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Purpose: ABP 654 is the first FDA-approved interchangeable biosimilar for ustekinumab reference product (RP). To support the 
totality of evidence (TOE), in vitro pharmacology studies were conducted in peripheral blood mononuclear cells (PBMCs) from 
healthy human donors and Crohn’s disease (CD) patients to evaluate IL-23 and IL-12 inhibition by ABP 654 and ustekinumab RP 
relevant to the mechanism of action of chronic inflammation.
Methods: ABP 654 and ustekinumab RP were assessed using inhibition of IL-23 and IL-12-mediated IFN-γ release, signal transducer 
and activator of transcription (STAT)3 and STAT4 phosphorylation, and IL-17 release. IFN-γ levels were determined using homo
genous time-resolved fluorescence (HTRF). STAT3 and STAT4 phosphorylation were measured by flow cytometry. IL-17 was 
measured using a Cisbio IL-17 detection kit. IC50 values were calculated to assess the relative potency of ABP 654 and ustekinumab 
RP.
Results: ABP 654 and ustekinumab RP demonstrated similar inhibition and relative potency of IL-23 and IL-12-mediated IFN-γ 
release, and no difference in inhibition of IL-23/IL-12-mediated STAT3/STAT4 phosphorylation in healthy donor PBMCs, as 
evidenced by the overlapping standard deviation (SD). In CD PBMCs, ABP 654 and ustekinumab RP also showed no difference in 
IC50 values for inhibition of IL-23/IL-12-mediated STAT3/STAT4 phosphorylation. ABP 654 and ustekinumab RP showed no 
difference in IC50 values for IL-23-induced IL-17 release, in either healthy (ABP 654, 458.7±110.8 pM; ustekinumab (EU), 514.6 
±48.7 pM) or CD (ABP 654, 260.8±88.5 pM; ustekinumab (EU), 256.9±96.8 pM) donor cells with overlapping SD.
Conclusion: These studies demonstrated similar inhibition of IL-23 and IL-12 function by ABP 654 and ustekinumab RP in both 
healthy and CD PBMCs. Overall, these assays support the conclusion that ABP 654 and ustekinumab RP are functionally similar, 
thereby contributing to the TOE supporting a demonstration of biosimilarity.
Keywords: ABP 654, biosimilar pharmaceuticals, Crohn’s disease, interleukin-12, interleukin-23, interchangeable

Introduction
ABP 654 is the first FDA-approved biosimilar for ustekinumab reference product (RP) with interchangeable 
designation.1 ABP 654, similar to the ustekinumab RP, is approved to manage and treat moderate-to-severe plaque 
psoriasis in adults and pediatric patients, active psoriatic arthritis in adults and pediatric patients, moderate-to-severe 
active Crohn’s disease (CD) in adults, and moderate-to-severe active ulcerative colitis in adults.2,3 Both ABP 654 and 
ustekinumab RP are recombinant humanized immunoglobulin isotype class G subclass 1 kappa (IgG1κ) monoclonal 
antibodies, which bind with high specificity and affinity to the p40 protein subunit shared by both heterodimeric 
interleukin (IL)-23, composed of IL-12p40 and IL-23p19, and IL-12 cytokines, composed of IL-12p40 and IL-12p35.4 

This binding prevents IL-23 and IL-12-mediated signaling and downstream biological functions by disrupting the 
interaction of these cytokines with a shared cell-surface receptor, IL-12Rβ1 (Interleukin 12 Receptor Subunit Beta 1).5
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IL-23 and IL-12 are closely related and play important roles in inflammatory and immune responses. Binding of IL- 
23 and IL-12 to their receptors triggers the activation of the Janus kinase 2 (JAK2) and tyrosine kinase 2 (TYK2), leading 
to the phosphorylation of signal transducer and activator of transcription (STAT) 3 and STAT4 for IL-23 and IL-12 
signaling respectively. The phosphorylated STAT3 and/or STAT4 proteins then translocate to the nucleus where they induce 
distinct transcriptional activities that include expression of the proinflammatory cytokine interferon gamma (IFN-γ) and 
other cytokines that promote the immune response against intracellular pathogens.6 IL-23 also acts through T cells, 
especially T helper 17 cells (Th17) and promotes the release of IL-17, which plays a key role in the pathophysiology of 
chronic inflammatory diseases.5,7 The dysregulation of the IL-23 and IL-12 signaling can be associated with excessive 
inflammation and autoimmune reactions. Binding of ustekinumab to the p40 subunit of IL-23 and IL-12 inhibits the 
interaction of these cytokines with their receptors, preventing the phosphorylation of downstream STAT signaling proteins 
and expression of IFN-γ.5

While ustekinumab RP and other biologics have transformed the treatment of chronic inflammatory disorders, their 
high costs have increased healthcare expenditure and been an impediment to their widespread use.8–10 A biosimilar is 
a biological product developed to resemble and perform with no clinically meaningful difference to the RP. The US Food 
and Drug Administration (FDA), European Medicines Agency, and other global health regulatory agencies have created 
rigorous scientific development and approval processes for biosimilars, ensuring biosimilars are highly similar to an 
approved RP. In the United States (US), the FDA is allowed to approve a biosimilar as an interchangeable biosimilar if it 
meets additional requirements outlined by law. In the US, savings to the healthcare system have been estimated to be 
$54 billion over a 10-year period.8

The scientific justification for use of biosimilars is being built on the totality of evidence (TOE), with a stepwise 
approach starting with extensive structural and functional characterization of the proposed biosimilar which serves as the 
foundation of biosimilar development program.11 While ustekinumab RP is manufactured in a murine myeloma (Sp2/0) 
cell line, and ABP 654 is manufactured in a glyco-engineered Chinese hamster ovary cell line, the amino acid sequence 
of ABP 654 is identical to that of the ustekinumab RP and the totality of the data so far demonstrates that ABP 654 is 
highly similar to ustekinumab RP.12 Comprehensive analytical characterization has shown that ABP 654 is similar to 
ustekinumab RP in terms of structure, function, purity, and potency.12 Additionally, no clinically meaningful difference 
was observed for pharmacokinetics (PK), safety, and immunogenicity in healthy volunteers.13 Currently, a clinical study 
(NCT04607980) comparing the efficacy, safety, and immunogenicity of ABP 654 and ustekinumab RP in patients with 
moderate-to-severe plaque psoriasis is ongoing. These studies were intended to further assess the functional similarity 
between ABP 654 and ustekinumab RP relevant to the mode of action (MOA) in both healthy and a disease model to 
support a demonstration of biosimilarity and generate additional substantive scientific justification for the extrapolation 
of ABP 654 to additional approved indications of ustekinumab RP. Specifically, in vitro pharmacology studies were 
conducted in peripheral blood mononuclear cells (PBMCs) from healthy human donors and/or patients with CD to 
compare the effect of ABP 654 and ustekinumab RP on IL-23-induced IFN-γ release, IL-12-induced IFN-γ release, IL- 
23-induced STAT3 signaling, IL-12-induced STAT4 signaling, and IL-23-induced IL-17 release.

Materials and Methods
All work was conducted following the associated good scientific practices according to Amgen Standard Operating 
Procedures. The procedures used in this study adhere to the tenets of the Declaration of Helsinki.

Test Material
ABP 654 was prepared in the same dosage forms, presentations, and strengths as the RP. The RPs were separately 
sourced from the US and the European Union (EU) to allow for direct comparisons between ABP 654 and each of the 
RPs and between the two independently licensed RPs.

Peripheral Blood Mononuclear Cells (PBMCs)
PBMCs were isolated from donor cells. Cells from two healthy donors were purchased from Discovery Life Sciences, 
Huntsville, AL, and cells from two healthy donors were purchased from Astarte Biologics, Bothell, WA. Cells from four 
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CD donors were purchased from Precision for Medicine, Carlsbad, CA. Due to limited amounts of cells not every donor 
was used for every assay. Vials of PBMCs were thawed in a water bath at 37°C in 5% CO2 for each experiment.

Detection of Homogenous Time Resolved Fluorescence
Detection of the cytokine of interest released was performed using a Europium Cryptate labelled antibody (donor 
molecule) and an allophycocyanin labelled antibody (acceptor molecule) that specifically targets and together binds to 
the cytokine in a sandwich assay format. The proximity of the antibodies triggers a fluorescence resonance energy 
transfer from the donor towards the acceptor molecule and causes the acceptor molecule to fluoresce at a specific 
wavelength of 665 nm. The signal intensity is captured with the Envision 2103 plate reader. The ratio of the acceptor 
(665 nm) and donor (615 nm) emission signals with the following formula:

Inhibition of IL-23-Induced IFN-γ Release/IL-12-Induced IFN-γ Release
PBMCs were isolated using Lymphoprep® (STEMCELL® Technologies, Vancouver, Canada) and frozen in 80% heat- 
inactivated fetal bovine serum (FBS) and 20% dimethyl sulfoxide (DMSO). Thawed PBMCs were cultured in medium 
consisting of RPMI 1640, supplemented with 10% FBS, 1X GlutaMAX, 1X non-essential amino acids (NEAA), 1 mm 
sodium pyruvate, 10 nM N-(2-hydroxyethyl)piperazine-N′-(2-ethanesulfonic acid) (HEPES), and 0.05 mm 2-mercap
toethanol. PBMCs were activated with plate-coated anti-cluster of differentiation 3 (anti-CD3; 43.5 nM in DPBS) and 
suspension anti-CD28 (22.7 nM) for 3 days at 37°C, 5% CO2. Cells were either combined with IL-18 (final concentration 
2.0 nM) and IL-23 (final concentration of 0.088 nM) or IL-12 (final concentration 1.0 nM), pre-incubated with test 
materials with decreasing concentrations (for IL-23, 600 nM to 7.7 pM; for IL-12, 200 nM to 2.6 pM) and incubated at 
37°C, 5% CO2 for 3 days. Cells were spun down at 400 x g for 5 minutes and assay was measured using an HTRF human 
IFN-γ detection kit (Cisbio) as above.

The potency curves were generated with each data point as the mean of triplicate wells and the error bars representing 
the standard deviation and curves were generated using variable slope (4-parameter) curve fitting. All curves were 
constrained at the top and bottom asymptotes as well as by the hillslope to match the values for the plate control (on the 
same plate). For each constrained curve, the graphing software determined the IC50 value. The goodness-of-fit of the 
curve fit modeling was determined by the coefficient of determination. The percent (%) relative potency was calculated 
using the following formula:

In all assays, ABP 654 reference standard was prepared as the plate control and was used for relative potency 
calculations.

Inhibition of IL-23-Mediated STAT3 Phosphorylation/IL-12-Mediated STAT4 
Phosphorylation
PBMCs were grown in medium consisting of Roswell Park Memorial Institute 1640 media (RPMI 1640) supplemented 
with 10% heat-inactivated (HI) FBS (1% HI FBS for IL-23 and IL-12 stimulations), 1X Penicillin-Streptomycin- 
Glutamine (PSG), and 25 mm HEPES. To generate activated T cells, the PBMC suspension (5 mL, 5×106 cells/mL) 
was incubated with 94 mL of prewarmed medium and 1 mL of phytohemagglutinin (PHA) for 5 days. Test materials 
were pre-incubated with either IL-23 or IL-12 for 30 minutes at room temperature, combined with cells and incubated at 
37°C, 5% CO2 in a humidified incubator for 30 minutes, and then fixed/permeabilized. The final concentration was 10 
ng/mL for IL-23 and 5 ng/mL for IL-12. The final concentration range for ABP 654 and ustekinumab RP (US and EU) 
was 100 nM to 5 pM in 3-fold dilutions. Alexa Fluor 647-conjugated anti-pY705 STAT3 antibody was used to detect 
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phosphorylated STAT3, while phycoerythrin conjugated anti-pY693 STAT4 antibody was used to detect phosphorylated 
STAT4.

Analysis was performed on a BD LSRFortessa flow cytometer using BD FACSDiva™ software (version 9.0). 
The percent of cells expressing phosphorylated STAT3 (or STAT4) when treated with IL-23 (or IL-12) and ABP 654 
or ustekinumab (US or EU) were normalized to the percent of cells expressing phosphorylated STAT3 (or STAT4) when 
treated with IL-23 (or IL-12) alone (control) and expressed as a percent of control (POC). Graphs were generated by 
plotting the concentration of ABP 654 and ustekinumab against the POC values for phosphorylated STAT levels. A curve 
was fit to the data points using the non-linear regression log (antagonist) versus response-variable slope (4-parameter) 
equation in GraphPad Prism using default settings to determine the half-maximal inhibitory concentration (IC50). Curves 
for the CD donors as well as ustekinumab RP Lot 3 in the healthy donor as part of the IL-23-mediated STAT3 
phosphorylation assay were constrained at the bottom asymptotes. The goodness-of-fit of the curve fit modeling was 
automatically calculated by the software and determined by the r2 value.

Inhibition of IL-23-Mediated IL-17 Release
IL-23 was prepared at an optimized concentration (EC90) for each PBMC donor. PBMCs were cultured in X–VIVO® 15 
serum-free hematopoietic cell medium supplemented with L-glutamine and transferrin. ABP 654 or ustekinumab dilution 
series were generated to give an 8-fold titration prepared in X–VIVO® 15 media (ranging from 600 nM to 36 pM final 
concentration). Equal volumes of IL-23 and antibody were combined and incubated at room temperature for at least 
1 hour. PBMCs were thawed, washed 3 times, and incubated in DPBS containing 20% FBS at room temperature for 
30 minutes. Cells were washed 3 times with X–VIVO® 15 media and counted. Cells were diluted 1:1 with CytoStim™ 
(at final dilution of 1:125) and seeded at optimal density for each PBMC donor. The IL-23 and antibody mixture was 
added to the same plate, and the cells were incubated for 3 days at 37°C, 5% CO2. Cells were spun down at 400 x g for 
5 minutes and IL-17 was measured using the Cisbio IL-17 detection kit and read on the HTRF-compatible EnVision plate 
reader. HTRF ratio was then converted to IL-17 concentration using an IL-17 standard curve. A new standard curve was 
prepared for each replicate assay and the IL-17 concentration was calculated from the IL-17 standard curve prepared in 
the same assay. A standard titration was prepared to give a 2.1-fold titration (ranging from 3428 pM to 40 pM) and 
plotted by IL-17 concentration against HTRF ratio using GraphPad Prism’s simple linear regression analysis. Validity of 
the standard curve was determined by the goodness-of-fit r-squared value being greater or equal to 0.95. Concentration of 
IL-17 from HTRF was calculated with the following formula:

The potency curves were plotted by ABP 654 or ustekinumab (EU) concentration against IL-17 release with each data 
point as the mean of triplicate wells and the error bars representing the standard deviation. Curves were generated using 
GraphPad Prism software’s variable slope (4-parameter) curve fitting, where the four parameters are IC50, hillslope, 
bottom, and top plateau of the curve. Validity of dose-response curves was determined by goodness-of-fit r-square value 
being greater or equal to 0.95. The IC50 values for the dose-response of each test sample were calculated and compared. 
No outlier exclusion methods were used as there were no significant outliers present.

Results
The in vitro pharmacological activity of ABP 654 was compared to that of ustekinumab (US) and ustekinumab (EU) in 
biological functional similarity assessments. A subset of the assays evaluated as well as previously published analytical 
and functional studies,12,13 demonstrate similarity of ustekinumab RP sourced from the US and EU.

ABP 654 and Ustekinumab RP Exhibit Similar Inhibition of IL-23-Induced IFN-γ 
Release in Healthy Donor Cells
Inhibition of IL-23-induced IFN-γ release was assessed across three runs of one lot each of ABP 654, ustekinumab (US), 
and ustekinumab (EU) in PBMCs from a leukopak of a healthy donor. ABP 654, ustekinumab (US), and ustekinumab 
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(EU) showed similar blocking of IL-23-mediated IFN-γ release in the presence of IL-18 in PBMCs from healthy donor 
(Figure 1A). Percent (%) relative potency values were similar between the pairs of antibodies tested, ranging between 
80% and 120% of the plate control (Figure 1B). In head-to-head comparisons calculated based on triplicate measure
ments, the average % relative potency values when compared to each other were 102% for ABP 654 and 100% for 
ustekinumab (EU), 89.5% for ABP 654 and 90.5% for ustekinumab (US), and 89.2% for ustekinumab (EU) and 98.8% 
for ustekinumab (US). ABP 654 inhibited IL-23-induced IFN-γ release with a mean IC50 of 2.11 pM ± 2.03 pM; 
ustekinumab (EU) inhibited IL-23-induced IFN-γ release with a mean IC50 of 2.68 pM ± 2.98 pM; and ustekinumab (US) 
inhibited IL-23-induced IFN-γ release with a mean IC50 of 2.07 pM ± 1.59 pM. The overlapping standard deviations 
from the IC50 values indicate no difference among the products (Table 1).

ABP 654 and Ustekinumab RP Exhibit Similar Inhibition of IL-12-Induced IFN-γ 
Release in Healthy Donor Cells
Inhibition of IL-12-induced IFN-γ release was assessed across at least three runs of one lot each of ABP 654, ustekinumab 
(US), and ustekinumab (EU) in PBMCs from a healthy donor leukopak. ABP 654, ustekinumab (US), and ustekinumab (EU) 
showed similar blocking of IL-12-mediated IFN-γ release in PBMCs from healthy donor (Figure 2A). Percent (%) relative 

Figure 1 Similarity in inhibition of IL-23-induced IFN-γ release of ABP 654 versus ustekinumab (EU), ABP 654 versus ustekinumab (US), and ustekinumab (EU) versus 
ustekinumab (US) in healthy donor cells shown by (A) dose-dependent concentration-response curves depicted as the mean of 3 replicates ± standard deviation; and (B) 
relative potency of binding. Each bar of the graph represents the mean of 3 replicate experiments ± standard deviation and the test samples were run in pairs. 
Abbreviations: EU, European Union; IL, interleukin; IFN-γ, interferon gamma; US, United States.

Table 1 IC50 Values from ABP 654, Ustekinumab (EU), 
and Ustekinumab (US) Inhibition of IL-23-Induced IFN-γ 
Release Assay Using Cells from Healthy Donor

IL-23-Induced IFN-γ Release IC50 ± 2 SD (pM)

ABP 654 Ustekinumab (EU) Ustekinumab (US)

2.11 ± 2.03 2.68 ± 2.98 2.07 ± 1.59

Abbreviations: EU, European Union; IC50, half-maximal inhibitory con
centration; IL, interleukin; IFN-γ, interferon gamma; SD, standard devia
tion; US, United States.
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potency values were similar between the pairs of antibodies tested, ranging between 80% and 120% of the plate control 
(Figure 2B). In head-to-head comparisons, calculated based on triplicate measurements, the average % relative potency values 
when compared to each other were 100.4% for ABP 654 and 89.7% for ustekinumab (EU), 92.7% for ABP 654 and 89.4% for 
ustekinumab (US), and 109.2% for ustekinumab (EU) and 107.8% for ustekinumab (US). ABP 654 inhibited IL-12-induced 
IFN-γ release with a mean IC50 of 1.04 pM ± 0.65 pM; ustekinumab (EU) inhibited IL-12-induced IFN-γ release with a mean 
IC50 of 1.09 pM ± 0.50 pM; and ustekinumab (US) inhibited IL-12-induced IFN-γ release with a mean IC50 of 1.10 pM ± 0.75 
pM. The overlapping standard deviations from the IC50 values indicate no difference among the products (Table 2).

ABP 654 and Ustekinumab RP Exhibit Similar Inhibition of IL-23-Mediated STAT3 
Phosphorylation in Healthy and CD Donor Cells
ABP 654, ustekinumab (US), and ustekinumab (EU) were tested for their ability to inhibit IL-23-induced STAT3 
phosphorylation in cells from a healthy human donor. Three different lots of each test article were evaluated. 

Figure 2 Similarity in inhibition of IL-12-induced IFN-γ release of ABP 654 versus ustekinumab (EU), ABP 654 versus ustekinumab (US), and ustekinumab (EU) versus 
ustekinumab (US) in healthy donor cells shown by (A) dose-dependent concentration-response curves depicted as the mean of 3 replicates ± standard deviation; and (B) 
relative potency of binding, each bar of the graph represents the mean of 3 replicate experiments ± standard deviation and the test samples were run in pairs. 
Abbreviations: EU, European Union; IL, interleukin; IFN-γ, interferon gamma; US, United States.

Table 2 IC50 Values from ABP 654, Ustekinumab (EU), and Ustekinumab (US) 
Inhibition of IL-12-Induced IFN-γ Release Assay Using Cells from Healthy 
Donor

IL-12-Induced IFN-γ Release IC50 ± 2 SD (pM)

ABP 654 Ustekinumab (EU) Ustekinumab (US)

1.04 ± 0.65 1.09 ± 0.50 1.10 ± 0.75

Abbreviations: EU, European Union; IC50, half-maximal inhibitory concentration; IL, interleukin; 
IFN-γ, interferon gamma; SD, standard deviation; US, United States.
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ABP 654 and ustekinumab RP showed similar inhibition of IL-23-induced STAT3 with overlapping dose-response curves 
in PBMCs from a healthy donor (Figure 3A). ABP 654 inhibited STAT3 phosphorylation in activated T cells with a mean 
IC50 of 3.4 nM ± 0.6 nM; ustekinumab (US) inhibited STAT3 phosphorylation with a mean IC50 of 3.9 nM ± 0.3 nM; and 
ustekinumab (EU) inhibited STAT4 phosphorylation with a mean IC50 of 3.5 nM ± 0.3 nM. The overlapping standard 
deviations from the relative potency and IC50 values indicate that there was no difference among the products (Figure 3B, 
Supplemental Table 1).

For the CD donor cells, ABP 654 and ustekinumab (EU) were compared for their ability to inhibit IL-23- 
induced STAT3. Ustekinumab (US) was not tested as it was found similar to ustekinumab (EU) in its ability to 
inhibit IL-23-induced STAT3 phosphorylation in cells from healthy human donors. Assay results in PBMCs from 
three different CD donor cells showed that ABP 654 and ustekinumab (EU) exhibited similar inhibition of IL-23- 
induced STAT3 phosphorylation (Figure 4A). In the PBMCs from three CD donors, ABP 654 and ustekinumab 
(EU) showed similar IC50 for the inhibition of IL-23-induced STAT3 phosphorylation in activated T cells 
(Figure 4B, Table 3).

Figure 3 Similarity in inhibition of IL-23-mediated STAT3 phosphorylation of three lots each of ustekinumab (US), ustekinumab (EU), and ABP 654 in healthy donor cells 
shown by (A) overlapping dose-response curves for all 9 lots expressed as POC; and (B) mean IC50 values for 3 lots of ABP 654, ustekinumab US, or ustekinumab EU, error 
bars represent the standard deviation. 
Abbreviations: EU, European Union; IC50, half maximal inhibitory concentration; IL, interleukin; POC, percent of control; STAT3, signal transducer and activator of 
transcription 3; US, United States.
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ABP 654 and Ustekinumab RP Exhibit Similar Inhibition of IL-12-Mediated STAT4 
Phosphorylation in Healthy and CD Donor Cells
ABP 654, ustekinumab (US), and ustekinumab (EU) were tested for their ability to inhibit IL-12-induced STAT4 
phosphorylation in cells from a healthy human donor. Three different lots of each test article were evaluated. 
ABP 654, ustekinumab (US), and ustekinumab (EU) showed similar inhibition of IL-12-induced STAT4 with over
lapping dose-response curves in PBMCs from healthy donor cells (Figure 5A). ABP 654 inhibited STAT4 phosphoryla
tion in activated T cells with a mean IC50 of 1.5 nM ± 0.5 nM; ustekinumab (US) inhibited STAT4 phosphorylation with 
a mean IC50 of 2.2 nM ± 0.5 nM; and ustekinumab (EU) inhibited STAT4 phosphorylation with a mean IC50 of 2 nM ± 
0.4 nM. The overlapping standard deviations from the relative potency and IC50 values indicate no difference among the 
products (Figure 5B, Supplemental Table 2).

Figure 4 Similarity in inhibition of IL-23-mediated STAT3 phosphorylation using ustekinumab (EU) and ABP 654 in cells from three different CD donors shown by (A) 
overlapping dose-response curves; and (B) IC50 values. 
Abbreviations: CD, Crohn’s disease; EU, European Union; IC50, half-maximal inhibitory concentration; IL, interleukin; POC, percent of control; RP, reference product; 
STAT3, signal transducer and activator of transcription 3.

Table 3 ABP 654 and Ustekinumab (EU) IC50 Values for Inhibition of IL-23- 
Induced STAT3 Phosphorylation in CD Donor Cells

IL-23-Induced STAT3 IC50 (nM)

Ustekinumab (EU) ABP 654

CD Donor A 19.2 21.5
CD Donor B 16.9 13.1

CD Donor C 19 16.4

Abbreviations: CD, Crohn’s disease; EU, European Union; IC50, half-maximal inhibitory concentra
tion; IL, interleukin; STAT3, signal transducer and activator of transcription 3.
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For the CD donor cells, ABP 654 and ustekinumab (EU) were compared for their ability to inhibit IL-12-induced 
STAT4. Ustekinumab (US) was not tested as it was found similar to ustekinumab (EU) in its ability to inhibit IL-12- 
induced STAT4 phosphorylation in cells from healthy human donors. Assay results in PBMCs from three different CD 
donor cells showed that ABP 654 and ustekinumab (EU) exhibited similar inhibition of IL-12-induced STAT4 phosphor
ylation (Figure 6A). In the PBMCs from three CD donors, ABP 654 and ustekinumab (EU) showed similar IC50 for the 
inhibition of IL-12-induced STAT4 phosphorylation in activated T cells (Figure 6B; Table 4).

ABP 654 and Ustekinumab RP Exhibit Similar Inhibition of IL-23-Induced IL-17 Release 
in Healthy and CD Donor Cells
Three independent experiments were run for each of the two healthy donors and for three CD donors to determine the 
similarity of ABP 654 and ustekinumab RP in the neutralization of IL-23-induced IL-17 release assay. ABP 654 and 
ustekinumab (EU) showed similar inhibition of IL-23-induced IL-17 release in PBMCs from healthy (Figure 7A) and CD 
(Figure 7B) donors’ cells. In the two healthy donors, ABP 654 inhibited IL-23-induced IL-17 release with a mean IC50 of 
458.7 pM ± 110.8 pM; and ustekinumab (EU) inhibited IL-23-induced IL-17 release with a mean IC50 of 514.6 pM ± 
48.7 pM. In the three CD donors, ABP 654 inhibited IL-23-induced IL-17 release with a mean IC50 of 260.8 pM ± 88.5 
pM; and ustekinumab (EU) inhibited IL-23-induced IL-17 release with a mean IC50 of 256.9 pM ± 96.8 pM. The IC50 

values were determined and considered similar for both healthy donor cells and CD donor cells. The overlapping 
standard deviations from the IC50 values indicate no difference among the products (Figure 7, Table 5).

Figure 5 Similarity in inhibition of IL-12-mediated STAT4 phosphorylation of three lots each of ustekinumab (US), ustekinumab (EU), and ABP 654 in healthy donor cells 
shown by (A) overlapping dose-response curves for all 9 lots expressed as POC; and (B) mean IC50 values for 3 lots of ABP 654, ustekinumab US, or ustekinumab EU, error 
bars represent the standard deviation. 
Abbreviations: EU, European Union; IC50, half-maximal inhibitory concentration; IL, interleukin; POC, percent of control; STAT4, signal transducer and activator of 
transcription 4; US, United States.
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Discussion
The comprehensive non-clinical strategy of in vitro pharmacologic assessments presented here demonstrates similarity of 
functional activity of ABP 654 as compared to RP in blocking various IL-12 and IL-23 activities, important in mediating 
their anti-inflammatory actions.5 These results complement prior comprehensive analytical testing results that demon
strated similarity with regard to physicochemical and biological properties, including structure, function, purity, and 
potency,12 with additional in vitro pharmacological comparisons of IL-23-induced STAT3 signaling, IL-12-induced 
STAT4 signaling, IL-23-induced IFN-γ release, IL-12-induced IFN-γ release, and IL-23-induced IL-17 release of ABP 
654 as compared to RP in cells from both healthy volunteers and patients with CD. The results provide additional 
scientific support for extrapolation based on the functional similarity of ABP 654 and ustekinumab RP in the primary 
MOA underlying all indications for which ustekinumab has been approved.

Table 4 ABP 654 and Ustekinumab (EU) IC50 

Values for Inhibition of IL-12-Induced STAT4 
Phosphorylation in CD Donor Cells

IL-12-Induced STAT4 IC50 (nM)

Ustekinumab (EU) ABP 654

CD Donor A 6.8 8.2
CD Donor B 5.1 8.3

CD Donor C 11.5 11.9

Abbreviations: CD, Crohn’s disease; IC50, half-maximal inhibi
tory concentration; IL, interleukin; STAT4, signal transducer and 
activator of transcription 4.

Figure 6 Similarity in inhibition of IL-12-mediated STAT4 phosphorylation using ustekinumab (EU) and ABP 654 in cells from three different CD donors showing (A) 
overlapping dose-response curves; and (B) IC50 values. 
Abbreviations: CD, Crohn’s Disease; EU, European Union; IC50, half-maximal inhibitory concentration; IL, interleukin; POC, percent of control; RP, reference product; 
STAT4, signal transducer and activator of transcription 4.
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Ustekinumab is approved to manage and treat the inflammatory diseases of plaque psoriasis, psoriatic arthritis, CD, 
and ulcerative colitis.2,3 IL-12 and IL-23 both participate in immune responses that are characterized as pro- 
inflammatory. Dysregulation of IL-12 and IL-23 pathways is known to contribute to the chronic inflammation mediated 
by T-helper type 1 (Th1) and Th17 immune responses associated with many inflammatory diseases.5 The MOA of 

Figure 7 Similarity in inhibition of IL-23-induced IL-17 release in cells from 3 independent experiments shown by mean IC50 values with error bars representing the standard 
deviation in (A) healthy donors; and (B) CD donors. 
Abbreviations: CD, Crohn’s disease; EU, European Union; IC50, half-maximal inhibitory concentration; IL, interleukin.

Table 5 IC50 Values from ABP 654 and Ustekinumab (EU) Inhibition 
of IL-23-Induced IL-17 Release Assay Using Cells from Healthy and 
CD Donors

IL-23-Induced IL-17 Release IC50 ± 2 SD (pM)

Ustekinumab (EU) ABP 654

Healthy Donor 1 533.3 ± 150.4 457.8 ± 212.8

Healthy Donor 2 495.9 ± 44.4 459.5 ± 230.2
CD Donor A 146.3 ± 111.6 178.1 ± 116.4

CD Donor C 263.9 ± 194.6 302.2 ± 206.4

CD Donor D 360.4 ± 274.6 302.0 ± 208.0

Abbreviations: CD, Crohn’s disease; EU, European Union; IC50, half-maximal inhibi
tory concentration; IL, interleukin; SD, standard deviation.
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ustekinumab is to bind to the p40 subunit of IL-23 and IL-12, blocking the cytokines’ interaction with their receptors and 
preventing the phosphorylation of STAT-signaling proteins and expression of the proinflammatory cytokines, IFN-γ and 
IL-17.5 To demonstrate that ABP 654 is able to neutralize IL-23- and IL-12-mediated signaling activity similarly to the 
RP, ABP 654 and ustekinumab RP were tested in multiple different side-by-side experiments.

IL-23 signaling is mediated through intracellular phosphorylation of STAT3 proteins. Similar inhibition was observed 
with ABP 654 and ustekinumab RP of IL-23-mediated STAT3 phosphorylation in healthy and CD donor cells, with 
overlapping standard deviations for all the lots tested. Since ABP 654 and ustekinumab RP bind to the common p40 
subunit of IL-12 and IL-23, inhibition to IL-12-mediated signaling was also examined. ABP 654 and ustekinumab RP 
exhibit similar inhibition of IL-12-mediated STAT4 phosphorylation in healthy and CD donor cells with overlapping 
standard deviation for all the lots tested.

Both IL-23 and IL-12 play crucial roles in activating cells to elicit IFN-γ release.14,15 Examining the neutralization of 
IL-23-induced IFN-γ release, the % relative potency for ABP 654 as compared with ustekinumab RP was similar in each 
of the pairwise comparison assays performed. Similar to IL-23, IL-12 is also known to increase IFN-γ release, and, in our 
assays measuring the neutralization of IL-12-induced IFN-γ release, ABP 654 exhibited similar % relative potency as 
compared with ustekinumab RP in each of the pairwise comparison assays performed.

IL-23 also has the ability to stimulate IL-17 production and expression, and IL-17-producing T cell numbers in gut 
mucosa have been found to be higher in patients with CD than in healthy controls, and some of these cells also secrete 
IFN-γ.16 ABP 654 was determined to be functionally similar to ustekinumab RP based on results that demonstrate 
similarity of blocking of IL-23-induced IL-17 release in PBMC from multiple healthy and CD donors.

ABP 654 has previously been shown to be identical to ustekinumab RP in amino acid sequence and chemical 
modifications. Size and charge variants for ABP 654 and ustekinumab RP were also considered similar, despite minor 
differences that were deemed not clinically meaningful. Initial comparative assessments of their anti-inflammatory action 
in human embryonic kidney (HEK) cells, including inhibition of IL-23-mediated signaling, inhibition of IL-12-mediated 
signaling, IL-23 receptor-ligand binding, and IL-12 receptor-ligand binding were also found to be similar.12 PK 
equivalency and no clinical meaningful differences in safety were demonstrated between ABP 654 and ustekinumab 
RP in healthy volunteers.13 These previously published analytical and functional studies,12 clinical PK studies,13 as well 
as functional studies as reported in this manuscript also established ustekinumab RP bridging between US- and EU- 
sourced products and support the use of ustekinumab sourced from either region in further studies.

Conclusions
In summary, these nonclinical pharmacology data support the conclusion that ABP 654 and ustekinumab RP exert similar 
anti-inflammatory actions in vitro in both healthy and CD donor cells. These results of functional similarity in addition to 
the previously reported evidence of their structural similarities, functional similarities in other in vitro and in vivo 
systems,12 as well as evidence of no clinically meaningful differences in PK, safety, and immunogenicity in healthy 
volunteers,13 and efficacy and safety in subjects with plaque psoriasis (manuscript in review),17,18 are key data that form 
the TOE for similarity. This work adds to the TOE supporting the conclusion of similarity and the scientific rationale for 
ABP 654 as an FDA-approved biosimilar to ustekinumab across all indications of chronic inflammation (plaque 
psoriasis, psoriatic arthritis, CD, ulcerative colitis) for which ustekinumab is approved. Approved biosimilars offer 
healthcare professionals and patients more choices for treatment, enabling access to more affordable treatment options for 
some patients.19

Ethics Approval and Informed Consent
All human specimens were collected via Amgen Human Tissue Science Center study specifications under site-specific 
Institutional Review Board or Ethics Board approval with appropriate informed consent in compliance with all applicable 
laws and regulations. In all cases, materials obtained were surplus to standard clinical practice and standards of care. 
Patient identity and Protected Health Information/identifying information were redacted from tissues and clinical data 
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