
• Serum-free, feeder-free, and coating-free generation of:
◦ CD19+ B cells and antibody-secreting cells from human pluripotent stem cells.
◦ CD19+ B cells expressing IgM or IgG immunoglobulins.
◦ CD38++CD27+ plasmablasts and CD38++CD138+ plasma cells.

• Generation and validation of naive B cell-derived B-hiPSC lines.

B cells are vital for antibody production and cell-based therapies. However, 
generating functional B cells expressing B-cell receptors (BCRs) in vitro remains 
challenging. We present a serum- and feeder-free system for generating human 
pluripotent stem cell (hPSC)-derived B cells and antibody-secreting cells (ASCs), 
including CD27+CD38++ plasmablasts and CD19+/-CD38++CD138+ plasma cells. 
Using a 12-day CD34+ hematopoietic differentiation workflow followed by 5 weeks 
of specialized B cell induction, we successfully produced functional ASCs. Further 
maturation in StemSpan™ SFEM II with ImmunoCult™-ACF Supplement yielded 
CD38++CD138+ plasma cells. This system is the first product to produce functional 
antibody-secreting B cells from hPSCs, offering a scalable platform for B cell research, 
disease modeling, and therapeutic development.
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(C, E) IgM+ cells expanded notably from day 28 to day 35, reaching 22.5 ± 3.4% frequency. 
(G) B-hiPSC lines showed robust IgG+ populations by day 28. (H) pooled lines reached 
18.5 ± 4.8% by day 35. (I) Presence of IgM+IgD- and IgM+IgD+ populations at day 35 
indicates normal developmental progression from immature to mature naive B cells. Flow 
cytometry plots were gated on live singlet lymphocytes. Graphs represent mean ± standard 
error of the mean (SEM) and include data from 7 different hPSC lines: SCTi003-A, 
SCTi004-A, SCTi005-A, SCTi006-A, F016, H9, and B-hiPSC (n = 10 - 50).

(A - D) Representative flow cytometry plots from (A, C) H9 hESC and (B, D) B-hiPSC lines 
showing progression to CD38++CD27+ plasmablasts and CD38++CD138+ plasma cells 
across hPSC lines. (E, F) ELISpot analysis at day 35 from H9 and B-hiPSC confirmed 
functional status, with 771 ± 132 ASCs per 10,000 day 35 input cells. (G) ELISA data 
showed a sharp increase in IgM/IgG secretion by day 35. (H) Plasmablasts were generated 
with a frequency of 16.2 ± 2.5% and yield of 2.0 ± 0.5 per input hPSC. (I) Plasma cell 
frequency was 7.1 ± 1.2%, yielding 0.7 ± 0.2 per input hPSC. Graphs are mean ± SEM, 
and are a combination of 7 different hPSC lines: SCTi003-A, SCTi004-A, SCTi005-A, 
SCTi006-A, F016, H9, and B-hiPSC (n = 8 - 43). For ELISpot, 2,500 cells from day-35 
culture were loaded per well.

FIGURE 4. Characterization of Functional Antibody-Secreting B Cells.

B cell development begins from hematopoietic stem cells (HSCs) that differentiate in 
stages to IgM BCR-expressing immature B cells in the bone marrow. Egress from the 
bone marrow environment to secondary lymphoid organs allows further development, 
which may include the generation of plasmablasts and plasma cells that are capable of 
secreting antibody/immunoglobulin (Ig+) isotypes: IgM, IgG, IgA, or IgE.

FIGURE 1. B Cell Development

hPSCs are cultured in suspension with STEMdiff™ Hematopoietic - EB Basal Medium 
and supplements to specify mesoderm and hematopoietic lineages over 12 days. 
Harvested CD34+ hematopoietic stem and progenitor cells (HSPCs) are cultured in 
StemSpan™ SFEM II with STEMdiff™ B Cell Specification Supplement and StemSpan™ 
B Cell Differentiation Supplement 1 to expand lymphoid progenitors, followed by 
differentiation with StemSpan™ B Cell Differentiation Supplement 2. From Day 28, 
cells are matured with StemSpan™ B Cell Activation Supplement and optionally from 
Day 35 with ImmunoCult™-ACF Human B Cell Expansion Supplement to generate 
plasmablasts and plasma cells. Data in Figures 3 - 5 are based on experiments using 
human non-B cell-derived hPSC lines SCTi003-A, SCTi004-A, SCTi005-A, SCTi006-A, 
F016, and H9. The B-hiPSC line is a IgG+ B cell-derived human induced pluripotent 
stem cell (hiPSC) line; courtesy of Dr. Deepta Bhattacharya, University of Arizona.

FIGURE 2. Serum- and Feeder-Free Differentiation Protocol for hPSC-Derived 
B Lymphocytes and Plasma Cells.

BCR profiling of day-35 cultures. (A) H9 hESC line displayed diverse V(D)J pairings, whereas the 
B-hiPSC line showed restricted repertoires consistent with their IgG+ B cell origin. (B) CDR3 analysis 
confirmed diversity for H9-derived B cells compared to a restricted repertoire in B-hiPSC-derived 
cells. Note: Because the rearrangement machinery is expressed as B-hiPSC–derived progenitors 
transition from Ig- to Ig+ B cells, additional rearrangements may occur. Since this line originated 
from a kappa light chain-expressing B cell, further light-chain rearrangement is possible, including a 
switch to the lambda light chain. Each colour wedge or rectangle represents a distinct V(D)J pairing 
or CDR3 sequence, with the area representing the frequency out of all the reads.

FIGURE 5. Rearrangements of B-Cell Receptor (BCR) Heavy and Light Chains.

(A) Workflow for generating clonal B-hiPSC(SCT) lines from primary naive CD19+ B cells. 
(B, C) All hPSC lines showed high CD19+ frequency (50 - 90%) by day 35. 
(D - F) B-hiPSC(SCT) clones exhibited accelerated IgM expression and robust isotype switching 
to IgG. (G - I) Successful generation of CD38++CD27+ and CD38++CD138+ cells was 
confirmed via flow cytometry and cell functionality was demonstrated by ELISpot assays. 
Graphs are mean ± SEM, and represent data from a combination of 4 different B-hiPSC(SCT) 
clones (n = 4). Control refers to H9 and SCTi005-A; B-hiPSC is the IgG+ B cell-derived hiPSC 
line generated in the Bhattacharya lab (University of Arizona) and serves as a negative control 
for IgM. For ELISpot 2,500 cells from day-35 culture were loaded per well.

FIGURE 6. Validation of B Cell-Derived hiPSC Lines: B-hiPSC(SCT).

FIGURE 3. Generation of IgM+ and IgG+ B Cells from 
hPSC-Derived HSPCs.
Representative flow cytometry plots from (A, C, F, I) H9 hESC and 
(D, G) B-hiPSC line. (A, B) Flow cytometry, frequency, and yield data 
showing that CD10+CD19+ B cell precursors peaked at day 28 
(58.0 ± 3.7%) before maturing by days 35 and 42.
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