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Introduction
The purpose of this study is to support the analytical similarity assessment
of immune checkpoint Inhibitors (ICIs) by characterizing the structurefunction relationship of these products using renal cell carcinoma (RCC)
cell lines in vitro. Because there is a metabolic cross-talk between kidney
tumor cells and their microenvironment, we hypothesized that the
metabolism of kidney cancer cells could be reflective of ICIs function, and
therefore could be used as a tool to characterize and compare prospective
biosimilars. Several ICIs will be off-patent in 2024- 2026 and will become
reference products for prospective biosimilars.
RCC is the most common form of kidney cancer. ICIs have been approved
as both first- and second-line therapies for patients with RCC. It is
important to understand how ICIs’ efficacy is affected after sunitinib
resistance and how difference in the structure of these products may affect
their function.

Results and Discussion
Characterization of sunitinib-resistant RCC cell lines
Metabolic analysis shows that sunitinib-resistant cells (7.4 and 4.2) have a
higher oxygen consumption rate (OCR), higher ATP production and
higher spare capacity than their naive counterparts, while the extracellular
acidification rate (ECAR, a surrogate for lactate secretion) decreased
(Figure 1).

RNAseq was performed on sunitinib-resistant cell lines (4.2 and 7.4)
treated with atezolizumab (At), avelumab (Av) and durvalumab (Dur) to
further assess the direct effects of these 3 PD-L1 blocking antibodies.
Expression patterns of metabolic enzymes after ICIs treatment of 4.2 and
7.4 were extracted from RNAseq data and analyzed by IPA analyses.
Although there were each ICI had its own metabolic pattern, overall, the 3
ICI treatments induced a transcriptional expression profile consistent with
enhanced oxidative phosphorylation (panel A) and enhanced glutamine
metabolism (panel B). These data are also consistent with previous data
from the laboratory on RNAseq analyses of the tumors of ccRCC patients
who received and benefited from ICI therapies (data not shown).
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Figure 2. Characterization of sunitinib-resistant RCC cell lines by immunoblotting
and RNAseq.
(A) Western blot analysis of sunitinib-resistant cells compared to naïve cells.
(B) Corresponding RNA level of the proteins analyzed in panel (A) by RNAseq.

Direct metabolic effect of ICIs on RCC cell lines
Metabolic analysis using a Seahorse bioanalyzer shows that ICIs
(PD-L1 blocking antibodies) had variable effects between them and
between naïve and sunitinib-resistant cells.
• In naïve cells, the 3 ICIs had very similar effects on the cells and induced
a small increase in OCR and ATP production.
• In sunitinib-resistant cells, avelumab and durvalumab induced a large
increase in OCR, and ATP production suggesting a rewiring of cell
metabolism towards OXPHOS (Figure 3). This effect was not observed
with atezolizumab.
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Figure 4. Transcriptional expression patterns of metabolic enzymes after ICI
treatment of sunitinib-resistant cell lines.
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Figure 1. Metabolic characterization of the sunitinib resistant cells using a
Seahorse bioanalyzer.
Cells were exposed to oligomycin, FCCP and rotenone/antimycin A to analyze their
basal respiration, ATP-linked respiration, proton leak and spare capacity.

Sunitinib-resistant cells were compared to their naïve
counterparts by immunoblot and RNAseq
Resistance to sunitinib induces an aberrant overexpression of the immune
checkpoint PDL1 and of the tyrosine kinase receptor AXL both at the
protein (by immunoblot, Figure2A) and mRNA level (by RNAseq, Figure
2B), as well as a decrease in STAT3 and LDHA phosphorylation.
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This poster reflects the views of the author and should not be
construed to represent FDA’s views or policies.

• Two RCC cell lines A-498 and 786-O were purchased from ATCC and
two sunitinib-resistant cell lines were created: one for A-498 (named
4.2) and one for 786-O (named 7.4)
• The 2 sunitinib resistant cell lines were created by culturing A498 cells
and 786-O cells under continuous exposure of sunitinib (2-4uM) for
up to 20 passages.
• Naïve and resistant cell lines were characterized by immunoblotting,
metabolic assays (Seahorse bioanalyzer) as well as by RNA seq and IPA
analysis.
• Three commercially available immune checkpoint inhibitors were used
[atezolizumab (At), avelumab (Av) and durvalumab (Dur)] to treat
naïve and sunitinib-resistant cells.
• The effects of ICIs on naïve and sunitinib-resistant cells were
characterized by seahorse analysis and RNA seq followed by IPA
analysis.

Results and Discussion
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Sunitinib, a VEGFR tyrosine kinase inhibitor, has been approved as firstline therapy for patients with advanced renal cell carcinoma (RCC) for over
a decade. However, patients who receive sunitinib treatment gradually
acquire resistance to the drug. Recently, immune checkpoint inhibitors
(ICIs) have been approved as a second-line therapy for individuals with
RCC who developed a resistance to anti-angiogenic therapies. It remains
however unknown how ICIs efficacy is affected by the development of
resistance to anti-angiogenic inhibitors. Thus, our goals are (1) to develop
and characterize an RCC model of resistance to sunitinib and (2) to
compare the efficacy of ICIs between naïve and sunitinib-resistant RCC. We
established 2 RCC cell lines resistant to sunitinib. Characterization of these
cell lines demonstrated an acquired resistance to sunitinib in vitro by
viability assays. Sunitinib-resistant RCC cells following ICIs treatment
induced a metabolic rewiring which is consistent with what was observed in
the tumors of patients who benefited from ICIs therapy. Our data suggest
that sunitinib-resistance might be supportive of ICIs’ efficacy in advanced
RCC. Our long-term goal is to utilize tumor metabolism as a tool to predict
therapeutic efficacy by identifying critical product quality attributes of
therapeutic monoclonal antibodies.

Materials and Methods

OCR (pmol/min/Cells)

Abstract

7.4+At

14.0

7.4+Av

12.0

7.4+Dur

10.0

7.4+veh
786+At

8.0

786+Av

6.0

786+Dur

4.0

786+veh

2.0
Basal

Spare Respiratory Capacity

0.0

Proton Leak

ATP Production

Figure 3. Direct metabolic effects of ICIs on naïve and sunitinib-resistant RCC cell
lines using a Seahorse bioanalyzer.
Cells were treated with ICIs for 24 hours in the Seahorse plates before to be exposed to
oligomycin, FCCP and rotenone/antimycin A to analyze their basal respiration, ATPlinked respiration, proton leak and spare capacity.

• Both sunitinib resistant cell lines present an upregulation of oxidative
phosphorylation, glutamine metabolism, as well as an aberrant
activation of the AXL and PD-L1 signaling pathways, suggesting that
sunitinib-resistant cells are more metabolically active and flexible than
naïve cells.
• In sunitinib-resistant cell lines, ICIs induced a gene expression profile
consistent with enhanced OXPHOS and glutamine metabolism, which is
consistent to what was observed in the tumors of patients responsive to
ICIs therapy.
• Differences between ICI’s effects in sunitinib-resistant cells were
observed with the Seahorse bioanalyzer. Further studies are necessary to
understand the therapeutic relevance of these differences and how they
relate to the mAbs structure.
• This project will advance the understanding of the mechanism of action
of ICIs and will improve the analytical similarity assessment process
thanks to scientific data supporting regulatory decisions by
characterizing how ICIs affect RCC metabolism and how PTM changes in
these products affect their molecular function and efficacy.

