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Abstract 

Plasma cells (PCs) are essential for humoral immunity, as they are responsible for the production 

of antibodies and contribute to immunological memory. Despite their importance, differentiating 

between long-lived and short-lived PCs in vivo remains a challenge due to a lack of specific 

markers to distinguish these populations. Addressing this gap, our study introduces a novel J-

chain CreERT2 GFP allele (IgJCreERT2) for precise genetic studies of PCs. This model takes 

advantage of PC-restricted expression of the J-chain gene, enabling temporal and cell-specific 

tracking of PCs utilizing a tamoxifen-inducible Cre recombinase. Our in vitro and in vivo 

validation studies of the inducible Cre allele confirmed the fidelity and utility of this model and 

demonstrated the model's ability to trace the long-lived PC population in vivo following 

immunization. The IgJCreERT2 model allowed for detailed analysis of surface marker expression 

on PCs, revealing insights into PC heterogeneity and characteristics. Our findings not only 

validate the IgJCreERT2 mouse as a reliable tool for studying PCs but also facilitate the 

investigation of PC dynamics and longevity, particularly in the context of humoral immunity and 

vaccine responses. This model represents a significant advancement for the in-depth study of 

PCs in health and disease, offering a new avenue for the exploration of PC biology and 

immunological memory. 
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Introduction 1 

Plasma cells (PCs), highly specialized B cells, are critical to the humoral immune 2 

response. Following antigen exposure, activated B cells or reactivated memory B cells in 3 

germinal centers (GCs) or extrafollicular spaces can differentiate into PCs (Nutt, Hodgkin et al. 4 

2015, Cyster and Allen 2019). This process is an essential part of the immune system that 5 

permits synthesis of immunoglobulins that specifically target pathogens and continues well after 6 

pathogen clearance. The environment influences PC function with factors such as cytokines and 7 

Toll-like receptor (TLR) ligands, leading to an increase in antibody production (Pioli 2019). PCs 8 

can exhibit other effector functions, including the production of cytokines such as 9 

interleukin(IL)-10, IL-17 and IL-35 which regulate immune responses to infections or 10 

progression to autoimmunity (Bermejo, Jackson et al. 2013, Shen, Roch et al. 2014, Rojas, 11 

Probstel et al. 2019).  The multifaceted role of PCs makes them pivotal players in the immune 12 

landscape. 13 

PCs serve as reservoirs of immunity, generating antigen-specific antibodies that offer 14 

protection against future exposures to pathogens (Nutt, Hodgkin et al. 2015, Schuh, Mielenz et 15 

al. 2020). This process, known as immunological memory, is the underlying basis of vaccination 16 

(Cyster and Allen 2019). The differentiation of B cells into PCs involves significant changes, 17 

including increased cytoplasmic volume and a rise in the number of endoplasmic reticulum and 18 

mitochondria; this facilitates the metabolic shift required to sustain elevated antibody secretion 19 

(Duan, Nguyen et al. 2023). This differentiation process relies on the coordination of several 20 

transcription factors that promote the expression of plasma cell-related genes while suppressing 21 

genes critical for maintaining B lymphocyte identity (Nutt, Hodgkin et al. 2015). To establish a 22 

PC-specific program, B lymphocyte-induced maturation protein (BLIMP1) functions as a 23 
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transcriptional repressor of the B cell lineage transcription factor paired box protein 5 (PAX5)  24 

(Lin, Angelin-Duclos et al. 2002, Mikkola, Heavey et al. 2002, Shapiro-Shelef, Lin et al. 2003, 25 

Tellier, Shi et al. 2016). The repression of PAX5 then allows for the upregulation of X-box-26 

binding protein (XBP1) and Interferon-regulatory factor 4 (IRF4)  (Shaffer, Shapiro-Shelef et al. 27 

2004, Low, Brodie et al. 2019). XBP1 regulates the unfolding protein response; this is crucial in 28 

preparing cells for large-scale antibody synthesis (Shaffer, Shapiro-Shelef et al. 2004). IRF4 29 

expression is vital for the differentiation and survival of PCs by supporting the PC transcriptional 30 

network, mitochondrial hemostasis and CD138 expression (Sciammas, Shaffer et al. 2006, 31 

Ochiai, Maienschein-Cline et al. 2013, Low, Brodie et al. 2019). This coordinated transcriptional 32 

reprogramming is necessary for the generation of antibody-secreting cells.  33 

Upon exposure to their cognate antigen, B cells differentiate into PCs that undergo a 34 

series of epigenetic and transcriptional changes enabling them to survive for long periods 35 

(Brynjolfsson, Persson Berg et al. 2018, Cyster and Allen 2019). These cells can migrate to 36 

protective niches, such as bone marrow, and upregulate anti-apoptotic molecules while 37 

downregulating pro-apoptotic signals (Brynjolfsson, Persson Berg et al. 2018, Nguyen, 38 

Garimalla et al. 2018, Benet, Jing et al. 2021, Joyner, Ley et al. 2022). The distinction between 39 

short-lived plasma cells (SLPCs) and long-lived plasma cells (LLPCs) is particularly relevant to 40 

vaccination, allergy, immunological memory and immunity from natural infections. LLPCs, 41 

which can persist for months or even years within the bone marrow, differ from SLPCs by their 42 

enhanced survival capabilities (Brynjolfsson, Persson Berg et al. 2018, Benet, Jing et al. 2021).  43 

Investigating the generation and maintenance of LLPCs is a topic of great interest, however, it 44 

remains challenging due to the lack of distinguishing markers that differentiate LLPCs from 45 

SLPCs. 46 
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To advance our understanding of the fundamental biology of PCs, a lineage-specific Cre 47 

is essential for precise genetic studies. While transcription factors like BLIMP1, XPBP1, and 48 

IRF4 mediate terminal differentiation of B lymphocytes into PCs, they are not ideal for a plasma 49 

cell-specific mouse model due to their expression in other cell types (Kallies, Hawkins et al. 50 

2006, Martins, Cimmino et al. 2006, Martinon, Chen et al. 2010, Man, Gabriel et al. 2017). 51 

Commonly used tools such as Blimp-1 reporters and Cre drivers have limitations, as Blimp-1 52 

expression in a fraction of lymphocytes and myeloid cells introduces some limitations for this 53 

model (Xu, Barbosa et al. 2020, Nadeau and Martins 2022). In contrast, J-chain, a polypeptide 54 

essential for IgM and IgA oligomerization and normally repressed by PAX5 appears to be 55 

restricted to all PCs in mice irrespective of the immunoglobins they express (Rinkenberger, 56 

Wallin et al. 1996). This demonstrates  promising characteristics for a lineage-specific Cre 57 

(Castro and Flajnik 2014). Given the importance of PCs in immunity, both our team and other 58 

researchers (Ayala, Bonaud et al. 2020, Xu, Barbosa et al. 2020), have generated a conditional J-59 

chain EGPF CreERT2 mouse model. While the GFP protein is expressed in all J-chain 60 

expressing cells, upon tamoxifen administration, Cre-ERT2 is activated enabling time-specific 61 

genetic modifications (Indra, Warot et al. 1999).  62 

To establish the utility of the J-chain CreERT2 GFP allele (IgJCreERT2) mouse model for 63 

PC studies, we conducted a series of in vitro and in vivo validation studies utilizing the locus-64 

encoded eGFP and crossed these mice with the tdTomato Cre-reporter strain to facilitate 65 

temporal tracking. PC-specific Cre recombinase expression is consistent with previously 66 

reported findings (Ayala, Bonaud et al. 2020, Xu, Barbosa et al. 2020). Using this model, we 67 

meticulously tracked PC responses, scrutinized the compartment-specific expression of the Cre 68 

allele, and validated the expression of commonly utilized PC surface markers. The temporal 69 
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component and specificity afforded by this Cre recombinase makes this model particularly well-70 

suited for the study of LLPCs in traditionally challenging tissue sites, such as the bone marrow 71 

and mucosal sites. Our studies highlight the utility of the IgJCreERT2 mouse model as an invaluable 72 

tool for in-depth PC characterization in diverse physiological contexts, providing new insights 73 

into their behavior in the context of health and disease. 74 

  75 
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Results 76 

Assessing the functionality of the J-chain CreERT2 GFP allele through in vitro studies. 77 

We derived a novel plasma cell-specific J-chain Cre (IgJCreERT2), which was crossed to a 78 

tdTomato Cre reporter mouse to enable temporal labeling of J-Chain expressing PCs in vitro and 79 

in vivo. The CreERT2-p2A-GFP transgene is strategically targeted into the J-chain locus via an 80 

exon trap approach with an upstream splice acceptor site. The insertion ensures concurrent Cre 81 

and GFP expression whenever the J-chain allele is transcribed Figure 1A. Upon administration 82 

of tamoxifen, the CreERT2 protein undergoes nuclear translocation, inducing recombination and 83 

excision of a floxed stop cassette positioned upstream of the tdTomato allele. This removal of the 84 

stop cassette enables the subsequent expression of the tdTomato fluorescent protein. 85 

First, our initial objective was to validate the IgJCreERT2 mouse model and that GFP 86 

expression was restricted to PCs. To differentiate PCs in vitro, we isolated mature B cells from 87 

the splenocytes of mice heterozygous for the IgJCreERT2 allele or IgJCreERT2 tdTomato+, or 88 

littermate controls. Subsequently, these cells were exposed to LPS for seventy-two hours. After 89 

forty-eight hours in culture with LPS, the cells were treated with 1000nM hydroxytamoxifen (4-90 

OHT) to induce Cre-mediated recombination of the floxed tdTomato allele in IgJCreERT2 91 

expressing cells, Figure 1B. Upon LPS stimulation, B lymphocytes upregulated J-chain, with 92 

detectable GFP fluorescence after three rounds of cell division in IgJCreERT2 positive cells, 93 

Figure 1C. Consistent with the cells that also harbored the tdTomato reporter and were exposed 94 

to 4-OHT, there was distinct red fluorescence after three rounds of cell division, Figure 1D. 95 

After seventy-two hours, about 60% of cells expressing CD138, the most routinely used surface 96 

marker for PCs, were also found to be GFP+, Figures 1E, 1F. For the IgJCreERT2- littermate 97 

controls, we used CD138 surface expression to define the PC population. In the absence of LPS, 98 
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B cells cultured with the pro-survival cytokine BAFF did not proliferate or show any detectable 99 

CD138, GFP or tdTomato expression. Furthermore, the absence of tdTomato expression in 100 

conditions lacking 4-OHT in IgJCreERT2 and CAG-tdTomato positive cells, illustrates the tight 101 

regulation of this novel tamoxifen-inducible Cre allele, Supplementary Figure 1A. The 102 

IgJCreERT2-, tdTomato+ cells did not have any GFP or tdTomato fluorescence even with 4-OHT 103 

exposure, Figures 1C, 1D, 1F. We observed a slight reduction in the CD138+ population for 104 

mice with the CreERT2 allele (p-value = 0.1061) suggesting slight Cre-associated toxicity, 105 

Supplemental Figure 1B. This toxicity was not observed in our in vivo experiments that we will 106 

discuss for the remainder of the manuscript, but underscores the importance of using appropriate 107 

CreERT2- and CreERT2 controls while using this model. These results indicate the specificity of 108 

this labeling to both J-chain and CreERT2 expressing cells, allowing for successful cell-specific 109 

and temporal labeling of PCs in vitro.  110 

 111 

In vivo validation of the IgJ-CreERT2 allele following immunization. 112 

To test the application of the IgJCreERT2 mouse model in vivo, we employed sheep red 113 

blood cell (SRBC) immunizations, a T cell-dependent antigen known for inducing a robust GC 114 

response. The kinetics of the GC and PC responses to SRBC immunization were first tracked 115 

over a 60-day period in wild-type C57/BL6 mice in both the spleen and bone marrow using flow 116 

cytometry (Supplementary Figure 2A). PCs were identified by CD138+ expression and were 117 

either B220 low or high FSC in the spleen and bone marrow respectively. GC B cells were 118 

defined as CD38- and FAS+, as depicted in the gating schemes in Supplementary Figure 3. In 119 

these experiments, we did not distinguish between plasmablast and PC populations as we did not 120 

stain for proliferation markers such as Ki67. We observed a strong GC response in the spleen 121 
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that peaked at Day 10 post-initial SRBC immunization, Supplementary Figure 2B. There was 122 

an increase in splenic CD138+ cells between days 5-10, which declined thereafter, 123 

Supplementary Figure 2C. In the bone marrow, we did not observe any immunization-specific 124 

responses in CD138+ cells, Supplementary Figure 2D. These results emphasize how temporal 125 

labeling of PC populations would enhance our understanding of PC dynamics given the short-126 

lived spleen and undetectable bone marrow PC responses. Labeling of the PC populations during 127 

the initial phase of the SRBC immunizations would permit us to assess their long-term 128 

maintenance and survival. 129 

To address how effective the IgJCreERT2 allele would be for lineage tracing of PCs, we 130 

repeated the SRBC immunizations in IgJCreERT2 mice with and without the tdTomato reporter 131 

and compared them to CreERT2- littermate controls. We immunized mice with SRBCs, and 132 

exposed mice to tamoxifen for five days between days 1 and 5, Figure 2A. Subsequently, mice 133 

were euthanized on day 5 and day 60 to evaluate the frequency of GFP+ and GFP+ tdTomato+ 134 

cells in their CD138+ population. We selected Day 5 as we aimed to monitor the initial stages of 135 

the PC response, building on our observations from Supplemental Figure 2C; and by day 60 we 136 

felt confident classifying any remaining GFP+Tomato+ cells as longer-lived PCs as they would 137 

have differentiated any time before or during tamoxifen administration.  138 

Following tamoxifen administration, we observed 90% tdTomato positivity after gating 139 

on CD138+ and B220 low events in the spleen, and CD138+ and FSC-high events in the bone 140 

marrow (gating seen in Supplementary Figure 3). This was observed in both PBS and SRBC-141 

immunized IgJCreERT2 tdTomato+ mice at day 5 at both tissue sites, Figure 2B, Supplementary 142 

Figure 4B. At day 60 after tamoxifen labeling, only about 50-60% of PCs were still double-143 

positive (DP) for GFP+ and tdTomato+ in both the PBS and SRBC-treated mice in both bone 144 
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marrow, Figure 2C, and spleen Supplementary Figure 4C. SRBC immunization did not result 145 

in a significant increase in PCs within the bone marrow at either the early or late time point 146 

Figure 2D. This observation held when GFP expression alone was used to define the PC 147 

population in IgJCreERT2 mice versus relying on the traditional CD138 surface expression Figure 148 

2E. In the spleen, there was a clear increase at day 5 in both CD138+ and GFP+ PCs after SRBC 149 

immunization that was no longer present at day 60 Supplementary Figures 4D, 4E. At day 5, 150 

we observed a minor increase in GC B cells in the spleen of SRBC immunized mice 151 

Supplementary Figure 4F.  Previous studies have shown low levels of J-chain transcripts in 152 

GC B cells, at least 40x less than PCs and J-chain protein expression in B220 high, CD138- GC 153 

B cells (Xu, Barbosa et al. 2020). In our SRBC immunization experiments, on day 5, we noted 154 

that approximately 15-20% of GC B cells displayed GFP expression, Supplementary Figure 155 

4G, though this percentage did not change with immunization status of at day 60. Overall, we 156 

found that tamoxifen administration allows specific labeling of PCs in the spleen and bone 157 

marrow of IgJCreERT2 tdTomato+ mice, and we did not observe any tdTomato expression when 158 

the mice only had the IgJCreERT2 allele, Figure 2 and Supplementary Figure 4. The fact that we 159 

did not observe a change in the frequency of PCs underscores the importance of labeling and 160 

tracking PCs that were present prior to/during immunization so that we can assess their longevity 161 

afterward.  162 

 163 

Plasma cell surface marker validation. 164 

CD138 is traditionally used as a surface marker to identify PCs, but its utility is hampered 165 

by several limitations. These include its susceptibility to collagenase cleavage (Goodyear, Kumar 166 

et al. 2014), expression on other cell types such as epithelial cells and fibroblasts, and CD138 167 
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shedding in malignant cells in multiple myeloma (Manon�Jensen, Itoh et al. 2010, Jung, Trapp-168 

Stamborski et al. 2016). We observed that collagenase digestion of both small intestine 169 

(Supplemental Figure 5A) and lung tissue (Supplemental Figure 5B) revealed a GFP+ 170 

population with heterogeneity in CD138 staining. This variability could be indicative of non-171 

specific CD138 cleavage. Additionally, the use of the IgJCreERT2 GFP reporter was helpful for the 172 

lung tissue where PCs are in low abundance, and the GFP fluorescence enhanced the ability to 173 

identify this population by flow cytometry (Supplemental Figure 5B). For these reasons, the 174 

IgJCreERT2 reporter model offers more confident identification of PCs. Using this novel model, 175 

we focused on examining the most utilized PC markers in GFP+ cells, following immunization 176 

with SRBCs. Our aim was to better understand the phenotypic heterogeneity in PCs in both 177 

spleen and bone marrow (Liu, Yao et al. 2022, Duan, Nguyen et al. 2023). This strategy 178 

simultaneously validated the IgJCreERT2 model and confirmed the fidelity of some of the surface 179 

markers used to identify PCs in the absence of a reporter gene.  180 

On day 5 following SRBC immunization, we isolated cells from the spleen and bone 181 

marrow of IgJCreERT2 mice. Spleen was chosen to capture the SLPC response, and bone marrow 182 

as the site where we anticipated more LLPCs and biological heterogeneity in surface marker 183 

expression. After gating on CD45+ FSC-High GFP+ live-singlets, we analyzed the expression of 184 

CD19, CD138, MHCII, CD44, CD98, CD69, and CD93 on PCs and compared them to B220+ B 185 

cells. In both spleen and bone marrow, PCs, defined by GFP expression, were positive for CD44, 186 

CD98 and CD138, as depicted in Figure 3A and 3B.  Conversely, PCs at both sites displayed a 187 

downregulation of CD19, and CD93 expression varied between splenic PCs (bimodal) and bone 188 

marrow PCs (spectrum of expression), as depicted in Figure 3. Splenic PCs exhibited positivity 189 

for MHCII but were negative for CD69 expression (Figure 3A). In contrast, bone marrow PCs 190 
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showed higher CD69 expression compared to B2 cells or splenic PCs and displayed variable 191 

MHCII expression (Figure 3B). Our findings not only corroborate the presence of well-192 

established markers like CD138 and CD98 in GFP+ cells but also offer a more nuanced 193 

assessment of the expression of other surface markers, including CD19, CD44, CD69, CD93 and 194 

MHCII. Together, these results enrich our understanding of the phenotypic characteristics of 195 

GFP+ PC, shedding light on the heterogeneity of surface marker expression, and underscore the 196 

utility of the IgJCreERT2 reporter mouse.  197 

  198 
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Discussion 199 

PCs play a pivotal role in the humoral immune response due to their ability to establish 200 

enduring antibody-mediated immunity, produce cytokines, and respond to TLR signaling. 201 

Nevertheless, the limited tools to study these cells in vivo has impeded research on these versatile 202 

cells. To overcome this challenge, we have established a novel inducible PC-specific Cre driver, 203 

the IgJCreERT2 mouse.  This innovative tool enables temporal tracking and genetic editing of PCs, 204 

unlocking new avenues for comprehensive investigations into the intricate PC biology.  205 

The IgJ model offers numerous advantages for tracking PCs. For instance, the reliance on 206 

CD138, a common PC marker, is known to be sensitive to trypsin cleavage (Liu and Akkoyunlu 207 

2021) and collagenase cleavage (Schaffer, Maul-Pavicic et al. 2019) complicating its use in 208 

tissue digestion protocols, Supplemental Figure 5. The loss of CD138 expression in the 209 

presence of sodium azide (Wilmore, Jones et al. 2017), and  rapid loss of CD138 expression ex 210 

vivo within 30 minutes after isolation further complicates its use (Dang, Mohr et al. 2022). We 211 

have found the IgJCreERT2 mouse emerges as a solution to overcome the limitations, providing a 212 

stable and reliable alternative with GFP as a tracking marker evident in Supplemental Figure 5. 213 

GFP proves to be a more stable and reliable marker for tracking PCs, emphasizing its utility, 214 

esecially in tissues that require enzymatic digestion. Thus, the model holds significant potential 215 

for advancing the characterization of PCs in disease, exploring homeostatic diversity, and 216 

addressing challenges related to technical sample collection.  217 

We utilized this mouse model to track the GC and PC response and turnover in vivo 218 

following immunization with SRBCs, a commonly utilized T-cell dependent immunization 219 

protocol. While SRBC immunizations are frequently used, the actual data detailing the kinetics 220 

of the PC responses is sparse, with more emphasis on GC responses in existing literature. Our 221 
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GC findings are consistent with previous reports on GC dynamics. For instance, studies by 222 

McAllister, Apgar et al. (2017) identified SRBC-specific splenic GC B cells at day 7, and Zhang, 223 

Tech et al. (2018) used IHC to monitor the splenic GC B cells over time, and found them as early 224 

as day 4 through day 14. Our data, Supplemental Figures 2B, 4F, 4G, aligns with these 225 

observations, where we saw GCs in the spleen increase at our initial time point of day 5 and peak 226 

at day 10. Our experimental design allowed us to monitor PC kinetics in vivo during SRBC 227 

immunization, shedding light on long-term PC responses. McAllister, Apgar et al. (2017) found 228 

SRBC-specific antibodies in serum as early as day 7, the earlier time point of their study, 229 

suggesting that PCs were already producing SRBC-specific antibodies by this time. Others 230 

assessed PC responses by IF staining for IRF4, and found PCs could be observed as early as day 231 

3, peaked at days 5-6, and dropped again by day 9 (Zhang, Tech et al. 2018). This is consistent 232 

with our findings following SRBC immunizations, Supplemental Figure 2C. Notably, SRBC 233 

immunization did not significantly change the percentage of PCs in the bone marrow at either 234 

day 5 or 60 (Figure 2D and 2E). 235 

  The turnover of PCs in the spleen and bone marrow was assessed at day 60 by the 236 

frequency of GFP+ and tdTomato+ PCs. Any PCs formed after tamoxifen labeling will be GFP+ 237 

tdTomato-, while any PCs that were 60 days or older would be tdTomato+. We observed 238 

comparable frequencies of tdTomato+ PCs in the bone marrow (~60%), regardless of whether or 239 

not the animals were immunized with SRBC (Figure 2C). In the spleen at day 60, we noted that 240 

the frequency of tdTomato+ cells had decreased from 90% to ~25%, indicating a higher rate of 241 

PC turnover in the spleen than in the bone marrow (Supplemental Figure 4B and 4C). Others 242 

reported a bone marrow PC half-life of ~200 days, and observed similar spleen PC kinetics to 243 

what we found in our experiments (Xu, Barbosa et al. 2020). However, the kinetics of PCs 244 
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responses to other antigens, vaccines, and in the steady state have not been thoroughly 245 

investigated. This gap in knowledge is partly attributable to T cell-dependent PCs exhibiting low 246 

levels of membrane-bound BCRs, which hinders tracking of antigen-specific PCs (Blanc, Moro-247 

Sibilot et al. 2016). The IgJCreERT2 model offers a potential solution to some of the technical 248 

challenges associated with tracking PC responses, facilitating the study of PC kinetics, along 249 

with genetic manipulation of these cells. 250 

The IgJCreERT2 model allowed us to undertake the characterization of PC surface markers 251 

in both spleen and bone marrow during SRBC immunization. Our examination encompassed the 252 

previously established PC surface markers, including CD138, CD98, and CD44 in both the 253 

spleen and bone marrow (Figure 3), aligning with prior studies and corroborating existing 254 

descriptions by others (Cassese, Arce et al. 2003, Tellier and Nutt 2017, Dang, Mohr et al. 2022). 255 

While other research groups have reported heterogeneity in PCs across various tissues (Wilmore, 256 

Gaudette et al. 2021, Joyner, Ley et al. 2022, Liu, Yao et al. 2022), we aimed to explore 257 

additional PC surface marker expression, specifically CD93, MHCII, and CD69, in the spleen 258 

and bone marrow (Figure 3). In our study, the majority of splenic PCs did not express CD69, 259 

whereas in the bone marrow, PC exhibited variable CD69 expression. This variability points to 260 

the potential utility of CD69 as a distinguishing marker for bone marrow-resident PCs, similar to 261 

its established role in lung-resident memory B cells (Barker, Etesami et al. 2021). Given that 262 

recent PC activation in the bone marrow is unlikely, CD69 expression may contribute to the 263 

maintenance of PC longevity in the bone marrow niche. For MHCII expression, we observed it 264 

predominately in B cells and PCs in the spleen, which likely represents newly minted PCs or 265 

PBs. Conversely, the bone marrow PCs showed a spectrum of MHCII expression, the MHCII 266 

low cells being indicative of a more mature PC population (Manz, Thiel et al. 1997, Slifka, Antia 267 
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et al. 1998). The investigation into CD93 revealed a mixed population in both spleen and bone 268 

marrow, with a slightly higher proportion in the bone marrow. This aligns with previous research 269 

which linked CD93 to the maintenance of antibody secretion and PC retention in the bone 270 

marrow (Chevrier, Genton et al. 2009). Together, these findings underscore the heterogeneity of 271 

PCs. Our model offers a new avenue for characterizing PC surface markers and their lifespan 272 

across different tissues, enhancing our understanding of the nuanced roles that these cells play 273 

beyond antibody secretion.  274 

 In conclusion, the IgJCreERT2 mouse model is a genetic tool that facilitates the study of 275 

PCs with greater precision and detail. This model overcomes previous technical barriers, 276 

enabling tracking and genetic profiling of PCs. Our work not only validates this model, but also 277 

expands the knowledge on PC biology, including response kinetics, turnover, and surface marker 278 

characterization during SRBC immunization. This model's potential to elucidate the diverse 279 

functions and subpopulations of PCs promises to foster new insights into their role in immunity 280 

and disease. 281 

Limitations of the Study. Early CreERT2 and GFP expression in the GC cells prior to production 282 

of transcriptional (BCL6-, IRF4+, Blimp1+) and phenotypic markers of PCs (CD138+, FAS-, 283 

CD38+)  may limit the applications of the IgJCreERT2 model for the genetic study of malignant 284 

transformation of PCs (MGUS and multiple myeloma) as the Cre expression will occur earlier in 285 

the developmental lineage of PCs than would be desirable. Also, although the model provides 286 

invaluable genetic “timestamping”, its applicability for different tissues and across different 287 

immunizations remains to be fully optimized and explored. Furthermore, tamoxifen induction of 288 

CreERT2 can have off target physiological effects that need to be controlled for appropriately in all 289 

studies. Finally, IgJ expression in humans is restricted to IgA and IgM-producing PCs and this is 290 
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not mirrored in mice. This species-specific different in the regulation of J-chain allele enables 291 

broader application of the Cre model, but users should be aware of this difference. Overall, the 292 

utility of this Cre driver paves the way for numerous genetic investigations into PC biology. 293 

 294 

  295 
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Materials and Methods 316 

Mice. C57BL/6J and tdTomato (strain #:007914) mice were obtained from Jackson Laboratories 317 

and housed at New York University School of Medicine. The Wellcome Trust Sanger Institute 318 

generated the J-chain CreERT2 allele. C57BL/6 J-Chain CreERT2 mouse embryonic stem cells 319 

were purchased from the European Mouse Mutant Archive (EMMA) and rederived at NYU 320 

School of Medicine. The J-Chain CreERT2 and tdTomato lines were maintained on a C57BL/6J 321 

background. All mouse experiments followed federal and institutional regulations, approved by 322 

the New York University Langone Institutional Animal Care and Use Committee (IACUC 323 

protocol IA16-01399). Mice had ad libitum access to food and were maintained on a 12-hour 324 

light-dark schedule. 325 

Flow Cytometry. Spleen and bone marrow were harvested from mice at euthanasia. The spleen 326 

was mechanically disrupted over a 70uM filter using the back of syringe in RPMI (Corning: 10-327 

040-CV) supplemented with 10% fetal bovine serum and 1X penicillin and streptomycin 328 

(complete RPMI). The bone marrow was flushed out of a decapped femur using a 27G needle, 329 

and 3mL of complete RPMI, and immediately resuspended using 1 mL pipette to generate a 330 

single cell suspension. Both spleen and bone marrow were subjected to red blood cell lysis using 331 

Pharm Lyse (BD: 555899). Single-cell suspensions were then stained with fluorescently tagged 332 

antibodies for evaluation on a BD Fortessa. Data was analyzed using FlowJo Version 10.9 333 

(BD).SRBC Immunizations and Tamoxifen Administration. Single-cell suspensions of 334 

spleens were prepared and subjected to CD43 depletion (Invitrogen: 11422D). Mature B cells at 335 

>90% purity were stained with cell trace violet (Invitrogen: C34557) and subjected to plasma 336 

cell differentiation using 10ug/mL of LPS (Sigma: L4391-1MG) for 72 hours. After 48 hours in 337 
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culture with LPS, 1000nM of (Z)-4-Hydroxytamoxifen was added to the culture (Sigma: H7904-338 

5MG). Cells were analyzed using flow cytometry on a BD Fortessa.  339 

SRBC Immunizations and Tamoxifen Administration. Sterile-defibrinated SRBCs were 340 

purchased from Cedar Lane (CL2581-100D). For immunizations, SRBCs were washed twice by 341 

topping up the volume to 50mL with sterile phosphate buffered solution (PBS, Corning: 21-040-342 

CV) and spun down for 10 minutes at 3000RPM. SRBCs were then counted using a 343 

hemocytometer, and the cell density was adjusted to 5x109 cells/mL. Then 1x109 SRB cells were 344 

injected into the mouse on days 0 and 4. 100mg of Tamoxifen (Sigma: T5648-1G) was brought 345 

to room temperature and subjected to end over end mixing in 5mL of corn oil at 37C until 346 

dissolved. Then 100uL of tamoxifen was administered to mice each day for five consecutive 347 

days (2mg per day).  348 

Statistical Analyses. We performed statistical analysis using Graphpad Prism 10.0.1 software. 349 

To test for statistical significance, we used a Mann-Whitney test or Kruskal-Wallis test (one-way 350 

non-parametric ANOVA). We considered differences statistically significant when p < 0.05. 351 

Antibodies 
anti-mouse CD45 BV650 (30-F11) Biolegend 103151 

anti-mouse CD45 PerCPCy5.5 (30-F11) BD 550994 

anti-mouse/human CD45R/B220 PerCPCy5.5 (RA3-6B2) Biolegend 103234 

anti-mouse CD45R/B220 PE-Cy7 (RA3-6B2) eBioscience 25-0452-82 

anti-mouse IgG1 APC (A85-1) BD 560089 

anti-mouse IgA BV711 (C10-3) BD 743297 

Fab Anti-Mouse IgM AF647 Jackson Immuno Labs  111-136-144 

Fab Anti-Mouse IgM R-Phycoerythrin Jackson Immuno Labs  115-116-075 

anti-mouse CD95 (PE-Cy7) FITC (Jo2) BD 557653 

anti-mouse CD38 BV421 (90) Biolegend 102732 

anti-mouse CD3 BV785 (17A2) Biolegend 100232 

anti-mouse CD3 BV510 (145-2C11) BD 563024 

anti-mouse CD19 BV510 (6D5) Biolegend 115546 

anti-mouse CD19 e450 (1D3) eBioscience 48-0193-80 

anti-mouse CD19 PE-Cy7 (1D3) BD 552854 
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anti-mouse CD19 APC/Cy7 (7E9) Biolegend 123417 

anti-mouse CD98 APC (4F2) Biolegend 128211 

anti-mouse CD138 BV650 (281-2) Biolegend 142518 

anti-mouse CD138 APC (281-2) BD 561705 

anti-mouse CD93 PE (AA4.1) eBioscience 12-5892-83 

anti-mouse CD38 PE (90) Biolegend 102707 

anti-mouse CD44 APC (IM7) Biolegend 103012 

anti-mouse MHCII APC (M5/114.15.2) Biolegend 107614 

anti-mouse CD69 PE (H1.2F3) eBioscience 12-0691-82 

   

Zombie UV Fixable Viability Dye Biolegend 423108 

Cell Trace Violet Invitrogen C34557 
 352 
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Figure 1. A. Schematic of the IgJCreERT2 locus. B. Experimental setup for the in vitro 
differentiation of plasma cells using LPS and 4-Hydroxy-tamoxifen (4-OHT). B cells from 
IgJCreERT2, IgJCreERT2 tdTomato+, and littermate controls were isolated by CD43 
depletion, stimulated with LPS, and evaluated by flow cytometry. Representative flow 
plots show: C. GFP fluorescence versus cell trace violet proliferation dye; D. tdTomato 
fluorescence versus cell trace violet proliferation dye. E. PCs were defined by CD138 
expression and were further analyzed for F. GFP and tdTomato expression.  
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Figure 2. A. Schematic of SRBC and tamoxifen administration in mice. Percentage of 
bone marrow PCs at B. Day 5 and C. Day 60 defined as FSChigh CD138+ live singlets 
that were either GFP+, tdTomato+, GFP+tdTomato+ double positive (DP), or GFP-

tdTomato- double negative (DN). The graphs summarize two independent experiments 
with 4-5 mice per group. D. Percentage of FSChigh CD138+ live singlets at days 5 and 
60, separated by immunization status. E. Percentage of GFP+ FSChigh CD138+ live 
singlets at days 5 and 60, separated by immunization status.  
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Figure 3. IgJCreERT2 mice were immunized with SRBCs. On day 5, the A. spleen and B. 
bone marrow were collected and GFP+ live CD45+ singlets were evaluated for their 
expression of GFP, CD138, CD19, CD44, CD98, MHCII, CD69 and CD93 and 
compared to B2 cells, defined as CD19/B220+ cells.  
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Supplemental Figure 1. A. B cells from IgJCreERT2, IgJCreERT2 tdTomato+, and 
littermate controls were isolated via CD43 depletion and stimulated with LPS, or BAFF. 
Following flow cytometry analysis, cells were evaluated for GFP fluorescence versus 
Cell Trace Violet proliferation dye, tdTomato fluorescence versus Cell Trace Violet 
proliferation dye, and plasma cells were identified by CD138 expression and further 
analyzed for GFP and Tomato expression. B. Data from multiple in vitro experiments in 
which CD43 depleted B cells from IgJCreERT2, IgJCreERT2 tdTomato+, and littermate 
controls were stimulated with LPS. Each data point is the average of 2-3 technical 
replicates.  
 
  

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 4, 2023. ; https://doi.org/10.1101/2023.12.02.569736doi: bioRxiv preprint 

https://doi.org/10.1101/2023.12.02.569736
http://creativecommons.org/licenses/by-nc-nd/4.0/


� � � � �� �� �� ��

�	
������
�������	����

PBS Day 5 Day 7

Day 14 Day 60Day 10

PBS Day 5 Day 7

Day 14 Day 60Day 10

PBS Day 5 Day 7

Day 14 Day 60Day 10

FA
S

B
22

0
FS

C

CD138
0 10

3
10

4
10

5
0

50K

100K

150K

200K

250K

0 10
3

10
4

10
5

0

50K

100K

150K

200K

250K

0 10
3

10
4

10
5

0

50K

100K

150K

200K

250K

0 10
3

10
4

10
5

0

50K

100K

150K

200K

250K

10
2

10
3

10
4

10
5

0

-10
2

10
2

10
3

10
4

0 10
3

10
4

10
5

0

50K

100K

150K

200K

250K

10
2

10
3

10
4

10
5

0

-10
2

10
2

10
3

10
4

0 10
3

10
4

10
5

0

50K

100K

150K

200K

250K

10
2

10
3

10
4

10
5

0

-10
2

10
2

10
3

10
4

0-10
3

10
3

10
4

10
5

0

50K

100K

150K

200K

250K

0-10
3

10
3

10
4

10
5

0

50K

100K

150K

200K

250K

10
2

10
3

10
4

10
5

0

-10
2

10
2

10
3

10
4

0 10
3

10
4

10
5

0

50K

100K

150K

200K

250K

10
2

10
3

10
4

10
5

0

-10
2

10
2

10
3

10
4

0 10
3

10
4

10
5

0

50K

100K

150K

200K

250K

10
2

10
3

10
4

10
5

0

10
3

10
4

0 10
3

10
4

10
5

0

50K

100K

150K

200K

250K

0 10
3

10
4

10
5

0

50K

100K

150K

200K

250K

CD138

CD38

PBS 5 7 10 14 21 60
0

2

4

6

8

10

Spleen GC B cells

Day Post Immunization

%
 B

 c
el

ls

PBS 5 7 10 14 21 60
0.0

0.5

1.0

1.5

2.0

2.5

Spleen CD138+ cells

Day Post Immunization

%
 L

iv
e 

C
D

45

PBS 5 10 14 21 60
0.0

0.2

0.4

0.6

0.8

Day Post Immunization

%
 L

iv
e 

C
D

45

BM CD138+ cells

Supplemental Figure 2
A.

B.

C.

D.

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 4, 2023. ; https://doi.org/10.1101/2023.12.02.569736doi: bioRxiv preprint 

https://doi.org/10.1101/2023.12.02.569736
http://creativecommons.org/licenses/by-nc-nd/4.0/


Supplemental Figure 2. A. C57BL/6J mice were immunized with SRBCs and spleen 
and bone marrow were evaluated by flow cytometry on days 5, 7, 10, 14, 21 and 60. B. 
Representative flow cytometry plots and the summary for spleen GC B cell frequencies. 
C. Representative flow cytometry plots and summary for splenic CD138+ PCs. D. 
Representative flow cytometry plots of bone marrow CD138+ PCs. 
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Supplemental Figure 3. A. Gating strategy for the analysis of spleen by flow cytometry. 
B. Gating strategy for the analysis of bone marrow by flow cytometry. 
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Supplemental Figure 4. A. Schematic of SRBC and tamoxifen administration in mice. 
Percent of splenic plasma cells at B. Day 5 and C. Day 60 defined as FSChigh CD138+ 
live singlets that are GFP+, tdTomato+, GFP+tdTomato+ double positive (DP), or GFP-

tdTomato- double negative (DN). Graphs are the summary of two independent 
experiments with 4-5 mice per group. D. The percentage of FSChigh CD138+ live singlets 
at days 5 and 60, separated by immunization status. E. The percentage of GFP+ FSChigh 
CD138+ live singlets at days 5 and 60, separated by immunization status. F. Spleen GCs 
at day 5 and 60 represented as percent of B2 cells. G. The percentage of GC B cells 
that are GFP+ at day 5 and 60 separated by immunization status.  
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Supplemental Figure 5. A. IgJCreERT2 and littermate control small intestinal tissue was 
digested using collagenase and DNaseI to isolate cells from the lamina propria. These 
cells were evaluated by flow cytometry. B. D IgJCreERT2 and littermate control lung 
tissue was digested using collagenase and DNaseI to isolate cells and these cells were 
evaluated by flow cytometry. 
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