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Abstract

In multiple sclerosis (MS), abnormally activated immune cells responsive to myelin proteins result 

in widespread damage throughout the central nervous system (CNS) and ultimately irreversible 

disability. Immunomodulation by delivering dendritic cells (DCs) utilizes a potent and rapid 

MS disease progression driver therapeutically. Here, we investigated delivering DCs for disease 

severity attenuation using an experimental autoimmune encephalomyelitis (EAE) preclinical MS 

model. DCs treated with interleukin-10 (IL-10) (DC10s) were transplanted using in situ gelling 

poly(ethylene glycol) (PEG)-based hydrogel for target site localization. DC delivery increased 

hydrogel longevity and altered the injection site recruited, endogenous immune cell profile within 

2 days post-injection. Furthermore, hydrogel-mediated DC transplantation efficacy depended on 

the injection-site. DCs delivered to the neck local to MS-associated CNS-draining cervical lymph 

nodes attenuated paralysis, compared to untreated controls, while delivery to the flank did not alter 

paralysis severity. This study demonstrates that local delivery of DC10s modulates immune cell 

recruitment and attenuates disease progression in a preclinical model of MS.
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Introduction

Multiple sclerosis (MS) is an autoimmune disorder that targets myelin, the insulating 

layer surrounding axons that controls nerve function and survival, resulting in progressive 
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paralysis of the patient that ultimately leads to their demise [1]. Worldwide, 1.4–2.0% 

of people are expected to be affected by MS [2] with health care expenses exceeding 

over 70,000 USD per patient per annum [3–5]. Current treatments aim to slow the rate 

of paralysis using non-targeting immunosuppressive drugs [3, 6, 7] that hinder the entire 

immune system. However, this strategy increases patient susceptibility to infections and 

other medical complications [8]. As a result, alternative strategies to control immune 

responses are needed to halt or slow the progression of the disorder.

Dendritic cells, as central players of immunity, are a promising strategy to attenuate the 

immune response against myelin. Dendritic cells are well-recognized as initiators and 

drivers of many autoimmune disorders including MS [9–14], in part due to their ability 

to present antigen better than other immune cells [15] and to their rapid (hours to days) 

changes in phenotype in inflammatory settings [16–18]. At initiation, within 3 to 7 days 

post model induction, DCs migrate to inflammatory lesions in the CNS to acquire the 

myelin antigens targeted in MS, and then transit to cervical lymph nodes to augment 

immune responses against these antigens, progressing this disorder [19, 20]. Delivery of 

pro-inflammatory DCs to experimental autoimmune encephalomyelitis (EAE) mice, the 

most widely-used animal model for MS, at this time-frame has been shown to exacerbate 

the severity of the disorder [11]. While their ability to augment immune responses [21, 

22] led to their historic use in vaccination against pathogens [23–25] and cancers [26–28], 

recent groups have shown that when exposed to tolerogenic cues during differentiation and 

maturation, DCs can instead inhibit immune responses [29–32].

In this study, we delivered DC10s locally to cervical lymph nodes using an in situ 
gelling, cell-encapsulating PEG hydrogel [33, 34]. DC10s were delivered prophylactically 

(day 0 after model induction) in order to evaluate their potential to prevent or attenuate 

future damage and disability. These cells were distinct from immature and mature DCs 

via surface marker expression and immunosuppression. Their viability and phenotypic 

marker expression upon hydrogel encapsulation were characterized in vitro and in vivo. 

Furthermore, their ability to modulate the immune response in EAE mice based on 

proximity to disease-progressing lymph was evaluated.

Materials and Methods

Derivation of Dendritic Cells

All studies with animals were according to the Emory University and the Georgia Institute 

of Technology ACUC guidelines. Bone marrow cells from female C57Bl/6 mice (4–6 month 

old, Jackson Laboratories) were extracted, incubated in a lysis buffer for 5 min at room 

temperature to remove red blood cells, and cultured (106 cells/well) in 6-well plates for 8 

days with basal media supplemented with granulocyte macrophage-colony stimulating factor 

(GM-CSF) (20 ng/mL, BD 554586) and IL-4 (4 ng/mL, Peprotech AF-214–14) with half 

the media exchanged every 2 days. Lipopolysaccharide (LPS) (500 ng/mL, Sigma L4180) 

or IL-10 (10 ng/mL, eBioscience 14–8101-62) was added to the media on day 6 to generate 

mature DCs or DC10s, respectively. Immature DCs did not receive additional factors. 

Basal media consisted of Dulbecco’s Modified Eagle Medium (DMEM) (CellGro 10–017-

CV) supplemented with fetal bovine serum (FBS) (10%, Gibco 16000–044), penicillin-
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streptomycin (1%, CellGro, 30–002-CI), 4-(2-hydroxyethyl)-1-piperazineethanesulfonic 

acid (HEPES) (1%, CellGro 35–060-CI), sodium pyruvate (1%, CellGro 25–000-CI), 

nonessential amino acids (1%, CellGro 25–025-CI), and beta-mercaptoethanol (0.1%, Gibco 

21985–033). Lysis buffer included sodium chloride (155 mM, Sigma 37653), potassium 

bicarbonate (10 mM, Sigma P9144), and ethylenediaminetetraacetic acid (EDTA) (0.1 

mM, LifeTech 11267–028) in distilled water. On the last day of derivation, supernatants 

were collected and an ELISA (R&D Systems, M1000B) was performed according to the 

manufacturer’s instructions to quantify the IL-10 secreted by these DCs.

Flow Cytometry

Cells (2–5 × 106 cells/mL) were blocked for Fc-receptors (1:200, eBioscience 14–0161-86) 

for 15 min at 4 °C and then incubated with antibodies (Tables 1 and 2) for 30 min at 4 °C 

(Supplemental Figure 1). For intracellular stains, cells were incubated for 4 hours in media 

that contained brefeldin-A (1 μg/mL, Sigma B6542) and monensin (2 μM, Sigma M5273) 

before blocking for Fc-receptors. Additionally, cells were fixed with paraformaldehyde 

(2% in PBS, Sigma 158127) and permeabilized with Tween-20 (0.5%, Sigma P2287) 

each for 15 min at room temperature after blocking Fc-receptors. All solutions were in 

fluorescence-activated cell sorting (FACS) buffer (bovine serum albumin (BSA) (1%, Sigma 

A4503) and sodium azide (0.01%, Mallinckrodt 195–3-57) in phosphate buffered saline 

(PBS, Lonza, 17–516F)). Antibodies were diluted 1:100 (fluorescein isothiocyanate, FITC) 

or 1:200 (others) unless indicated (Tables 1 and 2). Cells in hydrogels were gently digested 

with collagenase II (2 mg/mL) for 15 min before staining.

Lipopolysaccharide (LPS) Stability Assay

Dendritic cells (1 × 106 cells) were cultured in a 12-well plate with basal media (1 mL) with 

or without LPS (1 μg/mL) for 24 hours and assessed using flow cytometry for changes in the 

presence of surface markers.

Autologous Immunostimulation Assay

Dendritic cells were cultured for 72 hours with basal media (200 μL) in a U-bottom 

96-well plate with autologous splenocytes (5 × 105 cells) at a 1:1 ratio. Prior to co-

culture, splenocytes (5 × 106 cells/mL) were treated with ovalbumin (OVA257–264/323–229) 

(5 μg/mL each, Genscript RP10610/RP10611) antigen for 8 days and then labeled with 

carboxyfluorescein succinimidyl ester (CFSE) (0.5 μM in PBS, LifeTech C34554) for 

15 min at 37 °C. Prior to co-culture, DCs were primed with myelin oligodendrocyte 

glycoprotein (MOG35–55) (20 μg/mL, fabricated in-house) or OVA (10 μg/mL each), the 

latter as an antigen-specific control, for 2 hours at 37 °C. Proliferation was evaluated using 

flow cytometry. Proliferated cells (percentage) were defined as cells with CFSE levels below 

that of cells (CFSELO) prior to the introduction of proliferation stimulus.

DC Transplantation into EAE mice

Female C57Bl/6 mice (2–3 month old, Jackson Laboratories) were injected subcutaneously 

on days 0 and 7 with an emulsion containing MOG35–55 (400 μg) in complete Freund’s 

adjuvant (CFA) supplemented with mycobacterium tuberculosis (750 μg). Pertussis toxin 
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(PT) (250 ng) was injected on days 0 and 2. Animals were monitored daily after induction 

and blinded scored for clinical disease signs as follows: 0=asymptomatic; 1=atonic tail; 

2=partial hind limb paralysis; 3=paraplegia; 4=quadriplegia; and 5=moribund/death due to 

EAE. At the time of induction (day 0), hydrogel precursor solution (50 μL on each side for 

a total of 100 μL per mouse) was injected subcutaneously using an insulin (28G) syringe 

proximal to cervical lymph node (neck) or the flank regions with or without DCs (1–2 × 

106 cells). Hydrogel precursor solution included maleimide-functionalized PEG macromer 

(5% w/v, PEG-4MAL, Laysan Bio,) functionalized with RGD adhesive peptide (2.0 mM, 

GRGDSPC, Aapptec) to support cell infiltration and a crosslinking, protease-degradable 

peptide (GCRDVPMSMRGGDRCG, Aapptec) as described previously [33]. Hydrogels 

polymerize in situ within 1 min. In all studies, mice remained asymptomatic at 10 days 

post injection.

In order to monitor the retention of DC10s within the hydrogel, female C57Bl/6 (CD45.2+ 

recipients) mice (2–3 month old, Jackson Laboratories) were injected with EAE induction 

reagents, as described above. On day 0, mice received hydrogel containing 1 × 106 primed 

DCs derived from C57Bl/6 (CD45.1+ donors) mice. After 1, 4, 7, and 10 days post injection, 

hydrogel constructs were extracted and digested, and recovered cells were analyzed by flow 

cytometry.

Statistics

Single comparisons of two groups were analyzed with a t-test. Multiple comparisons were 

analyzed using a one-way ANOVA with a Tukey post-hoc. Significance was defined as p < 

0.05.

Results

DCs (CD11c+) were derived from bone marrow after 8 days of culture in media containing 

GM-CSF, IL-4, and IL-10. Traditional markers CD11b, CD11c, IAB (MHC-II), CD80, 

CD86, and CD54 (percentage of cells gated for CD11c, p < 0.05) distinguished DCs of 

all three phenotypes from bone marrow cells. High expression levels of CD86 and CD54 

(MFI of cells gated for CD11c, p < 0.05) identified mature DCs from the other phenotypes. 

However, none of these markers were able to distinguish DC10s from immature cells 

(Fig. 1). The surface molecules CD45RB, CD275, PirB, and Qa2, markers with known anti-

inflammatory roles [35–39], were therefore assessed for their ability to further distinguish 

the three DC phenotypes. The level of CD45RB expression (MFI, p < 0.05) in bone 

marrow cells was significantly higher than in DCs of all three phenotypes. CD275 was 

most prevalent (percentage) in immature DCs compared to DC10s (n.s.) or mature DCs (p 

< 0.05). However, DC10s had the highest expression level (MFI) of CD275 compared to 

immature (n.s.) and mature (p < 0.05). PirB was most prevalent (percentage, p < 0.05) in 

DC10s compared to both immature and mature DCs.

Injection-mediated encapsulation within PEG hydrogels did not affect the viability or 

phenotype of DC10s (Fig. 2). Live/dead staining performed 24 hours after encapsulation 

revealed DCs encapsulated within PEG hydrogels had similar levels of viability (green) 

compared to DCs pipetted onto a tissue culture plate. Surface marker analysis revealed 
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that hydrogel encapsulation lowered the expression level of maturation markers (MFI 

of CD86, CD80, CD54) and enhanced the anti-inflammatory profile (MFI of PirB, 

CD275) of DCs compared to those pipetted onto tissue culture plates. Furthermore, 

hydrogel encapsulation maintained the phenotypic stability characteristic of DCs. Hydrogel-

encapsulated (+hydrogel, +injection) and non-encapsulated (-hydrogel, -injection) DCs were 

similarly resistant to LPS-mediated activation (Fig. 2), as indicated by a lack of increase in 

maturation markers such as CD86 which would be observed for immature DCs treated with 

LPS.

Subcutaneous injection localized the hydrogel to the neck proximal to where the cervical 

lymph nodes are located (Fig. 3a). The phenotype of DC10s one day post transplantation 

via hydrogel was less activated (lower expression levels of CD86 and CD54) than before 

transplantation, consistent with in vitro observations (Fig. 3c). Two days post injection, 

hydrogels that did not receive DC10s were not retrievable, unlike those that were co-injected 

with DC10s (Fig. 3b), which may be attributable to suppression of injection-mediated 

inflammation by these cells.

DC10s were labeled with CFSE (0.5 μM in PBS) for 15 min at 37 °C prior to 

transplantation. At 1 and 2 days post-transplantation, the hydrogels and associated tissues 

were harvested and digested to evaluate endogenous (CFSE-negative) immune cells (Fig. 

4). Modulation of endogenous immune cell behavior and phenotype were observed when 

DC10s were transplanted. Delivery of DC10s altered endogenous immune cell presence at 

the implantation site at 1–2 days post injection (Fig. 4a,b). In particular, T-cells (CD3ε), 

B-cells (CD19), and DCs (CD11c) were found at lower levels in the presence of hydrogel-

delivered DCs, while macrophages (CD11b) increased in presence proximal to the hydrogel 

with DCs, compared to controls. Differences in the phenotypes of endogenous DCs at the 

hydrogel implantation site upon delivery of DC10s were also observed as early as 1 day 

post transplantation with novel surface markers, but not with traditional ones (Fig. 4c,d), and 

were consistent with observations upon hydrogel encapsulation and injection in vitro (Fig. 

2c).

These changes in immune response were not specific to antigen, as indicated by an in 
vitro immunosuppression assay in which in vitro derived DCs primed with MOG35–55 or 

OVA257–264/323–229 were co-cultured with autologous splenocytes primed with MOG35–55 

(Fig. 5). Both recovered T-cells (CD4) and B-cells (CD19) were less prolific, defined as 

cells with decreased CSFE levels, when exposed to hydrogel-delivered DCs, regardless 

of the antigen presented. This observation may partly due to the high prevalence of DCs 

that produced IL-10, indicated with IL-10-positive staining (Fig. 5e). This observation is 

consistent with the high levels of IL-10 secretion of these cells compared to the other 

phenotypes (Supplemental Fig. 2).

In a separate experiment, we assessed transplanted DC10s persistence and endogenous cell 

recruitment as a function of time in EAE mice (Fig. 6). Dendritic cells from a congenic 

(CD45.1+) strain were delivered to the neck of EAE mice (CD45.2+) via subcutaneous 

injection and hydrogels were explanted 1, 4, 7, or 10 days post injection. Transplanted 

DC10s in the hydrogels were observed for up to 4 days, while endogenous cell recruitment 
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continued over the course of 10 days. Interestingly, the percentage of T-cells (CD3ε) was 

initially lower in hydrogels containing DC10s, similar to the study with naïve mice (Fig. 

4); however, this phenomenon was transient, and at later time-points T-cell presence was 

equivalent to the control group.

Subcutaneous injection of DC10s using in situ gelling hydrogel ameliorated EAE, the 

mouse model of MS, when delivered prophylactically at time of EAE induction (Fig. 7a). 

Mice that received DCs were less paralyzed, indicated by lower clinical scores. Survival, 

defined as lack of onset of paralysis, was similar between groups (Fig. 7b). In a separate, 

independent study, we found amelioration of EAE using DC10s to be location-specific when 

delivered using in situ gelling PEG hydrogel (Fig. 8). Similar to the study in Fig. 7, paralysis 

was lessened as indicated by a reduction in the clinical score when DC10s were injected 

subcutaneously into the neck, proximal to the cervical lymph nodes, the latter of which 

have a known role in the progression of the disorder [40, 41]. However, when these cells 

were injected within hydrogel subcutaneously into the flank, proximal to the vaccination 

site, there were no differences between treated and control subjects. Additionally, the control 

hydrogels without DCs did not significantly differ by location.

Discussion

In this report, we performed an initial assessment of the utility of in situ gelling hydrogels 

to deliver DCs for regenerative medicine applications. DCs were generated from bone 

marrow cells using IL-10. Exposure of DCs to IL-10 has been shown to inhibit their 

maturation and activation [42, 43], thereby reducing (auto)immune responses [44, 45]. 

While characterization using traditional surface markers (CD11b, CD11c, IAB (MHC-II), 

CD80, CD86, and CD54) did not differentiate these cells from immature DCs, PirB 

expression distinguished DCs from both immature and mature phenotypes. PirB-mediated 

signaling (paired Ig-like receptor, a MHC-I receptor) induces immunosuppressive properties 

in DCs by promoting their secretion of IL-10 [46]. In that study, an immunostimulation 

assay revealed PirB+ DCs produced IL-10 and suppressed T- and B-cell proliferation.

Dendritic cells are sensitive to the physical and chemical cues of their microenvironment, 

and therefore, can either enhance or inhibit immunity [47]. To control their environment 

and their behavior, several groups have explored the use of biomaterials, both alone or 

in combination with proteins and nucleic acids [48–50]. The most common application 

of biomaterials in immunity has been to develop more potent vaccines by increasing 

antigen presentation [49, 51] and by enhancing maturation and activation [48, 51–54]. 

More recently, micron-sized biomaterials (drug-delivering particles) have been injected into 

or proximal to lymph nodes to ameliorate systems in the EAE model [55, 56]. Here, we 

promoted immunosuppression in EAE using a local injection of in situ gelling material, 

wherein both physical and chemical cues, known to dictate DCs behavior, can be controlled. 

Encapsulation into a PEG hydrogel lowered the maturation (CD86, CD54) of DC10s after 

1 day. Delivery of these hydrogels with DC10s altered endogenous DC phenotype within 2 

days of injection.
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Hydrogels were used to both define and localize the site of DC transplantation, and thereby, 

controlling the immunomodulation of the therapy. Dendritic cells were delivered to the 

cervical lymph nodes, which play a role in the progression of MS, or the flank, proximal 

to the vaccination site, but irreverent to the disease progression. Delivery proximal to 

the cervical lymph nodes significantly attenuated paralysis, while delivery to the flank 

was less effective as an immunotherapy as far as amelioration of EAE symptoms, which 

we speculate may be due to less interaction with myelin- and CNS-responsive immune 

cells. While this issue may be mitigated with a higher dose, sites that minimize cell 

numbers would be more desirable for translation due to limitations in (autologous) cell 

availability. Traditionally, DCs are delivered systemically, relying on their ability to home 

to the site of immune activation and immunogenic organs [57, 58]. Localization of DC 

transplantation and other immunodulatory strategies to target sites, particularly those with 

antigen nonspecific mechanisms, can enhance the efficacy and improve the safety of these 

strategies for translation, yet few studies have investigated the effect of local delivery on 

therapeutic efficacy. For vaccine applications delivering DCs proximal to the lymph nodes 

or the spleen has been effective strategy for improving efficacy [53, 59]. Localized delivery 

was shown to reduce the number of doses required to mount an immune response against 

ovalbumin compared to systemic delivery [59]. For transplantation delivering DCs with the 

islets prolonged survival compared to off-site and systemic delivery [60].

Conclusion

This report provides initial evidence of the immunomodulatory potential of hydrogel-

mediated DC transplantation. Interleukin-10 was used to derive DC10s from bone marrow 

cells. These DCs were PirB+ and IL-10 secreting, which suppressed the proliferation of 

activated immune cells in vitro. Using an in situ gelling hydrogel permitted the maintenance 

of DC10 features in vitro and modulation of endogenous DCs local to the injection site 

in vivo. Paralysis was ameliorated when delivered to the cervical lymph nodes, but not 

to the flank. Using materials to deliver DC10s stabilized the phenotype of transplanted 

cells and by localized these cells to lymph nodes known to control the progression of 

MS. We provide initial evidence in support of a hydrogel-mediated immunomodulatory 

strategy that can be applied to both autoimmune disorders and cell transplantation. The 

translation of this promising strategy will benefit from future investigations that evaluate 

and optimize the longevity and migration of these DC10s after transplantation and from 

those that identify and optimize the features of the DCs and hydrogels responsible for 

immunomodulation. Optimization of these features as well as transplantation parameters can 

enhance the immunomodulation of this strategy, which can then be combined with therapies 

that address secondary injury, e.g. Wallerian degeneration, and repair, e.g. remyelination, as 

a multifunctional platform for treating autoimmune diseases like MS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Surface marker profile of DC10s after 8 days of culture. (a) Prevalence (%) and (b) level 

(MFI) of expression in DC10s compared to bone marrow cells and immature and mature 

DCs.
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Figure 2. 
Alterations in viability and phenotype upon encapsulation into and injection with PEG 

hydrogel. Viability (green) of DCs (a) encapsulated into hydrogel (+ injection + gel) and 

then injected with a syringe compared to DCs (b) pipetted onto a tissue culture plate (TCP) 

(- injection – gel) for 24 hours. (c) Expression level (MFI) of DCs encapsulated into and 

injected with hydrogel gel compared to those cultured on a tissue culture plate for 24 hours. 

(d) Stability (MFIpost /MFIpre) of DC10s encapsulated into hydrogel and then injected with a 

syringe compared to those cultured on a TCP for 24 hours in basal media with or without 1 

μg/mL LPS.
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Figure 3. 
Hydrogel-mediated delivery of DC10s. (a) Visualization of hydrogel at the neck proximal 

to where 2–3 cervical lymph nodes are located. (b) Retrieval (% of grossly visible) of 

hydrogels after subcutaneous injection of two 50 μL gels. (c) Stability of DC surface marker 

expression level (MFI) 1 day after transplantation.
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Figure 4. 
Endogenous immune cell phenotype at the hydrogel injection site after DC10 delivery. 

Endogenous immune cell presence (a) 1 and (b) 2 days after injection. Endogenous DC 

surface marker expression level (MFI) (c) 1 and (d) 2 days after injection.
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Figure 5. 
Antigen-dependency of immunosuppression using DC10s. (a-c) T-cell and (d) B-cell 

proliferation (% cells with decreased CSFE), and (e) IL-10 presence (IL-10+) in dendritic 

cells when cultured with DC10s compared to immature and mature DC controls.
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Figure 6. 
Hydrogel-mediated immune cell recruitment. Presence (%) (a) of transplanted (CD45.1+) 

and recruited (CD45.2+) immune cells and (b) of recruited T-cells in hydrogels after 

subcutaneous injection of two 50 μL gels on each side of the neck.
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Figure 7. 
Attenuation of EAE upon delivery of DC10s using in situ gelling PEG hydrogel. (a) EAE 

mean clinical score of paralysis and (b) survival as defined by longevity of clinical score less 

than 1.
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Figure 8. 
Location-dependency of EAE attenuation upon delivery of DC10s. EAE paralysis (mean 

clinical score) when tolerogenic DC10-laden hydrogel was delivered (a) to the neck or (b) to 

the flank.
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Table 1.

Antibodies used for immune cell characterization

Marker Manufacturer

CD3ε BD Biosciences Cat# 553064, RRID:AB_394597
BioLegend Cat# 100311, RRID:AB_312676

CD4 BioLegend Cat# 100512, RRID:AB_312715
BD Biosciences Cat# 553051, RRID:AB_398528

CD8a BioLegend Cat# 100707, RRID:AB_312746

CD19 BD Biosciences Cat# 550992, RRID:AB_398483

CD49b BD Biosciences Cat# 554999, RRID:AB_395633

CD49d BD Biosciences Cat# 553157, RRID:AB_394670

IL-10 1:100, BD Biosciences Cat# 554467, 1:100, RRID:AB_395412
1:100, BioLegend Cat# 505008, RRID:AB_315362

Ly6c BD Biosciences Cat# 560595, RRID:AB_1727554

Ly6g BD Biosciences Cat# 551460, RRID:AB_394207
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Table 2.

Antibodies used for dendritic cell characterization

Marker Manufacturer

CD11b BD Biosciences Cat# 562287, RRID:AB_11154216

CD11c 1:100, BD Biosciences Cat# 558079, RRID:AB_647251
1:100, Thermo Fisher Scientific Cat# 45–0114-82, RRID:AB_925727

CD275 eBioscience 12–5985-83, RRID:AB_466094

CD45 RA 1:800, BD Biosciences Cat# 553380, RRID:AB_394822

CD45 RB BD Biosciences Cat# 562848, RRID:AB_2737835

CD54 BioLegend Cat# 116120, RRID:AB_10612936

CD86 Thermo Fisher Scientific Cat# 17–0862-82, RRID:AB_469419
BD Biosciences Cat# 553692, RRID:AB_394994

CD80 Thermo Fisher Scientific Cat# 11–0801-86, RRID:AB_465135
Biolegend Cat# 104714, RRID:AB_313135

IA B BD Biosciences Cat# 553551, RRID:AB_394918
1:400, BD Biosciences Cat# 553552, RRID:AB_394919

PirB R&D, Cat# FAB2754B, RRID:AB_10567003

Qa2 Thermo Fisher Scientific Cat# 11–5996-85, RRID:AB_465353
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