
 Phase 3 clinical trial candidate rilparencel is an autologous cell therapy
product engineered for the treatment of advanced kidney disease.

 Assessment of phenotypic characterization during manufacturing was
performed with multiplex flow cytometry using conjugated monoclonal
antibodies recognizing key kidney markers.

 Two immunophenotyping panels were developed: One focused on renal
epithelial cell identity in the nephron (proximal tubules, distal tubules,
collecting duct, and podocytes) and a second panel focused on markers
associated with a tissue healing response.
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GOAL
To generate in-process flow cytometry characterization of kidney cell
therapy product rilparencel during key manufacturing steps.

METHODS

• Multiparameter flow cytometry analysis reveals dynamic expression profiling
changes during the manufacturing of Phase 3 clinical trial candidate
rilparencel.

• Cells become increasingly positive for proximal tubule kidney markers such as
CD13 and CD10. CD224, a marker of differentiated tubular epithelial cells,
also becomes expressed on most cells. And cells upregulate expression of
CD90 and CD146, less so for CD106. In contrast, whereas CD133 is highly
expressed early it is significantly downregulated later.

• Several markers are relatively highly expressed and remain so throughout
manufacturing: CD24, CD44, GATA3, and vimentin. In comparison, PDPN is
expressed in only a small population of product cells.

• Distal tubule marker CD227 is highly expressed at early timepoints then is
largely downregulated later in manufacturing; however, CD227, as well as
CD133, exhibit an uptick in expression following hypoxic conditioning late in
manufacturing.

• Biopsy data show CD10 expression largely on CD13+/CD227- cells; however,
rilparencel is characterized by co-expression of CD10, CD13, CD224, and
significant amounts of CD227 on most clinical batches raising the possibility
that phenotypic adaptation (e.g., de-/re-differentiation) occurs during
manufacturing.

• Samples of banked source material and drug product (SRC, select renal
cells) derived from kidney biopsies of patients with T2D and CKD were
evaluated at several expansion timepoints: biopsy, early manufacturing
timepoints (T0, T1, and T2) and later manufacturing timepoints (T3 and
SRC).

• Cells (1x106) were plated for surface phenotyping with titrated conjugated
monoclonal antibodies (BioLegend, BD, and ThermoFisher) containing
SuperBright Staining Buffer. Live cells were surface stained in 100 µL
volume for 30 minutes at 4C, followed by LD NIR.

• Cells were then fixed and permeabilized using eBioScience FoxP3
Fix/Perm kit, blocked, and incubated with intracellular antibodies
(BioLegend), washed, resuspended, and acquired on a BD FACS Lyric.

• Single-color compensation controls were made using both cells and
UltraComp beads. Compensation was calculated in FlowJo. Single cells in
the live gate were analyzed using FlowJo and GraphPad Prism.
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Fig 1. Early timepoints resemble biopsy. Top row: The T0 sample resembles
biopsy in the expression of proximal tubule markers CD13 and CD10 and
becomes largely CD13+/CD10+ during manufacturing. Middle row: At T0 the
expression of distal marker CD227 is highest on CD13- cells with CD227
reduced over time and co-expressed on CD13+ cells. Bottom row: Renal cells
are primarily CD13+CD224+ at the end of manufacturing. Blue box: Based on
CD13 and CD227 there are four populations present in biopsy with CD10
being present largely on the CD13+CD227- cells (Q3).

Fig 3. tSNE analysis of concatenated timepoints. Concatenation of T0, T2,
and SRC samples shows clustering through CD13, CD224, CD227, and PDPN.
Top row: Clustering of cells delineated by both concatenation and the
individual contributions of each sample timepoints. Bottom row: Color
coding of cell populations show them becoming more CD13+CD224+ during
manufacturing with relative loss of other cell types. Blue box: The two
primary clusters in SRC are separated by expression of CD227.

Fig 4. Percent cell positive expression for each marker in Panel A. CD10,
CD13, CD224, and GATA3 progressively increase in terms of percent cell
positive during manufacturing of SRC, CD227 and CD326 are both
relatively abundant, while PDPN is relatively constant. N=7

Fig 6. Percent cell positive expression for each marker in Panel B. CD24,
CD44, and vimentin are relatively highly expressed during SRC
manufacturing while CD90 and CD146 are both upregulated, CD106
increases slightly, and CD133 is downregulated. N=7

Fig 2. Dimensionality reduction at T0 timepoint. Left: Bivariate plot of
CD13 x CD224 shows four unique cell populations that are present in the T0
sample. Right: tSNE analysis of flow cytometry Panel A reveals clusters of
cells at T0 that are largely driven by the expression of CD13, CD224, and
PDPN.

Fig 5. Dynamic phenotypic changes during manufacturing. Cells early in
manufacturing (T0) are CD24-positive and are highly positive for CD133.
Expression for each quadrant of CD24/CD133 expressing cells is shown for
CD90 (middle row) and CD146 (bottom row). CD133 is downregulated
during manufacturing of SRC which is accompanied by increases in CD90
expression and significant upregulation of CD146 expressed on cells.
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Fig 7.  PDPN expression in final product cells.  Variability of %PDPN+ cells in 
product ranging from 0.8% to 8.8% with an average of 2.94%. N = 7.
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Fig 8. Co-expression of renal cell identity markers on proximal tubule (PT)
phenotype. CD13/CD10 double-positive cells (PT phenotype) at each timepoint
during manufacturing were analyzed for co-expression of distal tubule markers.
A population of CD227+ cells is present on the PT phenotype, with
downregulation during manufacturing; samples show variable downregulation
of CD227 (see blue, orange, and brown histograms). Control for distal tubule
phenotype based on high GATA3 expression throughout manufacturing. N=7.
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Table 1.  Multiplex Flow Cytometry Panels 
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