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Abstract 

Toll-like receptor 7 (TLR7) triggers innate and adaptive antiviral immune responses through its 

capacity to recognize single-stranded RNA. TLR7 loss-of-function mutants have been described 

as associated with life threatening pneumonia in severe COVID-19 patients. Whereas it is clear 

that TLR7-driven innate induction of type I IFN appears central to control SARS-CoV2 virus 

spreading during the first few days of infection, the impact of TLR7-deficiency on adaptive B 

cell immunity is less clear.  In the present study, we examined the role of TLR7 in the adaptive 

B cells response to various pathogen-like antigens (PLAs).  We used inactivated SARS-CoV2 

and a PLA-based COVID-19 vaccine candidate designed to mimic SARS-CoV2 with 

encapsulated bacterial ssRNA as TLR7 ligands and conjugated with the RBD of the SARS-

CoV2 Spike protein. Upon repeated immunization with inactivated SARS-CoV2 or PLA 

COVID-19 vaccine, our data show that Tlr7-deficiency abolished the germinal center (GC) 

dependent production of RBD-specific class-switched IgG2b and IgG2c, and neutralizing 

antibodies to SARS-CoV2. In an adoptive transfer model, we also provide evidence for a non-

redundant role for B cell-intrinsic TLR7 in the promotion of RBD-specific IgG2b/IgG2c and 

memory B cells. Together, these data demonstrate that the induction of GC reaction and class-

switch recombination to the Myd88-dependent IgG2b/IgG2c in response to SARS-CoV2 or 

PLAs is strictly dependent on cell-intrinsic activation of TLR7 in B cells.  
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Introduction 

 Toll-like receptor 7 (TLR7) is essential for the induction of antiviral immunity through 

its capacity to elicit strong type I IFN production in plasmacytoid dendritic cells (pDCs) and to 

promote B cell activation and germinal center responses [1, 2]. TLR7 is a receptor for single-

stranded RNA, encoded by an X-linked gene, maintained under strong purifying selection, 

which attests to its non-redundant biological role in host survival [3]. In multiple studies, 

however, rare TLR7 genetic variants suppressing or modifying the function of the receptor have 

been identified in young male patients affected by severe COVID-19 [4-7]. Some of these 

variants were associated with impaired type I IFN response upon TLR7 stimulation supporting 

the importance of intact TLR7 signaling in pDCs in the early control of COVID-19 

pathogenesis [4, 7]. Indeed, SARS-CoV2 can induce type I IFN production in human and mouse 

pDCs [8, 9], and TLR7-deficiency can abolish pDC activation by intact or inactivated viruses 

in human [7] and mouse [9], respectively. However, the impact of TLR7-deficiency on the 

generation of protective humoral immune response upon natural infection with SARS-CoV2 or 

vaccination with a virus-derived nanoparticle-based COVID-19 vaccine is less clear. 

  A key role for TLR7 has been established in the germinal center (GC) responses to 

ssRNA viruses and virus-like particles (VLP) [10]. B cell-intrinsic Myd88/TLR7 signaling is 

essential to the germinal center (GC) responses to exogenous retrovirus [11]. In chronic 

lymphocytic choriomeningitis virus (LCMV) infection, B cell-intrinsic TLR7 signaling is also 

required for optimal B cell responses and GC formation [12, 13]. Bacterial phage Q virus-like 

particles (VLP) have emerged as a useful model to study the TLR-dependent activation and 

differentiation of Ag-specific B cells under physiological context in vivo [10, 14]. Q-VLP can 

package host bacterial ssRNA and are therefore equipped with a unique feature of natural 

pathogens, which can serve as a potent TLR7 ligand to promote Ab production and GC 

responses [10, 14]. Indeed, it has been established that Myd88-signaling in B cells was critical 

for the anti-Q-VLP GC response [10, 14]. This model likely represents the antiviral response 

more closely than the T cell-dependent (TD) antibody responses to soluble protein antigens and 

pointed to a critical non-redundant role of Myd88-driven B cell activation in GC reaction [10, 

14]. Indeed, it has recently been reported by using this model that B cells are the dominant Ag-

presenting cells inducing naive CD4 T cell activation and differentiation in response to 

vaccination with either Q-VLP or influenza virus [15]. Again, B cell-intrinsic Myd88-

signaling was required for this process, further suggesting the critical function of TLR7-
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activated B cells in the generation of T cell dependent GC response to RNA viruses, as opposed 

to the role of DC in the GC response to soluble protein Ag [15].  

In the present study, we directly investigated the requirement for TLR7 expression in 

the generation of neutralizing antibodies specific for the receptor binding domain (RBD) of 

SARS-CoV2 upon immunization with pathogen-like antigens (PLA)-based COVID-19 

vaccines. PLA-based platforms, such as VLPs that encapsulate TLR ligands have been 

successfully used to promote efficient immune responses including protective immunity to 

SARS-CoV2 [16, 17]. As PLAs, we used beta-propiolactone (BPL) inactivated SARS-CoV2, 

and AP205-RBD VLPs, designed to structurally mimic SARS-CoV2 with encapsulated 

bacterial ssRNA as TLR7 ligands and conjugated with the RBD of the SARS-CoV2 spike 

protein [17]. 
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Results and Discussion  

Design and validation of a FACS assay to quantify anti-RBD IgG isotype activity in serum 

from BPL-inactivated SARS-CoV2 immunized mice. 

To monitor RBD-specific antibodies, we adapted the HAT (HemAgglutination Test) method 

based on a single reagent, IH4-RBD, which binds to human red blood cells (RBC) via the IH4 

nanobody specific for human Glycophorin A, creating a matrix of RBD epitopes on the surface 

of human RBC [18]. IH4-RBD coated human RBC were then incubated with serum from 

SARS-CoV2 immunized mice and the bound RBD-specific IgG were then detected using 

isotype-specific PE-labelled monoclonal antibodies (Fig. S1A). No significant binding was 

observed in the absence of IH4-RBD coating (Fig. S1B) and when RBC were coated with IH4 

alone (Fig. S1C). Results were expressed as GMFI thereby offering a much broader dynamic 

range of quantification over several logs than a commercial ELISA test, in agreement with other 

works using FACS-based assay to detect anti-SARS-CoV2 antibody [19-21]. Moreover, the 

method is highly reproducible (Fig. S1D, E). We used this assay to quantify the primary RBD-

specific IgG response between WT and TLR7-deficient mice immunized with BPL-inactivated 

SARS-CoV2 (Fig. S2). Whereas anti-RBD IgG1 activities were detected with similar 

magnitude and kinetics in both groups (Fig. S2A and D), TLR7-deficient mice were unable to 

mount detectable RBD-specific IgG2b and IgG2c (Fig. S2B, C, E and F). The neutralizing Ab 

titers (NAb) were determined at day 25 (Fig. S2G). At this early time point, NAb were 

selectively detected in WT but not in TLR7-deficient mice, and were positively correlated with 

IgG2c RBD-specific activity (Fig. S2G and H). Together, these results show that HAT-flow 

assay designed with IH4-RBD coated HuRBC is highly sensitive, reproducible and offers a 

dynamic quantification of the RBD-specific IgG isotypes in mice immunized with SARS-

CoV2.  

 

TLR7 is required for the production of RBD-specific Ig2Gb/IgG2c and NAb in mice 

immunized with BPL-SARS-CoV2. 

We then tested the impact of TLR7-deficiency on the generation of neutralizing anti-RBD 

antibodies (NAb) upon secondary and tertiary challenge with BPL-SARS-CoV2. Secondary 

immunization dramatically boosted the RBD-specific IgG activities in WT mice by about 10-

fold (Fig. 1A-C). Again TLR7-deficient mice failed to mount significant secondary IgG2b and 

IgG2c responses to RBD (Fig. 1B and C), and failed to generate detectable anti-SARS-CoV2 
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Nabs at all time points post-secondary challenge (Fig. 1D) despite high levels of RBD-specific 

IgG1 (Fig. 1A). In agreement, with our analysis during the primary response (Fig. S2), NAb 

titers were positively correlated to RBD-specific IgG2c but not to the other isotypes (Fig. 1E). 

We then investigated whether repeated immunization with inactivated SARS-CoV2 could 

promote RBD-specific NAb in the absence of Tlr7 gene. Mice were immunized and then 

boosted at days 31 and 72 with the same dose of inactivated vaccine. In this experiment, we 

confirmed the complete switch in RBD-specific IgG isotypes between WT and TLR7-deficient 

mice, which produced preferentially anti-RBD IgG1 antibodies (Fig. 1F), but neither IgG2c 

(Fig. 1G) nor IgG2b (not shown). Although tertiary immunization appeared to induce relatively 

stable levels of RBD-specific IgG in both groups, the NAb titers were still found significantly 

higher in WT mice compared to TLR7-deficient mice at the two time points tested (Fig. 1H). 

Spleens were analyzed at the time of sacrifice (d+147) to quantify the numbers of CD138+ 

plasma cells (PC) and GL7 GC B cells in the spleen (Fig. S3A-C). Both PC numbers and GC 

B cells were dramatically reduced in TLR7-deficient mice (Fig. S3B and C). Anatomical GC 

structures in the spleens of BPL-SARS-CoV2 immunized mice were also identified by wide-

field imaging in WT mice (Fig. S3D). Such structures were not found in TLR7-deficient mice 

(Fig. S3E). Together, these data show that TLR7 is required for the optimal development of 

high titers of NAb upon vaccination with BPL-inactivated SARS-CoV2 associated with GC 

response. TLR7-deficient mice fail to mount the Myd88-dependent IgG2b and IgG2c isotypes, 

and only produced RBD-specific class-switched IgG1, with no GC development.  

 

Crucial role of TLR7 in augmenting RBD-specific B cell responses to the PLA vaccine 

AP205-RBD. The bacterial phage-derived VLPs AP205-RBD mimics SARS-CoV2 virus 

structurally and contain bacterial ssRNA that can stimulate TLR7 and downstream Myd88-

signaling in murine B cells [10, 14, 17]. AP205-RBD has recently been shown to elicit strong 

RBD-specific NAb against SARS-CoV2 in mice and macaques, and robust immune protection 

upon challenge with live virus [17]. Because PLAs have been shown to initiate adaptive B cell 

immunity through similar mechanisms as inactivated virus [15], we next sought to determine 

the contribution of TLR7-signaling in the protective RBD-specific antibody response induced 

by the AP205-RBD vaccine. WT or TLR7-deficient B6 mice were immunized i.p. with AP205-

RBD twice 3 weeks apart as previously shown [17]. Strong RBD-specific antibody responses 

were detected in WT mice but not in TLR7-deficient mice, which not failed to develop RBD-

specific IgG2b and IgG2c, but also IgG1 (Fig. 2A-D). Total serum IgM and IgG concentrations 



 7 

were not significantly different between WT and TLR7-deficient mice, although a trend 

towards lower levels of IgG was observed (Fig. S4) as previously reported [22]. In accordance 

with previous studies, the hierarchy of RBD-specific isotypes was IgG2c>IgG2b>IgG1 in 

AP205-RBD immunized mice (Fig. 2 B and C) [17]. At day 66 post-immunization we assessed 

the frequency of RBD-specific B cells using RBD-BV711 and RBD-APC tetramer labelling of 

splenic B cells (Fig. 2E). The gating strategy is shown in Fig. S5. Whereas the relative 

frequencies of CD19+ B cells or class-switched IgD-IgM- (swIg) B cells were similar between 

both groups, the proportion of RBD-specific B cells among swIg B cells was significantly 

reduced in TLR7-deficient mice (Fig. 2F). In agreement with a previous report, AP205-RBD 

induced a long-lasting antigen-specific GC response, which could be detected 2 months after 

secondary challenge [17]. Of note GC B cells were undetectable in TLR7-deficient mice (Fig. 

2G). RBD-specific swIg memory B cells were, however, found within the swIg B cell pool in 

TLR7 KO mice, although at reduced frequency compared to TLR7 sufficient mice (Fig. 2H). 

Similar results were obtained by measuring the RBD-specific B cells at earlier time point of the 

immune response (Fig. S6). The proportion of RBD-specific GC B cells (Fig. S6D), as well as 

CD38+ GL7- memory B cells (Fig. S6E), were markedly reduced in TLR7-deficient mice by 

day 10 postimmunization. Together, these data demonstrate the non-redundant role of TLR7-

signaling in the antigen-specific GC response to immunization with ssRNA-loaded PLAs 

AP205-RBD.  

 

T cell-dependent antibody response to PLA-based COVID-19 vaccine requires B cell-

intrinsic TLR7. Because physical association of the B cell antigen and the TLR7 ligands is 

required to elicit RBD-specific Ab responses and GC reaction [17], we then examined whether 

B cell-intrinsic TLR7-signaling was necessary to promote RBD-specific antibody responses to 

AP205-RBD.  Rag2-deficent B6 mice were adoptively transferred with WT CD4+ T cells and 

CD19+ B cells from either WT or TLR7 KO mice prior to immunization with AP205-RBD 

twice 4 weeks apart. In the absence of CD4+ T cell transfer, RBD-specific Ab responses were 

below the GMFI value of 10 for all isotypes (not shown). The production of RBD-specific 

IgG2b and IgG2c was significantly reduced in the group transferred with TLR7-deficient B 

cells, whereas IgG1 production was similar between mice transferred with WT or TLR7 KO B 

cells (Fig. 3A-C). Analysis of splenic B cells revealed significant downregulation of IgD-IgM- 

swIg B cells and RBD-specific memory and GL7+ GC B cells in mice adoptively transferred 

with TLR7 KO compared to WT B cells (Fig. 3D-G). Likewise, GC structures were identified 
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by immunostaining of spleen cryostat sections in mice adoptively transferred with WT B cells 

but not with TLR7-deficient B lymphocytes (Fig. 3H-J). Together, these results demonstrate 

the role of B cell intrinsic TLR7 for optimal GC reaction and antibody response against AP205-

RBD, providing a mechanistic explanation for the in vivo mode of action of this PLA-based 

COVID-19 vaccine candidate. 

Concluding remarks 

 The ssRNA-sensing TLR7 has recently emerged as a critical innate receptor in the initial 

control of the spreading of SARS-CoV2 through its capacity to promote the early release of 

type I IFN, most likely by pDCs in the respiratory tract [4, 7, 23]. In the present study, we 

establish that TLR7 is also critical for the development of a protective RBD-specific humoral 

immune response to the PLA-based COVID-19 vaccine AP205-RBD or inactivated SARS-

CoV2. B cell-intrinsic TLR signaling has been shown to be essential to initiate CD4 T cell-

dependent anti-viral humoral immune responses and GC responses in multiple studies in 

response to PLAs [10-14, 24, 25]. Here, we now show that the critical dependency of TLR7-

driven activation in B cell-driven immunity also applies for inactivated SARS-CoV2 and the 

AP205-RBD vaccine. It is likely that similar mechanisms are at play in the induction of 

protective humoral immunity in response to inactivated virus or to virus-derived nanoparticle 

antigen [15]. Indeed, it has recently been reported that B-cell-mediated antigen-presentation 

initiates CD4 T cell responses to phage Q-derived VLPs or inactivated influenza virus, thereby 

generating GCs [15]. Detailed analysis of the early steps of GC reaction to Q-VLP has shown 

that cell-intrinsic TLR-signaling promotes B cell proliferation, induction of Bcl-6+ GC B cell 

precursors and the production of B cell-derived factors promoting naïve CD4 T cell 

differentiation to TFH and Th1 cells [14, 15]. Thus, as reported for other PLAs cells [14, 15, 24, 

25], our data indicate that TLR7 signaling in B cells is also essential to promote the output of 

RBD-specific plasma cells and memory B cells by enhancing the initial GC selection of antigen-

specific B in response to AP205-RBD.  

The dependency on TLR7 may not apply to other type of vaccines, such as adjuvanted 

soluble antigen or mRNA vaccines, which are likely to preferentially target DCs [17]. A recent 

study investigating the humoral responses against SARS-CoV2 in mRNA vaccinated 

individuals with deficiency in TLR7, IRF7, or IFNAR1, showed that the RBD-specific IgG 

responses were largely unaffected up to 7 months after vaccination [26]. However, only one 

single TLR7 loss-of-function subject was tested in this study, the results suggested that TLR7 
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could be dispensable for mRNA vaccine-driven humoral responses. In contrast, results obtained 

in Myd88-deficient mice showed that Tfh and GC B cell responses were greatly diminished 

upon immunization with lipid-nanoparticles based mRNA vaccines [27]. Whether B cell TLR7 

signaling plays a role in this setting will deserve further investigations. 

TLR7 is encoded on the X chromosome and escapes X chromosome inactivation in 

subsets of immune cells, including B cells [28]. This is associated with enhanced TLR7 protein 

expression in women compared to men, and superior functional responses of B cells with 

biallelic expression of TLR7 [28]. Of note, anti-Spike antibodies and RBD-specific NAbs 

declined faster in males than in females, independently of age, suggesting an association of sex 

with evolution of the humoral response during the course of natural COVID-19 [29, 30]. 

Recently, female mice have been reported to generate more robust antibody responses to 

Influenza A virus (IAV) vaccines in comparison to males, associated with enhanced GC 

responses and affinity maturation [25, 31]. This sex bias was lost in TLR7-deficient mice, 

suggesting that greater TLR7 activation in females may improve efficacy of IAV vaccination 

[25]. Whether PLA-based vaccines may promote accelerated GC reactions and enhanced 

protective antibody responses in females through a genetic effect of the X chromosome 

warrants further investigation. 

 

Materials and methods 

Mice  

8 to 12-week-old C57BL/6J (B6), Rag2-deficient B6 (B6.Cg-Rag2/J) or B6.129S1- Tlr7tm1Flv/J 

female mice were used in the present study. B6.129S1- Tlr7tm1Flv/J and B6.Cg-Rag2/J mice 

were purchased from the Jackson Laboratory and were subsequently bred and housed in our 

animal facility (INSERM UMS06, Toulouse, France). Animals were housed in specific 

pathogen-free conditions. All mice were handled according to the Animal Care and Use of 

Laboratory guidelines of the French Ministry of Research (APAFIS#15236-

2018052212322298).  

 

Virus preparation and inactivation  

 SARS-CoV2 (Occitanie/2020/sCoV2-006) was grown on Vero E6 cells (ATCC) in 

DMEM (Dutscher) supplemented with 100 U/mL penicillin, 100 μg/ml streptomycin 
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(Invitrogen), and 2% heat inactivated fetal bovine serum (FBS) (Sigma). Viral stocks were 

propagated in 300 cm2 flasks (Dutscher) on which 103 tissue culture infectious dose 50 (TCID50) 

of the virus were inoculated in 100 ml infection media for 3 days at 37°C with 5% CO2. Virus 

(culture supernatant) was harvested and inactivated with BPL (Fischer) overnight at 4°C. Virus 

was concentrated by ultracentrifugation, resuspended in PBS and stored at -80°C until use as 

described [9]. 

 

SARS-CoV2 seroneutralization assay 

Serial dilutions of mouse sera were tested in triplicate for their capacity to neutralize the 

infectivity of native SARS-CoV2 viruses (Occitanie/2020/sCoV2-006) to infect Vero E6 cells 

cultured as above. Pre-diluted sera were mixed at 1:1 ratio with diluted virus (100 TCID50 per 

well) and incubated 1 hr at 37°C before addition to 96-well plates pre-cultured with Vero E6 

cells. The virus/sera mixture was incubated on Vero E6 cells for 2hr at 37°C and then removed, 

before addition of 200µl complete DMEM medium. Cultures were incubated at 37°C and 

cytopathogenic effect (CPE) read day 3 post infection. Antibody titers were expressed as the 

reciprocal of the highest serum dilution that showed absence of CPE. 

 

Flow cytometry-based assay for RBD-specific IgG isotype quantification 

The protocol was adjusted from the one detailed in Townsend et al., [18]. In brief, human O- 

red blood cells (RBC, 10 x 106/100µl) were incubated in a 96 well-plate for 30 minutes at room 

temperature with IH4-RBD (2 µg/ml) or IH4 alone (1 µg/ml) as a control. RBC were washed 

twice with MACS buffer (PBS with 1% FBS, 2mM EDTA) and incubated with pre-diluted sera 

to be tested (1/200 final dilution in MACS buffer) for 30 minutes at room temperature. RBC 

were washed twice in MACS buffer and divided into 3 replicates for isotype determination. 

Each replicate was incubated for 30 minutes at room temperature with biotinylated isotype-

specific monoclonal antibody: either IgG1 (BD Pharmingen clone A85-1), IgG2b (BD 

Pharmingen clone R12-3) or IgG2ab (BD Pharmingen clone 5.7). Cells were washed with 

MACS buffer. RBC were then incubated for 20 minutes at room temperature and in the dark 

with Streptavidin-PE (eBioscience). Cells were washed in MACS buffer. RBC were then 

resuspended in MACS buffer and analyzed for PE-staining by flow cytometry with 

MACSQuant10 (Miltenyi Biotec) or LSR Fortessa (BD Biosciences). GMFI were obtained by 

analysis with the FlowJo software V10. 



 11 

 

Flow cytometry 

Splenocytes were incubated with Fixable Viability Dye eFluor™ 506 (Invitrogen) for 5 min at 

4°C. Cells were stained for the specificity of AP205-RBD for 1h on ice with RBD-biotin 

Tetramer-biotin (Miltenyi Biotec), prepared separately beforehand following manufacturer‘s 

instructions using streptavidin-PE, -APC (eBioscience) or BV711 (Biolegend). Then, single-

cell suspensions were blocked with MACS buffer, containing 2% rat serum and 5 µg/ml anti-

CD16/CD32 (2.4G2) and stained for 30 min on ice with the following fluorophore-conjugated 

antibodies: CD19-BV785 (BD Horizon, clone 1D3), CD138-BV605 (BD Horizon, clone 281-

2), IgM-APC-Cy7 (Invitrogen, clone II/41), IgD-BUV395 (BD Horizon, clone 11-26c.2a), 

GL7-PE-Cy7 (Biolegend, clone GL7), CD38-AF700 (Invitrogen, clone 90). Cells were 

analyzed by flow cytometry with a Fortessa X20 (BD Biosciences). Flow cytometry analyses 

were performed with FlowJo software V10, following the guidelines for the use of flow 

cytometry in immunological studies [32].  

 

Wide-field imaging of GC structures 

Spleens were harvested and embedded in cryo medium OCT (Cellpath). Spleen sections were 

cut at 8-μm thickness on a cryostat microtome (CM 1950, Leica), thaw-mounted onto superfrost 

slides (Thermo scientific), and fixed in acetone. After rehydration in phosphate buffered saline 

(PBS) with 5% BSA, the sections were stained with GL7-PE (BD, clone GL7) and IgD-BV421 

(Biolegend, clone 11-26c) during 3 hr. The slides were then washed in PBS and mounted using 

Vectashield mounting medium (Vector Labs) before analysis on a wide field microscope (Zeiss, 

Axiovert A1). 

 

Data analysis and statistics 

FACS analyses were performed using FlowJo software v10 (TreeStar). Statistical analyses were 

carried out using the Prism v10 software (GraphPad).  
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Figure legends 

 

Figure 1: Prime/boost immunization with BPL-inactivated SARS-CoV2 induces high titers of 

neutralizing IgG2c antibodies in WT but not in TLR7-deficient mice. (A-E) WT and TLR7-deficient 

B6 female mice were immunized i.p. with BPL-SARS-CoV2 (15µg/mouse) and challenged (7.5 

µg/mouse) at day 62. The relative production of RBD-specific IgG isotypes IgG1 (A), IgG2b (B), and 

IgG2c (C) was quantified in mouse sera at the indicated time points using the HAT-Flow assay as 

described in Fig. S1. Results are expressed as GMFI with background subtracted from 4-5 mice/group 

(mean ±SEM). (D) Seroneutralization assay on Vero E6 cells was used to determine the neutralizing Ab 

titers (NAb). Statistical differences between groups were assessed using the mixed-effects model. (E) 

The correlation between the NAb titers and the RBD-specific IgG1, IgG2b or IgG2c activities in 

bleeding collected between day 54 and 97 was analyzed using the Spearman test. (F, G) WT (n=6) and 

TLR7-deficient (n=5) B6 female mice were immunized i.p. with BPL-SARS-CoV2 (15µg/mouse), and 

then challenged at day 31 and day 72. The kinetics of the RBD-specific IgG1 and IgG2c antibodies was 

measured as above. Arrowheads indicate the time points for the secondary or tertiary immunization. 

Statistical differences between groups were analyzed using a 2way-ANOVA test. (H) The neutralizing 

Ab titers were determined in individual mice at the indicated timepoints following tertiary challenge. 

Results (A-E and F-H) are from two independent experiments. Statistical differences were analyzed 

using a Mann-Whitney test.  

 

Figure 2: TLR7 is required for RBD-specific IgG antibody-production and GC reactions in 

response to the PLA-based COVID-19 vaccine AP205-RBD. (A) Experimental design of the 

experiment. WT and TLR7-deficient B6 female mice were immunized i.p. with AP205-RBD (3 

µg/mouse) and challenged with the same dose at day 21. The relative production of RBD-specific IgG 

isotypes IgG1 (B), IgG2b (C), and IgG2c (D) was quantified in mouse sera at the indicated time points 

using the HAT-Flow assay. Results are expressed as GMFI from individual mice (mean ± SEM). 

Statistical differences between groups were analyzed using a 2 way-ANOVA followed by Sidak’s 

multiple comparison test. (E-H) At day 66 post-immunization, spleen cells were assessed for RBD-

specific B cells as shown in Fig. S5. (E) CD19+ IgM-IgD- swIg B cells were assessed for the expression 

of RBD-specific B cells (RBD-APC+/RBD-BV711+), and the relative proportion of GC B cells 

(GL7+CD38-) and memory B cells (GL7-CD38+). Summary data are shown in (F-H), frequencies of 

RBD+ (F), RBD+ GL7+ (G) or RBD+ memory (H) B cells among swIg B cells. Results are representative 

of two experiments performed.  Statistical differences were analyzed using a Mann-Whitney test.  **, 

p<0.01; ***, p< 0.001; ****, p<0.0001. 
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Figure 3: B cell-intrinsic TLR7 is required for Ig class-switch recombination to RBD-specific 

IgG2b/IgG2c and the GC response to AP205-RBD immunization. 

Rag2-deficient B6 mice were injected i.v. with purified naive CD4+ T cells (5 x 106/mouse) together 

with purified CD19+ B cells (107/mouse) from either WT (n=3) or TLR7-deficient (n=4) B6 mice prior 

immunization with AP205-RBD twice at 4 weeks interval. (A-C) The kinetics of RBD-specific IgG1 

(A), IgG2b (B) and IgG2c (C) activity was measured in serum. Two way-ANOVA was used to assess 

statistical differences between curves. Results shown are representative from 2 experiments. At day 15 

to 38 post-secondary challenge, the RBD-specific B cells were assessed in the spleen as shown in Fig. 

S5.  (D) CD19+ IgM-IgD- swIg B cells were assessed for the expression of RBD-specific B cells (RBD-

APC+/RBD-BV711+), and the relative proportion of GC B cells (GL7+CD38-) and memory B cells (GL7-

CD38+). Summary data are shown in (E-G), frequency of swIg B cells (E), RBD+ memory (F) or GL7+ 

(G) B cells among total B cells. Results were pooled from three independent experiments. Results from 

individual mice (9-10 mice/group) are shown with mean ± SEM. Spleen cryostat sections from Rag2-/-  

mice adoptively transferred with either WT (H) or TLR7 KO (I) B lymphocytes were stained for GC 

structure with anti-IgD (blue) and anti-GL7 (red) antibodies and acquired using a wide-field microscope. 

(J) The numbers of GC structures were counted from 3 cryostat sections per spleen and data from 

individual mice are shown with mean ± SD. Statistical differences between groups were analyzed using 

a Mann-Whitney test.   

 

 


