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(A)Titration of Aiolos and Ikaros Antibodies in CD19+ B Cells. Serial dilutions of intracellular Ikaros and Aiolos antibodies (0, 0.25, 0.5, 1, 2, 4, 
8 µg/mL for Ikaros, and 0, 5, 1, 2, 4, 8, 16 µg/mL for Aiolos) were applied to 100 µL of healthy human peripheral blood. Fluorescence intensity and 
Stain Index (SI) were quantified via flow cytometry. Optimal concentrations were determined by identifying the plateau phase of maximum 
fluorescence intensity and peak SI values: Ikaros: 1 µg/mL (SI = [15.32]), Aiolos: 4 µg/mL (SI = [15.22]).Values represent mean fluorescence 
intensity (MFI). (B-D) Optimization of staining conditions. The optimal staining condition was achieved with 1 mL of True-Nuclear™ Fix Buffer 
and staining at room temperature for 1 hour (B), which provided the best staining results. Using 250 µL of True-Nuclear™ Fix Buffer at 4°C for 30 
minutes (C) or 250 µL of True-Nuclear™ Fix Buffer at room temperature for 1 hour (D) did not yield optimal results.
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(A) Linear Relationship Between Dilution and Ikaros+/Aiolos+ Percentage in CD19+ B Cells and CD3+ T Cells. Data 
illustrates the correlation of serial dilutions (0, 1:3, 1:9, 1:27, 1:81, 1:243, 1:729) with the percentage of Ikaros+ and Aiolos+ 
cells in CD19+ B cells (blue circles) and CD3+ T cells (orange triangles). Full-stained cell samples were progressively diluted, 
and the retained positivity percentages were measured. Both cell types exhibited a near-perfect linear relationship across all 
dilution levels (R² = 0.9996 or 0.9997 for each regression line). (B) The Lower Limit of Quantification (LLOQ) of Aiolos and 
Ikaros. The scatter plot represents the original flow cytometry data in (A). The LLOQ of Aiolos and Ikaros in CD3+ T cells were 
0.3% and in CD19+ B cells were 0.5% with the validation acceptance criteria (CV≤20%). 
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(A) Linear Relationship Between Dilution and Ikaros+/Aiolos+ Percentage in CD19+ B Cells and CD3+ T Cells. Data illustrates the 
correlation of serial dilutions (0, 1:3, 1:9, 1:27, 1:81, 1:243, 1:729) with the percentage of Ikaros+ and Aiolos+ cells in CD19+ B cells (blue 
circles) and CD3+ T cells (orange triangles). Full-stained cell samples were progressively diluted, and the retained positivity percentages 
were measured. Both cell types exhibited a near-perfect linear relationship across all dilution levels (R² = 0.9996 or 0.9997 for each 
regression line). (B) The Lower Limit of Quantification (LLOQ) of Aiolos and Ikaros. The scatter plot represents the original flow 
cytometry data in (A). The LLOQ of Aiolos and Ikaros in CD3+ T cells were 0.3% and in CD19+ B cells were 0.5% with the validation 
acceptance criteria (CV≤20%). 

Cell subsets CD3+ T cells CD19+ B cells

Protein Ikaros Aiolos Ikaros Aiolos

Intra-Assay 0.21 2.36 2.61 0.98

Inter-Assay 7.55 5.64 9.35 6.45

Inter-Operator 5.26 6.07 11.68 4.60

48hr storage 2.15 16.39 5.60 3.84

72hr storage 7.63 11.64 15.10 1.02

96hr storage 13.23 18.93 18.71 8.70

2hr post staining 10.47 1.20 11.51 3.82

24hr post staining 37.68 6.09 38.37 12.24

Figure 4. MFI of Ikaros and Aiolos in CD3+ T cells and CD19+ B cells Validation Results.

These results represent the %CV for the parameters tested in the healthy donor. Human peripheral whole blood samples were collected in 
heparin sodium tubes. 

INTRODUCTION
Targeted protein degraders (TPDs) are emerging therapeutic modality whereby 
small-molecule ligands are used to target disease causing proteins. TPDs utilize the 
two primary eukaryotic intracellular proteolytic systems-the ubiquitin proteasome and 
lysosomal degradation system-which are essential for maintaining proteostasis, to 
eliminate dysregulated proteins. Targeted proteins serve as critical pharmacodynamic 
biomarkers in the clinical studies of TPD therapeutics. Pomalidomide, an 
immunomodulatory drug (IMiD), is a protein degrader of Aiolos and Ikaros and is 
approved for treatment of patients with hematologic tumors. Here, we validated a 
fit-for-purpose flow cytometry assay to quantify the expression of Aiolos and Ikaros 
proteins in T cells and B cells in the peripheral whole blood.

PURPOSE
In clinical trials, the analysis of Aiolos and Ikaros in B cells and T cells predominantly 
relies on flow cytometry for protein expression quantification. However, the flow 
cytometry approach still confronts significant challenges such as protein intracellular 
staining or blood sample stability with Pomalidomide treatment. We need to establish 
and optimize the workflow for Aiolos and Ikaros testing. This assay was validated to 
be both sensitive and selective in the quantification of Aiolos and Ikaros to facilitate 
dose optimization in drug administration and correlate pharmacodynamic responses 
to potential clinical responses in the treatment of hematologic malignancies. The 
validation parameters included intra-assay, inter-assay, inter-operator precision, 
post-staining stability, storage stability and sensitivity.

METHODS
Peripheral whole blood from healthy donors were used to validate the assay. The Cyto-
Chex BCT tubes and heparin sodium tubes were used for whole blood collection in 
this assay. The usage of the antibodies for cell surface marker (anti-CD45/CD3/CD19) 
and intracellular marker (anti-Aiolos and Ikaros) was optimized by antibody titration 
and we optimized the sample processing procedures for better assay robustness. 
All the flow data was acquired on BD Canto II Cytometer and data was analyzed 
with Diva software and FCS Express software. Frequency of parent T and B cell 
populations were reported and Aiolos/Ikaros MFI (Median Fluorescence Intensity) 
in T cell and B cells were reported. Pomalidomide, as the representative drugs of 
TPDs, was used as positive control in the in vitro testing of this assay to test the 
applicability of the method for possible clinical samples.

CONCLUSION
The flow detection panel of Aiolos and Ikaros was feasible and we established 
an optimized workflow for quantitative bioanalysis of Aiolos/Ikaros in T/B 
cells. Dose-dependent degradation of Aiolos and Ikaros in T cells and B cells 
is promoted by Pomalidomide in the in vitro testing. And the results could 
reflect the relationship between therapeutic dose and pharmacodynamic 
responses. The sensitivity of Aiolos and Ikaros in CD19+ B cells were 0.5% 
and the sensitivity of Aiolos and Ikaros in CD3+ T cells were 0.3%. The 
validation results of intra-assay, inter-assay, inter-operator precision, and 
post-staining stability (2 hours) and storage stability (96 hours at 4°C) met the 
validation acceptance criteria (CV≤20%). The poster-staining stability results 
demonstrated great changes in MFI after 24 hours (stored at 4°C) and the 
samples need to be acquired in 2 hours after staining. Both the Cyto-Chex BCT 
tubes and heparin sodium tubes could be used for whole blood collection in 
this assay. This assay can be used as a pharmacodynamic assay to facilitate 
dose optimization in drug administration for TPDs targeting Aiolos and Ikaros 
in clinical study.

RESULTS
Figure 1. Gating Strategy of CD3+T cell and CD19+B Cell Subsets in 
Human Peripheral Whole Blood and the Expression of Ikaros and Aiolos.

Figure 2. Optimization of Aiolos and Ikaros Antibody Titration and Intracellular 
Staining Conditions.

Figure 5. Dose- and Time-Dependent Decrease of Ikaros and Aiolos Expression 
in CD3+ T and CD19+ B Cells Following Pomalidomide Treatment in Heparin 
Sodium Tubes at 37°C.

Figure 7. Validation Results for Protein Expression of Ikaros and Aiolos in CD3+ 
T cells and CD19+ B cells.

Figure 6. Stability of Ikaros and Aiolos Expression in CD3+ T Cells and CD19+ B 
Cells Post-Pomalidomide Treatment at 4°C.

Figure 8. Stability of Ikaros and Aiolos Expression in CD3+ T Cells and CD19+ 
B Cells Post-Pomalidomide Treatment in Cyto-ChexBCT Tubes at Both 37°C 
and 4°C.

Figure 3. The Sensitivity of Ikaros and Aiolos in CD3+ T cells and CD19+ B cells.

Figure 4. Precision and Stability Analysis for Protein Expression of Ikaros and 
Aiolos in CD3+ T Cells and CD19+ B Cells.

(A) Titration of Aiolos and Ikaros Antibodies in CD19+ B Cells. Serial dilutions of intracellular Ikaros and Aiolos 
antibodies (0, 0.25, 0.5, 1, 2, 4, 8 µg/mL for Ikaros, and 0, 5, 1, 2, 4, 8, 16 µg/mL for Aiolos) were applied to 100 µL of 
healthy human peripheral blood. Fluorescence intensity and Stain Index (SI) were quantified via flow cytometry. Optimal 
concentrations were determined by identifying the plateau phase of maximum fluorescence intensity and peak SI values: 
Ikaros: 1 µg/mL (SI = [15.32]), Aiolos: 4 µg/mL (SI = [15.22]).Values represent mean fluorescence intensity (MFI). (B-
D) Optimization of staining conditions. The optimal staining condition was achieved with 1 mL of True-Nuclear™ Fix 
Buffer and staining at room temperature for 1 hour (B), which provided the best staining results. Using 250 µL of True-
Nuclear™ Fix Buffer at 4°C for 30 minutes (C) or 250 µL of True-Nuclear™ Fix Buffer at room temperature for 1 hour (D) 
did not yield optimal results.

(A-B) Human peripheral whole blood was treated with pomalidomide at increasing concentrations  (0, 0.0001, 0.01, 0.1, 
0.5, 1, 2, 5, 10, and 20 ×10³ nM) for 2h or 4h in heparin sodium tubes at 37°C. Expression levels of Ikaros- (A) and Aiolos- 
(B) proteins in CD3+ T cells and CD19+ B cells was quantified via flow cytometry and normalized to DMSO-treated control 
cells. Data demonstrate a significant dose- and time-dependent reduction in protein expression. Higher concentrations 
and prolonged exposure (4h vs. 2h) correlated with progressive degradation.

These results showed the %CV for the parameters tested in the healthy donor. Human peripheral whole 
blood samples were collected in Cyto-ChexBCT tubes. 

(A-B) Human peripheral whole blood was treated with pomalidomide at increasing concentrations (0, 0.1, 2, and 20 
×10³ nM) for 24h in heparin sodium tubes at 4°C. Expression levels of Ikaros (A) and Aiolos (B) proteins in CD3+ T cells 
and CD19+ B cells were quantified via flow cytometry with results expressed as mean fluorescence intensity (MFI). 
Data demonstrate robust stability across concentrations.

(A-B) Human peripheral whole blood was treated with pomalidomide at increasing concentrations (0, 0.0001, 0.01, 
0.1, 0.5, 1, 2, 5, 10, and 20 ×10³ nM) for 2h or 4h in Cyto-ChexBCT tubes at 37°C. Expression levels of Ikaros (A) 
and Aiolos (B) proteins in CD3+ T cells (circles) and CD19+ B cells (triangles) were quantified via flow cytometry and 
normalized to DMSO-treated control cells. (C-D) Human peripheral whole blood was treated with pomalidomide at 
increasing concentrations (0, 0.1, 2, and 20 ×10³ nM) for 24h in Cyto-ChexBCT tubes at 4°C. Expression levels of 
Ikaros (C) and Aiolos (D) proteins in CD3+ T cells and CD19+ B cells were quantified via flow cytometry with results 
expressed as mean fluorescence intensity (MFI). 

(A) Linear Relationship Between Dilution and Ikaros+/Aiolos+ Percentage in CD19+ B Cells and CD3+ T Cells. 
Data illustrates the correlation of serial dilutions (0, 1:3, 1:9, 1:27, 1:81, 1:243, 1:729) with the percentage of Ikaros+ 
and Aiolos+ cells in CD19+ B cells (blue circles) and CD3+ T cells (orange triangles). Full-stained cell samples were 
progressively diluted, and the retained positivity percentages were measured. Both cell types exhibited a near-perfect 
linear relationship across all dilution levels (R² = 0.9996 or 0.9997 for each regression line). (B) The Lower Limit of 
Quantification (LLOQ) of Aiolos and Ikaros. The scatter plot represents the original flow cytometry data in (A). The 
LLOQ of Aiolos and Ikaros in CD3+ T cells were 0.3% and in CD19+ B cells were 0.5% with the validation acceptance 
criteria (CV≤20%).

These results showed the %CV for the parameters tested in the healthy donor. Human peripheral whole 
blood samples were collected in heparin sodium tubes. 
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Figure 1. Gating strategy of CD3+T cell and CD19+B cell subsets in Human  
peripheral whole blood and the expression of Ikaros and Aiolos.
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(A) Linear Relationship Between Dilution and Ikaros+/Aiolos+ Percentage in CD19+ B Cells and CD3+ T Cells. Data illustrates the 
correlation of serial dilutions (0, 1:3, 1:9, 1:27, 1:81, 1:243, 1:729) with the percentage of Ikaros+ and Aiolos+ cells in CD19+ B cells (blue 
circles) and CD3+ T cells (orange triangles). Full-stained cell samples were progressively diluted, and the retained positivity percentages 
were measured. Both cell types exhibited a near-perfect linear relationship across all dilution levels (R² = 0.9996 or 0.9997 for each 
regression line). (B) The Lower Limit of Quantification (LLOQ) of Aiolos and Ikaros. The scatter plot represents the original flow 
cytometry data in (A). The LLOQ of Aiolos and Ikaros in CD3+ T cells were 0.3% and in CD19+ B cells were 0.5% with the validation 
acceptance criteria (CV≤20%). 
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(A) Linear Relationship Between Dilution and Ikaros+/Aiolos+ Percentage in CD19+ B Cells and CD3+ T Cells. Data illustrates the 
correlation of serial dilutions (0, 1:3, 1:9, 1:27, 1:81, 1:243, 1:729) with the percentage of Ikaros+ and Aiolos+ cells in CD19+ B cells (blue 
circles) and CD3+ T cells (orange triangles). Full-stained cell samples were progressively diluted, and the retained positivity percentages 
were measured. Both cell types exhibited a near-perfect linear relationship across all dilution levels (R² = 0.9996 or 0.9997 for each 
regression line). (B) The Lower Limit of Quantification (LLOQ) of Aiolos and Ikaros. The scatter plot represents the original flow 
cytometry data in (A). The LLOQ of Aiolos and Ikaros in CD3+ T cells were 0.3% and in CD19+ B cells were 0.5% with the validation 
acceptance criteria (CV≤20%). 

Figure 5. Dose- and Time-Dependent Decrease of Ikaros and Aiolos Expression in  
CD3+ T and CD19+ B Cells Following Pomalidomide Treatment in Heparin Sodium  
Tubes at 37°C.

(A-B) Human peripheral whole blood was treated with pomalidomide at increasing concentrations  (0, 0.0001, 0.01, 0.1, 0.5, 1, 2, 5, 10, and 
20 ×10³ nM) for 2h or 4h in heparin sodium tubes at 37°C. Expression levels of Ikaros- (A) and Aiolos- (B) proteins in CD3+ T cells and 
CD19+ B cells was quantified via flow cytometry and normalized to DMSO-treated control cells. Data demonstrate a significant dose- and 
time-dependent reduction in protein expression. Higher concentrations and prolonged exposure (4h vs. 2h) correlated with progressive 
degradation.
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Figure 6. Stability of Ikaros and Aiolos Expression in CD3+ T Cells and CD19+ B Cells  
Post-Pomalidomide Treatment at 4°C.

(A-B) Human peripheral whole blood was treated with pomalidomide at increasing concentrations (0, 0.1, 2, and 20 ×10³ nM) for 24h in 
heparin sodium tubes at 4°C. Expression levels of Ikaros (A) and Aiolos (B) proteins in CD3+ T cells and CD19+ B cells were quantified 
via flow cytometry with results expressed as mean fluorescence intensity (MFI). Data demonstrate robust stability across concentrations.
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Figure 7. Stability of Ikaros and Aiolos Expression in CD3+ T Cells and CD19+ B Cells  
Post-Pomalidomide Treatment in Cyto-ChexBCT Tubes at both 37°C and 4°C .

(A-B) Human peripheral whole blood was treated with pomalidomide at increasing concentrations (0, 0.0001, 0.01, 0.1, 0.5, 1, 2, 5, 10, and 
20 ×10³ nM) for 2h or 4h in Cyto-ChexBCT tubes at 37°C. Expression levels of Ikaros (A) and Aiolos (B) proteins in CD3+ T cells (circles) 
and CD19+ B cells (triangles) were quantified via flow cytometry and normalized to DMSO-treated control cells. (C-D) Human peripheral 
whole blood was treated with pomalidomide at increasing concentrations (0, 0.1, 2, and 20 ×10³ nM) for 24h in Cyto-ChexBCT tubes at 
4°C. Expression levels of Ikaros (C) and Aiolos (D) proteins in CD3+ T cells and CD19+ B cells were quantified via flow cytometry with 
results expressed as mean fluorescence intensity (MFI). 

A B

C D

Cell subsets CD3+ T cells CD19+ B cells

Protein Ikaros Aiolos Ikaros Aiolos

Intra-Assay 0.18 0.77 1.02 1.14

Inter-Assay 0.53 1.90 2.77 4.78

Inter-Assay 
（compared to 

heparin sodium tubes)
6.23 19.44 5.12 19.30

Inter-Operator 7.76 8.39 15.50 1.15

72hr storage 12.00 17.13 2.46 6.42

2hr post staining 15.56 2.41 14.34 14.71

24hr post staining 55.25 8.54 57.30 22.03

Figure 8. Validation Results for MFI of Ikaros and Aiolos in CD3+ T cells and  
CD19+ B cells.

These results represent the %CV for the parameters tested in the healthy donor. Human peripheral whole blood samples were collected in 
Cyto-ChexBCT tubes. 


