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Abstract

We report here the case of a young patient with metastatic clear-cell sarcoma of the kidney resis-
tant to standard chemotherapy, and with complete response under sorafenib treatment. The re-
markable response of her tumor to sorafenib led us to study sorafenib molecular targets in the
metastatic tissue. Background: Biomarkers predicting response to anti-angiogenic tyrosine kinase
inhibitors remain to be identified. Methods and Findings: In this paper, we studied the molecular
targets of sorafenib in the lung metastasis of a kidney clear-cell sarcoma. In a patient with com-
plete response under sorafenib treatment, we showed high VEGFR2 expression by tumor endo-
thelial cells from the lung metastasis. Conclusion: The original mechanistic results that we ob-
tained using immunostainings and quantitative RT-PCR on laser-microdissected tumor endotheli-
al cells have a direct application in daily clinical practice: metastatic tumors with a large angi-
ogenic component should be tested for VEGFRs expression to consider anti-angiogenic tyrosine
kinase inhibitor treatments.
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1. Introduction

In the last ten years, anti-angiogenic drugs have proved to be efficient in the treatment of metastatic cancers.
Sorafenib and sunitinib, two tyrosine kinase inhibitors (TKIs), have been approved for daily clinical practice.
Pre-clinical data show that these two drugs act through their pro-apoptotic effect on endothelial cells [1] [2]. In
patients with metastatic renal cell carcinoma treated with sunitinib, dynamic imaging detects micro-vessel
changes and necrosis as early as the second week of treatment [3]. However, biomarkers predicting response to
anti-angiogenic TKIs remain to be identified [4].

Clinical studies have tested constitutional pharmacogenomic markers [5] [6], or tumor-linked markers in se-
rum or tissue [7], with few generalizable results [8]. Most tissue-based analyses have been performed on prima-
ry tumors without integrating the recent concept of primary tumor heterogeneity [9] [10]. They are also per-
formed on tumor cells [ 1 1] and not on separated tumor endothelial cells.

In this study, we showed high VEGFR2 expression by tumor endothelial cells from the lung metastasis of a
kidney clear-cell sarcoma, in a patient with complete response under sorafenib treatment.

2. Methods
2.1. Assessment of Microvessel Density

We assessed microvessel density on tissue sections of the lung metastasis of the clear-cell sarcoma. An indirect
immunoperoxidase method was performed on Sum-thick tissue sections, using a rabbit polyclonal anti-human
anti-CD34 antibody (Sigma-Aldrich, France) as primary antibody, and an anti-rabbit OmniMap detection kit
(Roche diagnostic, Meylan, France). The systematic controls used were absence of primary antibody and use of an
irrelevant primary antibody of the same isotype.

For all tissue sections, the count of CD34-positive microvessels was performed using a ProvisAX70 micro-
scope (Olympus, Tokyo) with wide-field eyepiece number 26.5, providing a field size of 0.344 mm® at x400
magnification. Microscopic pictures were captured using a Color View III digital camera, and analyzed using
Olympus-SIS Cell F software. CD34-poitive microvessels were counted on ten different fields at X400 magni-
fication. Results were expressed as the mean + standard deviation.

2.2. Double Immunofluorescence Stainings

Double fluorescent immunostainings were performed using the following primary antibodies: a rabbit anti-
CD34 antibody (polyclonal human, Sigma-ald, Germany) coupled with donkey anti-rabbit IgG H&L Alexa
Fluor 555 (polyclonal rabbit, 1/200, Abcam, UK); human VEGFR1/Flt-1 and VEGF R2/KDR antibodies (mo-
noclonal mouse, 1/100, R&D Systems, USA) coupled with a donkey anti-mouse IgG H&L Alexa Fluor 488
(polyclonal, 1/200, Abcam, France); the human PDGFRa and PDGFRp antibodies (monoclonal mouse, 1/100,
R&D Systems, USA) coupled with a donkey anti-mouse IgG H&L Alexa Flour 488 (polyclonal, 1/200, Abcam,
France). Multiple fluorescence analyses were performed by two pathologists (AJ, CL) on a motorized Z-axis
Olympus (Tokyo, Japan) BX 61 microscope. Microscope images obtained through a UPlan FI 100%/1.3 NA ob-
jective were captured with a ColorView III digital camera using Olympus-SIS Cell F software.

2.3. Laser-Microdissection of Tumor Endothelial Cells

For laser-microdissection of tumor endothelial cells, two metastatic tumor samples have been used: 1) the lung
metastatic sample of our young patient with a metastatic clear cell sarcoma of the kidney; 2) a lung metastatic
sample of a patient with a metastatic renal cell carcinoma treated with sunitinib and responsive to treatment.
Response to sunitinib treatment was defined according to Response Evaluation Criteria in Solid Tumors [12].
After 3 months of treatment, the responder patient had a 35% tumor response using computed tomography.

Seven-micrometer-thick paraffin sections were spread on membrane coated slides and stained with a direct
immunofluorescence method. Tissue microdissection was performed with the laser microbeam microdissection
system (Zeiss, Germany). A 337 nm UV-laser was used to catapult small tissue fragments directly into the cap of
a sample tube without any mechanical contact. Endothelial cells microdissected were catapulted in separate vials
containing 150 uL of lysis buffer (Proteinase digest buffer from RNeasy-Mini-Kit (Quiagen, Les-Ulis, France)),
then incubated for 15 minutes at 56° C and proteinase K was inactivated by heating at 80°C for 15 minutes.
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2.4. Quantitative Real-Time PCR of Sorafenib Molecular Targets

Total RNA was extracted from microdissected cells using R Neasy-Mini-Kit (Qiagen, Les-Ulis, France), quanti-
fied on NanoDrop and qualified on Bio-Rad Experion™ Automated-Electrophoresis-Station (BioRad/Marnes-
la-Coquette/France). Human umbilical vein endothelial cells (HUVEC) were used as calibrator. For RT-qPCR,
total RNA was reverse-transcribed using random primers with SuperScript' " II-Reverse-Transcrip-tase (Invi-
trogen/Saint-Aubin/France). The qPCR reactions were performed using fluorescent probes on a CFX96 Real
Time System (Bio-Rad, USA). Reference gene was human 7BP with the primer Hs99999910 ml, a blank sam-
ple (no cDNA) was included, and experiments performed in triplicate, with each sample in duplicate on the PCR
plate. The results were expressed as — ACq (quantification cycle), ACq = Cy(gene tested) — Cy(reference gene)
[13].

The following human genes were analyzed: VEGFRI [Hs01052936 ml], VEGFR2 [Hs00176676 ml],
PDGFRA [Hs00183486 _ml1], PDGFRB [Hs00199831 ml], and FLT3 [Hs00975659 ml].

2.5. Case Presentation and Results

A localized nephroblastoma of the left kidney was diagnosed in a 13-year-old Vietnamese girl. She underwent
radical left nephrectomy and post-surgery chemotherapy. In accordance withthe National Wilms Tumor Study/
Child Oncology Group (NWTS/COGQG) protocol, she received a total of 17 weeks of vincristine plus dactinomy-
cin. Fourteen months later, she developed a single 4.5cm lung metastasis. She received vincristine, doxorubicin
and cyclophosphamide, but after six weeks of treatment, the lung metastasis had progressed and was removed
surgically. Three months later, the lung metastasis had grown back (Figure 1(a)-left panel), and this led us to

At beginning of sorafenib treatment After 3 months of treatment

LEet

Figure 1. (a) Lung metastases (white arrows) on computed tomography at the beginning of sorafenib treatment (left panel),
and their disappearance after 3 months of treatment (right panel); (b) Hematoxylin-eosin coloration shows the clear-cell sar-
coma (left panel), with numerous microvessels stained with CD34 antibody (right panel). X200 magnification.
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reconsider the initial diagnosis of nephroblastoma. A second pathologist expertise (JV) concluded to clear- cell
sarcoma (Figure 1(b)-left panel), with tumor cells expressing vimentin but not EMA, cytokeratin 20, protein
S100 and neuron-specific enolase. The lung metastasis had a high mean vascular density of 12 (+4) CD34- ex-
pressing microvessels per field at x400 magnification (Figure 1(b)-right panel). This angiogenic characteristic
of the metastasis led us to propose a treatment with sorafenib, at a daily dose of 400 mg, to avoid the toxicity
observed in the Asian population at daily doses of 800 mg [14]. After 3 months of treatment, a complete re-
sponse was found on computed tomography (Figure 1(a)-right panel), and the patient had no toxicity. Now, af-
ter 18 months of sorafenib treatment, the patient is still alive without any sign of disease.

Sorafenib is currently used for the treatment of metastatic or locally advanced renal cell carcinoma, hepato-
cellular carcinoma, and thyroid carcinoma. For metastatic clear-cell sarcoma, cytotoxic drugs are currently used
[15]. For our patient, a personalized therapeutic approach of the lung metastasis was chosen because: 1) ithad
progressed in spite of two lines of chemotherapy; and 2) it was highly angiogenic. The remarkable response of
her tumor to sorafenib led us to study sorafenib molecular targets in the metastatic tissue.

In preclinical studies, the main targets of sorafenib are vascular endothelial growth factor receptors (VEGFRs)
and platelet-derived growth factor receptors (PDGFRs) [2].

Using multiple immunofluorescence staining on the lung metastasis of our patient (see Supplementary me-
thods), we showed that CD34-expressing endothelial cells co-expressed VEGFR1 or VEGFR2 (Figure 2(a)),
but not PDGFRa nor PDGFRS.

On the same metastatic sample, we laser-microdissected CD34-expressing endothelial cells (Figure 2(b)).
After mRNA extraction, we assessed the expression level of the same sorafenib molecular targets using quantit-
ative RT-PCR. We used human umbilical vein endothelial cells (HUVEC) as a positive control because they
have a higher sensitivity to sorafenib, and a higher VEGFR2 protein expression than tumor endothelial cells
sorted from human cancers [16] [17]. To overcome the problem of the difference between endothelial cell lines
and tumor endothelial cells selected from the lung metastases using laser-microdissection, we also included in
this study laser-microdissected tumor endothelial cells from lung metastases of a patient with renal cancer res-
ponsive to sunitinib treatment.

The levels of mRNA expression found in laser-microdissected tumor endothelial cells from our patient, from
the metastatic control sample, and in the HUVEC were high for VEGFR2 (—AC, = 18.9, 19.2, and 20.9 respec-
tively). They were lower for VEGFR1 (-ACy = 15.1, 10.8, and 18.3 respectively), and even more so for
PDGFRa (wACq = 0, 17.9, and 6.6, respectively), PDGFRS (—AC, = 6, 14.2, and12.7, respectively), and FLT3
(—ACy=4.6, 5 and 5.7 respectively) (Figure 2(c)).

3. Discussions

The relationship we found between VEGFR2 expression by endothelial cells and response to sorafenib in our
patient was not found in a previous study on primary renal cancers from 23 metastatic patients treated with suni-
tinib, another TKI [18]. This discrepancy could be linked to the fact that we separately analyzed tumor endo-
thelial cells selected using laser-microdissection.

Convincing data support the idea that tumor endothelial cells sorted from human cancers are not normal en-
dothelial cells, and that they have their own phenotype [16] [17]. Using murine xenografts from three human
cancer cell lines, we have shown that sunitinib induces different apoptotic damages in endothelial and tumor
cells according to the cancer cell line injected. We have also shown that the expression levels of sunitinib mole-
cular targets enable the assessment of therapeutic response [ 19].

The original mechanistic results we obtained using immunostainings and RT-qPCR on laser-microdis-
sected tumor endothelial cells have a direct application in daily clinical practice: metastatic tumors with a
large angiogenic component should be tested for VEGFRs expression to consider anti-angiogenic TKI
treatments.
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Figure 2. (a) Multiple staining on the lung metastatic sample shows a co-staining of CD34-expressing endothelial cells with
VEGFR1 or VEGFR2. X200 magnification; (b) CD34-expressing tumor endothelial cells (green) are laser-microdissected to
analyze them separately for mRNA expression of sorafenib molecular target. X400 magnification; (c¢) mRNA expression le-
vels (—AC,) of VEGFR1, VEGFR2, PDGFRa, PDGFRf, and FLT-3 in three types of endothelial cells: 1) HUVEC; 2) la-
ser-microdissected CD34-expressing tumor-endothelial cells from a lung metastasis of a patient responsive to sunitinib
treatment; and 3) laser-microdissected CD34-expressing tumor-endothelial cells from the lung metastasis of our patient with
a clear-cell sarcoma.
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