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1. INTRODUCTION 

Ragweed pollinosis is well documented in both 

the United States and Europe with 26.2% of an 
American sample population shown to give 

positive skin prick test reactions to short 

Ragweed pollen [1]. The clinical manifestations 
of this sensitisation can be commonly shown as 

rhinitis, rhinoconjunctivitis and in severe cases 

allergic asthma. The benefits of specific 
immunotherapy for the treatment of 

rhinoconjunctivitis compared to symptomatic 

treatment has been demonstrated clinically and 

offers sustained effects and a decreased risk of 
developing the more severe allergic asthma [2, 

3]. Treatment of pollinosis with allergoids 

absorbed to MCT
®
 has been shown to be safe 

and efficacious, both with and without the 

adjuvant MPL
®
 [4]. The immunogenicity study 

described in this paper further characterises the 
efficacy of these allergoids absorbed to MCT

®
 

with MPL
®
, through the measurement of 

specific immunoglobulin subtypes. 

In Ragweed MATA MPL, Ragweed is a pollen 
(Ambrosia artemisiifolia) allergen extract is 

chemically modified with glutaraldehyde. 

Glutaraldehyde reacts with primary amino 
groups on specific amino acid residues and 

causes covalent cross linking and agglutination 

of the heterogeneous mixture of proteins in the 

extract. This results in the formation of a high 
molecular weight complex termed an allergoid 

[5]. During modification of allergen to allergoid 

there is a reduction in conformational IgE 
binding and B cell epitopes whilst there is 

retention of sequential IgG epitopes. This loss of 

IgE epitopes is due to the well documented 
conformational nature of IgE epitopes in 

allergens, where it has been demonstrated that 

IgE reactivity is highly dependent on allergen 

structure [6-8]. This modification of the allergen 
structure disrupts the conformational IgE 

epitopes thus reducing IgE reactivity of the 

allergoid in comparison to the native allergen 
[5]. In contrast IgG epitopes consist in a 

proportion of contiguous amino acid residues 

and are therefore less influenced by a change in 
protein conformation [9-11].  

During manufacture, the modified allergen 

extract (allergoid) is adsorbed to L-tyrosine, a 

naturally occurring amino acid, in its 

microcrystalline form (MCT
®
) through 

proprietary manufacture processes. The relative 

insolubility under physiological conditions of L-

tyrosine causes controlled release of the 
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allergoid from MCT allergoid complex in vivo 

(12). This controlled, slow-release, is thought to 

reduce the incidence of local IgE mediated 

allergic responses, whilst prolonging the 

antigenic response of the therapy (13-16). 

MCT
®
 also offers intrinsic adjuvant (Th1) 

properties and has been previously shown to 

function in synergy with MPL
®
 in allergy 

immunotherapy and off physicochemical 

compatibility (adsorption) (15-16). In the 

Ragweed MATA MPL formulation in addition 

to the MCT
®
 allergoid complex the novel 

adjuvant MPL
®
 is added. MPL

®
 is derived from 

lipid A of Salmonella Minnesota R 595. Lipid A 

is an activator of the innate immune system 

through the activation of cognate receptors (18). 

MPL
®
 is derived from this lipid by the removal 

of a phosphate and fatty acid group which 

causes retention of a potent immunological 

effect whilst significantly reducing toxicity. The 

adjuvant activity of MPL
®
 promotes primarily a 

T helper type 1 response through stimulation of 

the innate immune response by binding to the 

TLR4 complex (19). This T helper type 1 

response is indicative of immunological 

switching away from the IgE mediated allergic 

response, seen as the objective of specific 

immunotherapy (20). 

Other adjuvants are used in specific allergen 

immunotherapy formulations. The most 

common of these is the use of aluminium salts, 
notably aluminium hydroxide. Aluminium 

hydroxide is a mineral adjuvant with substantial 

clinical experience gained through over 80 years 
of use as originally documented by Glenny., et 

al (21). As a result, many subsequent 

prophylactic vaccine preparations were 

formulated containing aluminium salts on this 
basis (22-23). However, there is increasing data 

suggesting that while a T helper type 1 response 

is generated by the aluminium hydroxide 
adjuvanted formulation, there is also induction 

of predominant T helper 2 responses (24). 

Whilst long-standing evidence is available 

supporting the efficacy of aluminium salts in 
specific immunotherapy, this mechanism would 

indicate that aluminium salts may not be 

appropriate for use in allergy treatment where 

effective treatment is marked by a modulation of 
the immune system from a specific T helper 2 to 

a T helper 1 response. Moreover, due to 

aluminium’s non-biodegradable nature, research 

to identify suitable biodegradable alternative 
depot adjuvants is encouraged (25).  

In this article, we demonstrate the in vivo 

immunological effect of administration of a 

modified Ragweed MATA pollen extract in the 

presence of a low dose and (therapeutic) high 
dose MPL

®
 in a murine model.  

2. MATERIALS AND METHODS 

2.1 Trial Design/Animals 

39 female BALB/c mice, approximately 9 

weeks old at day 0 of the study were 
acclimatised for a period of 7 days under 

observation. For the entirety of the study mice 

were caged with autoclaved sawdust bedding 
material under a 12 hour light, 12 hour dark 

cycle. On day 0, mice were randomly allocated 

into 4 groups with 10 mice per group. The 

subjects were then immunised with 0.2ml the 
corresponding study material (refer to table 1) 

subcutaneously into the inguinal area of the 

mouse. 5 mice from each group were scarified 
and bled on study day 19. On study day 20 the 

remaining mice in each group received a repeat 

dose of 0.2ml of the corresponding study 
material as previous. All remaining mice were 

sacrificed at day 34. Blood samples collected at 

both testing points were refrigerated and 

allowed to clot overnight before centrifugation. 
Sera for each bleed was separated and stored at -

70°C to -90°C and subsequently dispatched to 

the testing laboratory packed with dry ice. The 
study was conducted at Charles River 

Laboratories Biolabs Europe (Co. Mayo, 

Ireland).  All procedures were prepared by the 
Charles River Laboratories Biolabs Europe 

study director. Protocols were approved by 

Charles River Laboratories Biolabs Europe head 

of QA and the study sponsor and conform to 
European regulations for animal 

experimentation (26).  

2.2 Study Materials 

All formulations were manufactured by Allergy 

Therapeutics (UK) Ltd (United Kingdom) and 

are detailed below in table1: 

Table 1. Animal Groups classified according to study materials administered. 

Group Study Material Allergen extract precursor (W/V) Tyrosine content (W/V) MPL
®
µg/dose 

A Ragweed MATA MPL  5% 2% 25 

B Ragweed MATA MPL  5% 2% 50 

C MPL® - - 50 

D L-tyrosine - 2% - 
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The allergoid contained in the study material 
administered to groups A-B is manufactured 

from short Ragweed pollen (A Artemisiifolia) 

aqueous extraction at the same weight/volume 

ratio of 5%. The MATA MPL therapeutics are 
given as a 0.5ml dose when administered 

clinically in humans, therefore 25µg and 50µg 

dose refer to  50µg/mL and 100µg/mL MPL
®
 

content.  

2.3 Determination of Specific IgG1, IgG2a  

Specific IgG1, and IgG2a titre reactivity of 
samples was determined using a solid phase, 

direct uptake ELISA system. IgG1 and IgG2a 

determinations were performed for each serum 

sample at each time point. A Ragweed native 
antigen produced from an aqueous extract 

(Allergy Therapeutics (UK) Ltd) was used to 

coat the wells of a EIA Linbro microtitre plate 
(MP Biomedicals, UK). After overnight 

incubation at 2-8°C of the coating antigen and 

subsequent washing of the microtitre plate, sera 

samples were added and the plate incubated. 
Unbound sera was washed from the microtitre 

plate and assay specificity determined by the 

addition of anti-murine IgG1 or IgG2a 
secondary antibody conjugated to horse radish 

peroxidase enzyme (Research Diagnostics Inc., 

USA). After incubation and subsequent washing 
relative antibody titre was visualised through 

addition of TMB substrate system (BD 

Bioscience, USA). The resulting colour 

formation was stopped with the addition of 
0.4M sulphuric acid and the plate read at 450nm 

using a microtitre plate reader. Ragweed 

specific IgG1 and IgG2a responses were 
determined per sample and a mean average 

plotted per study group and time point.  

3. RESULTS 

The immunological responses for the two IgG 

subtypes was measured using ELISA based 

methods described above and data is presented 

for comparison of response against animal 

groups, which received different therapeutic 

formulations as described in table 1. 

3.1. Ragweed Specific IgG1  

As seen in fig 1, groups A and B treated with 

the MPL
®
 containing Ragweed MATA  product 

presented high and sustained Ragweed specific 

IgG1 titres compared with control groups. 

Group B which was treated with the product 

containing 50µg/dose of MPL
®
 exhibited the 

highest IgG1 titre. Group A, which was treated 

with the product containing 25µg/dose MPL
®
, 

exhibited a step-wise lower response whereby, 
at a dilution of 1/200, the 19 day bleeds 

exhibited a mean response that was 40% 

compared with group B at the same dilution and 

time point. For group A the 34 day bleeds, at a 
dilution of 1/6400, produced a mean response 

60% of that given for group B at the same 

dilution and time point. For groups C and D 
treated with a product containing no allergoid, 

the mean Ragweed specific IgG1 titre responses 

were negligible.  

 
 

 

Fig1. Ragweed Specific IgG1 titre responses 

exhibited at 19 and 34 day bleeds. 

Study material: (A) Ragweed MATA MPL at 

25µg/dose MPL
®
, (B) Ragweed MATA MPL at 

50µg/dose MPL
®
, (C) 50µg/dose MPL

®
, (D) 

MCT
®
 (2% w/v). Error bars denote standard 

error determined from all samples tested. 

3.2. Ragweed Specific IgG2a 

The increase in Ragweed specific IgG reactivity 

is further demonstrated in the Ragweed specific 
IgG2a titre measurements as detailed in fig 2. 

The groups treated with the material containing 

MPL produced high and sustained antibody 
titres. The Ragweed specific IgG2 titre response 

between the two groups treated with MPL
®
 

containing products was similar to that seen in 

the Ragweed specific IgG1 titre responses. 
Group B, that contains the therapeutic dose of 

MPL
®
 at 50µg/dose, generated the largest 
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Ragweed specific IgG2a titre response. Group 
A, treated with the product containing 

25µg/dose MPL
®
 produced a mean Ragweed 

specific IgG2a titre response 92% of that of 

group B and at 34 day bleed produced a mean 
response 65% of that presented in group B. As 

seen in the Ragweed specific IgG1 titre 

measurements, the non allergoid containing 
groups C and D elicited a small mean Ragweed 

specific IgG2 titre response in comparison to the 

active groups A-B.  

 

Fig2. Ragweed Specific IgG2a titre responses 

exhibited at 19 and 34 day bleeds. 

Study material: (A) Ragweed MATA MPL at 
25µg/dose MPL

®
, (B) Ragweed MATA MPL at 

50µg/dose MPL
®
, (C) 50µg/dose MPL

®
, (D) 

MCT
®
 (2% w/v). Error bars denote standard 

error determined from all samples tested. 

4. DISCUSSION 

The immunological data reported in this study 

presents high and sustained Ragweed specific 
IgG1/IgG2a titres between the study group’s 

dependant on presence of allergoid and 

concentration of MPL
®
. The lower MPL

®
 dose 

Ragweed MATA MPL (group A) produced a 

lower Ragweed specific IgG1/IgG2a titre 

compared with the top therapeutic strength 
MPL

®
 dose group B. It should be noted that that 

the top dose 50 µg/mL of MPL
®
 is what is used 

in commercial immunotherapy formulations. 
The evidence of MPL

®
 presence, in 

immunotherapeutic formulations, increasing the 

IgG response to allergen is coherent with the 

findings of the clinical trial described in Patel., 
et al and in other immunotherapies (4, 27-28). 

The clinical efficacy of Ragweed MATA MPL 

was demonstrated during administration of the 
therapeutic course. This was indicated by 

improved total symptom score both pre- and 

post-controlled Ragweed pollen exposure using 
an environmental exposure chamber, improved 

rhinoconjunctivitis quality of life questionnaire 

results and through immunogenicity analysis. 

The trial comprised of 3 study groups with 
Ragweed MATA MPL, Ragweed MATA and 

MCT
®
 as the study materials. The 

immunogenicity results mirrored the findings 
reported here by displaying average increases in 

Ragweed specific IgG, IgG1 and IgG4 serum 

titres several magnitudes higher than in the 

placebo group, treated with MCT in the absence 
of allergoid and MPL. The increased Ragweed 

specific IgG, IgG1 and IgG4 serum titre in 

humans as Patel., et al (4) and the increase in 
Ragweed specific IgG1 and IgG2a serum titre in 

the murine model as reported here, is indicative 

the enhanced T helper type 1 response that is 
documented when MPL

®
 is used in candidate 

immunotherapies (29-32).  

The results reported here show that the addition 

of MPL
®
 to the MCT

®
 allergoid complex 

induces a substantial increase in IgG1 and 

IgG2a serum titre indicating that the presence of 

MPL can increase the immunogenicity of an 
immunotherapeutic formulation.   There is a 

clear stepwise increase in IgG1 and IgG2a titres 

seen when the subjects are administered with 
MCT

®
-absorbed Ragweed allergoid with a low 

dose of the TLR-4 agonist MPL
®
 (25 µg/mL) 

and MCT
®
-absorbed Ragweed allergoid with a 

therapeutic dose of the MPL
®
 (50 µg/mL), 

respectively. These findings demonstrate that 

the inclusion of the Th1 stimulating proprietary 

adjuvant, MPL
®
, improves the immunological 

profile of such candidate therapies. 
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