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Abstract

The selection of optimal growth factors and cytokines for reproducible process conditions is of critical importance to the gen-
eration of high-yield, high-quality cell and gene therapies. The current industry standard is to produce these drugs using re-
search use only (RUQ) grade materials in development then transitioning into GMP qualified materials later in clinical produc-
tion. This approach carries added risk and costly comparability studies to validate performance. CellGenix® Preclinical
cytokines allow for a seamless transition from process development into GMP production with lot-to-lot consistency and ex-
cellent performance. To demonstrate this performance in the expansion of T cells, CellGenix® Preclinical Recombinant
Human (rh) IL-2 was evaluated alongside FDA-approved Proleukin® (aldesleukin). In this study we compared both the viable
cell growth and the subpopulation ratios of CD4+and CD8+ T cells isolated from peripheral blood mononuclear cells
(PBMCs). The results suggest that cells expanded with CellGenix® Preclinical Recombinant Human (rh) IL-2 maintain similar
cell growth and subpopulation ratios when compared to Proleukin®
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Introduction

T cells play a vital role in pathogen elimination and tumor
immunosurveillance. The human body can produce an array
of specialized T cells that provide unique responses to the
diverse spectrum of tumor cells and pathogens (viruses,
bacteria, and parasites). The modulation of T cells is an ex-
citing prospect for the development of novel therapies for
immuno-oncology and autoimmune applications, such as
adoptive cell therapy and vaccine development. This ap-
proach has been validated by the approval of multiple au-
tologous chimeric antigen receptor T cell (CAR-T) therapies
in the United States and Europe, and hundreds of clinical
trials evaluating adoptive cell-based therapies for the treat-
ment of liquid or solid tumors are ongoing.

The production of CAR-T and other autologous T cell-
based therapies requires robust expansion of specific sub-
populations of patient-derived immune cells. Interleukin-2
(IL-2) is a cytokine that plays a key role in promoting T cell
and B cell expansion, and recombinant IL-2 is commonly
used in the production of CAR-T therapies.? Several deriva-
tives of recombinant IL-2 have been developed for research
use only. These IL-2 formulations are usually produced
using animal components, and their quality and consistency
may be highly variable. These IL-2 formulations cannot be
used to manufacture investigational or approved cell-based
therapies because they do not comply with Current Good
Manufacturing Practice (CGMP) regulations, which are de-
signed to ensure the identity, strength, quality, and purity of
drug products, and prohibit the use of any animal-derived
components.

To comport with CGMP regulations, manufacturing pro-
cesses for CAR-T and other cell-based therapies must uti-
lize GMP-grade IL-2. However, the shift from the use of re-
search-grade IL-2 to GMP-grade |L-2 may require revision
and/or requalification of manufacturing processes, poten-
tially increasing manufacturing costs and product develop-
ment timelines.

CellGenix® Preclinical Recombinant Human (rh) IL-2 was
designed specifically as a cost-effective, GMP alternative
IL-2 formulation that enables a seamless transition from re-
search and process development to manufacturing for clin-
ical applications. CellGenix® rh IL-2 is an animal-derived
component-free cytokine available in Preclinical grade for
translational applications and in GMP grade for clinical ap-
plications. CellGenix® Preclinical rh IL-2 has proven with
high activity levels — comparable to CellGenix® GMP-grade
IL-2 — enabling cost-efficient production of cellular thera-
pies while reducing process variabilities due to eliminating
animal-derived components and minimizing process
changes when transitioning to CGMP manufacturing.

Proleukin® (aldesleukin) is a recombinant IL-2 product indi-
cated for the treatment of adults with metastatic renal cell
carcinoma and metastatic melanoma. Because it is manu-
factured in accordance with CGMP regulations it offers
high quality and consistency, which makes it attractive as an
IL-2 reagent in quality control assays for cell therapy manu-
facturing processes. In this study, we demonstrate that Cell-
Genix® Preclinical grade IL-2 performs as well as or better
than Proleukin®with respect to cell expansion, CD4+/CD8+
ratio consistency, and T cell subpopulations when used to
stimulate cultured peripheral blood mononuclear cells
(PBMCs) obtained from two human donors. These results
support the use of CellGenix® Preclinical grade IL-2 as a
cost-effective component to support the development of
cell-based therapy manufacturing.

Methods

Cell collection and processing

PBMCs were originated from two healthy donors that were
obtained from the central Blood Bank (Israeli National
Blood Services, Magen David Adom). PBMCs were separat-
ed by centrifugation on a density gradient medium (Lymph-
oprep) according to standard protocols, frozen with se-
rum-free cell freezing medium (NutriFreez D10
Cryopreservation Medium) and stored in liquid nitrogen
(~50x10¢ cells/tube).

Onday O, frozen vials were removed from liquid nitrogen
(one vial per donor) and thawed in serum-free media, ac-
cording to standard protocols. The number of viable cells
was determined using Trypan Blue on an automated cell
counter (Countess™ I1). 1x10® cells were stained for the ex-
pression of CD4 and CD8 according to standard protocols.
Briefly, cells were washed and incubated with control or
specific fluorophore-conjugated antibodies (anti-CD8-
APC and anti-CD4-FITC) for 30 minutes on ice. Cells were
washed twice and re-suspended in FACS buffer (0.5% BSA,
2mM EDTA, 0.02% Sodium Azide). Cells were analyzed on a
CytoFLEXinstrument and the data were analyzed using
FCS Express software (De Novo™ Software).

Cell stimulation

1.875x10¢ PBMCs from each donor were stimulated with 50
ng/mL OKT3 and 300 IU/mL hIL-2 (CellGenix® or Proleu-
kin®), using two different media (Medium 1and Medium 2).
Each cell group was seeded into 3 replicate wells of a
G-Rex® 24-well plate at 0.5x10¢ cells/well at a final volume of
8 mL of the appropriate medium and incubated in a 37°C,
5% COz incubator.



On days four and seven, 6 mL of media were removed
from all wells. Cell aliquots were obtained from each well
and the number of viable cells was determined using Try-
pan Blue on an automated cell counter and fold expansion
was calculated. Based on cell counts, appropriate fresh
media was added to the wells to reach 8 mL/well. On day
10, cells were separately collected from all wells. The num-
ber of viable cells was determined using Trypan Blue on an
automated cell counter and the final fold expansion was
calculated.

After counting, replicates were combined and 5x10° cells
from each treatment group were processed for T cell mark-
er characterization by spectral flow cytometry. 1x10¢ cells
were stained with a viability dye using Zombie NIR™ Fix-
able Viability Kit and incubated covered for 20 minutes at
room temperature followed by a washing step. Tandem
signal enhancer solution was added to the wells and incu-
bated covered for 5 minutes at 4°C. A panel of 10 markers
(CD3, CD4, CD8, CD62L, CCR7, CD45RA, CD45R0O,
CD25, CD127, and CD95) or matching isotype controls

were added and incubated covered for 10 minutes at 4°C
followed by a washing step. Cells were fixed, washed, and re-
suspended in running buffer and acquired on a 4 laser Cytek®
Aurora instrument.

Results

Expansion of IL-2 stimulated cells is comparable between
CellGenix® Preclinical rh IL-2 and Proleukin®

Cells from each donor were cultured in Medium 1 or Me-
dium 2 and stimulated with CellGenix® Preclinical rh IL-2
or Proleukin®. Viable cell count (Table 1) and fold expan-
sion (Figure 1) were assessed at days 4, 7 and 10. Cell via-
bility and fold expansion were similar for CellGenix® Pre-
clinical rh IL-2 and Proleukin®-stimulated cells at each
time point and did not differ between the two media
tested.

Table 1. Viable cell counts for cultured PBMCs stimulated with IL-2. A represents Donor 1, B represents Donor 2

A) Donor1 Viable Cell Count (x10¢)
Day 4 Day7 Day 10
Medium 1 CellGenix® IL-2 0.15 0.85 384
Proleukin® 0.09 044 422
Medium 2 CellGenix® IL-2 0.24 213 642
Proleukin® 0.23 145 798
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B) Donor2 Viable Cell Count (x10¢)
Day 4 Day7 Day 10
Medium 1 CellGenix® IL-2 017 095 671
Proleukin® 014 071 543
Medium 2 CellGenix®IL-2 033 357 20.38
Proleukin® 033 1.87 19.58
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mDay7
mDay 10
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Figure 1. Fold expansion of donor PBMCs was similar with CellGenix® Preclinical rh IL-2 and Proleukin®. Frozen donor PBMCs were thawed and stimu-
lated with CellGenix® Preclinical rh IL-2 or Proleukin®. Fold expansion was assessed on day 4, 7 and 10. Numbers represent average fold + SE of triplicates

per treatment group.
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Figure 2. Expression of CD4 and CD8 before and after IL-2 stimulation of
PBMCs from two healthy donors was similar between CellGenix® Preclini-

Table 2. T cell subpopulations and selected markers for cultured PBMCs

stimulated with IL-2.

Figure 3. Representation of memory T-cell differentiation post antigen

stimulation

cal rh IL-2 and Proleukin®. After stimulation a portion of naive T-cells are differentiated into memory

A: The CD4+/CD8+ ratio was similar between the two donors on Day O. T-cells. The memory T-cells are further differentiated into stem cell memo-

B and C: CD4 and CD8 expression were assessed after 10 days following ry T-cells (T..,), central memory T-cells (T,,), effector memory T-cells (T,,,)

IL-2 stimulation and reported as a percentage of total live cell counts for and resident memory T-cells (T,,,). T.., and T, subpopulations have the

each donor, medium used and IL-2. highest potential of self-renewal while effector T-cells (T,) have the highest
killing activity.
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Figure 4. Percent of CD4+ and CD8+ T cell subpopulation ratio was similar
on day 10 in the different treatment groups. The proportion of CD4+ and
CD8+ T cell subpopulations following stimulation with CellGenix® Preclini-
cal rh IL-2 or Proleukin® were similar in Donor 1 (A) and Donor 2 (B).

CD4/CD8 expression ratios were similar between CellGe-
nix® Preclinical rh IL-2 and Proleukin®-stimulated PBMCs

As shown in Figure 2A, the CD4+/CD8+ expression ratio was
similar between the two donors on Day O. Cells from each
treatment group were processed for T cell marker characteri-
zation by spectral flow cytometry using a panel of 10 markers
(CD3,CD4, CD8, CD62L, CCR7, CD45RA, CD45R0O, CD25,
CD127 CD95) or matching isotype controls (Table 2 and Fig-
ure 3). Analysis of total live cells on day 10 (Figure 2B and 2C)
revealed that the proportion of cells expressing CD4 or CD8
was similar between CellGenix® Preclinical rh IL-2 and Proleu-
kin®-stimulated PBMCs and was independent of the medium
used. Further analysis into the specific T cell subpopulations
higlights similarties in profiles between Cellgenix® Preclinical
rh IL-2 and Proleukin conditions (Figure 4).

Discussion

IL-2 is an essential reagent for cell therapy manufacturing
particularly because of its ability to promote expansion of T
cell populations. Proleukin® is considered a standard-bearer
in quality and consistency because of the strict regulatory
compliance production must adhere to as compared with
research use only IL-2. However, its use in the development
of cell-based therapies is cost-prohibiting.

CellGenix® Preclinical rh IL-2 was developed to provide a
cost-effective alternative to GMP grade cytokines (e.g.,
CellGenix® GMP grade IL-2) in the development stage, that
offers comparable quality and consistency, enabling effec-
tive expansion and limiting the quality control assays neces-
sary to transition the development of robust cellular thera-
pies into clinical production.

In this application note, we demonstrated that CellGenix®
Preclinical rh IL-2 performs as well as or better than Proleu-
kin® with respect to total cell counts, fold expansion, CD4/
CD8 expression ratio, and T cell subpopulations. As growing
amounts of clinical data becomes available there is a grow-
ing trend that more naive T cell subpopulations improve
critical quality attributes contributing to efficacy Therefore,
itis important to have raw materials that provide consistent
and predictable results, especially when transitioning into
clinical production. CellGenix® Preclinical rh IL-2 provides
this seamless transition when switching to manufacturing
with CellGenix® GMP rh IL-2. These studies also show that
the ability of CellGenix® Preclinical rh IL-2 to stimulate
PBMCs is independent of the media or donor. The results
from this investigation reveal that CellGenix® Preclincial
IL-2 is comparable to Proleukin® which is highly beneficial
to those engaged in the development of cell-based thera-



pies. These results also support the use of CellGenix® Pre-
clincial IL-2 as a high quality raw material in the develop-
ment of immune-cell therapies including CAR-T.
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