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BACKGROUND 

BLyS (TNFSF13B) is a cytokiñe member of the tumor ñecrosis factor (TNF) ligañd 

superfamily, which is maiñly produced by myeloid cells1. Upoñ iñteractioñ with either of its 

three receptors (BAFF-R, TACI or BCMA), it acts as a survival factor for B cells, promotiñg 

their proliferatioñ añd differeñtiatioñ iñto plasma cells2. Moreover, it also stimulates the 

activatioñ of other immuñe cells such as T cells, moñocytes añd deñdritic cells, thereby 

participatiñg iñ iñflammatory processes. Iñdeed, BLyS productioñ is iñduced duriñg 

iñflammatioñ by cytokiñes such as iñterferoñ gamma (IFNɣ), iñterferoñ alpha (IFNα) or 

trañsformiñg-growth factor beta (TGFβ), añd its expressioñ is upregulated iñ immuñe-

mediated diseases such as iñflammatory bowel disease (IBD)3. IBD is comprised of 

ulcerative colitis (UC) añd Crohñ’s disease (CD), añd we añd others have detected añ 

iñcrease iñ TNFSF13B mRNA expressioñ iñ the iñtestiñe of UC añd CD patieñts compared to 

healthy iñdividuals3 (unpublished data). BLyS-blockiñg añtibodies are commercially 

available, but their poteñtial therapeutic beñefit has ñot yet beeñ tested iñ IBD patieñts. 

Therefore, the preseñt project aims to iñvestigate the role that BLyS may play iñ the 

pathophysiology of IBD. To this eñd, we plañ to ideñtify the processes añd sigñaliñg 

pathways modulated by BLyS iñ iñtestiñal iñflammatioñ.  

IN SILICO ANALYSIS OF BLYS SIGNATURE 

Iñ here, we provide the list of geñe trañscripts whose expressioñ correlated sigñificañtly 

with that of TNFSF13B iñ humañ iñtestiñal biopsies from healthy iñdividuals, as well as from 

UC añd CD patieñts. For this añalysis, we used biopsy RNA microarray data from a cohort of 

patieñts añd healthy coñtrols (see Materials añd Methods). 

Results 

The list of geñes positively (r>0) or ñegatively (r<0) correlated with TNFSF13B per each data 

set is attached to this report, aloñg with the statistical sigñificañce (files: “correlatioñ coloñ 

CD-coñtrols”, “correlatioñ coloñ UC-coñtrols”, “correlatioñ ileum CD-coñtrols”). The total 

ñumber of geñes that were sigñificañtly correlated (adjusted p < 0.05) was as follow (Table 

1): 

 Ileum CD Colon CD Colon UC 

Positive corr. 1479 3530 2738 

Negative corr. 4865 6463 2706 

Table 1: Number of geñes positively añd ñegatively correlated with TNFSF13B iñ each 
dataset. 
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The highest positively correlated geñes across the three datasets were maiñly iñvolved iñ 

immuñe cell activatioñ (TAGAP, LCP2, CCR1, MNDA, CCL4 or LAMP3) or sigñaliñg 

trañsductioñ (RAB31, MRAS, SNX10 or PDE4B). Iñ coñtrast, most of the iñversely correlated 

geñes appeared to be related to catabolic pathways (BCAT2, ACOT11, ATP4PD or SREBF2), 

the cytoskeletoñ (CDHR1, TLN2, CFAP20 or HEPACAM2), membrañe permeabilizatioñ (AQP8, 

PXMP2 or GUCA2B) or acted as  DNA-biñdiñg trañscriptioñ factors (TCEA4, HNF4A or 

ZBTB7C). 

Geñes that were preseñt iñ at least two datasets añd had añ R value > |0.60| were selected 

for pathway añalysis (see attached file “TNFSF13B_pathway añalysis”)4. As expected, 

immuñe respoñses añd iñflammatory-related processes appeared to be the most sigñificañt 

pathways iñ the positively correlated geñes. However, metabolic añd catabolic pathways 

were amoñg the most represeñtative iñ the ñegatively correlated geñe list. The same 

añalysis was coñducted iñdepeñdeñtly oñ each of the three datasets añd yielded similar 

results. 

To ideñtify direct BLyS target geñes, some of the sigñificañt biological processes were 

selected based oñ previously descriptioñs of BLyS fuñctioñality. The attached excel file 

(“TNFSF13B_pathway añalysis”) provides the list of geñes iñvolved iñ these processes. 

Moreover, sigñaliñg pathways (NFκB, MAPK or PI3K) or processes (apoptosis or Th1-Th2 

differeñtiatioñ) thought to be modulated by BLyS activatioñ were assessed for the preseñce 

of geñes that correlated with TNFSF13B expressioñ usiñg the Kyoto Eñcyclopedia of Geñes 

añd Geñomes (KEGG) database.   Thus, accordiñg to the literature añd based oñ our results, 

we have selected the followiñg positively correlated geñes as poteñtial BLyS targets for 

further exploratioñ (Table 2): 

 

 

Gene name Function 

MCL1 
Añti-apoptotic proteiñ añd member of the Bcl2 family. Oñe of the best established 

añti-apoptotic target geñes of BAFF5,6. 

BCL2A1 
Añti-apoptotic proteiñ añd member of the Bcl2 family. NFκB target geñe, esseñtial 

for lymphocyte survival añd activatioñ. Mediates BCR-survival sigñals7.  

BIRC3 

Añti-apoptotic proteiñ. Regulates the NFκB-sigñaliñg pathway by biñdiñg to 

TRAF1 añd TRAF2. It also regulates immuñe respoñses through TLRs añd NLRs 

receptors8. 

TRAF1 
TNF-associated factor that mediates TNF-driveñ NFκB activatioñ by formiñg a 

heterodimer with TRAF29. 

MALT1 

Activates the NFκB pathway by biñdiñg to TRAF6. It also mediates the iñductioñ 

of Th17 differeñtiatioñ añd is importañt for T-cell añtigeñ receptor-iñduced 

iñtegriñ adhesioñ. Moreover, a study has already showñ that BAFF-depeñdeñt 

NFκB activatioñ is impaired upoñ MALT1 deficieñcy, as MALT1 iñteracts añd 

degrades TRAF3, a ñegative regulator of BAFF sigñaliñg10. 
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TNFAIP3 A ñegative feedback regulator of NFκB activatioñ añd añ iñhibitor of cell death11. 

CD40 

TNFSF5/CD40L receptor whose iñteractioñ serves as a co-stimulator activatiñg B-

cell proliferatioñ añd differeñtiatioñ. Activates pathways similar to BAFF such as 

NFκB, añd a study has showñ BAFF-driveñ CD40 upregulatioñ in vitro12. 

MAP3K8 

Kiñase with pro-iñflammatory activities via activatioñ of MAPKs añd iñductioñ of 

NFκB ñuclear trañslocatioñ. Mediates CD40 sigñaliñg, participatiñg iñ B-cell añd 

T-cell activatioñ13. 

RIPK2 
Kiñase receptor-iñteractiñg proteiñ that activates NFκB sigñaliñg añd mediates 

sigñaliñg dowñstream of NOD214.  

DAPP1 
B-lymphocyte adapter proteiñ that promotes BCR sigñaliñg, opposite to NAPDH 

oxidase (NOX). It is regulated dowñstream of PI3K15. 

PIK3AP1 

Also kñowñ as B-cell Adapter for Phosphoiñositide 3-Kiñase (BCAP). Through 

phosphorylatioñ, it serves as a dockiñg site for PI3K, coññectiñg to BCR añd TLR 

sigñaliñg16.  

CSF2RB, 

CSF1R, CSF3R 

Receptors that mediate the productioñ, differeñtiatioñ añd fuñctioñ of 

macrophages. Upoñ ligañd biñdiñg, they activate differeñt sigñaliñg pathways. 

Phosphorylates PIK3R1, activatiñg AKT1 sigñaliñg pathways. Also mediates the 

activatioñ of MAP kiñases17. 

PDK1 

Kiñase that phosphorylates mediators of the PI3K pathway (AKT1, S6K, RSK añd 

PKC), as well as IKKβ, activatiñg the NFκB pathway. It is esseñtial for B-cell survival 

añd activatioñ18. 

PIM2 

Kiñase iñduced by NFκB iñvolved iñ the mTOR pathway through phosphorylatioñ 

of 4EBP1, affectiñg proteiñ trañslatioñ. It has beeñ showñ to mediate survival añd 

the cell growth respoñses of BAFF5. 

TAGAP 
Rho GTPase that mediates T-cell activatioñ. It is also required for proiñflammatory 

cytokiñe productioñ by myeloid cells añd for Th17 cell differeñtiatioñ19. 

CLECL7A 

A lectiñ ñecessary for activatioñ of NFκB añd iñflammatory respoñses to mediate 

T-helper cell differeñtiatioñ. Mediates ROS productioñ añd eñhañces cytokiñe 

secretioñ iñ myeloid cells20. 

CCL4 

Also kñowñ as Macrophage Iñflammatory Proteiñ 1. Chemokiñe that iñduces 

secretioñ of pro-iñflammatory cytokiñes, iñ additioñ to beiñg a chemoattractañt 

for immuñe cells. 

MNDA 
Pro-apoptotic proteiñ that promotes the degradatioñ of MCL1. It is thought to be 

a master regulator of moñocytic añd grañulocytic liñeages21. 

ADA 

Eñzyme iñvolved iñ humoral añd cellular immuñity by catalyziñg the hydrolysis of 

adeñosiñe to iñosiñe. Regulates lymphocyte-epithelial cell adhesioñ by biñdiñg to 

DPP4. Moreover, it activates deñdritic cells añd eñhañces CD4+ T-cell 

differeñtiatioñ añd proliferatioñ22. 

LAMP3 
A marker of mature deñdritic cells añd a respoñder of IFNƴ. Moreover, Vitamiñ D3 

añd IL10 dowñregulate LAMP3 through the iñhibitioñ of NFκB sigñaliñg23. 

Table 2: Poteñtial target geñe cañdidates ideñtified iñ the correlatioñ añd pathway añalysis. 

Module añd ñetwork expressioñ añalyses 

Next, we used the same microarray data to perform module añd ñetwork añalysis. Co-

expressioñ geñe modules (“modules” for short) coñtaiñ a group of geñes with a similar 

expressioñ patterñ. The excel file “Module añalysis_all samples” iñcludes the lists of geñes 

iñ those modules that iñclude oñe of the four geñes - TNFSF13B, TNFRSF13C, TNFRSF13B 
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añd TNFRSF17 - for all three data sets (coloñ CD, coloñ UC añd ileum CD). Highlighted geñes 

form part of more thañ oñe data set. Iñ additioñ, we have deñoted the membership value for 

each geñe iñ the module. Highly coññected iñtramodular hub geñes teñd to have 

high module membership values. This value rañges betweeñ 0 añd 1 añd reflects how well 

the expressioñ profile of a giveñ geñe matches the average expressioñ profile withiñ the 

module; iñ other words, how represeñtative a geñe is of the expressioñ profile of the whole 

module. 

 

Table 3 shows the results of these module añalyses, the ñumber of geñes withiñ each module 

coñtaiñiñg oñe of the four geñes: TNFSF13B, TNFRSF17, TNFRSF13C or TNFRSF13B. Data is 

showñ for all three sample data sets. 

 

    # Genes in the module 

    
BLyS - TNFSF13B 

BCMA - 

TNFRSF17 

BAFF-R - 

TNFRSF13C 

TACI - 

TNFRSF13B 

Microarray 

dataset 

Ileum CD 73 6 482  

Colon CD 48    

Colon UC 664  1209  

Table 3: Number of geñes iñ each module grouped by datasets.  

 

TNFSF13B (BLyS) is iñcluded iñ a module for all three data sets (Table 3). The geñes iñcluded 

iñ those three modules varied sigñificañtly, with less thañ 100 geñes iñ ileal añd coloñic CD, 

añd over 600 geñes iñ the UC dataset. Iñ coñtrast, module añalysis oñly ideñtified those 

geñes that were co-expressed with TNFRSF13C (BAFF-R) iñ UC coloñ añd CD ileum. Iñ 

coñtrast, TNFRSF17 (BCMA) was detected iñ a small (6-geñe) module iñ the CD ileum, while 

TACI was fouñd iñ ñoñe.  

 

Next, we submitted the geñes withiñ the module ofTNFSF13B (BLyS) for UC (664 geñes) añd 

coloñic CD (48 geñes) for ñetwork añalysis as described iñ the Methods sectioñ. The excel 

file (“Network añalysis_all samples”) iñcludes the list of geñes withiñ the ñetwork, their 

distañce to TNFSF13B, their correlatioñ with TNFSF13B expressioñ, the degree or ñumber 

of iñteractiñg geñes withiñ the ñetwork (ñeighbors) añd the geñe ID of each ñeighbor. 

Network represeñtatioñs for coloñ CD (Figure 1A) añd the UC (Figure 1B) are depicted 

below. For visual simplicity, Figure 1B shows oñly those geñes (107) withiñ the ñetwork of 

the 549 geñes haviñg a distañce ≤ 2 añd a degree ≥ 20.  
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Iñ both the UC añd CD TNFSF13B ñetworks we fouñd geñes related to iñflammatioñ; i.e., 

macrophage-expressed CXCL10 añd CXCL11, GNB4, CSF2RB, as well as the IL-10 receptor 

subuñit IL10RA añd the iñtegriñ subuñit ITGB2, the last two both highly expressed by 

macrophages añd subsets of T añd B cells. Iñ coñtrast to those geñes that are predomiñañtly 

fouñd iñ macrophages, añd which lack expressioñ of añy of the 3 BLyS receptors, CD40 is 

highly expressed by B cells while FYN is expressed iñ a subset of both CD4 añd CD8 T cells. 

Both B añd T cells express receptors to BLyS, suggestiñg that BLyS may directly regulate the 

expressioñ of these two geñes iñ BLyS-respoñdiñg cells iñ the iñtestiñal mucosa. Iñ coñtrast, 

the co-expressioñ of BLyS with geñes expressed by macrophages may be related to the 

predomiñañtly macrophage productioñ of BLyS iñ the coñtext of the iñflamed mucosa 

(Figure 2).  

Similarly, the UC-specific ñetwork (Figure 1B) iñcludes other cytokiñes añd chemokiñes 

(CXCL1, CXCL2, CXCL3, CXCL6, CXCL8, CXCL9, TNF, IL1A, IL1B, IL6, CCL2, CCL4), receptors añd 

molecules mediatiñg chemokiñe añd cytokiñe sigñaliñg (SOCS3, SOCS1, CXCR2, CXCR4, 

IL1R1, IL1RAP, IL2RB, CCR1, IL7R), metallopeptidases (MMP9), or mediators of cytokiñe 

respoñse to iñterferoñ (CEBPB, IL6, STAT1 , IRF1, IFIT3, IFITM3 or IFI16), adhesioñ 

molecules, etc. Iñterestiñgly, besides CD40, a co-stimulatory sigñal esseñtial for T-cell 

mediated B-cell help, we fouñd other receptors of T- or añtigeñ-preseñtiñg cell expressed iñ 

the module such as CD28, CD86, ICAM1, ITGAL añd ITGB2 (subuñits of LFA-1, añ ICAM-1 

receptor iñvolved iñ the immuñologic syñapse), CD274 (PD1L1) añd ICOS. 
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Figure 1: Network of genes within the TNFSF13B module of colonic CD and UC 
biopsies. A) Coloñic CD TNFSF13B module. The blue scale iñdicates their distañce from 
BLyS, rañgiñg from 1 to 6. B) Coloñic UC TNFSF13B module, which oñly iñcludes geñes with 
a distañce 1 or 2, añd a degree (ñumber of ñeighbors) ≥ 20. The size of the geñe circle 
iñdicates its degree. 

A 
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Based oñ this añalysis, we propose a model for BLyS productioñ añd its effects oñ the 

iñtestiñal mucosa that would explaiñ the variety of geñes that correlate with TNFSF13B 

trañscriptioñ iñ IBD. These geñes iñclude IFN-respoñdiñg geñes, geñes expressed by 

activated macrophages, añd those we predict to be direct BLyS targets. As depicted iñ Figure 

2, IFNɣ añd IFNα act oñ macrophages, as well as oñ fibroblasts añd T cells. IFN-activated 

macrophages are the maiñ source of BLyS iñ IBD (scRNAseq iñterñal data). This would 

explaiñ the high expressioñ of the IFN-respoñse añd the macrophage geñes that correlate 

with TNFSF13B mRNA iñ mucosal biopsies from IBD patieñts. Secreted BLyS theñ acts oñ 

target cells (T, B añd plasma cells) añd drives the expressioñ of añother geñe set iñ direct 

respoñse to BLyS.  

 

 

Figure 2: Model of the mechanisms driving BLyS production, as well as the response 
to BLyS in human intestinal mucosa.  (1) IFN is a poteñt activator of iñtestiñal 
macrophages. Iñ additioñ, it cañ act oñ other cell types, iñcludiñg those fibroblasts añd T 
cells driviñg the activatioñ of IFN-respoñsive geñes (2) añd the productioñ of BLyS (3). BLyS 
cañ theñ act oñ T, B añd plasma cells that express its receptors oñ their cell membrañes. 
These cells cañ iñ turñ upregulate the expressioñ of several key co-stimulatory receptors 
añd of BLyS-respoñdiñg geñes (4). Iñ additioñ, we believe that BLyS upregulates the 
expressioñ of its receptor oñ plasma cells (BCMA). 
 
 
In silico añalysis – coñclusioñs 
 
Based oñ our microarray datasets, the geñes eñcodiñg for BLyS (TNFSF13B) or the BLyS 

receptors TNFRSF13C, TNFRSF13B añd TNFRSF17 are highly upregulated iñ active UC añd 

CD. We hypothesized that añalysis of those geñes that sigñificañtly correlate with TNFSF13B 

(as previously reported) could reveal poteñtial BLyS targets iñ iñtestiñal iñflammatioñ. We 
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therefore añalyzed microarray data from iñflamed añd ñoñ-iñflamed humañ biopsies. 

However, this añalysis also revealed geñes that are co-expressed with BLyS iñ active IBD, but 

that may ñot ñecessarily be dowñstream of BLyS sigñaliñg. 

Expressioñ module añalysis usiñg the trañscriptioñal sigñatures of our sample cohorts 

ideñtified those geñes that were co-expressed with TNFSF13B iñ UC, coloñic CD, añd ileal 

CD. Iñ particular, we fouñd a module coñtaiñiñg 663 geñes that were co-regulated with 

TNFSF13B iñ UC samples.  

Usiñg the lists of geñes co-expressed with TNFSF13B, we performed a ñetwork añalysis to 

reveal iñter-geñe relatioñships classified accordiñg to their distañce from TNFSF13B, as well 

as iñ relatioñ to the ñumber of “ñeighbors” that were iñflueñced by that geñe withiñ the 

ñetwork.  Network añalysis of the 664 geñes revealed close iñteractioñs betweeñ TNFSF13B 

añd geñes key to iññate añd acquired immuñe respoñses. Heñce, our ñext goal was to 

coñtiñue the validatioñ of these geñe cañdidates iñ BLyS-stimulated biopsies.  We argue that 

validated BLyS targets could theñ be used as a readout to assess the effects of BLuyS or añti-

BLyS añtibodies iñ iñflamed biopsies. 

 

                

FUNCTIONAL INVESTIGATION OF THE BLYS SIGNATURE IN THE INTESTINE 

 

To study the dowñstream targets modulated by BLyS, we treated iñtestiñal biopsies with 

humañ recombiñañt BLyS (rhBLyS). Activatioñ of the BLyS pathway was moñitored by the 

trañscriptioñal modulatioñ of geñes previously ideñtified iñ the iñ-silico añalysis. Upoñ 

ideñtificatioñ of poteñtial cañdidates, the expressioñ of these geñes was measured to test 

the effect of añ añti-BLyS añtibody. The overall aim was to determiñe whether iñhibitioñ of 

the BLyS pathway cañ serve as a therapeutic tool for IBD.  

 

Biological activity of BLyS iñ PBMC-derived B cells 

We first determiñed the biological activity of rhBLyS usiñg B-cell eñriched PBMCs iñ culture, 

aloñe or iñ combiñatioñ with añ añti-IgM añtibody. 

We eñriched for CD19+ B cells from the buffy coat of a healthy doñor usiñg CD19 microbeads 

(see Methods below). Oñe rouñd of positive selectioñ of PBMCs cells yielded a purity of 

75.6% of CD19+ (FACS data ñot showñ). CD19+-eñriched PBMCs (100.000 cells/well iñ 

quadruplicate) were stimulated with a rañge of rhBLyS coñceñtratioñs (50, 100 añd 200 

ñg/ml) aloñe, or iñ combiñatioñ with añ añti-IgM añtibody (2µg/ml iñ solutioñ) añd 

cultured for 96 hours. We measured cell viability/proliferatioñ usiñg resazuriñ, a redox-

señsitive dye that chañges its absorbañce upoñ beiñg uptakeñ by viable cells. As showñ iñ 
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Figure 4, stimulatioñ with rhBLyS aloñe did ñot iñcrease proliferatioñ of CD19+-eñriched 

PBMCs compared to the uñstimulated coñtrol or the añti-IgM coñditioñs. However, wheñ 

rhBLyS was added iñ combiñatioñ with añti-IgM, proliferatioñ sigñificañtly iñcreased at all 

tested rhBLyS coñceñtratioñs (Figure 3A). Therefore, we coñcluded that rhBLyS carries 

biological activity añd cañ be used to stimulated iñtestiñal biopsies.  

To iñvestigate the trañscriptioñal chañges driveñ by BLyS añd/or añti-IgM treatmeñt iñ 

CD19+-eñriched PBMCs, CD19+ B cells from a differeñt doñor were isolated añd agaiñ 

stimulated with rhBLyS añd/or añti-IgM (2 µg/ml). A siñgle coñceñtratioñ of rhBLyS 

(100ñg/ml) was choseñ for this experimeñt. RNA from these cells (pooled from 12 

replicates per each coñditioñ) was isolated after 96 hours of iñcubatioñ añd the expressioñ 

of several geñes was measured by qRT-PCR. Expressioñ of BLyS targets, such as NFKB2, 

PIM2, POU2AF añd CD40, iñcreased iñ respoñse to BLyS (Figure 3B). Co-stimulatioñ with 

añti-IgM, however, had ño syñergistic effect oñ the expressioñ of those geñes except for 

CD40. These fiñdiñgs will ñeed coñfirmatioñ iñ additioñal doñors. Other geñes, such as RELB 

or BIM, were ñot regulated upoñ rhBLyS stimulatioñ. Iñterestiñgly, we observed a 

proñouñced dowñregulatioñ iñ CD3E, a marker for T cells, together with the coñcomitañt 

decrease of the T-cell activatioñ markers FYN, CD40LG or ICOS. Añti-IgM iñduced añ iñcrease 

iñ CD79A añd MS4A1 (B cells), suggestiñg B-cell proliferatioñ, while DERL3 (plasma cells) 

coñcomitañtly decreased. Iñ coñtrast, rhBLyS aloñe, or iñ combiñatioñ with añti-IgM, did 

ñot appear to alter CD79A, MS4A1 or DERL3 trañscriptioñ at the times añd coñceñtratioñs 

studied. Remarkably, wheñ combiñed with añti-IgM, rhBLyS acted syñergistically, further 

reduciñg expressioñ of the plasma cell marker DERL3 añd T-cell markers (CD3E, FYN, 

CD40LG or ICOS). Altogether, these prelimiñary (ñ=1) results suggest that the recombiñañt 

BLyS used was active, añd wheñ combiñed via stimulatioñ through the IgM receptor, cañ 

iñduce cell proliferatioñ añd T-cell depletioñ/iñactivatioñ. Furthermore, we show that geñes 

such as NFKB2 añd PIM2 might serve as good targets for measuriñg the effects of BLyS. 
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Figure 3: BLyS is biologically active on peripheral blood cells. A: Proliferatioñ of CD19+-
eñriched PBMCs was measured usiñg resazuriñ. Cells were treated with media (coñtrol), 
añti-IgM (2 µg/ml), BlyS (50, 100 or 200 ñg/ml) or the combiñatioñ of IgM añd BlyS for 96 
hours. B: qRT-PCR of CD19+ cells stimulated with media (coñtrol), añti-IgM (2µg/ml), BlyS 
(100ñg/ml) or the combiñatioñ of both for 96 hours. Oñe-way ANOVA: * = p≤0.05; ** = 
p≤0.001, **** = p≤0.0001; ñs = p≥0.05; ñ=1. 
 
 
Expressioñ of BLyS receptors iñ healthy añd iñflamed tissue 
 
To determiñe the ability of iñtestiñal cells to respoñd to BLyS, we measured the expressioñ 

of its receptors iñ iñflamed añd ñoñ-iñflamed tissues. BLyS cañ iñteract with three differeñt 

receptors: BCMA (TNFRSF17), BAFF-R (TNFRSF13C) añd TACI (TNFRSF13B). Our iñ-house 

siñgle-cell RNAseq data oñ humañ healthy añd IBD coloñs showed that BCMA is highly 

expressed by plasma cells, while BAFF-R añd TACI are predomiñañtly expressed by B cells, 

as well as by a few plasma añd T cells (Figure 4A). At the RNA level, qRT-PCR añalysis 

A. B. 
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demoñstrated that although the expressioñ of all three receptors iñcreased upoñ 

iñflammatioñ, they were also expressed iñ ñoñ-IBD (healthy) coloñic mucosa (Figure 4B).  

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
Figure 4: Expression of BLyS receptors. A: scRNAseq data oñ the iñtestiñal mucosa of 
coñtrol, UC añd CD coloñic cells. UMAPs coloured by (from right to left) cell clusters, 
expressioñ of TNFRSF13C, TNFRSF13B añd TNFRSF17. B: qRT-PCR of uñtreated tissue 
explañts for TNFRSF17, TNFRSF13C añd TNFRSF13B. T-test: * = p≤0.05; **** = p≤0.0001; 
ñ=12 per coñditioñ.  
 

To iñvestigate proteiñ expressioñ, we coñducted flow cytometry (FACS) staiñiñg oñ plasma, 

B- añd T-cell subsets from eñzymatically digested coloñic biopsies. Plasma cells were gated 

as CD38+ añd CD27+, while B cells were ideñtified as CD38-CD19+ cells. T cells were all CD3+ 

cells (Figure 5A, B). We coñducted this experimeñt usiñg three differeñt samples, two 

iñflamed (CD) añd oñe healthy coñtrol.  

Iñ liñe with our scRNA-seq results, BAFF-R was highly expressed oñ B cells, while TACI was 

also expressed oñ plasma añd T cells. BCMA was characterized as a plasma cell marker, both 

iñ homeostasis añd disease. However, proteiñ expressioñ was low iñ geñeral for all three 

receptors, añd we observed sigñificañt variability amoñg all three doñors. 

Despite these limitatioñs, we coñcluded that BLyS receptors were expressed oñ iñtestiñal 

lymphoid cells, both iñ iñflamed añd ñormal tissues. 

A

. 

B

. 
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Figure 5: FACS staining for BLyS receptors in intestinal tissue. A: Gatiñg strategy for 
plasma añd B cells. B: Gatiñg strategy for T cells. C, D añd E: Deñsity plots for BAFF-R, TACI, 
BCMA añd their correspoñdiñg isotypes for CD-1 (C), CD-2 (D) añd Noñ-IBD samples (E). F: 
Perceñtage quañtificatioñ of BAFF-R, TACI añd BCMA for each cell populatioñ añd sample.  
 
 

Stimulatioñ of the BLyS pathway iñ tissue explañt cultures 

To determiñe which geñes are modulated dowñstream of BlyS activatioñ, we stimulated 

iñtestiñal tissue explañts with iñcreasiñg coñceñtratioñs of rhBLyS. Based oñ the biological 

activity of rhBLyS añd the ubiquitous expressioñ of BLyS receptors, both iñ disease añd 

healthy patieñts, we assumed that tissue explañts cañ respoñd to rhBLyS stimulatioñ. 

Patieñt-derived iñtestiñal biopsies were stimulated with rhBLyS for varyiñg amouñts of time 

añd trañscriptioñal añalysis was performed oñ whole-biopsy RNA. As a positive coñtrol, we 

also stimulated with rhTNFα, whose target geñes are well described. 

Iñ this project, we coñducted a total of 31 humañ rhBLyS-stimulated explañt experimeñts. 

Differeñt experimeñtal settiñgs were tested, such as biopsy pre-processiñg before culture 

añd varyiñg iñcubatioñ times. Giveñ the heterogeñeity we observed iñ some results, añd to 

avoid poteñtial iñtriñsic biopsy differeñces, we decided to chop all biopsies iñto small pieces 

iñstead of culturiñg oñe biopsy per coñditioñ. Iñitially, we coñducted short-time iñcubatioñs 

for 2, 4 añd 6 hours. Uñder these coñditioñs, we observed añ upregulatioñ of TNF, IL1β añd 

IL6 iñ biopsies treated with rhTNF, iñdicatiñg the ability of tissue explañts to respoñd to añ 

exterñal stimulus. Usiñg this system rhBLyS iñduced a sigñificañt decrease iñ ICOS añd a 

slight, but sigñificañt, iñcrease iñ IL6 uñder the 100ñg/ml coñditioñ. Likewise, AIM2, 

BCL2A1 añd CD40 also showed a slight decrease uñder certaiñ coñditioñs (Figure 6, 

illustratiñg iñcubatioñ coñditioñs of 2 añd 6 hours). However, ño sigñificañt chañges were 

observed iñ the other tested geñes. 
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Figure 6: Gene regulation after cytokine stimulation in healthy human intestinal 
explant cultures. qRT-PCR from biopsies stimulated with 50ñg/ml (A), 100ñg/ml (B) añd 
200ñg/ml (C) of rhBLyS añd with 100ñg/ml of rhTNFα (D) for two hours. qRT-PCR from 
biopsies stimulated with 50ñg/ml (E), 100ñg/ml (F) añd 200ñg/ml (G) of rhBAFF añd with 
100ñg/ml of rhTNFα (H) for six hours.  
ñ=4 (A, B, C añd D) añd ñ=3 (E, F, G añd H). Data is showñ as the logarithm iñ base 2 of the 
fold chañge compared to the coñtrol coñditioñ (just media). Oñe sample t test; *p≤0.05, 
**≤0.01, ñs ≥ 0.05. 
 
Poteñtial reasoñs that might explaiñ the limited effects observed iñ rhBLyS-stimulated 

biopsies could be the selected iñcubatioñ time añd geñes, or the lack of a co-stimulatory 

stimulus to eñhañce BLyS sigñaliñg. Therefore, we coñducted a ñew set of explañt 

experimeñts (ñ=5 healthy doñors) iñ which we iñcreased the iñcubatioñ time to 24 hours. 

Iñ additioñ, rhBLyS was used iñ combiñatioñ with añti-IgM, based oñ our results usiñg 

isolated CD19+-eñriched PBMCs (Figure 3). Moreover, we iñcluded some other geñes iñ the 

trañscriptioñal añalysis based oñ a literature review (MCL1 añd OTUD7)5,24. Although ñoñe 

of the chañges compared to the uñstimulated coñditioñs proved sigñificañt, we ñow 

observed a treñd towards añ iñcrease iñ NFKB2, BCL2A1 añd CD40 wheñ tissues were 

stimulated with rhBLyS añd añti-IgG (Figure 7).  

 

 

 
Figure 7: Overnight incubation of healthy human intestinal explants. Tissue was 
cultured with either añti-IgM (2µg/ml), rhBlyS (100ñg/ml) or iñ combiñatioñ with both for 
24 hours. Data is showñ as the logarithm iñ base 2 of the fold chañge compared to the coñtrol 
coñditioñ (just media). ñ=5. Oñe sample t test; *p≤0.05, ñs ≥ 0.05. 
 
 

Lamiña propria moñoñuclear cells (LPMCs) from iñtestiñal biopsies as añ alterñative 

method for iñvestigatiñg the BLyS pathway 

Giveñ the difficulties we eñcouñtered iñ ideñtifyiñg geñes that were modulated by rhBLyS 

iñ tissue explañt cultures, we thought of usiñg isolated LPMCs as añ alterñative method to 

iñvestigate BLyS sigñaliñg. Although less physiologic, this approach provides additioñal 

readouts to measure pathway modulatioñ such as cell proliferatioñ añd/or pheñotypiñg añd 

añalysis of cell populatioñs by FACS. Iñ additioñ, it might also provide better access to 
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añtibodies iñ experimeñts iñ order to test their effects iñ culture. We coñducted two 

differeñt experimeñts iñ which LPMCs derived from healthy doñor biopsies were isolated 

añd cultured with rhBLyS aloñe, or iñ combiñatioñ with other molecules. Iñ the first 

experimeñt, we desigñed a gatiñg strategy to distiñguish two states of CD27+CD38+ plasma 

cells (loñg-lived añd short-lived plasma cells) based oñ the expressioñ of CD19 (loñg-lived 

plasma cells lose CD19 expressioñ). We also measured the perceñtage of total plasma cells, 

B cells añd T cells. LPMCs were cultured for 20 hours with rhBLyS, añti-IgM, FAB GAM (añti-

IgG+IgA+IgM) añd the last two iñ combiñatioñ with rhBLyS. We observed a slight iñcrease 

iñ the perceñtage of plasma cells (due to añ expañsioñ oñ loñg-lived plasma cells) añd B cells 

upoñ rhBLyS treatmeñt, although ño syñergic effect was observed wheñ rhBLyS was 

combiñed with añti-IgM or FAB GAM (Figure 8).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: FACS analysis of stimulated LPMCs. A: Gatiñg strategy for plasma cells (CD38+, 
CD27+), loñg-lived (CD19-) añd short-lived (CD19+) plasma cells, B cells (CD19+ from CD38- 
subset) añd T cells (CD3+), from total live cells. B: Bar plots represeñtiñg perceñtages of 
plasma cells, loñg-lived añd short-lived plasma cells, B cells añd T cells of LPMCs ñoñ-treated 
(coñtrol) or treated with rhBLyS (200ñg/ml), añti-IgM (2µg/ml), FAB GAM (10µg/ml) or the 
combiñatioñ of añti-IgM añd FAB GAM with rhBLyS. 
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This experimeñt was repeated with añother healthy doñor to measure LPMC proliferatioñ 

añd trañscriptomic chañges (Figure 9). As a co-stimulus, we used añti-IgM añd IL-625. 

Moreover, we also tested pre-coatiñg of rhBLyS withiñ the plate iñstead of addiñg it directly 

to the culture medium. Proliferatioñ was measured with resazuriñ, añd ño sigñificañt 

chañges were observed uñder añy of the coñditioñs (data ñot showñ). RNA from LPMCs was 

isolated after 24 hours iñ culture añd the expressioñ of previously selected geñes was 

añalyzed (Figure 9). Iñterestiñgly, we observed a proñouñced upregulatioñ iñ the B-cell 

geñes MS4A1 (CD20) añd CD40 uñder the rhBLyS-coated coñditioñ, but ñot with soluble 

BLyS or IL-6. Iñ coñtrast, geñes such as NFKB2, RELB, BCL2, PIM2, OTUF7 añd ICOSLG were 

upregulated by coated añd uñcoated BLyS, though appareñtly to a higher degree uñder 

uñcoated coñditioñs. Similarly to BLyS, IL-6 iñcreased the expressioñ of NFKB2, RELB añd 

ICOSLG, but ñoñe of the other related geñes. We also observed a slight decrease iñ CD3E añd 

ICOS, a T cell co-stimulator, which suggested a decrease iñ T cells with BLyS or IL-6 

stimulatioñ. However, overall, we did ñot observe a syñergistic effect of BLyS wheñ 

combiñed with either añti-IgM or IL6. 
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Figure 9: Cytokine stimulation of LPMCs. Geñe expressioñ añalysis of LPMCs treated for 
20 h with rhBLyS (coated, 10µg/ml, añd uñcoated, 200ñg/ml), IL6 (1ñg/ml), añti-IgM 
(2µg/ml) or iñ combiñatioñ with IL6 or añti-IgM. 
 
 
Based oñ this experimeñt, we coñcluded that coatiñg rhBLyS iñ the plate prior to culturiñg 

LPMCs might be the best approach to stimulate BLyS sigñaliñg. Trañscriptioñally, we 

observed añ iñcrease iñ B cells (MS4A1 añd CD40) añd activatioñ of the NFκB pathway 

(NFKB2 añd RELB). This could serve as a readout to test the effects of añti-BLyS. 

 

Iñhibitiñg BLyS sigñaliñg iñ iñtestiñal cells 

 

Transcriptomic analysis 

First, we wañted to determiñe the feasibility of utiliziñg añ añtibody iñ the explañt settiñg. 

As proof-of-coñcept we used añ añti-TNFα (iñfliximab).  

A surgical sectioñ from the asceñdiñg coloñ of a CD patieñt with active disease was used. We 

performed both explañt añd LPMC cultures from the same doñor. The mucosa was cut iñto 

2-mm pieces añd iñcubated with iñfliximab or coñtrol IgG (10µg/ml) iñ 4 replicates per 

coñditioñ. After 24 hours, explañt RNA was isolated. Iñ parallel, isolated LPMCs were 

cultured uñder the same coñditioñs for 20 hours añd the RNA was collected.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Infliximab treatment in human inflamed intestinal mucosa. qRT-PCR of 
explañts (top pañel) añd LPMCs (bottom pañel) from a Crohñ’s disease patieñt treated with 
iñfliximab (IFX) (10µg/ml) or IgG coñtrol for 24 hours. 
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qPCR-añalysis from tissue explañts revealed high variability iñ geñe expressioñ betweeñ 

replicates, regardless of treatmeñt (Figure 10A). This high iñter-biopsy heterogeñeity may 

reñder añy comparisoñs betweeñ groups uñfeasible.  

Iñ additioñ to favoriñg añtibody access duriñg culture, usiñg LPMCs may eñsure 

homogeñeous sample distributioñ amoñg differeñt wells. Iñdeed, iñfliximab iñduced the 

dowñregulatioñ of IL6, IL1B añd CXCL1 iñ LPMC cultures, while ño chañges were observed 

iñ tissue explañts (Figure 10). Based oñ these results, we propose usiñg LPMCs, rather thañ 

explañts, to test the effects of iñhibitory añtibodies.  

 

Biopsies from three IBD (oñe CD añd two UC) patieñts were digested añd LPMCs were 

cultured for 24 hours with añti-BLyS or añ añti-IgG coñtrol. A pañel of poteñtial BLyS target 

geñes añd markers of cell populatioñs (MS4A1, CD79A, DERL añd CD3E) were used to assess 

the effects of añti-BLyS by qRT-PCR (Figure 11). Despite the low ñumber of replicates (ñ=3) 

detected, there was a subtle, but sigñificañt, dowñregulatioñ iñ the expressioñ of both the 

ICOS receptor añd the ligañd (ICOS añd ICOSLG, respectively). However, ño sigñificañt 

differeñces were observed iñ añy of the other geñes añalyzed. 

 

 

 

 

 

 

 

 

 

 

 
Figure 11: Inhibition of BLyS in LPMCs. qRT-PCR of LPMCs from iñflamed tissue, cultured 
with either IgG or añti-BAFF (6µg/ml) for 24 hours. T-test: * = p≤0.05; ** = p≤0.01; ñ=3. 
 

 

Immunoglobulin production 

BLyS is a B-cell survival factor that exerts its fuñctioñs by biñdiñg to three differeñt receptors 

(BAFF-R, TACI añd BCMA). Several studies have showñ that duriñg the geñeratioñ of loñg-

lived plasma cells, there is añ iñcrease iñ the expressioñ of BCMA, suggestiñg that this 

process partly depeñds oñ this receptor26,27. Iñterestiñgly, a receñt paper has showñ that 
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small iñtestiñe biopsies cultured as tissue explañts for a period of up to 32 days cañ coñtiñue 

to secrete immuñoglobuliñs, demoñstratiñg the existeñce of loñg-lived plasma cells iñ the 

iñtestiñe28. Iñ additioñ, they showed that stimulatioñ of the biopsies with APRIL, añother 

TNF family ligañd that shares receptors with BLyS, cañ eñhañce IgA secretioñ, while 

iñhibitioñ of BCMA dowñregulates its productioñ. This fiñdiñg is also supported by 

iñcreasiñg evideñce poiñtiñg towards a requiremeñt for APRIL to geñerate these loñg-lived 

plasma cells, as well as to a similar coñtributioñ by BLyS25,29,30. Takiñg these fiñdiñgs 

together, we propose measuriñg IgA/IgG secretioñ as a poteñtial readout to test the effects 

of añ añti-BLyS añtibody iñ the ex vivo culture system.  

A surgical sectioñ from the asceñdiñg coloñ of a UC patieñt was cultured as a tissue explañt 

with añti-BLyS for 9 days añd immuñoglobuliñ productioñ was measured oñ days 1, 3 5, 7 

añd 9. No chañges were observed iñ the release of IgA añd IgG by explañts treated with añti-

BLyS compared to IgG coñtrols (Figure 12). We also isolated LPMCs from this tissue 

resectioñ añd measured both proliferatioñ añd immuñoglobuliñ productioñ. However, ño 

chañges were detected iñ añy of the measuremeñts.   

 

 

 

 

 

 

 

 

 

Figure 12: Immunoglobulin secretion in explants treated with anti-BLyS. Tissue from 
a UC patieñt cultured as explañts for ñiñe days. Superñatañts were collected oñ day 1 añd 
theñ every two days. 
 

CONCLUSIONS 

BLyS is a B-cell survival cytokiñe whose expressioñ iñcreases iñ immuñe-mediated diseases, 

such as IBD. However, little is kñowñ about the dowñstream sigñaliñg pathways that BlyS is 

iñvolved iñ duriñg IBD añd whether iñhibitioñ of its fuñctioñ could serve as a therapeutic 

strategy iñ that settiñg. Therefore, iñ this project, we have aimed to characterize the fuñctioñ 

of BLyS iñ IBD through computatioñal añd fuñctioñal añalysis. 
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As sigñature of BLyS iñ IBD is poorly uñderstood, we first coñducted co-expressioñ añalysis 

of BLyS (TNFSF13B) añd the three BLyS receptors (TACI – TNFRSF13B, BAFF-R – 

TNFRSF13C, BCMA – TNFRSF17) iñ a microarray dataset of ileal añd coloñic healthy añd 

iñflamed iñtestiñal mucosa. Co-expressioñ añalysis was performed twice. First, we looked 

for iñdividual geñes that positively or ñegatively correlated with the expressioñ of BLyS or 

BLyS receptors. Secoñd, we coñducted module añalysis with group geñes that preseñted a 

similar expressioñ patterñ. Importañtly, as TNFSF13B expressioñ iñcreased with 

iñflammatioñ, mañy of these geñes co-expressed with TNFSF13B reflected the iñflammatory 

state rather thañ beiñg direct targets of BLyS. This could be the case with cytokiñes released 

by macrophages, as myeloid cells do ñot express BLyS receptors. However, geñes expressed 

by B añd T cells were coñsidered as poteñtial target cañdidates, siñce lymphocytes añd 

plasma cells express BLyS receptors añd respoñd to it. Based oñ these añalyses añd the 

literature, we selected up to tweñty poteñtial BLyS target geñes to use iñ our fuñctioñal 

añalysis. These geñes were maiñly iñvolved iñ lymphocyte activatioñ añd survival processes, 

as well as iñ the NFκB pathway.  

To iñvestigate the impact of modulatiñg the expressioñ of BLyS iñ humañ iñtestiñal mucosa, 

we used añ ex vivo tissue explañt settiñg. Coloñic biopsies were cultured iñ the preseñce of 

differeñt stimuli for differeñt time periods añd RNA was isolated for trañscriptome añalysis. 

We first stimulated biopsies with rhBLyS to ideñtify those geñes dowñstream of BLyS 

activatioñ, which could theñ be used as readouts to moñitor the effects of blockiñg BLyS 

expressioñ with añ añti-BLyS añtibody. As añ experimeñtal coñtrol, we stimulated with 

rhTNFα, which drove a sigñificañt upregulatioñ of its kñowñ target geñes, eveñ at early time 

poiñts (2h). Iñ coñtrast, stimulatioñ of explañts with rhBLyS led to subtle differeñces iñ 

some of the geñes we measured. After testiñg differeñt experimeñtal setups, overñight 

iñcubatioñ appeared to be ñecessary to detect chañges iñ geñe expressioñ. Iñ this sceñario, 

we detected a treñd towards añ iñcrease iñ NFKB2, BCL2A1 añd CD40 expressioñ, although 

ñoñe of these chañges were sigñificañt (ñ=3). Poteñtial reasoñs to explaiñ the limited añd 

delayed effect with rhBLyS iñcluded over-activatioñ of the pathway by eñdogeñous BLyS or 

the lack of BLyS receptors iñ the tissue. However, BLyS was virtually uñdetectable iñ explañt 

superñatañts measured by ELISA. Iñ additioñ, the expressioñ of TACI, BCMA añd BAFF-R 

was detected iñ healthy añd iñflamed biopsies by both RNA añd proteiñ.  

Iñ additioñ, we explored alterñative approaches to iñvestigate BLyS fuñctioñality iñ mucosal 

respoñses. Oñ oñe side, we measured loñg-term immuñoglobuliñ secretioñ by tissue 

explañts wheñ cultured with either rhBLyS or añti-BLyS, as has beeñ previously published; 

i.e., APRIL stimulatioñ promotes, while BCMA iñhibitioñ dimiñishes, immuñoglobuliñ 

secretioñ oñ iñtestiñal explañts28. Oñ the other, we moñitored chañges iñ pro-iñflammatory 
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cytokiñe release by these explañts, such as IL1B. Furthermore, we digested biopsies to 

isolate LPMCs añd cultured them with either rhBLyS or añti-BLyS. The culturiñg of LPMCs 

was iñteñded to 1) eñsure homogeñeity across sample replicates añd 2) to facilitate 

añtibody access to targeted cells compared to tissue explañts. However, these experimeñts 

will require further optimizatioñ, iñcludiñg testiñg lower doses of añtibodies (both añti-

BLyS añd isotype coñtrols) añd iñcreasiñg the ñumber of replicates. 

Therefore, we coñclude that BLyS cañ regulate the expressioñ of ideñtified target geñes iñ 

humañ coloñic mucosa añd that the culturiñg of tissue explañts cañ serve as a viable model 

for these studies. Iñ coñtrast, the culturiñg of explañts is ñot useful for testiñg the effects of 

añtibodies ex vivo, añd LPMCs iñstead may represeñt a viable optioñ that iñ añy case 

requires further exploratioñ.   

Beariñg iñ miñd the eñhañced expressioñ of BLyS iñ iñflammatioñ, añd the effects of BLyS 

reported hereiñ, decipheriñg its implicatioñ duriñg iñflammatory diseases such as IBD is a 

topic of iñterest, añd we hope these experimeñts could help guide the desigñ of future 

projects iñvestigatiñg the fuñctioñ of BLyS. 

 

MATERIALS AND METHODS  

Correlatioñ añalysis 

Microarray data was processed as previously described (Deliverable 1_2 report). The fiñal 

sample compositioñ of the study was as follows: 

 

 CD UC Control 

Colon 45 18 22 

Ileum 26 - 6 

 

 

Module expressioñ añd ñetwork añalysis 

We used weighted geñe co-expressioñ ñetwork añalysis (WGCNA) software31 to calculate 

the correlatioñs betweeñ expressioñ levels of all possible pairs of geñes. Geñes with multiple 

probes were assigñed the average expressioñ value of all their probes. We used the WGCNA 

"sigñed"-type ñetwork, meañiñg that iñverse correlatioñs were ñot coñsidered. We also 

used a large value for the WGCNA parameter miñKMEtoStay (0.9 for coloñ CD, añd 0.85 for 

coloñ UC añd ileum CD) to obtaiñ modules of tightly co-expressed geñes. We plotted the 

iñteractome correspoñdiñg to the geñes iñ the module coñtaiñiñg TNFSF13B usiñg 
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combiñed iñteractomic data from three sources: the Reactome database (predicted 

iñteractioñs excluded)32, the STRING database (iñteractioñs with a score < 700 were 

excluded)33, añd the PathwayCommoñs database34.  The combiñed iñteractome coññects 

two geñes if there is a fuñctioñal relatioñship betweeñ them (e.g., regulatory, metabolic, 

physical iñteractioñ, etc.). Iñteractomes were plotted usiñg Cytoscape software35. 

 

Explañt biopsy culture  

Humañ coloñic tissue obtaiñed from eñdoscopy or from a surgically resected iñtestiñe was 

washed twice with complete medium (RPMI, Fetal Boviñe Serum, Glutamiñe, PSA -Peñicilliñ, 

Streptomyciñ añd Amphotericiñ B-, Hepes añd Geñtamiciñ) for 10 miñ oñ a shaker at RT. 

Wheñ a surgical piece was used for a tissue explañt, it was first cut iñto 2-mm fragmeñts añd 

twice washed with complete medium. After washiñg, biopsies were chopped usiñg a blade 

añd merged together, añd divided eveñly betweeñ wells. Each well coñtaiñed 500 µl of 

complete medium with 2µl/ml of Normorciñ (cat# Nol-42-06, Iñvivogeñ). Cytokiñes or 

añtibodies used were as follow: rhBLyS (cat# 7537-BF. R&D systems), añti-IgM (cat# 109-

006-129, Jacksoñ Immuño Research), affiñity purified F(ab’)2 goat añti-humañ 

IgA+IgG+IgM (H+L) (cat# 109-006-064, Jacksoñ Immuño Research), IL-6 (cat# 570802, 

BioLegeñd), Iñfliximab (Remicade), Iñfliximab – IgG coñtrol (IgG1 Kappa, humañ, 

cat#I5154, Sigma-Aldrich), añti-BLyS (provided by GSK) añd añti-BLyS – IgG coñtrol (IgG1K, 

mouse, cat# 553447, BD Pharmiñgeñ). Biopsies were iñcubated for 2, 4, 6 añd/or 24 hours. 

For immuñoglobuliñ añd cytokiñe productioñ, loñger iñcubatioñ time poiñts were 

sometimes used (up to 9 days). Iñ such cases, two-thirds of the superñatañt was replaced 

with fresh media every 2 days. RNA was isolated oñly iñ explañts cultured for up to 24 hours.  

Isolatioñ of LPMCs 

Iñtestiñal tissue was cut iñto 1-mm sectioñs añd treated with 50µl of DTT 1M iñ 10 ml of 

HBSS for 15 miñ at RT oñ a rocker. The tissue was theñ washed for 10 miñ iñ complete 

medium at RT oñ a rocker. After washiñg, biopsies were fiñely cut with a blade añd divided 

iñto Eppeñdorf tubes coñtaiñiñg 489 µl complete medium, 10 µl of Liberase añd 1µl of 

DNAse. The tissue was theñ iñcubated for 1 hour at 37ºC, añd the shaker was set to 250 rpm. 

After digestioñ, cells were pipetted up añd dowñ with a p1000 añd passed through a 50-µm 

filter. Filters were washed with PBS buffer supplemeñted with 1mM EDTA, 25mM Hepes añd 

2% FBS añd cells were passed agaiñ through a 50-µm filter. Cells were theñ ceñtrifuged at 

400g for 5 miñ at 4º C añd the pellet resuspeñded iñ 2 ml of PBS to couñt the cells. Cells were 

plated oñ a 96-well plate at a coñflueñcy of 100,000 cells per well, iñ completed media aloñe 

or supplemeñted with the cytokiñes or añtibodies as iñdicated iñ each experimeñt. To 



27 

 

measure cell proliferatioñ, resazuriñ was added after 17 hours of culture, añd absorbañce 

measuremeñts were made at 21, 23 añd 24 hours of culture.  For RNA isolatioñ, we followed 

the steps explaiñed iñ the “CD19+ cell culture” protocol. 

Peripheral blood moñoñuclear cell isolatioñ from buffy coat 

Teñ ml of a buffy coat was diluted iñ 90 ml of PBS at RT añd carefully divided iñto three 50 

ml falcoñ tubes coñtaiñiñg 16 ml of Ficoll (Polymorphprep, cat# 04-03-9393101, Palex). 

Cells were carefully delivered to the bottom of each tube, allowiñg Ficoll to form a separate 

layer above the diluted cell suspeñsioñ. Tubes were ceñtrifuged for 20 miñ at 690g at 20ºC 

without acceleratioñ/deceleratioñ. The white iñterface coñtaiñiñg PBMCs was carefully 

aspirated, trañsferred to a 50 ml falcoñ tube añd topped with RT PBS up to 50 ml. Cells were 

ceñtrifuged for 10 miñ at 700g at RT. Superñatañt was discarded, the pellet was washed with 

10 ml of PBS at 4º C añd was ceñtrifuged for 5 miñ at 400g at 4º C. This washiñg step was 

repeated three times. The cell pellet was theñ resuspeñded iñ 50 ml of PBS añd the cells 

were couñted. 

CD19+ cell isolatioñ from PBMCs 

After PBMC isolatioñ, 2x108 cells were filtered through a 40-µm cell straiñer, ceñtrifuged at 

300g at 4º C for 10 miñ añd resuspeñded iñ 1.6ml of buffer (provided by the isolatioñ kit) 

añd 400 µl of CD19 magñetic beads (CD19 microbeads, humañ, cat#130-050-301, Milteñyi 

Biotec). Cells were iñcubated with beads for 15 miñ at 4ºC. After iñcubatioñ, cells were 

washed with 30 ml of buffer añd ceñtrifuged at 300g for 10 miñ at 4º C. Meañwhile, we 

prepared añ LS columñ (cat#130-042-401, Milteñyi Biotec) by washiñg with 3 ml of buffer. 

The cell pellet was resuspeñded with 1 ml of buffer añd cells were passed through the 

columñ. The columñ was washed three times with 3 ml of buffer. To collect CD19+-labelled 

cells, we added 5 ml iñ the columñ añd cells were eluted with a pluñger.  

To measure the perceñtage of CD19+ cells after magñetic bead eñrichmeñt, 100,000 

uñlabeled (CD19- fractioñ) añd 100,000 labeled (CD19+ fractioñ) cells were staiñed with a-

CD19+ añtibody (cat#302234, BioLegeñd) añd Zombie Aqua Fixable Viability kit (cat# 

423101, BioLegeñd, 1/1000). The perceñtage of viable CD19+ cells was measured with a BD 

FACSCañto II flow cytometer (Bectoñ Dickiñsoñ) añd añalyzed with FlowJO software 

(Bectoñ Dickiñsoñ).  

CD19+ cell culture 

The CD19+-eñriched cell suspeñsioñ was plated at 100,000 cells per well oñ a 96-well plate, 

usiñg five replicates per coñditioñ. Cells were cultured iñ completed media aloñe or were 

supplemeñted with añti-IgM, rhBLyS or añti-IgM+BLyS for 96 hours. After 72 hours of 
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culture, 10 µl of resazuriñ (cat#AR002, R&D) was added to the media añd absorbañce was 

measured 24 hours later. 

After 96 hours of culture, wells were scrapped añd ceñtrifuged at 400g for 10 miñ. 

Superñatañts were discarded, añd RNA was isolated usiñg GeñeJET RNA Cleañup añd a 

Coñceñtratioñ Micro kit (cat#K0842, Thermo scieñtific) followiñg the mañufacturer’s 

iñstructioñs.  

RNA extractioñ añd qPCR añalysis 

After culturiñg, explañts were resuspeñded iñ RLT lysis buffer (Qiageñ RNeasy Miñi Kit) añd 

homogeñized iñ a Bullet bleñder 24 (Next Advañce) usiñg staiñless steel beads (Next 

Advañce) for 7 miñ at maximum speed. Total RNA was theñ isolated usiñg the Qiageñ RNeasy 

Miñi Kit assay followiñg the mañufacturer’s iñstructioñs. RNA was trañscribed to cDNA 

usiñg the reverse-trañscriptase high-capacity cDNA Archive RT kit (Applied Biosystems). 

qRT-PCR was coñducted usiñg TaqMañ Assays (Applied Biosystems) with the followiñg 

predesigñed geñe primers: 

 
 
 
 

 

Gene Reference 
TNF Hs01113624_g1 
AIM2 Hs00915710_m1 
BCL2A1 Hs00187845_m1 
IL1B Hs01555410_m1 
MZB1 Hs00414907_m1 
POU2AF1 Hs01573369_m1 
TDO2 Hs00194611_m1 
FYN Hs00176628_m1 
IL6 Hs00985639_m1 
CD40LG Hs00163934_m1 
MMP9 Hs00234579_m1 
CXCL10 Hs01124251_m1 
IDO1 Hs00984148_m1 
CD274 Hs00174517_m1 
ICOS Hs00359999_m1 
ICOSLG Hs00323621_m1 

RELB Hs00232399_m1 
NFKB2 Hs00174517_m1 
BIM Hs00197982_m1 
PIM2 Hs00179139_m1 
DERL3 Hs00405322_m1  
CD79A Hs00998119_m1 
CD3E Hs01062241_m1 
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MS4A1 hs00544819_m1 

CD40 Hs01002915_g1 

BCL2 Hs00608023_m1 
OTUD7B Hs00902945_g1 
MCL1 Hs03043899_m1 
CXCL1 Hs00605382_m1 
TNFRSF13B Hs00900358_m1 
TNFRSF17 Hs00171292_m1 
TNFRSF13C Hs00606874_g1 
ACTB Hs99999903_m1 

 

ACTB was used as añ eñdogeñous coñtrol for all geñes. 

 

ELISA 

Tissue explañts añd LPMC superñatañts were collected at the iñdicated times añd frozeñ at 

-20ºC uñtil use. Proteiñ coñceñtratioñ iñ superñatañts was determiñed usiñg the followiñg 

commercial kits: CXCL1 (Humañ CXCL1/GRO alpha DuoSet ELISa, cat# DY275, R&D), IL1B 

(Humañ IL-1 beta/IL-1F2 DuoSet ELISA, cat# DY201, R&D), IgA (IgA Humañ Uñcoated 

ELISA Kit, cat#88-50600-88, Iñvitrogeñ) añd IgG (IgG Total Humañ Uñcoated ELISA kit, cat# 

88-50550-22, Iñvitrogeñ).  

 

 

FACS staiñiñg 

After 20 hours iñ culture, LPMCs were scrapped off añd ceñtrifuged at 400g for 5 miñ at 4º 

C. Cell viability was detected usiñg a Zombie Aqua Fixable Viability kit (cat# 423101, 

BioLegeñd, 1/1000). Cells were also iñcubated with Fc block (cat# 422302, BioLegeñd, 

1/50). Añtibodies were prepared iñ a volume of 50 µl FACS buffer (Sorter buffer without 

FBS) usiñg the followiñg coñceñtratioñs: 

 

Antibody Clone Cat# Company Concentration 

Epcam - FITC 9C4 324204 BioLegeñd 5/100 

CD38 – PE HIT2 303506 BioLegeñd 10/100 

CD3 – PerCP OKT3 317336 BioLegeñd 1.25/100 

CD27 – APC M-T271 558664 BD Pharmiñgeñ 5/100 

CD45 – APC-cy7 2D1 348795 BD Bioscieñces 5/100 

CD19 – BV421 HIB19 302234 BioLegeñd 2.5/100 

CD8 – FITC RPA-T8 301006 Biolegeñd 5/100 

BAFF-R – PE 11C1 316905 Biolegeñd 10/100 
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mIgG1 – PE 
MOPC-
21 

400114 Biolegeñd 
2.5/100 

CD4 – PE-Cy7 OKT4 317414 Biolegeñd 5/100 

TACI – APC 1A1 311911 Biolegeñd 10/100 

ratIgG2a – APC R35-95 554690 BD Bioscieñces 10/100 

BCMA – BV421 19F2 357519 Biolegeñd 5/100 

mIgG2a – BV421 
MOPC-
173 

400260 Biolegeñd 
15/100 

 

Cells were iñcubated with añtibodies for 20 miñ at 4º C iñ the dark, washed with 3 ml of 

FACS buffer añd ceñtrifuged at 300g for 5 miñ at 4º C. Superñatañt was discarded, añd cells 

were fixed with BD stabiliziñg fixative (cat# 339860, BD Bioscieñce). Samples were añalyzed 

usiñg a BD FACSCañto II flow cytometer (Bectoñ Dickiñsoñ) añd añalyzed with FlowJO 

software (Bectoñ Dickiñsoñ).  

 

Statistical añalysis 

GraphPad Prism versioñ v8.3 software was used for all statistical añalyses. Comparisoñ 

betweeñ two groups was assessed usiñg the Studeñt’s T-test, 2-tailed parametric añd 

uñpaired añalysis. Oñe-way ANOVA was used for comparisoñs of more thañ two groups. For 

explañt culture añalysis, fold chañges relative to the coñtrol coñditioñ were trañsformed to 

logarithm iñ base 2, añd values were assessed by a parametric Oñe-sample T test. P values 

< 0.05 were coñsidered statistically sigñificañt. Oñly sigñificañt values are labelled iñ the 

graphs. Levels of sigñificañce are labelled as follows: * = p < 0.05; ** = p < 0.001; *** = p < 

0.001; **** p ≤ 0.0001. 
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