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It remains unclear how human antibody-secreting cells (ASCs) differentiate. In this study,
the authors discovered a CD30⁺ intermediate subset that appears during the transition
from B cells to ASCs, providing a potential ontogeny for extra-germinal center B cell
differentiation. This study is useful because it identifies novel intermediate markers that
enable tracking of human ASC ontogeny, offering new insights into ASC development.
However, the evidence is incomplete, and we see three major limitations: (1) the data are
largely representative, requiring additional reproducibility; (2) the bioinformatics analysis
is limited; and (3) step-wise phenotypic validation would require lineage-tracing
experiments on sorted populations.

https://doi.org/10.7554/eLife.110953.1.sa2

Abstract
Upon activation, B cells undergo profound transcriptional, epigenetic, and metabolic
reprogramming to form antibody secreting plasma cells bearing little resemblance to their
progenitors. Here, we used single cell RNA and ATAC sequencing of primary and in vitro
differentiating human B cells to identify multiple distinct plasma cell subsets and differentiation
routes depending on the starting cell type. In primary tonsils, we observed two distinct plasma cell
subsets distinguished by expression of CD44 variant 9 (CD44v9), CD38, CD31, and CD10. A transient
and rare CD30+ intermediate was identified both in primary tonsils and in vitro. CD40, TLR9, and
cytokine stimulation of naïve and memory B cells yielded CD30+ cells, which then formed plasma
cells that were exclusively CD44v9+. CD30+ intermediates were not generated from primary
germinal center B cells as they differentiated into plasma cells, which mostly lacked expression of
CD44v9. Analysis of single cell multiomic data and pharmacological inhibition experiments
demonstrated that the CD30+ intermediate was promoted by the transcription factor MEF2C. BAFF
and APRIL promoted further maturation of these cells to CD44v9+ plasma cells. These data suggest
that human germinal center-independent and -dependent ontogenies are biased towards distinct
differentiation routes and terminal plasma cells.
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Introduction
Antibody-secreting plasma cells are generated upon activation and differentiation of upstream B
cells. Plasma cells can be generated from B cells through a variety of activation cues, such as
crosslinking of the B cell receptor (BCR), signaling through CD40, engagement of Toll-like
receptors, and instructive cytokines (Jego et al., 2003     ; Kräutler et al., 2017a     ; Poeck et al.,
2004     ). These signals integrate to induce dramatic changes, resulting in terminally differentiated
plasma cells bearing little resemblance to other B-lineage cells. Irrespective of the activation cues,
a common core set of programs changes as B cells differentiate towards plasma cells. Paired Box 5
(PAX5)-driven B cell transcriptional and epigenetic programs are extinguished by PR/SET Domain 1
(Blimp-1) (Lin et al., 2002     ), which works in concert with Interferon Regulatory Factor 4 (IRF4) to
enforce the plasma cell program (Sciammas et al., 2006     ). As the cells differentiate, they begin
secreting vast quantities of antibodies, leading to activation of X-Box Binding Protein 1 (XBP1) in
response to the resulting ER stress (Gass et al., 2002     ). To cope with the bioenergetic demands of
antibody secretion, they also undergo metabolic reprogramming driven by Protein Kinase C (PKC)
and Mammalian Target of Rapamycin Complex 1 (mTORC1) signaling (Tsui et al., 2018     ).

The studies that revealed these mechanistic details were first mostly conducted in vitro, as the
cellular intermediates between B cells and plasma cells are exceedingly rare in vivo. Perhaps these
cellular intermediates are particularly transient in vivo, with transition states progressing rapidly
and abruptly. While mouse studies have employed various approaches, such as genetic reporters,
to identify these rare intermediates (Gómez-Escolar et al., 2022     ; Ise et al., 2018     ; Kräutler et al.,
2017b     ; Schulz et al., 2025     ), this experimental strategy is not feasible for human B cells, which
differ from mouse B cells in fundamentally important ways, such as the expression of innate
pattern recognition receptors (Bekeredjian-Ding and Jego, 2009     ). Several studies have thus
employed single cell transcriptional and epigenetic profiling to infer developmental trajectories of
differentiating human B cells (Alaterre et al., 2024     ; Verstegen et al., 2023     ). Functional
validation of the predictions made by these studies is a critical next step given that dimensionality
reduction of single cell data can misrepresent developmental relationships (Alquicira-Hernandez et
al., 2021     ; Chari and Pachter, 2023     ; Wilk et al., 2020     ). Coupling these types of single cell
profiling studies with functional validation and perturbation of cellular intermediates,
transcriptional programs, and signaling pathways could provide further insight into how human
plasma cells develop. Despite these advances in understanding plasma cell biology, critical
questions remain unanswered for human systems. First, do distinct activation pathways lead to
functionally divergent plasma cell fates? Second, what are the transcriptional regulators that
could be therapeutically targeted to enhance plasma cell generation? Third, can we identify rare
cellular intermediates that represent decision points in cell fate commitment? Answering these
questions requires integrating transcriptional and epigenetic profiling with functional
perturbation studies.

While all plasma cells start out as B cells, there are multiple routes they can take to become a
plasma cell (Eisenbarth et al., 2025     ). These pathways to plasma cells can be broken down into
germinal center-dependent (GC-dependent) or GC-independent pathways. GC-dependent pathways
involve a germinal center B cell intermediate which traffics back and forth between dark and light
zones, accumulating somatic hypermutations and eventually terminally differentiating into
plasma cells (Young and Brink, 2021     ). GC-independent pathways allow B cells to “directly”
differentiate into plasma cells (Bortnick and Allman, 2013     ). Additionally, plasma cells can take up
residence in various locations within the body. The bone marrow is somewhat unique in
containing repertoire of plasma cells generated from a wide variety of conditions (Ferreira-Gomes
et al., 2024     ; Lemke et al., 2016     ; Tellier et al., 2024a     ; Wilmore et al., 2021     , 2018     ).

Here, we integrated multiomic profiling of primary and in vitro differentiating human B cells with
systematic functional validation to define the cellular routes and molecular programs governing
plasma cell differentiation. We identified two distinct plasma cell populations distinguished by
CD44v9 expression. Through gene regulatory network inference and targeted perturbation
experiments, we discovered that MEF2C, STAT1, POU2F2, XBP1, and IRF4 collectively regulate a
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rare CD30+ intermediate that serves as a gateway to CD44v9+ plasma cells. Pharmacological
modulation of these factors revealed opportunities to enhance plasma cell yields, with
implications for vaccine development and therapeutic antibody production

Results
In vitro differentiation of primary B cells fills gaps in the plasma
differentiation trajectory
To epigenetically and transcriptionally profile the starting and ending cell types during plasma cell
differentiation, we performed single cell paired ATAC and RNA sequencing on CD19+ human
primary tonsil B-lineage cells sorted according to the scheme depicted in (Fig 1A     ) with naïve B
cells defined as CD27-CD38-, memory as CD27+CD38-, germinal center as CD27+/-CD38+, and plasma
cells as CD27++CD38++. Data were embedded in a UMAP space based on integration of both ATAC
and transcriptional profiles of these B lineage cells (Fig 1B     ). Cell identities were assigned based
on expression levels of known marker genes, such as PAX5, BCL6, PRDM1, antibody isotype, and
cell cycle genes (MKI67) as depicted in (Fig 1C     ). This allowed for the identification of memory B
cell subsets, light zone (non-cell cycling) or dark zone (cell cycling) germinal center cells, and two
separate clusters of plasma cells. Yet very few cells were identified in the space between clusters,
likely due to rapid terminal differentiation in vivo after cells pass a critical threshold for plasma
cell differentiation, precluding inference of developmental trajectories to either plasma cell
subset. This prompted us to perform the same sequencing and embedding on in vitro
differentiating naïve B cells. The main advantages of this system are the ability to have many cells
differentiating in synchrony and to sample at very early stages post-activation, allowing for the
identification of populations that are rare or very transient in vivo.

Published in vitro plasma cell differentiation protocols rely on a combination of IL-4 and
lipopolysaccharide (LPS), or combinations of IL-15 or IL-21 with mitogenic stimuli to facilitate
differentiation to an antibody secreting state (Hipp et al., 2017     ; Jourdan et al., 2009     ; Matsuda
et al., 2015     ; Wang et al., 2018     ). However, human B cells differ significantly from mouse B cells
in the expression of various receptors, including the LPS sensor Toll-Like Receptor 4 (TLR4)
(Bekeredjian-Ding and Jego, 2009     ; Hwang et al., 2009     ). As such, we chose to combine aspects
of these protocols to mimic what might be experienced upon antigen-activation of human B cells.
Starting with naïve B cells, the differentiation scheme as depicted in (Sup Fig 1     ) successfully
produced plasma cells by Day 13 of culture as marked by their CD27+CD38+CD138+ surface
phenotype (Fig 1D     ). We harvested cells during in vitro differentiation at days 4, 7, 10, and 13 and
performed multiome scRNA- and scATAC-seq. Integrating the combined epigenetic and
transcriptional profiles of these in vitro activated B cells with those of the primary tonsillar B cells
revealed many cells populating the intervening regions between naïve B cells and memory B cells,
germinal center B cells, and plasma cells (Fig 1E     ). Using Monocle 3 (Cao et al., 2019     ),
pseudotime analysis was performed to predict changes in cell state and infer developmental
trajectories based on gene expression profiles. This analysis mapped from the naïve B cell cluster
predominantly to plasma cell cluster 1 while bypassing the germinal center clusters (Fig 1F     ).

Human plasma cells exist as CD44v9+ and CD44v9- subsets in both
tonsil and bone marrow
We next sought to define the differences between the two distinct plasma cell clusters (Fig 1B     ).
These clusters were found to differ in a small number of genes with major differences in
expression of RGS13 and the surface markers CD10 (MME), CD31 (PECAM1), CD38, and CD44,
which directly modulates plasma cell differentiation in vivo (Calderón et al., 2026     ) (Fig 2A     ).
We next checked the expression of the corresponding proteins flow cytometrically. For CD44, we
also specifically assessed the variant 9 splice isoform (CD44v9) given its known role in promoting
IL-6-dependent survival in myeloma cells (Van Driel et al., 2002     ). Consistent with the multiome
analysis, we observed a CD31highCD38lowCD44v9+ subset corresponding to plasma cell cluster 1,
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Fig. 1. In vitro differentiation of primary B cells identifies transitionary populations prior to plasma cell
terminal differentiation.
(A) Representative plot of the B cell populations in primary tonsil samples with red gates highlighting Naïve B cells (CD27-
CD38-), Memory B cells (CD27+CD38-), Germinal Center B cells (CD27intermeidateCD38intermediate), and plasma cells
(CD27highCD38high). (B, C) Primary CD19+ tonsil B cells (female) were subjected to single cell paired ATAC and RNA
sequencing. Cells were embedded in weighted nearest neighbor UMAP space generated using both ATAC and RNA datasets
(B). Cell identities were assigned based on the expression of known lineage-defining genes and cell cycle genes (C). (D)
Primary tonsil naïve B cells (female, same donor as in B and C) were cultured with cytokines and mitogens to induce plasma
cell differentiation which was confirmed by staining for CD27+CD38+CD138+ cells. Cells harvested over the course of the
differentiation were subjected to the same sequencing as in (B) and used to create a new UMAP embedding (E) containing
both primary and in vitro differentiating cells. The integrated primary and in vitro datasets were used for pseudotime
trajectory analysis with subsequent mapping from the naïve B cell cluster to the plasma cell clusters shown in (F).
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and a CD31lowCD38highCD44v9- subset corresponding to plasma cell cluster 2 in primary tonsil
samples (Fig 2B     ). We also observed bone marrow plasma cell subsets, gated as described in Sup.
Fig 2A     , that expressed or lacked CD44v9 expression (Fig 2C     ). We did not observe correlations
between CD44v9 and CD19 expression, the latter of which has been suggested to mark either
shorter-lived or GC-independent plasma cells (Brynjolfsson et al., 2017     ; Ferreira-Gomes et al.,
2024     ; Halliley et al., 2015     ; Landsverk et al., 2017     ; Mei et al., 2015     ). Expression of CD44v9
seemed largely confined to the plasma cell subset that also lacked CD10 expression, with only
minor staining observed in memory B cells or germinal center B cells (Sup Fig 2B     ). We observed
an increase in IL-6 receptor expression in the CD44v9+ tonsil subset (Fig 2D     ). The CD44v9
isoform specifically is able to induce IL-6 secretion from stromal cells (Van Driel et al., 2002     ).
Given the fact that IL-6 is a known survival and differentiation modulating factor for plasma cells
(Jourdan et al., 2014     ), this suggests a potential functional difference between these subsets
which are known to take up residence among IL-6 secreting stromal cells (Wols et al., 2002     ).

We next confirmed the prediction from our transcriptomic data that the tonsil CD44v9- tonsil
plasma cell population expresses higher levels of RGS13, a transcription factor and regulator of G-
protein signaling (Landsverk et al., 2017     ; Xie et al., 2008     ), similar to that found in germinal
center B cells (Fig 2E     ). RGS13 and CD10 expression suggest that this plasma cell subset may arise
through a germinal center origin. Through sorting of specific populations and IgH sequencing, we
observed more clonal overlap between CD44v9- plasma cells and germinal center B cells than with
memory B cells or CD44v9+ plasma cells (Fig 2F     ). These data are perhaps suggestive of a
germinal center origin of CD44v9- plasma cells. However, the overall level of overlap across
populations was low, especially when comparing CD44v9+ plasma cells against other B cell subsets
(Fig 2F     ), thereby limiting the conclusions that could be drawn. Given that the donor tonsils were
all at indeterminant stages of responding to unknown infection(s), we reasoned that focused in
vitro differentiations may provide more information on the ontogenetic origins, cellular routes,
and transcriptional programs that give rise to these plasma cell subsets.

Human CD44v9+ plasma cells can be formed in vitro through a

transient CD30+ intermediate
Pseudotime trajectory analysis of our in vitro differentiations did not map to germinal center B
cells (Fig 1F     ). Thus, this system potentially provides a way to define the cellular intermediates
and terminal plasma cell fates of a germinal center-independent ontogenetic route. We identified
CD30, encoded by the gene TNFRSF8, as uniquely expressed in a population of cells inferred to
immediately precede plasma cell cluster 1. To validate this finding, protein expression of CD30
along with other known marker genes was assessed by flow cytometry across multiple days of in
vitro differentiation. Dividing cells into populations based on expression of CD27 and CD30 as
depicted in (Fig 3A     ) revealed that CD30+CD27- cells emerge early in the differentiation followed
by a wave of CD30+CD27+ cells, before CD30 expression is lost (Fig 3B     ). As CD27 is primarily
expressed in plasma cells, we took this as evidence of an early transient population of CD30+ pre-
plasma cells that loses CD30 expression upon further maturation. To confirm this, at Day 4 of
culture, we sorted 20,000 in vitro differentiating CD30+ or CD30- cells to allow them to continue
differentiating separately (Fig 3C     ), and quantified the number of plasma cells they generated
(Fig 3D     ). CD30+ cells generated significantly more plasma cells than did CD30- cells. Following a
similar approach, we determined that a second developmental stage likely occurs subsequently in
which cells that downregulate CD20 expression represent a later-stage precursor population to
terminally differentiated plasma cells (Fig 3E-F     ). Consistent with this interpretation, we
observed high levels of IRF4, the master regulator of plasma cell differentiation, in CD20low cells
(Sup. Fig. 3A     ).

Given that the in vitro culture system seems to represent a germinal center-independent route to
plasma cell differentiation, we sought to test our hypothesis that these cultures would
predominantly give rise to CD44v9+CD31highCD38low plasma cells. Day 4 cultures were
investigated as they were expected to have a large number of cells at various intermediate stages
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Fig. 2. Tonsil plasma cells are comprised of at least two distinct populations.
(A) Examples of differentially expressed genes between tonsil plasma cell subsets used for flow cytometry validation. (B)
Representative gating strategy for the two identified plasma cell clusters based on CD31, CD38, and CD44v9. (C) CD44v9
protein expression observed in CD27+CD38+ bone marrow plasma cells. (D) Differences in IL-6 receptor expression between
plasma cell subsets (n = 8 tonsil donors). (E) Representative RGS13 protein expression in tonsil plasma cell subsets and
germinal center B cells. (F) IgH BCR clonal overlap between CD44v9-based tonsil plasma cell subsets, memory B cells, and
germinal center B cells (n = 3 tonsil donors). Statistical significance was evaluated using a t-test in figures where only two
groups are being compared. In all other instances, one-way analysis of variance (ANOVA) was performed to test for statistical
significance. Data are presented as mean ± standard error of the mean (SEM). Statistical significance was defined as *p <
0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.
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Figure 3. Plasma cell differentiation proceeds through a transient CD30+ intermediate.

(A) Representative gating scheme for in vitro differentiating cells based on CD27 and CD30 expression. (B) Quantification of
cell populations overtime in culture. (C) Representative gating scheme for sorting CD30+ and CD30- populations. (D) Plasma
cell yields from day 4 sorted CD30+ or CD30- populations (20,000 each, n=2). (E) Representative gating for sorting CD20+ and
CD20- populations. (F) Plasma cell yields from day 5 sorted CD20+ and CD20- populations (20,000 each, n=2). Statistical
significance was evaluated using a t-test data are presented as mean ± standard error of the mean (SEM). Statistical
significance was defined as *p < 0.05 and **p < 0.01.
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of differentiation. By examining patterns of CD27, CD31, CD38, and CD44v9 co-expression, we
identified predominant expression of CD31 with CD44v9 while CD27 and CD38 expression was
mostly limited to cells that had become CD31+CD44v9+ (Fig 4A     ). These data suggest that CD31
and CD44v9 expression temporally precedes CD27 and CD38 expression.

Next, we sought to characterize germinal center cell-dependent plasma cell differentiation in this
system, with the prediction that this route would predominantly yield CD44v9-CD38high cells and
might not traverse through a CD30+ stage. Starting from sorted primary germinal center B cells,
we found no evidence of a CD30+ intermediate (Fig 4B     ). The small fraction of germinal center B
cells that reached high IRF4 expression lacked CD30 expression, while CD38 expression (normally
expressed by germinal center B cells) was maintained early on (Sup. Fig. 3A-B     ). Of the plasma
cells that were formed, a substantial fraction were CD44v9- (Sup. Fig. 3C-D     ). Though some
germinal center-derived plasma cells were CD44v9+, the frequency of these cells was substantially
less than those generated from naïve B cells (Sup. Fig. 3C-D     ). These data suggest the two primary
plasma cell subsets we identified may predominantly represent GC-independent and GC-
dependent origins.

Memory B cells tend to generate plasma cells mostly, though not exclusively, through a germinal
center-independent route in vivo (Mesin et al., 2020     ; Turner et al., 2020     ; Wong et al., 2020     ).
We therefore repeated these differentiations with purified naïve and memory B cells (CD27-

atypical and CD27+ canonical) sorted as depicted in (Fig 5A     ) to determine whether memory B
cells progress through a CD30+ intermediate. Memory B cells were also able to form CD30+

intermediates in greater numbers and more rapidly than did naive B cells, (Fig 5B     ), consistent
with what is observed in vivo (Schiepers et al., 2023     ). To gain insights as to how memory B cells
generate plasma cells more efficiently than do naïve B cells, we tested the signals required to
generate the CD30+ intermediate cells. CD30+ cells appeared when TLR9 signaling was paired with
CD40L, IL-10, or IL-21 with compounding effects when combined further (Fig 5C     ). Flow
cytometry analysis revealed that memory B cells express higher levels of the IL-10 receptor and
TLR9 than do naïve B cells (Fig 5D     ), potentially underlying the heightened responsiveness of
memory B cells.

Cellular intermediates corresponding to in vitro cultures exist in
vivo
Armed with the detailed characterization of how markers change in our in vitro system over time,
we sought to validate the existence of the corresponding populations in primary tonsils. To
circumvent the issues posed by the rarity of CD30+ cells in primary samples, five individual tonsil
donors were used to analyze approximately 10 million total B cells each. As our in vitro system
predicts CD30 to be expressed first, followed by expression of CD44v9 before CD30 is eventually
turned off, we gated the tonsil B cells into CD30+CD44v9-, CD30+CD44v9+, and CD30-CD44v9+

populations with a representative plot and fluorescence minus one (FMO) controls shown in (Fig
6A     ). As observed for our in vitro system, the CD30+CD44v9- population was predominately
CD20+ with no CD31 or CD38 expression (Fig 6B     ). We observed CD27 expression in the
CD30+CD44v9+ population, similar to our in vitro system (Fig 6B     ). The predicted most mature
CD30-CD44v9+ cells continued this trend, with CD20 being largely absent from this population and
having high expression of CD31 and CD38 (Fig 6B     ). Crucially, this recapitulated the finding from
our in vitro system where high CD38 expression only occurs in the cells that have differentiated to
the CD30- stage where they start to resemble fully mature plasma cells. We additionally confirmed
that the expression of CD44v9 is partially linked to CD30 in vitro, exhibiting a correlated
expression until the cells downregulate CD30 while maintaining CD44v9 as plasma cells (Sup. Fig.
5     ). Together, these data confirm that the populations we identified from our in vitro cultures
correspond to primary cellular intermediates en route to plasma cells in vivo.
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Figure 4. Orderly progression of surface markers during in vitro plasma cell differentiation.

(A) Gating scheme used to define CD27, CD31, and CD38 populations during in vitro differentiation of primary naïve B cells.
(B) Comparison of CD30 expression between in vitro differentiating germinal center or naïve B cells and its correlation with
IRF4 expression.
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Figure 5. Identification of formation requirements for CD30+ cells and comparison of naïve and memory B
cell differentiation.
(A) Representative gating scheme for sorted naïve (CD23+CD27-), atypical (CD23-CD27-), and canonical (CD23-CD27+)
memory B cells used in (B). (B) Changes in CD27 and CD30 populations over time for in vitro differentiating naïve, atypical, or
canonical memory B cells (20,000 seeded each, n = 1). (C) Formation of CD30+ cells in response to individual cytokines and
mitogens or their combinations (n = 3 separately seeded wells, all from 1 tonsil donor). (D) Comparison of IL-10R and TLR9
between naïve and memory B cells (n = 3 tonsil donors). Statistical significance was evaluated using a t-test in figures where
only two groups are being compared. In all other instances, one-way analysis of variance (ANOVA) was performed to test for
statistical significance. Data are presented as mean ± standard error of the mean (SEM). Statistical significance was defined
as *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.
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Figure 6. Comparison of primary CD30 and CD44v9 populations.

(A) Representative gating scheme for comparing CD30 and CD44v9 populations in (B) highlighting the lack of compensation
artefacts with fluorescence minus one and minus two controls. (B) Comparison of CD20, CD37, CD31, and CD38 expression
between the subsets identified in (A) (n = 5 tonsil donors). Statistical significance was evaluated by one-way analysis of
variance (ANOVA). Data are presented as mean ± standard error of the mean (SEM). Statistical significance was defined as *p
< 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.
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Gene regulatory network inference identifies actionable
transcriptional regulators of plasma cell differentiation
Having characterized the cellular intermediates leading to distinct plasma cell fates, we sought to
identify transcriptional regulators that could be pharmacologically targeted to enhance
differentiation efficiency. The transient nature of the CD30+ intermediate in vivo suggested tight
transcriptional control, presenting an opportunity to identify rate-limiting factors. Though the
relative inefficiency of our in vitro system may have allowed us to observe and characterize these
cellular intermediates, we reasoned that improving its efficiency may better align the signals and
programs that occur in vivo. Starting with this in vitro system, we therefore sought to identify
regulators of plasma cell differentiation. We employed CellOracle (Kamimoto et al., 2023     ), to
construct gene regulatory networks (GRNs) from our integrated scRNA-seq and scATAC-seq data.
This approach identifies transcription factors (TFs) based on three complementary metrics: degree
centrality (number of regulatory connections), betweenness centrality (control of information flow
through the network), and eigenvector centrality (influence through connections to highly-
connected nodes). We focused on betweenness centrality to identify TFs that serve as critical
regulatory gatekeepers controlling transitions between cell states. We compared the predicted
transcriptional regulators of the CD30+ cell cluster and the plasma cell 1 cluster depicted in (Fig
1E     ). This comparison (Fig 7A     ) identified enhanced activity of known plasma cell lineage-
defining transcription factors IRF4, Blimp-1, and XBP1, and predicted that the CD30+ identity could
be regulated by STAT1, POU2F2, and MEF2C. Bioinformatics simulations for overexpression and
knockout of STAT1, XBP1, IRF4, and MEF2C are depicted in Sup. Fig 6     .

To functionally validate our GRN predictions, we prioritized MEF2C due to conflicting reports on
its role in B cell responses. Previous studies showed that genetic deletion of MEF2C in mouse B
cells impaired early development (Debnath et al., 2013     ) but did not affect CD40L and TLR9
responses (Wilker et al., 2008     ), which are the exact signals we identified as critical for CD30+
intermediate formation. This apparent contradiction suggested context-dependent functions that
warranted investigation. MEF2C activity can be pharmacologically enhanced by inhibiting the
lysine methyltransferase G9a, which normally suppresses MEF2C function (Ow et al., 2016     ).
Treatment with the small molecule G9a inhibitor A366 significantly increased plasma cell yields
when provided early in differentiation (Day 0-3), whereas later addition had no effect (Fig 7B     ).
This temporal specificity aligns with the transient appearance of the CD30+ intermediate and
suggests MEF2C activity is required during the initial commitment phase.

To confirm that A366 effects were mediated through MEF2C, we performed scRNA- and ATAC-seq
on treated versus control cells. While global transcriptional changes were modest, the
differentially expressed genes primarily involved mitochondrial respiration (Sup. Fig 7A     ).
Importantly, these changes overlapped significantly with genes reported to be dysregulated in
MEF2C knockout cells (Sup. Fig 7B     ) (Ow et al., 2016     ), confirming on-target effects. These
findings establish MEF2C as a novel, pharmacologically accessible regulator of human plasma cell
differentiation.

Coordinated activity of multiple transcription factors drives
plasma cell maturation
Having established the role of MEF2C in the CD30+ intermediate, we functionally validated
additional predicted regulators to define the complete transcriptional program. XBP1, activated in
response to ER stress from antibody secretion (Gaudette et al., 2020     ), could be engaged earlier
using the PPARγ agonist Rosiglitazone, which activates the integrated stress response (Garcia-Bates
et al., 2009     ). This treatment increased plasma cell yields when added at Day 3 (Sup. Fig 8A     ),
coinciding with the onset of antibody secretion.

IRF4, a master regulator of plasma cell differentiation, is normally regulated through degradation
by the E3 ubiquitin ligase Cbl-b (Li et al., 2018     ). Treatment with the Cbl-b inhibitor NX-1607
(Gallotta et al., 2022     ) at Day 5 enhanced plasma cell yields (Sup. Fig 8B     ), confirming continued
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Figure 7. MEF2C, BAFF, and APRIL act prior to terminal plasma cell differentiation.

(A) Betweenness centrality for transcriptional regulators determined by CellOracle analysis of the CD30+ Cells and Plasma
Cell 01 clusters depicted in Fig 1F     . Final plasma cell yields for (B) A366 added on Day 0, 3, 5, or each day (n = 3), (C) BAFF
and APRIL given alone or in combination on Day 5 (n = 3), and (D) BAFF and APRIL given alone on Day 5 or Day 7 (n = 6).
Statistical significance was evaluated using a t-test in figures where only two groups are being compared. In all other
instances, one-way analysis of variance (ANOVA) was performed to test for statistical significance. Data are presented as
mean ± standard error of the mean (SEM). Statistical significance was defined as *p < 0.05, **p < 0.01, and ***p < 0.001.
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importance of IRF4 during later-stage differentiation. Finally, STAT1 activation through interferon-
γ (Zumaquero et al., 2019     ) combined with the STAT1-enhancing small molecule 2-NP (Lynch et
al., 2007     ) also increased plasma cell yields when provided at Day 5 (Sup. Fig 8C     ).

Notably, each factor showed distinct temporal requirements, revealing a coordinated
transcriptional program: MEF2C acts early during CD30+ intermediate formation (Days 0-3), XBP1
engages at the onset of antibody secretion (Day 3), and IRF4/STAT1 continue to drive terminal
differentiation (Day 5+). This sequential activation pattern suggests a multi-stage regulatory
cascade rather than simultaneous engagement of all factors.

Temporal coordination of signals defines an optimized
differentiation protocol
Beyond transcription factor regulation, we investigated survival and differentiation signals.
Despite reported roles in plasma cell survival (Jourdan et al., 2014     ), BAFF and APRIL showed
their primary effects when added at Day 5 during the late pre-plasma cell stage rather than after
terminal differentiation (Fig 7C-D     ). This unexpected finding suggests these factors may function
primarily as differentiation signals in human plasma cells rather than pure survival factors for
mature cells.

Integrating our findings on temporal requirements for transcription factors, cytokines, and
survival signals, we constructed a comprehensive model for human plasma cell differentiation
through the GC-independent, CD30+ intermediate route (Sup. Fig 9A     ). This model reveals three
distinct phases: (1) initial activation and CD30+ intermediate formation (Days 0-4) requiring TLR9,
CD40, IL-10/IL-21 signals and MEF2C activity; (2) antibody secretion initiation (Days 3-5) requiring
XBP1 engagement and BAFF/APRIL signaling; and (3) terminal differentiation (Days 5+) driven by
sustained IRF4 and STAT1 activity. We also provide a detailed surface marker expression timeline
(Sup. Fig 9B     ) to guide identification of differentiation intermediates.

Importantly, this temporal roadmap provides actionable strategies for enhancing plasma cell
generation in vitro, with direct applications to therapeutic antibody production and vaccine
development.

Discussion
A central goal in immunology is to control B cell differentiation with sufficient precision to
enhance vaccine responses or generate therapeutic antibodies. Our identification of MEF2C,
STAT1, and POU2F2 as regulators of a critical CD30+ intermediate, combined with validation that
their pharmacological modulation enhances plasma cell yields, represents a significant advance
toward this goal. Notably, MEF2C had not previously been implicated in this pathway despite
extensive study of plasma cell differentiation, highlighting the power of integrating multiomic
profiling with functional validation. The sequential temporal requirements we defined for MEF2C
(early), XBP1 (intermediate), and IRF4/STAT1 (late) provide a roadmap for optimizing in vitro
plasma cell generation, which is important relevant to both basic research and cellular
engineering applications. The broader significance lies in demonstrating that computational
inference from multiomic data, when rigorously validated, can identify non-obvious therapeutic
targets. While IRF4, XBP1, and PRDM1/Blimp-1 were already known as plasma cell regulators, the
role of MEF2C emerged specifically from our GRN analysis and would not have been predicted
from prior literature. This underscores the value of unbiased network approaches in discovering
context-dependent regulatory mechanisms

Irrespective of their ontogeny and activation cues that led to their formation, plasma cells can be
readily identified by common transcriptional programs. Yet there is considerable heterogeneity
within the plasma cell pool on the basis of longevity (Amanna et al., 2007     ; White et al., 2015     ),
isotype (Higgins et al., 2022     ; Tellier et al., 2024b     ; Vecchione et al., 2024     ), tissue of formation
or residence (DiLillo et al., 2008     ; Ise et al., 2025     ; Kim et al., 2013     ; Salmi and Jalkanen, 2005     ;
Tellier et al., 2024b     ; van Spriel et al., 2012     ), and functional properties (Fritz et al., 2012     ; Lam
et al., 2018     ; Tellier et al., 2024b     ), with much likely left to be discovered. While very useful
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biologically, this richness complicates our ability to unravel the mechanisms that give rise to the
diverse pool of plasma cells critical for mediating humoral immunity. Inroads have been made
into the ontogeny of mouse plasma cells through new sequencing technologies and lineage tracing
and genetic manipulation (Gómez-Escolar et al., 2022     ; Schulz et al., 2025     ). However, the
limitations of working with human samples leave open many questions including whether the
same regulatory mechanisms and cellular routes of differentiation described for mice hold true.
Using single cell multiomic sequencing of both primary and in vitro differentiating human plasma
cells and functional validation, we have identified multiple routes B cells can take on their way to
at least two distinct plasma cell fates.

The GC-independent route we have described here, proceeding through a CD30+ intermediate,
gives rise to predominately CD44v9+ plasma cells while GC-dependent routes appear biased to
CD44v9- plasma cells. However, it remains an open question if this is truly a clear cut distinction
rather than simply a biasing towards one fate, similar to how M1 and M2 polarized macrophages
are now recognized as extreme ends of a more continuous spectrum observed in vivo (Mosser and
Edwards, 2008     ; Murray et al., 2014     ; Orecchioni et al., 2019     ). As the extrinsic factors we
identified as required for proceeding through the CD30+ route are expected to also be present
within or around germinal centers, there is considerable potential for intermingling between
these two possible routes with unknown additional layers of regulation likely at play in vivo.

While the exact path a B cell takes to terminal plasma cell remains unclear, what is more certain is
the potential for functional differences between the eventual identity it takes. Adding to
previously described differences in longevity and functionality between plasma cell subsets, the
subsets we identify here differ in their ability to respond to a known differentiation modulating
and survival factor, IL-6 (Jourdan et al., 2014     ). This difference is even more striking as the basis
for identifying them, CD44v9 expression, is known to directly modulate the secretion of IL-6 by
stromal cells (Van Driel et al., 2002     ). Additionally, while CD19 expression has been recently
shown to be a marker of past IL-21 exposure rather than longevity (Ferreira-Gomes et al., 2024     ),
the cells we form in the presence of IL-21 still have surface CD19 protein while largely lacking
detectable CD19 RNA in our sequencing datasets, further complicating our understanding of
primary cells.

Beyond unraveling details of plasma cell differentiation on the basic science side, there are
intriguing applications for the discoveries made in this process. The transcriptional regulatory
mechanisms we identified have immediate practical applications. For vaccine development,
enhancing plasma cell differentiation could improve antibody responses in immunocompromised
populations or enable dose-sparing strategies. For therapeutic antibody production, optimizing
differentiation protocols using MEF2C activation and temporally-defined factor combinations
could increase yields while maintaining antibody quality. The discovery that BAFF and APRIL
function primarily during differentiation rather than mature cell survival may explain variable
clinical efficacy of BAFF/APRIL-blocking therapies (Cheekati and Murakhovskaya, 2024     ; Meng et
al., 2025     ; Tian et al., 2025     ) and suggests that timing of intervention is critical. CD30+ B cells
have been implicated in various autoimmune diseases and cancers (Higashioka et al., 2020     ;
Weniger et al., 2018     ). In these contexts, CD30+ B cells may be the direct disease-causing agent or
necessary intermediate to promote a disease process, suggesting a potential for CD30-depleting
therapies in these settings.

Materials and Methods
Isolation of Primary B Cells and Plasma Cells
Tonsil samples were obtained from an individual undergoing elective tonsillectomy (Banner-
University Medical Center). Tonsils were extracted from anesthetized individuals using Bovie
electrocautery in a standard tonsillectomy surgery. Bilateral tonsils were subsequently combined
and provided as a fresh sample for processing to the lab with no identifying information. Naïve B
cells were isolated using Naive B Cell Isolation Kit II, human (Miltenyi, cat 130-091-150) according
to the manufacturer’s protocol with the following modifications: biotinylated antibodies targeting
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IgG, IgA, IgE, and CD38 were added during the non-B cell labeling step to facilitate removal of
atypical class-switched cells as well as contaminating CD27-CD38+ germinal center cells. Bone
marrow samples were obtained from individuals undergoing robotics-assisted hip arthroplasty
(Tucson Orthopedic Institute). All donors were anonymous, and no patient data was collected as
part of this investigation. This work was approved and deemed non-human subjects research by
the University of Arizona Human Research Protections Office.

Cell Culture and Differentiations
Primary B cells were cultured in IMDM supplemented with 10% FBS and Antibiotic-Antimycotic at
37C with 5% CO2, typically in 96-well U-bottom cell culture plates. Cytokine concentrations used
for differentiation were determined through titrations to establish working concentrations and
added according to the scheme depicted in Fig 1D      except where indicated otherwise in the text
with the following working concentrations: a-IgM F(ab’)2 (100 ng/mL, Source), IL-2 (50 ng/mL,
Stem Cell Technologies), IL-6 (50 ng/mL, Stem Cell Technologies), IL-10 (50 ng/mL, Stem Cell
technologies), IL-15 (100 ng/mL, Stem Cell Technologies), IL-21 (25 ng/mL, Stem Cell Technologies),
sCD40L (50 ng/mL, Acro Biosystems), ODN 2006 (CpG) (1000 ng/mL, Stem Cell Technologies),
IFNa2b (100 ng/mL, Stem Cell Technologies).

Flow Cytometry Analysis
Cryopreserved primary cell samples were thawed, washed with PBS, and resuspended as single
cell suspensions in PBS supplemented with 5% adult bovine serum (FACS buffer). Extracellular
staining was performed with titrated concentrations of antibodies targeting the indicated markers
for 15-20 minutes on ice after which the cells were washed and resuspended in FACS buffer. For
intracellular staining, cells stained for extracellular markers were fixed with 2%
paraformaldehyde (PFA) in PBS for 3 minutes at room temperature. The PFA was neutralized with
the addition of an equal volume of FACS buffer. Fixed cells were washed and resuspended in PBS
with 0.1% saponin to facilitate permeabilization along with titrated concentrations of antibodies
targeting the indicated markers on ice for 15-20 minutes. The cells were then washed with 0.1%
saponin and resuspended in FACS buffer for analysis. Cells were analyzed on an Thermo Fisher
Attune cytometer. Fluorescence activated cell sorting (FACS) was performed on a 5-laser BD FACS
ARIA III.

The following antibody clones were used (all purchased from Biolegend unless indicated
otherwise): CD10 (clone HI10a), CD19 (clone HIB19), CD20 (clone 2H7), CD21 (clone Bu32), CD23
(clone EBVCS-5), CD27 (clone O323), CD30 (clone BY88), CD31 (clone WM59), CD38 (clone HIT2),
CD44 (clone BJ18), CD44v9 (clone RV3), CD138 (clone MI15), RGS13 (Santa Cruz Biotechnology clone
G-7 catalog sc-514590 PE), IRF4 (clone IRF4.3E4), Blimp-1(BD Bioscience clone 6D3). DAPI for
viability staining was purchased from Millipore Sigma (catalog D9542).

Combined single-cell ATAC-seq and RNA-seq
Single-cell suspensions were generated from FACS purified primary tonsil cells, bone marrow
plasma cells, or in vitro differentiating cells (Days 4, 7, 10, and 13). Primary tonsil cells were pooled
to give an equal ratio of naïve B cells, memory B cells, germinal center B cells, and plasma cells.
10,000 nuclei per sample were processed and isolated using the Nuclei EZ Prep kit (Sigma-Aldrich)
according to the manufacturer’s protocol. Libraries for both ATAC-seq and RNA-seq were prepared
using the Chromium Next GEM Single Cell Multiome ATAC + Gene Expression Reagent Bundle (10x
Genomics, PN-1000283). Libraries were prepared with i7 indices, multiplexed, and sequenced in
partial lanes of the Illumina NovaSeq X Plus Series (PE150) to obtain 25,000 paired-end reads per
nuclei. Unique sequences in each i7 index were then used for demultiplexing. Raw sequencing
data from both ATAC-seq and RNA-seq were processed using Cell Ranger 2.0.2 (10x Genomics) for
alignment to the hg38 reference genome, filtering, and generating expression and accessibility
matrices. These matrix files were then imported into RStudio for data processing which includes
filtering out low quality cells, normalizing gene expression data using SCTransform and DNA
accessibility data using latent sematic indexing (LSI). We then integrated all datasets into a single
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merged Seurat object following a previously described pipeline
(https://stuartlab.org/signac/articles/pbmc_multiomic     ). We performed linear dimensional
reduction on the integrated dataset to create Uniform Manifold Approximation and Projection
(UMAP) graphs to visualize the clustering of cells based on both chromatin accessibility and gene
expression profiles. Pseudotime analysis was then conducted using Monocle3 (v1.3.1). Cells were
ordered based on their differentiation status from primary naïve B cells through primary plasma
cells. Cell trajectories were visualized on the UMAP embedding.

Gene regulatory network (GRN) and perturbation modeling using
CellOracle
CellOracle (v2.3.2) was used to infer transcription factor-driven regulatory networks. CellOracle
infers TF/regulator activity from the gene expression data using the CellOracle supplied base GRN.
Next, these regions are scanned for known transcription factor (TF) binding motifs, which define
all possible TF-target gene interactions. CellOracle then integrates scRNA-seq data to retain only
TF-target interactions supported by observed expression patterns. This results in dataset-specific
gene regulatory networks (GRNs) that were used to identify TFs essential for development of a
particular cell cluster. In silico perturbation simulations, overexpression (OE) and knockout (KO),
were then used to predict regulatory impacts of a TF on differentiation trajectories.

Statistical Analysis
Statistical significance was evaluated using a t-test in figures where only two groups are being
compared. In all other instances, one-way analysis of variance (ANOVA) was performed to test for
statistical significance. Data were presented as mean ± standard error of the mean (SEM).
Statistical significance was defined as *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.

Sup. Fig. 1. In vitro differentiation scheme. Primary tonsil naïve B cells were cultured with the indicated
cytokines and mitogens to induce plasma cell differentiation.
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Sup. Fig. 2. Gating strategies for identification and comparison of tonsil plasma cell subsets.

(A) Gating scheme for bone marrow plasma cells (CD27+CD38+). (B) Comparison of CD44 and CD44v9 expression between
tonsil plasma cell subsets and memory and germinal center B cells (n = 1 tonsil donor).

Sup. Fig. 3. Changes in IRF4 and CD20 observed during in vitro differentiation.

(A) Comparison of CD20 expression in cells with varying levels of IRF4 expression during Day 3, 5, and 5 of in vitro
differentiation staring from primary naïve B cells.
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Sup. Fig. 4. Primary germinal center B cells fail to form the CD30- and IRF4-based populations observed
with naïve B cell.

(A) Daily time course of CD30 and IRF4 expression for in vitro differentiating sorted naïve B cells or germinal center B cells
showing only those with IRF4 expression above the level of unresponsive cells (best visualized in Fig 4B      day 3). (B) Overlaid
histograms for the highest IRF4 expressing cells looking at IRF4, CD30, and CD38 expression. (C) Representative CD27 and
CD38 profiles at the end of differentiation starting from germinal center or naïve B cells. (D) Representative CD44 and CD44v9
profiles at the end of differentiation starting from germinal center or naïve B cells.
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Sup. Fig. 5. Validation of linked CD30 and CD44v9 expression.

Daily time course of CD30 and CD44v9 expression of in vitro differentiating naïve B cells.

Sup. Fig. 6. Simulated overexpression or knockout of transcription factors identified by CellOracle analysis.

Overexpression was assessed by a simulated 10 to 20% increase in transcription factor activity and complete knockout for
STAT1, XBP1 (as a surrogate for rosiglitazone activity), IRF4, and MEF2C. Green coloration indicates changes predicted to
progress towards the plasma cell identity while purple coloration indicates predicted changes away from the plasma cell
identity.
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Sup. Fig. 7. Differentially expressed genes in A366 treated cells match with MEF2C direct targets.

(A) Differentially expressed genes between A366 and DMSO treated cells. (B) Log-2-fold change and adjusted p-values for the
genes identified in (A) comparing MEF2C knockout cells to wildtype cells reported in Ref. (Ow et al., 2016     ).
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Sup. Fig. 8. Increased Xbp1, IRF4, and STAT signaling improve plasma cell yields.

Final plasma cell yields for (A) Rosiglitazone added on Day 0 or 3, (B) NX-1607 added on Day 5, or (C) Interferon-γ and 2-NP
added on Day 5. Statistical significance was evaluated using a t-test in figures where only two groups are being compared. In
all other instances, one-way analysis of variance (ANOVA) was performed to test for statistical significance. Data are
presented as mean ± standard error of the mean (SEM). Statistical significance was defined as *p < 0.05.
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Sup. Fig. 9. Regulation of plasma cell differentiation and characteristic changes observed during
differentiation.

(A) Identified and functionally validated regulators of different stages of plasma cell differentiation. (B) Changes in protein
expression observed during in vitro plasma cell differentiation. Potential fate decisions are indicated with a red star.
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The datasets generated are deposited on NCBI Gene Expression Omnibus under Series GSE318326.
All other relevant data supporting the key findings of this study are available within the article
and its supplementary files. Source data are provided with this paper.
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Peer reviews
Reviewer #1 (Public review):

Summary:

Fields et al. investigated the heterogeneity and kinetics of human antibody secreting cell
(ASC) differentiation by analyzing ex vivo tonsil samples and using in vitro differentiation
modeling. They discovered that a CD30+ intermediate subset emerges in transition from B
cell to ASC in both contexts, but not from germinal centers, and they identified cytokines that
promote this state. They also identified an isoform of CD44, CD44v9, that is expressed on
some ASCs.

Strengths:

The strengths are the novelty of the findings and the identification of two new markers that
may be useful for tracking ASC heterogeneity.

Weaknesses:

However, some of this work seems preliminary and would need to be further validated. Some
of the data presented was only representative, with limited controls and biological repeats,
limiting the interpretation. For example, the role of Mef2c for CD30 expression was not
robustly demonstrated. It was not clear if Figure 1 scRNAseq/ATACseq was from multiple
donors or just one. Future studies may extend these novel findings and determine the
functional relevance of these factors, CD30, and CD44v9 for ASC differentiation and
physiology.

https://doi.org/10.7554/eLife.110953.1.sa1

Reviewer #2 (Public review):

Summary:

Bhattacharya and colleagues here use cell culture, single-cell RNA and ATACseq sequencing of
such in vitro cultures and of ex vivo isolated B-lineage cells to infer an ontogeny for extra-
germinal centre B cell differentiation. The manuscript presents a useful potential ontogeny
for plasma cells, wherein in vitro cultured naïve human B cells enter a CD30+ intermediate
state before moving in subsequent days through a CD44v9+ state before ultimately obtaining
a 'mature' antibody-secreting plasma cell phenotype. Ex vivo isolated germinal centre B cells
obtain the plasma cell state without expressing CD30 in their development. Phenotype
analysis of tonsillar B-lineage cells supports the same phenotype conversion in vivo, although
the intermediate cell population was smaller in vivo. The link to CD44v9 expression on
developing plasma cells is inferred to be for extra-GC (T-independent) responses, but the data
presented leave this equivocal, and the functional importance of developing via a
CD30+CD44v9+ intermediate is not investigated.

Strengths:

The article presents a solid potential ontogeny for PC development, wherein some
differentiating B cells acquire a CD30+ state, transition through a CD44v9+CD30+ state, then
downmodulate CD30 before obtaining canonical CD38+ 'PC' status. A strength is the
integration of in vitro cultured B cell results with tonsillar B-lineage cell data sets, and careful
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flow cytometry of the in vitro cultures over several days to infer lineage. The data provide
reasonable support for the concept. CD30+ cells are shown to develop readily from naïve B
cells in culture, but uncommonly from GC B cell cultures. A nice piece of data is Figure 6B,
which shows reasonably strong correlative changes in phenotype through the assumed
ontogeny, and this fits with the expected trajectory of maturation.

Weaknesses:

The most important weakness throughout is the non-absolute nature of the relationship. An
example is seen in that the sorted ex vivo GC B cells also give rise to the 'extra-GC' phenotype
of plasma cell, suggesting that while the profile is enriched, it is not absolute. There is a
further weakness, as while cultures are run for several days, division-associated shifts in PC
phenotype are not mapped; such would greatly strengthen the weight of the argument, and
show conditional shifts in phenotype associated with division, an uncontrolled parameter in
the mix. For example, for the MEF2C A388 inhibition experiments, it would be strong
evidence of the pathway/process contributing if a by-division peak increase in CD30+
population was demonstrated in the early days of culture.

There are some basic sort experiments performed (e.g. 3C-3F), which show that the CD30+
cells do give rise to PC preferentially, but what is missing is the step-wise phenotype shifts in
these sorted populations, which should support the trajectory shown in Figure 3B and (the in
vitro equivalent of) 6B. It would emphatically support the trajectory to show the cellular
phenotypes on the PC with sorting based on CD30, CD44v9, CD27, and CD20 expression, and
following outcome phenotypes 24-48 hours later, if the inferred maturation trajectory is true.

There are also specific weaknesses with the bioinformatics, in that, while the analyses are
likely appropriate, unpresented data is necessarily used to shape the argument. For example,
Figure 1C shows bubble plots for two plasma cell sets, yet, of archetypal PC-expressed genes,
only IRF4 is demonstrated to confirm they are true PC, and the gene is not universally
expressed in cells in the clusters. For this figure, it would help to expand the bubble plot to
show J-CHAIN, XBP-1, CIITA and PRDM1 or other appropriate PC demarcating molecules.
Similarly, in Fig 2B, more evidence of a bifurcation in state is needed than that CD44v9
distinguishes PC1 from PC2 clusters-this is the stated conclusion, but 2A depicts that 50% of
PC1 relatively weakly express CD44, while <25% of PC2 express it. Demonstrating additional
molecules or genes distinguishing the clusters would improve veracity. Figure 2F shows
clonal lineages, but it would be helpful to see somatic hypermutation burdens and learn if
they differ between the demarcated subsets. I also find the pseudotime analyses of limited
value, as some of the branches follow trajectories that are unrealistic biologically, so less
weight should be placed on the pathways to which they do or do not point (i.e., the notion
that GC B cells do or do not give rise to particular PC subsets).

Statistically, some of the experiments are single wells from single donors, so there is a low
level of confidence and no reproducibility demonstrated for some aspects of the study, which
is a weakness.

Paradoxical to the argument that it is the TI response process being modelled, it is presented
that CpG stimulation, plus proxy T cell help (CD40L), drives the CD30+ phenotype best with
the addition of the GC-associated cytokine IL-21. This should be carefully considered and
discussed.

Overall, in addition to presenting more contextual information from the bioinformatics, the
best way to solidify the data set, in my vie,w would be to revisit the hypothesis with two
additional experimental approaches: (1) to incorporate division tracing into the ontogeny
studies and (2) to perform lineage tracing on sort-purified populations at different stages of
the maturation process.

https://doi.org/10.7554/eLife.110953.1.sa0
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