison between HPV mRNA status of
lymphatic vessels and AE1/3 staining

RNA extracted from 20 to 30 consecutive tissue sections was used
for HPV mRNA analyses. Sections flanking the tissue for RNA extrac-
tion were used for HE staining and immunohistochemical staining for
cytokeratins (AE1/3). The only biopsy (#2884, patient 9) with a high
level of HPV16 oncogene transcripts was taken from a lymph node
biopsy harboring a metastasis. In four lymphatic vessel biopsies, only
low levels of HPV16 oncogene transcripts indicative of single tumor
cells could be detected. For one of these biopsies (#2874, patient 9)
single AE1/3 positive cells could be detected albeit not clearly within
a lymphatic vessel (Figure 1). Two other biopsies (#2854, patient
14 and #2938, patient 20) with single AE1/3 positive cells were nega-
tive for HPV mRNA. Of note is that the AE1/3 positive cells in #2854

probably resulted from endosalpingiosis. Overall, the number of lymph
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FIGURE 1 Top row: Biopsy #2678 of patient 2 comprising a small lymph node and podoplanin stained lymphatic vessels (x10 and x20).
Bottom row: Lymphatic vessels showing AE1/3 stained tumour cells (arrows) at two different sites in biopsy #2874 of patient 9 (x40)

vessel biopsies is too small for a valid comparison of mRNA detection

and immunohistochemical staining.

4 | DISCUSSION

The presence of circulating tumor cells in blood is an independent pre-
dictive factor in cancer, for example, breast, prostate, colorectal,*® and
locally advanced cervical cancer of patients undergoing primary
chemoradiation.!” However, early stage cervical cancer metastasizes
exclusively via lymphatic vessels and circulation of tumor cells in the
bloodstream appears as a late event in women diagnosed with cervical
cancer.*® Histopathological detection of tumor cells in lymphatic ves-
sels of the tumor (L1) is associated with the presence of lymph node

metastasis and, thus, a worse prognosis for the patient.*?

Therefore,
the question must be asked if removal of lymphatic vessels can be of
diagnostic and potentially therapeutic value? This becomes even more
important since the introduction of targeted sentinel lymph node
harvesting and disregarding systematic lymphadenectomy and omit-
ting connective tissue close to the uterus in situ, which contains lym-

phatic vessels and small lymph nodes. There is no previous report on

the presence of molecularly detected tumor cells in lymphatic vessels
associated with the sentinel lymph node. We show that in the case of
one of 18 patients, all with tumor stage <IBI and pNO status by con-
ventional histopathology, two of four lymphatic vessels leading to the
sentinel lymph node were HPV mRNA positive. It may thus be postu-
lated that lymphatic vessels should also be harvested together with
the sentinel node to decrease the risk of leaving viable tumor cells
behind, especially when no adjuvant therapy is planned. Since only
color staining allows the detection of lymphatic vessels, a radioactive
marker alone is suboptimal for the implementation of the sentinel
concept and if used should be combined with a color tracer such as
patent blue and/or ICG.

Somewhat unexpected is the observation that three lymphatic
vessel biopsies afferent to sentinel nodes harbored HPV mRNA
although the sentinel nodes were free of metastasis by histopathology
(ID #12 and 19 in Table 1). The most likely explanation for this phe-
nomenon is that micro-metastases were missed by conventional
histopathology.

In two patients (ID #12 and #13), sentinel lymph nodes were
detected only unilaterally, and in one patient (ID #9) detection failed

completely. This finding is not uncommon for patients with tumors
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>4 cm (patients #9 and #12) and is attributed to the presence of
tumor cells blocking the spread of the dye.?

It should be emphasized that viral oncogene transcripts are highly
specific molecular markers for the detection of viable tumor cells. The
constitutive expression of viral E6 and E7 genes is required for the
maintenance of the transformed phenotype.?° In the context of lymph
nodes or lymphatic vessels, the detection of HPV DNA would not
allow to discriminate between viable tumor cells and fragmented viral
DNA in lymphocytes or its presence in interstitial fluid. In two recent
studies, using commercially available kits, 4 out of 125 (3.6%) and
9 out of 134 (8%) histologically free lymph nodes were positive for
viral oncogene transcripts.??2 These observations are in line with
previous studies®” and underscore the high diagnostic potential of
viral oncogene transcripts.

Due to the small number of patients and the surgical resection of
afferent vessels in our study, we cannot hypothesize if removal of
tumor cell containing lymphatic vessels is of therapeutic value. In the
three patients with positive lymphatic vessels no recurrence of tumor
was observed after more than 5 years follow-up. Only 1 out of
20 patients (ID# 6) recurred locally, underwent surgery and
chemoradiation, and is free of disease with a follow-up of more than

6 years: her lymphatics were free of HPV mRNA.

5 | CONCLUSION

HPV mRNA indicative of disseminated tumor cells could be detected
in lymphatic vessels. The relevance of harvesting lymphatic vessels
afferent to SLN in order to increase oncologic safety will have to be
investigated in a future prospective study. Moreover, in such a study,
the tissue sections, which would normally be discarded during ultra-
staging of SLN, could be used to determine HPV mRNA levels and

would thus also permit a direct comparison of both approaches.

5.1 | Limitations

Although the primary aim of this study was to provide evidence for
disseminated tumor cells in lymphatic vessels, ultra-staging of the
respective SLN would have provided valuable additional information.
Clearly, routine histopathological examination of SLN is not sensitive
enough to detect micro-metastases or small tumor cell clusters. This

aspect will be kept in mind for conception of a subsequent study.
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