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SARS-CoV-2 vaccine excipients polyethylene glycol and trometamol do not induce mast cell degranulation, in an in vitro model for non-IgE-mediated hypersensitivity
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The development of vaccines against SARS-CoV2 brought about several challenges, including the management of hypersensitivity reactions to these formulations. The search for underlying mechanisms involved in these adverse events initially focused on excipients which may trigger mast cell activation responses via non-IgE pathways: polyethylene glycol and trometamol. We sought to determine whether these components, in their pure form, were capable of stimulating mast cells directly. To test this hypothesis, we used an in vitro model for non-IgE-mediated activation that has previously shown degranulation responses induced via MRGPRX2 with known drug agonists of the receptor. Human LAD2 mast cells were incubated with different concentrations (1, 10, 50 mg/ml) of trometamol and of purified polyethylene glycol/Macrogol (molecular weights: 2,000, 3,350, 4,000, and 6,000). Mast cell degranulation was assessed using a beta-hexosaminidase read-out. Interestingly, degranulation responses for all reagents tested showed no significant differences from those obtained from the negative control (basal degranulation). Receptor-silencing assays were therefore not conducted. In summary, purified PEG and trometamol did not induce mast cell degranulation in this in vitro model for the study of non-IgE mechanisms of drug hypersensitivity, previously shown to be useful in the investigation of MRGPRX2 ligands. Studies using complete vaccine formulations, lipid conjugates, and receptor gene variants are needed to further clarify mechanisms of vaccine hypersensitivity.
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Introduction

The fast-paced development of vaccines against SARS-CoV2 brought about new challenges for clinicians and allergists, including the occurrence of hypersensitivity reactions to these formulations. Regarding immediate-type reactions, symptoms ranging from mild to severe were reported, and the search for underlying pathogenic mechanisms is ongoing. Initially, focus turned towards excipients present in SARS-CoV2 vaccines that are capable of triggering hypersensitivity (1–3). Two compounds have received most of the attention: polyethylene glycol (PEG), a polymer compound found in the Pfizer-BioNTech and Moderna COVID-19 vaccines, and tris (hydroxymethyl)aminomethane (also known as trometamol, or tromethamine), an organic amine found in the Moderna vaccine. Polysorbate 80, structurally related to PEG with potential cross-reactivity (4), is found in both the Astra-Zeneca and Janssen COVID-19 vaccines.

PEG, PEGylated products, and polysorbates, which share similar structures, have been identified as inducers of hypersensitivity reactions, mostly of immediate-type (4, 5), with clinical characteristics compatible to those produced by SARS-CoV2 vaccines. The involved mechanism of hypersensitivity is only partially understood. Recent studies showing cross-reactivity between different pegylated compounds (4, 5), and the identification of IgE against PEG in the context of anaphylaxis (6), as well as evidence of antigen-specific inhibition of histamine release by monomeric and dimeric fractions of PEG (7), suggest that an immunoglobulin E (IgE)-mediated pathway is involved. On the other hand, variable results have been observed in terms of skin testing positivity to PEG and PEG-related products (4), and adverse reactions often occur upon first documented exposure to a specific PEG-containing formulation. The other compound, trometamol, has been described as a causative agent of anaphylaxis in gadolinium-based formulations (8). Positive skin-testing with trometamol has recently been described in patients with delayed local reactions to the Moderna mRNA SARS-CoV2 vaccine (9). Interestingly, these patients experienced earlier-onset, but milder, local reactions after their second vaccine dose (9). Larger studies regarding hypersensitivity mechanisms for trometamol are missing. Finally, a publication by Krantz et al., reports tolerance to a second dose of a SARS-CoV2 vaccine in a cohort of 189 patients who experienced immediate reactions to a first dose of the vaccine (10). Given the evidence described above, we believe that an exploration of non-IgE mechanisms for vaccine hypersensitivity is justified.

Recently, our group has shown that several drugs are capable of inducing mast cell (MC) degranulation in vitro directly, as measured by beta-hexosaminidase release (11). Furthermore, receptor silencing experiments showed that many of these compounds induce such activation via the Mas-related G protein-coupled receptor member X2 (MRGPRX2), a receptor found mainly in connective tissue MCs and identified as a cause for pseudo-allergic, immediate-type reactions to drugs, as well as other immune and allergic conditions (11). MRGPRX2 is also a known target for specific drug groups with common structural elements (11). The newly demonstrated relevance of this receptor in drug hypersensitivity highlights the importance of investigating non-IgE pathways for MC activation by drugs and excipients. We therefore considered it important to investigate whether PEG and trometamol are capable of stimulating MCs directly. To meet this objective, we used a model for non-IgE-mediated activation that has previously that has previously revealed degranulation responses via MRGPRX2 (11). The model employed requires two steps. First, to observe whether compounds activate MCs directly, in a way not specific to any receptor, by characterizing the degree of degranulation induced in human MCs (LAD2 cell line), by the presence of drugs in incubation. Second, if degranulation is found, to demonstrate the involvement of a specific receptor pathway by confirming its presence in the cell and then silencing it. In the case of MRGPRX2, this involves a lentiviral knock-down system and confirmation of receptor silencing using Western Blot and flow cytometry (11). The second step depends on finding activation in the first, which we completed using the method explained below.



Methods and results

Human LAD2 MCs were incubated with different concentrations (1, 10, 50 mg/ml) of trometamol and of PEG/Macrogol (molecular weights: 2,000, 3,350, 4,000, and 6,000), to evaluate cell viability (Figure 1). The LAD2 human MC line kindly provided by Drs. A. Kirshenbaum and D.D. Metcalfe (National Institutes of Health, Bethesda, MD) was grown in StemPro-34 media (Life Technologies, Carlsbad, CA), supplemented with StemPro-34 nutrient and L-glutamine (2mM), penicillin (100 U/mL) and streptomycin (100 μg/mL), and 100 ng/mL SCF (Amgen, Thousand Oaks, CA) (12). Viability was studied using the WST-1 protocol, which consists of a colorimetric assay that measures the absorbance of formazan dye (expressed in units of optical density) produced by cellular mitochondrial dehydrogenases in viable cells as they convert the tetrazolium salt WST-1. Unstimulated cells cultured in cell medium (Stem-Pro) were used as negative controls. We seeded 5 × 104 cells for each point in a 96-well plate (Greiner Bio-One) and incubated for 1 h at 37°C with different concentrations of the specified reagents. Then, 10% WST-1 reagent (Roche Diagnostics, GmbH-Germany) was added to each well and the plate was incubated for a further 2 h at 37°C. Absorbance was read at 450 nm. Cell viability was conserved for all reagents at concentrations of 1 and 10 mg/ml, and significantly reduced at concentrations of 50 mg/ml for all reagents, except for Macrogol 3350.
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FIGURE 1
Viability of LAD2 MCs after 1 h of incubation with polyethylene glycol/macrogol (molecular weights of 2,000, 3,350, 4,000, 6,000) and trometamol at different concentrations (1, 10, 50 mg/ml), expressed in absorbance units (as measured using the WST-1 assay protocol). Statistically significant differences (p<0.05) are marked with asterisks.


We then proceeded to test the ability of the compounds to induce MC degranulation at several concentrations (Figure 2). We employed 10 mg/ml as the highest concentration, guided by our cell viability results. The procedure was completed as follows: A total of 3 × 104 cells per well were incubated in a 96-well plate (Greiner Bio-One) during 30 min, at 37°C, with Tyrode's buffer (negative control, indicative of basal degranulation), with different concentrations (10 µg/ml, 100 µg/ml, 1 mg/ml, 10 mg/ml) of the reagents (PEG, Macrogol, trometamol), and with phorbol 12-myristate 13-acetate (PMA) (10 ng/ml) plus ionomycin (0.5 µM) (positive control for degranulation). Secondly, 50% of the supernatant was transferred into alternative wells in the same 96-well plate. The remaining supernatant was discarded, adding 1% Triton to obtain total cell lysates of β-hexosaminidase. Fifty microliters of P-nitrophenyl-N-acetyl-β-D-glucopyranoside (Sigma-Aldrich) were added to each well and the plate was incubated for 1 hour at 37°C. One hundred microliters of carbonate buffer were added to each well to stop the reaction. Absorbance was read at 405 nm. Percentage of beta-hexosaminidase was calculated using the following formula: [cells degranulation/(cells degranulation + total lysates)]*100.
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FIGURE 2
Percentage of total beta-hexosaminidase release after incubation with reagents (polyethylene glycol/macrogol and trometamol) at different concentrations. Unstimulated cells were used as a negative control (basal degranulation), cells stimulated with phorbol 12-myristate 13-acetate (PMA) (10 ng/ml) and ionomycin (0.5 µM) were used as a positive control.


Degranulation responses for all reagents tested showed no significant differences from those obtained from the negative control (basal degranulation). Taking these results into consideration, we did not proceed to analyze responses with MRGPRX2-silenced cells as we initially intended, since the experiment showed no evidence of direct initial MC degranulation to compare with.



Discussion

Our results show that neither PEG nor trometamol are capable of stimulating MC cells directly in this in vitro model for non-IgE-mediated hypersensitivity. In contrast with our findings with other drugs (8), no degranulation was found after incubating LAD2 cells directly. Testing for MRGPRX2-mediated activation would then have involved silencing this receptor and detecting a change in degranulation responses, along with the addition of a known receptor agonist as a positive control. We did not proceed to perform this step, as previous experience with this model (8) shows that drugs involving MRGRPX2-mediated responses stimulate LAD2 cells directly in the first step, and that LAD2 cells fully express MRGPRX2, as confirmed by flow cytometry and Western Blot studies. Interestingly, the report published by our group regarding activation showed that several drugs stimulated MCs directly in the first step, but only a fraction of them triggered this receptor specifically (11). We therefore believe that other non-IgE responses other than those mediated by this receptor, are tested by the model.

Further explorations may be required to explain these results. Firstly, acquiring complete vaccine formulations for experimental use was complicated given the restrictions from our local health authorities. Since we did not include stimulation with a complete vaccine formulation, we cannot exclude that MCs could be activated directly by other excipients in the vaccine. Furthermore, Troelnikov et al. showed that, in PEG-allergic patients, PEG in its native form was unable to induce basophil degranulation while the PEGylated liposomal nanoparticles used in the Pfizer vaccine could induce cell degranulation (13). According to their report, skin test positivity may be dependent on PEG conformation or arrangement in the drug's surface (13). Thus, cell recognition of excipients may be influenced in some cases by component presentation.

On the other hand, a recent editorial by Cabanillas et al., comments on the fact that the exact molecular compounds present in SARS-CoV2 vaccines are PEG-lipid conjugates or PEGylated lyposomes (14). The authors reference a study by Warren and colleagues, which shows that patients with anaphylactic reactions to the mRNA vaccine against SARS-CoV2 had positive basophil activation test responses to a PEG-lipid conjugate, DMG-PEG 2000, the compound contained in the mRNA-1273 vaccine (15). The lack of response seen in our studies may be explained by the fact that a conjugated form of the excipients is involved in the induction of hypersensitivity, and not the excipients on their own. We believe our assays may be expanded to test whether PEG-lipid conjugates and complete vaccine formulations induce activation using this and other models.

It should be considered, however, that the research published by Warren et al., employs a model for the study of IgE-mediated activation, and that, in this report, we were specifically seeking alternative mechanisms, including activation via MRGPRX2. Therefore, our model does not explore IgE-mediated degranulation. Our findings do not contradict the recent reports of anti-PEG IgE found in the context of anaphylaxis to PEG (10). Our model does not necessarily test for complement-related activation, either. A mechanism of complement-mediated activation dependent on anti-PEG immunoglobulin M (IgM), for example, would not be detected. Further experiments exploring IgE, IgM, or immunoglobulin G mechanisms of hypersensitivity are warranted to further clarify the pathways involved in these reactions and predict their clinical behavior.

Furthermore, conformational considerations may apply to elements other than excipients tested. As far as we know, for example, MRGPRX2 expression in the LAD2 MC line is restricted to a single genetic variant. Studies using variants of the receptor gene in transfected LAD2 cells may clarify whether excipients induce direct activation in cells expressing different versions of the receptor.

Finally, even though cell viability does not seem to be an issue at the concentrations employed in our study, general limitations of in vitro models should be considered.

In conclusion, in an in vitro model for the study of non-IgE-mediated mechanisms of activation by drugs, which has previously shown to be useful in the study of reactions mediated by MRGPRX2, PEG and trometamol, in their pure form, did not induce MC activation. This result is different from results published with this previously validated model (11), in which several drugs caused MC degranulation after incubation, and where only morphine, vancomycin and cisatracurium specifically triggered the receptor, as assessed by changes in beta-hexosaminidase release (11). If these components in pure state are in fact responsible for the observed cases of immediate-type hypersensitivity direct activation of MCs as evaluated by this model, does not seem to be involved. Studies using complete vaccine formulations, PEGylated liposomes or PEG/lipid conjugates, and receptor gene variants, are needed to further consolidate mechanisms of vaccine hypersensitivity.



Data availability statement

The original contributions presented in the study are included in the article, further inquiries can be directed to the corresponding author.



Author contributions

GG, MM, and PLQ contributed to the study design. PLQ conducted the literature search and writing of the text, as well as the preparation of the manuscript. LO and YG performed in vitro assays and contributed to the description of technical methods, under the supervision of MM and RM-C. PLQ, LO, and MS-B conducted data analysis and figure preparation. MS-B, AW, MM, and GG conducted a critical revision of the manuscript. All authors contributed to the article and approved the submitted version.



Funding

Funding for some of the research in this paper was provided by Fundación Jesús de Gangoiti y Barrera. This study was also partly funded by a grant from the Spanish Ministry of Science Innovation and Universities and the European Regional Development Fund/European Social Fund “Investing in your future”: RTI2018-096915-B100.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Cabanillas B, Akdis CA, Novak N. Allergic reactions to the first COVID-19 vaccine: a potential role of polyethylene glycol? Allergy. (2021) 76:1617–8. doi: 10.1111/all.14711

2. Garvey LH, Nasser S. Anaphylaxis to the first COVID-19 vaccine: is polyethylene glycol (PEG) the culprit? Br J Anaesth. (2021) 126(3):e106–8. doi: 10.1016/j.bja.2020.12.020

3. Borgsteede SD, Geersing TH, Tempels-Pavlica Ž. Other excipients than PEG might cause serious hypersensitivity reactions in COVID-19 vaccines. Allergy. (2021) 76(6):1941–2. doi: 10.1111/all.14774

4. Stone CA, Liu Y, Relling MV, Krantz MS, Pratt AL, Abreo A, et al. Immediate hypersensitivity to polyethylene glycols and polysorbates: more common than we have recognized. J Allergy Clin Immunol Pract. (2019) 7(5):1533–1540.e8. doi: 10.1016/j.jaip.2018.12.003

5. Giavina-Bianchi P, Kalil J, Paulo S. Polyethylene glycol is a cause of IgE-mediated anaphylaxis. J Allergy Clin Immunol Pract. (2019) 7(6):1874–5. doi: 10.1016/j.jaip.2019.05.001

6. Zhou ZH, Stone CA, Jakubovic B, Phillips EJ, Sussman G, Park JM, et al. Anti-PEG IgE in anaphylaxis associated with polyethylene glycol. J Allergy Clin Immunol Pract. (2021) 9(4):1731–1733.e3. doi: 10.1016/j.jaip.2020.11.011

7. Wenande EC, Skov PS, Mosbech H, Poulsen LK, Garvey LH. Inhibition of polyethylene glycol-induced histamine release by monomeric ethylene and diethylene glycol: a case of probable polyethylene glycol allergy. J Allergy Clin Immunol. (2013) 131(5):1425–7. doi: 10.1016/j.jaci.2012.09.037

8. Lukawska J, Mandaliya D, Chan AWE, Foggitt A, Bidder T, Harvey J, et al. Anaphylaxis to trometamol excipient in gadolinium-based contrast agents for clinical imaging. J Allergy Clin Immunol Pract. (2019) 7(3):1086–7. doi: 10.1016/j.jaip.2018.08.035

9. Davila-Fernandez G, Sanchez-Moreno GV, Madrigal-Burgaleta R. Sensitization to trometamol in patients with delayed local reactions after administration of the moderna mRNA-1273 vaccine against SARS-CoV-2. J Allergy Clin Immunol Pract. (2022) 10(8):2166. doi: 10.1016/j.jaip.2022.04.026

10. Krantz MS, Kwah JH, Stone CA, Phillips EJ, Ortega G, Banerji A, et al. Safety evaluation of the second dose of messenger RNA COVID-19 vaccines in patients with immediate reactions to the first dose. JAMA Intern Med. (2021) 181(11):1530–3. doi: 10.1001/jamainternmed.2021.3779

11. Navinés-Ferrer A, Serrano-Candelas E, Lafuente A, Muñoz-Cano R, Martín M, Gastaminza G. MRGPRX2-mediated mast cell response to drugs used in perioperative procedures and anaesthesia. Sci Rep. (2018) 8(1):11628. doi: 10.1038/s41598-018-29965-8

12. Kirshenbaum AS, Akin C, Wu Y, Rottem M, Goff JP, Beaven MA, et al. Characterization of novel stem cell factor responsive human mast cell lines LAD 1 and 2 established from a patient with mast cell sarcoma/leukemia; activation following aggregation of FcεRI or FcγRI. Leuk Res. (2003) 27:677–82. doi: 10.1016/s0145-2126(02)00343-0

13. Troelnikov A, Perkins G, Yuson C, Ahamdie A, Balouch S, Hurtado PR, et al. Basophil reactivity to BNT162b2 is mediated by PEGylated lipid nanoparticles in patients with PEG allergy. J Allergy Clin Immunol. (2021) 148(1):91–5. doi: 10.1016/j.jaci.2021.04.032

14. Cabanillas B, Novak N, Akdis CA. The form of PEG matters: PEG conjugated with lipids and not PEG alone could be the specific form involved in allergic reactions to COVID-19 vaccines. Allergy. (2022) 77:1658–60. doi: 10.1111/all.15187

15. Warren CM, Snow TT, Lee AS, Shah MM, Heider A, Blomkalns A, et al. Assessment of allergic and anaphylactic reactions to mRNA COVID-19 vaccines with confirmatory testing in a US regional health system. JAMA Netw Open. (2021) 4(9):e2125524. doi: 10.1001/jamanetworkopen.2021.25524



OPS/xhtml/Nav.xhtml




Contents





		Cover



		SARS-CoV-2 vaccine excipients polyethylene glycol and trometamol do not induce mast cell degranulation, in an in vitro model for non-IgE-mediated hypersensitivity

		Introduction



		Methods and results



		Discussion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Allergy

SARS-CoV-2 vaccine excipients polyethylene
glycol and trometamol do not induce mast
cell degranulation, in an in vitro model for

non-IgE-mediated hypersensitivity









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Allergy





OPS/images/falgy-03-1046545-g002.jpg
100+

10 ug/ml
ﬁ 9 100 ug/mil
T
€ 804 1 mg/ml
& = 10 mg/ml
]
3 60
.?
I
@
o
T 40-
8
s
*






OPS/images/falgy-03-1046545-g001.jpg
0.6

= = 1 mg/ml
§ = 10 mg/ml
E 0.4 M 50 mg/ml
g
<X
2
Z 02 b
[}
E *
3
0.0
) S & )
& S &
C & & & & &£
& T g & &S
,p 2 @’b





