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Heat shock proteins of the HSP60 family are also called chaperonins 
and form a structurally related subfamily of molecular chaperones. 
They can be classified into Group I and Group II chaperonins: Group 

I comprises chaperonins found in bacteria, mitochondria and chlo-
roplasts, whereas Group II chaperonins are found in the cytosol of 
eukaryotes and in archaea.1 Group I chaperonins are divided into 
chaperonin 60 (Cpn60) and chaperonin 10 (Cpn10) proteins, accord-
ing to the approximate molecular weight (in kDa) of their subunits. 
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�0v|u-1|
�-1h]uo�m7Ĺ�We have previously demonstrated that Mycobacteria tuberculosis chap-
eronin 60.1 inhibits leucocyte diapedesis and bronchial hyperresponsiveness in a mu-
rine model of allergic lung inflammation.
�;|_o7vĹ�In the present study, we have investigated the effect of a shorter peptide 
sequence derived from Cpn 60.1, named IRL201104, on allergic lung inflammation 
bm7�1;7�0��o�-Ѵ0�lbm�Ő�(�ő�bm�lb1;�-m7�0��_o�v;�7�v|�lb|;�Ő�	�ő�bm�]�bm;-�rb]vķ�-v�
well as investigating the action of IRL201104 on human cells in vitro.
!;v�Ѵ|vĹ�Pre-treatment of mice or guinea pigs with IRL201104 inhibits the infiltration 
of eosinophils to the lung, cytokine release, and in guinea pig skin, inhibits allergen-
induced vascular permeability. The protective effect of intranasal IRL201104 against 
�(�Ŋbm7�1;7� ;ovbmor_bѴb-� r;uvbv|;7� =ou� �r� |o� ƑƏ� 7-�v� rov|Ŋ|u;-|l;m|ĺ��ou;o�;uķ�
�(�Ŋv;mvb|b�;7�lb1;�|u;-|;7�bm|u-m-v-ѴѴ���b|_�ƑƏ�m]ņh]�o=��!�ƑƏƐƐƏƓ�v_o��-�vb]mb=b-
1-m|�bm1u;-v;�bm�|_;�;�ru;vvbom�o=�|_;�-m|bŊbm=Ѵ-ll-|ou��loѴ;1�Ѵ;��0bt�b|bm��ƑƏ�-m7�
vb]mb=b1-m|�bm_b0b|bom�o=�|_;�-1|b�-|bom�o=��ŊκB in lung tissue. Our results also show 
|_-|��ƑƏ�;�ru;vvbom��-v�vb]mb=b1-m|Ѵ��u;7�1;7�bm�0Ѵoo7�Ѵ;�1o1�|;v�-m7��"��o0|-bm;7�
from patients with asthma compared to cells obtained from healthy subjects which 
were restored after incubation with IRL201104 in vitro, when added alone, or in com-
0bm-|bom��b|_���"�ou�$�Ŋα�bm��"�ĺ
�om1Ѵ�vbomvĹ�Our results suggest that a peptide derived from mycobacterial Cpn60.1 
has a long-lasting anti-inflammatory and immunomodulatory activity which may help 
explain some of the protective effects of TB against allergic diseases.
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However, Mycobacteria tuberculosis and Mycobacteria bovis encode a 
second chaperonin 60, named chaperonin 60.1.2

Hu et al demonstrated that the Cpn60.1 gene is not essential for 
M tuberculosis survival. Furthermore, growth and proliferation of the my-
cobacteria in culture and in mouse lungs were not affected by the absence 
of Cpn60.1. However, the mutant strain of M tuberculosis did not elicit the 
expected granulomatous inflammation in the lungs of mice following and 
that would normally be observed following infection with the wild-type 
strain. Such observations suggest that Cpn60.1 plays an important role in 
granuloma formation following infection with tuberculosis.3

�� m�l0;u� o=� ;rb7;lboѴo]b1-Ѵ� v|�7b;v� _-�;� v�]];v|;7� -m� bm-
verse correlation between allergic asthma and vaccination against 
tuberculosis with the attenuated form of the bacteria, the bacillus 
Calmette-Guerin (BCG).4-7 Data from the literature reveal an inverse 
correlation between the incidence of tuberculosis and the develop-
ment of allergic diseases like rhinitis or eczema.8,9 More importantly, 
patients exposed to M tuberculosis are less likely to develop asthma 
later in life, strongly suggesting that some component(s) of mycobac-
teria must have a protective effect against allergy and asthma.10,11

The traditional view of molecular chaperones is that of proteins 
which mediate the folding of other proteins and peptides.12 However, 
over the past 20 years, evidence has appeared that some chaperone 
proteins have distinct, additional roles, notably as intercellular signal-
ling molecules in the immune system. It has also been demonstrated 
that Cpn60.1 at high concentrations is a potent inducer of inflamma-
|ou��1�|ohbm;vķ�bm1Ѵ�7bm]���Ŋѵķ���ŊѶķ���ŊƐƑķ�$�Ŋα and GM-CSF, and the 
monocyte-deactivating cytokine IL-10 from human peripheral mono-
cytes in vitro,13 as well as IL-1 and IL-6 from murine macrophages.14

We have previously demonstrated that the chaperonin 60.1 
(Cpn60.1) derived from M tuberculosis inhibits leucocyte diapedesis, 
pulmonary eosinophilia, bronchial hyperresponsiveness and associ-
ated increases in pro-inflammatory cytokines in a mouse model of 
allergic lung inflammation.ƐƔķƐѵ In the present study therefore, we 
have investigated the effect of a shorter sequence of M tuberculosis 
Cpn60.1, named IRL201104, in an attempt to identify the biologi-
cally active sequence of this chaperone responsible for manipulating 
the allergic inflammatory response.17 We have investigated the ef-
=;1|�o=��!�ƑƏƐƐƏƓ�om�-ѴѴ;u]b1�Ѵ�m]�bm=Ѵ-ll-|bom�bm7�1;7�0���(��bm�
mice, or induced by HDM in guinea pigs, as well as investigating the 
-1|bom�o=��!�ƑƏƐƐƏƓ�om�_�l-m�Ѵ;�1o1�|;v�-m7��"��1;ѴѴv�bm��b|uo.
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Further detailed methods can be found in the supplemental section.

ƑĺƐՊ|Պ�(�Ŋbm7�1;7�-ѴѴ;u]b1�bm=Ѵ-ll-|bom�bm�lb1;

;l-Ѵ;�����ņ1�lb1;� Ő�m�b]oő��;u;� bll�mb�;7��b|_�ƒƏ�]�o=��(��
i.p. (type V; Sigma Chemical Co.) adsorbed to aluminium hydrox-
ide, as described previously.16 On day 14 of sensitization, all mice 
�;u;� 1_-ѴѴ;m];7��b|_� -� ƒѷ� -;uovoѴ� o=��(�ķ� om1;� -� 7-�� =ou� |_u;;�

1omv;1�|b�;�7-�vĺ���r;ubl;m|v��;u;�-rruo�;7�0��|_;��ol;��==b1;�
�m7;u� ľ$_;��mbl-Ѵv� Ő"1b;m|b=b1��uo1;7�u;vő��1|� ŐƐƖѶѵőĿ�-m7�0�� |_;�
�|_b1v��ollb||;;�o=��bm]ŝv��oѴѴ;];��om7omĺ

ƑĺƑՊ|Պ�uom1_o-Ѵ�;oѴ-u�Ѵ-�-];�bm�lb1;

$�;m|�Ŋ=o�u� _o�uv� -=|;u� Ѵ-v|��(��1_-ѴѴ;m];ķ�lb1;��;u;� -m-;v|_;-
tized with urethane (2 g/kg i.p.; Sigma), a cannula inserted into the 
;�rov;7�|u-1_;-ķ�-m7�|_u;;�ƏĺƔ�l��-Ѵbt�o|v�o=�v|;ubѴ;�v-Ѵbm;��;u;�bm-
jected into the lungs. The total number of cells in the lavage fluid was 
1o�m|;7��b|_�-m�blruo�;7��;�0-�;u�_;lo1�|ol;|;uĺ�ou�7b==;u;m-
tial cell counts, cytospin preparations were stained with Diff Quick 
Ő	�	���;_ubm]ķ�"�b|�;uѴ-m7ő�-m7�1;ѴѴv��;u;�1o�m|;7��vbm]�v|-m7-u7�
morphological criteria.

ƑĺƒՊ|Պ$u;-|l;m|�o=�lb1;

IRL201104 corresponds to residues 461-491 in the equatorial do-
main of Cpn60.117 (kindly provided by Immune Regulation Ltd) and 
�-v� ru;r-u;7� 0�� 7bѴ�|bm]� bm� v|;ubѴ;� v-Ѵbm;� �b|_� ƏĺƐѷ� �"�� Ő0o�bm;�
serum albumin) and administered intranasally (2-200 ng/kg) or in-
|u-�;mo�vѴ��ŐƑƏ�m]ņh]ő�0;=ou;�;-1_��(��1_-ѴѴ;m];�bm�-�|o|-Ѵ�o=�|_u;;�
treatments. Controls received the vehicle only.

ƑĺƓՊ|Պ��|ohbm;�Ѵ;�;Ѵv

�;�;Ѵv� o=� ��ŊƔ� -m7� ��ŊƐƑ� �;u;� l;-v�u;7� bm� ���� =Ѵ�b7� 0�� v|-m7-u7�
���"��Ő;�bov1b;m1;ő�=oѴѴo�bm]�bmv|u�1|bomv�=uol�|_;�l-m�=-1|�u;uĺ

ƑĺƔՊ|Պ�ƑƏ�-m7��Ŋκ��;�ru;vvbom�l;-v�u;7�0��
bll�mo_bv|o1_;lbv|u��bm�lb1;

�o�v;�-m|bŊ�ƑƏ�Ő0vŊƑѶƏƒ!ķ��bovv��m|b0o7b;vőķ��Ŋκ��rѵƔ�ŐƐƓŊѵƕƒƐŊ
ѶƐķ� �m�b|uo];mő� ou� r_ovr_ou�Ѵ-|;7� �Ŋκ�� Ő-0ѶѵƑƖƖķ� �01-lő� �;u;�
used for the immunohistochemistry experiments. Quantification 
�-v� r;u=oul;7� �vbm]� �l-];Ŋ�uo� �Ѵ�v� vo=|�-u;ķ� �ƔĺƔĺƏĺƑƖ� Ő�;7b-�
Cybernetics).

ƑĺѵՊ|Պ�	�Ŋbm7�1;7�-ѴѴ;u]b1�bm=Ѵ-ll-|bom�bm�
]�bm;-�rb]v

�ll�mb�-|bomv� �;u;� r;u=oul;7� �b|_� ƔƏ� ]� o=� _o�v;� 7�v|� lb|;�
(HDM), Dermatophagoides pteronyssinus, (Greer Laboratories Inc) 
and adsorbed to a saturated solution of aluminium hydroxide s.c. 
Ő"-mo=b��|7ĺőĺ��m�7-��ƐƔķ�-mbl-Ѵv��;u;�1_-ѴѴ;m];7��b|_�ƔƏ�]��	��
bm|u-|u-1_;-ѴѴ�ĺ���r;ubl;m|v��;u;�-rruo�;7�0��|_;�&���ol;��==b1;�
�m7;u� ľ$_;��mbl-Ѵv� Ő"1b;m|b=b1��uo1;7�u;vő��1|� ŐƐƖѶѵőĿ�-m7�0�� |_;�
�|_b1v��ollb||;;�o=��bm]ŝv��oѴѴ;];��om7omĺ



ՊՍ Պ |�ՊƒRIFFO-VASQUEZ Et Al.

ƑĺƕՊ|Պ�7lbmbv|u-|bom�o=��!�ƑƏƐƐƏƓ�|o�]�bm;-�rb]v

�!�ƑƏƐƐƏƓ��-v�7bѴ�|;7�bm�v|;ubѴ;�v-Ѵbm;��b|_�ƏĺƐѷ��"��Ő0o�bm;�v;u�l�
albumin) and administered intravenously (0.3 mL; 200 ng/kg; 80 ng 
per guinea pig weighing 400 g) immediately prior to HDM challenge 
om�7-��ƐƔĺ��om|uoѴv�u;1;b�;7��;_b1Ѵ;�omѴ�ĺ�"hbm�|;v|bm]�-m7������;u;�
performed 24 hours later.

ƑĺѶՊ|Պ"hbm�|;v|v�-m7�0uom1_o-Ѵ�;oѴ-u�Ѵ-�-];�bm�
]�bm;-�rb]v

��-mv�0Ѵ�;�7�;��-v�bmf;1|;7�bm|u-�;mo�vѴ��ŐƏĺƔ�l�ő�=oѴѴo�;7�bll;-
7b-|;Ѵ��0��bm|u-7;ul-Ѵ�bmf;1|bomv�o=�v-Ѵbm;ķ��	��ƐĹƔķ�ƐĹƔƏ�ou�ƐĹƔƏƏ�
dilutions from the stock solution of HDM containing 1 mg/mL pro-
|;bmĺ��m;�_o�u�Ѵ-|;uķ������-v�r;u=oul;7ķ�-m7�|u;-|;7�vhbm�v-lrѴ;v�
removed, weighed and placed in formamide. Optical density of the 
����=Ѵ�b7��-v�l;-v�u;7�-|�ѵƑƏ�mlĺ

ƑĺƖՊ|Պ��m]�=�m1|bom�bm�]�bm;-�rb]v

Guinea pigs were ventilated (8 mL/kg; 60 breaths/min) through a 
tracheal cannula connected to a pneumotachograph and a pressure 
transducer (±2cm H2�Ĺ�lo7;Ѵ���ŊƓƔŊƐƓŊѶƕƐĸ�(-Ѵb7�m;��m]bm;;ubm]őĺ�
Changes in airflow were measured using an automated lung func-
|bom�u;1ou7bm]�v�v|;l�Ő��Ѵlom-u���omb|oubm]�"�v|;lķ��;uvbom�ƔĺƏĸ�
��l;7ķ� �om7omķ� &�őĺ� �bu�-�� o0v|u�1|bom� �-v� l;-v�u;7� Œ-v� -m�
increase in RL and decrease in lung compliance (Cdyn)] immediately 
-=|;u�-7lbmbv|u-|bom�o=�ƐƏƏ�]ņh]�o=��	��b�

ƑĺƐƏՊ|Պ��r;ubl;m|v��b|_�_�l-m�1;ѴѴv

�|_b1-Ѵ� -rruo�-Ѵ� =ou� |_;�0borvb;v� 1oѴѴ;1|;7� =uol�_;-Ѵ|_�� -m7� -v|_-
matic subjects was provided by Guy's and St Thomas' Hospitals 
!;v;-u1_� �|_b1v� �ollb||;;� Ő!��Ĺ� ƏѶņ�ƏѶƏƓņѵƕőĺ� $_;� 0Ѵoo7� 1oѴ-
lection from healthy and asthmatic subjects was approved by 
|_;��-|bom-Ѵ� !;v;-u1_��|_b1v��ollb||;;� -|����ŝv� -m7� "|� $_ol-vĽ�
Hospitals (10/H0807/99). Specific demographics regarding these 
patients can be found in the Supplemental Material and Methods 
";1|bomĺ��rruorub-|;� 1omv;m|vķ�r;ulbvvbomv�-m7� u;Ѵ;-v;v��;u;�o0-
tained prior collection of all human samples.

ƑĺƐƐՊ|Պ�voѴ-|bom�-m7�1�Ѵ|�u;�o=�0Ѵoo7�Ѵ;�1o1�|;v

Whole blood from healthy or asthmatic volunteers was collected, 
-m7� vol;��-v� bll;7b-|;Ѵ�� v|-bm;7� =ou� $����ƒŐ�ƑƏő� 7;|;1|bom� 0��
flow cytometry. The remainder was diluted 1:1 with RPMI 1640 sup-
plemented with glutamine (Invitrogen) and cultured with or without 
�!�ƑƏƐƐƏƓ� ŐƏĺƐŊƐƏ�]ņl�őĺ��=|;u� ƑƓ�_o�uv� o=� bm1�0-|bomķ� 1;ѴѴv��;u;�
_-u�;v|;7�=ou�bm|u-1;ѴѴ�Ѵ-u��ƑƏ�;�ru;vvbom�-m-Ѵ�vbv�0��=Ѵo��1�|ol;|u�ĺ

ƑĺƐƑՊ|Պ�ƑƏ�7;|;1|bom�0��=Ѵo��1�|ol;|u�

Following treatments, cells were harvested and fixed, permea-
bilized and incubated with PerCP-conjugated rabbit anti-human 
�ƑƏņ$����ƒ� ŐƐĹƔƏķ� 1Ѵom;� ��!Ƒѵѵƒķ� -0ƑƑƏƔƐƐķ��01-lőĺ� ƐƏ� ƏƏƏŊ
100 000 events in a leucocyte gate were collected and analysed 
�vbm]�-��;1hl-m��ƔƏƏ�=Ѵo��1�|ol;|;uĺ

ƑĺƐƒՊ|Պ�ƑƏ�;�ru;vvbom�7;|;1|;7�0��
bll�mo_bv|o1_;lbv|u��bm�_�l-m�Ѵ�m]�|bvv�;v

uo�;m�_�l-m�0borvb;v��;u;� bm1�0-|;7��b|_�-m|bŊ_�l-m��ƑƏ�-m|b-
0o7��ŐƐĹƐƏƏķ�1Ѵom;�ƕƕƔƖƑѶ���ƕƔƖѶƐķ�!ş	őĺ���ru;vvbom��-v�t�-m-
|b=b;7��vbm]��l-];Ŋ�uo��Ѵ�v�vo=|�-u;ķ��ƔĺƔĺƏĺƑƖĺ

ƑĺƐƓՊ|Պ�u;r-u-|bom�o=�_�l-m�-bu�-��vloo|_�l�v1Ѵ;

�bu�-�v� vloo|_�l�v1Ѵ;� 1;ѴѴv� Ő�"�ő��;u;� bvoѴ-|;7� =uol� |_;� 0bor-
sies obtained from subjects with asthma and healthy subjects, 
-m7� v;;7;7� -|� ƔƏƏƏ� 1;ѴѴvņ1l2 and allowed to adhere to glass for 
ƑƓ� _o�uvĺ� �"�� �-v� |_;m� ]uo�|_Ŋ-uu;v|;7� bm� v;u�lŊ=u;;� 	����
(which also served as a control) for 24 hours and then treated with 
�!�ƑƏƐƐƏƓ�ŐƏĺƔŊƔ�r]ņl�őĺ

ƑĺƐƔՊ|Պ�ƑƏ�7;|;1|bom�0��bll�mo=Ѵ�ou;v1;m1;�bm�
_�l-m��"�

$u;-|;7��"���-v� bm1�0-|;7��b|_� -m|bŊ_�l-m��ƑƏ� Ő���ƕƔƖѶƐķ�!ş	�
"�v|;lvőĺ�Ѵ�ou;v1;m1;��-v�t�-m|b=b;7��vbm]��l-];��ķ���ƐĺƓƔv�Ő���ķ�&"�őĺ

ƑĺƐѵՊ|Պ"|-|bv|b1-Ѵ�-m-Ѵ�vbv

	-|-� -u;� ;�ru;vv;7� -v� l;-m� Ƽ� "��� ou� -v� l;7b-m� �b|_� ƖƔѷ� ��ĺ�
�olr-ubvomv��;u;�l-7;�0��om;Ŋ�-�����(��=oѴѴo�;7�0��-rruorub-
ate post hoc test or t test using GraphPad Prism (version 7.0). The 
specific post hoc test applied in each set of experiments is described 
in the legend of the figures.

ƒՊ |Պ!�"&�$"

ƒĺƐՊ|Պ�!�ƑƏƐƐƏƓ�bm_b0b|v�-1�|;�-ѴѴ;u]b1�Ѵ�m]�
bm=Ѵ-ll-|bom�bm7�1;7�0���(��bm�v;mvb|b�;7�lb1;

��u� u;v�Ѵ|v� 1om=bul� |_-|� bll�mb�-|bom� -m7� 1_-ѴѴ;m];� �b|_� �(��
induce a significant increase in the total number of leucocytes in 
����=Ѵ�b7ķ�u;=Ѵ;1|;7�0��vb]mb=b1-m|Ѵ��_b]_;u�m�l0;uv�o=�;ovbmor_bѴv�
in comparison with sham-immunized animals 24 hours after the 
Ѵ-v|��(��1_-ѴѴ;m];� Őb]�u;�Ɛ�ķ�őĺ� �u;Ŋ|u;-|l;m|��b|_� �!�ƑƏƐƐƏƓ�
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significantly inhibited the increase of total leucocytes and eo-
vbmor_bѴ�m�l0;uv�-|�7ov;v�o=�ƑƏ�ou�ƑƏƏ�m]ņh]� Őb]�u;�Ɛ�ķ�őĺ���u�
results also show that intranasal pre-treatment with 20 ng/kg of 
�!�ƑƏƐƐƏƓ�-Ѵvo�vb]mb=b1-m|Ѵ�� bm_b0b|;7� |_;� u;Ѵ;-v;�o=� ��ŊƔ�-m7�7;-
1u;-v;7�|_;�Ѵ;�;Ѵv�o=���ŊƐƑ�bm�����=Ѵ�b7�ƑƓ�_o�uv�=oѴѴo�bm]�|_;�Ѵ-v|�
allergen challenge, suggesting that the anti-inflammatory effect of 
the peptide is not due to a shift from a Th2 to Th1 cytokine profile 
(Figure 1C,D).

ƒĺƑՊ|Պ�!�ƑƏƐƐƏƓ�bm_b0b|v�-1�|;�-ѴѴ;u]b1�Ѵ�m]�
bm=Ѵ-ll-|bom�bm7�1;7�0���(��bm7;r;m7;m|Ѵ��o=�|_;�
uo�|;�o=�-7lbmbv|u-|bom

In order to assess whether the anti-inflammatory effect of 
IRL201104 is dependent on the route of administration, we chose 
a dose (20 ng/kg) of peptide that was significantly effective in in-
hibiting eosinophil migration when administered via the intranasal 
route and investigated whether the peptide was still effective when 
given systemically. Our results show that intravenous pre-treatment 

with IRL201104 also significantly inhibited the allergen-induced in-
1u;-v;�bm�;ovbmor_bѴ�m�l0;uv�bm�|_;�����=Ѵ�b7�-|�-�7ov;�o=�ƑƏ�m]ņh]�
Őb]�u;�Ɛ�ķőĺ

ƒĺƒՊ|Պ�!�ƑƏƐƐƏƓ�bm_b0b|v�-1�|;�-ѴѴ;u]b1�
Ѵ�m]�bm=Ѵ-ll-|bom�bm7;r;m7;m|Ѵ��o=�|_;�
-ѴѴ;u];m�ou�|_;�vr;1b;v

Our results show that pre-treatment of guinea pigs with IRL201104 
(200 ng/kg intravenously) significantly prevented the increase in 
|_;�m�l0;u�o=�;ovbmor_bѴv� bm�����=Ѵ�b7�ƑƓ�_o�uv�-=|;u�-�vbm]Ѵ;� bm-
|u-|u-1_;-Ѵ�1_-ѴѴ;m];��b|_�ƔƏ�]�o=��	��Őb]�u;�Ƒ�őĺ��m�-77b|bomķ�
pre-treatment with IRL201104 also inhibited the extravasation of 
��-mv�0Ѵ�;�7�;�bm|o�|_;�vhbm�l;-v�u;7�Ɛ�_o�u�-=|;u�|_;�bm|u-7;ul-Ѵ�
bmf;1|bom�o=�7bѴ�|;7��	��bm�v-Ѵbm;�-|�u-|bov�o=�ƐĹƔ�-m7�ƐĹƔƏ�bm�]�bm;-�
pig skin (Figure 2B). More importantly, we also demonstrated that 
IRL201104 significantly prevented the increase in airways resist-
-m1;� bm7�1;7� 0�� -� vbm]Ѵ;� 1_-ѴѴ;m];� �b|_� �	�� ŐƐƏƏ� ]ņh]ķ� bĺ�ő�
(Figure 2C).

 ��&!� �ƐՊ�==;1|�o=��!�ƑƏƐƐƏƓ�om�
-1�|;��(�Ŋbm7�1;7�-ѴѴ;u]b1�bm=Ѵ-ll-|bom�
bm�|_;�Ѵ�m]ĺ�Ő�ő�$o|-Ѵ�1;ѴѴv�bm�����=Ѵ�b7ĸ�Ő�ő�
;ovbmor_bѴv�bm�����=Ѵ�b7ĸ���Ѵ;=|�|o�ub]_|Ĺ�
Ɩķ�Ɛƒķ�Ɣķ�Ɠķ�ƐƐĺ��b1;��;u;�|u;-|;7��b|_�
IRL201104 intranasally 10 min before 
;-1_��(��1_-ѴѴ;m];�ŐƑƏƏķ�ƑƏ�-m7�Ƒ�m]ņ
h]�bĺmőĺ�Ő�ő���ŊƔ�Ѵ;�;Ѵv�bm�����o=�lb1;�
treated with 20 ng/kg of IRL201104; 
��Ѵ;=|�|o�ub]_|Ĺ�Ɣķ�Ѷ�-m7�Ɣĺ�Ő	ő��;�;Ѵv�o=�
��ŊƐƑ�bm�����o=�lb1;�|u;-|;7��b|_�ƑƏ�m]ņ
h]�o=��!�ƑƏƐƐƏƓķ���Ѵ;=|�|o�ub]_|Ĺ�Ɣķ�Ѷ�
-m7�Ɣĺ�����1oѴѴ;1|;7�ƑƓ�_�-=|;u�|_;�ƒu7�
�(��1_-ѴѴ;m];ĺ�	-|-�-u;�;�ru;vv;7�bm�
l;-m�Ƽ�"���-m7�-m-Ѵ�v;7��vbm]�om;Ŋ
�-�����(���b|_�post hoc Dunnet's 
test. *P < .01, **P < .001 ****P < .0001 vs 
�(��]uo�rķ�ααP < .0001, αP�ƺ�ĺƏƔ��v�v_-l�
]uo�rĺ�Ő�ő�$o|-Ѵ�1;ѴѴv�bm�����=Ѵ�b7ķ���Ʒ�Ɣĺ�
Őő�;ovbmor_bѴv�bm�����=Ѵ�b7�1oѴѴ;1|;7�
ƑƓ�_�-=|;u�|_;�ƒu7��(��1_-ѴѴ;m];���Ʒ�Ɠĺ�
Mice were treated with 20 ng/kg of 
IRL201104 intravenously 10 min before 
;-1_��(��1_-ѴѴ;m];ĺ�	-|-�-u;�;�ru;vv;7�
bm�l;-m�Ƽ�"���-m7�-m-Ѵ�v;7��vbm]�om;Ŋ
�-�����(���b|_�post hoc Tukey's test 
Ő�ő�-m7��om=;uuombŝv�|;v|�Őőĺ�ŖŖP < .001 
�v��(��]uo�rķ�αP < .001, ααP < .0001 vs 
sham group. Data were obtained in three 
independent experiments
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ƒĺƓՊ|Պ$_;�|bl;�1o�uv;�o=�|_;�;==;1|�o=��!�ƑƏƐƐƏƓ�om�
-ѴѴ;u]b1�Ѵ�m]�bm=Ѵ-ll-|bom

);�|u;-|;7��(�Ŋv;mvb|b�;7�lb1;�bm|u-�;mo�vѴ��ou�bm|u-m-v-ѴѴ��f�v|�0;-
=ou;�;-1_��(��1_-ѴѴ;m];��b|_� |_;� Ѵo�;v|�;==;1|b�;�1om1;m|u-|bom�o=�
IRL201104, 20 ng/mouse. Ten, 20 or 30 days later, groups of these 
-mbl-Ѵv��;u;�1_-ѴѴ;m];7�-]-bm��b|_��(��=ou�ƒ�1omv;1�|b�;�7-�v��b|_-
o�|� =�u|_;u� |u;-|l;m|v��b|_� �!�ƑƏƐƐƏƓĺ���v1_;l-|b1� u;ru;v;m|-|bom�
of the protocol of sensitization and treatment can be found in the 
Supplementary Material accompanying this manuscript (Figure S1).

Our results confirm that IRL201104 inhibits the recruitment 
o=� Ѵ;�1o1�|;v� |o� |_;� Ѵ�m]�l;-v�u;7�ƑƓ�_o�uv�-=|;u� |_;� Ѵ-v|��(��
challenge whether administered intranasally or intravenously 
Őb]�u;�ƒ�őĺ�$;m�7-�v�Ѵ-|;uķ�bm|u-m-v-Ѵ�|u;-|l;m|�v|bѴѴ�v_o�;7�-�vb]-
nificant effect on eosinophil recruitment when compared to ve-
hicle-treated animals (Figure 3B). Twenty days later, the response 
|o��(���-v�mo|�-v� uo0�v|�-v�v;;m�-|�;-uѴb;u� |bl;�robm|vķ�;�;m� bm�
vehicle-treated animals, but nevertheless there remained a signifi-
1-m|Ѵ��vl-ѴѴ;u�Ѵ;�1o1�|;�bm=bѴ|u-|bom�bm7�1;7�0���(��1_-ѴѴ;m];�bm�
the animals that had been pre-treated intranasally with IRL201104 
Őb]�u;�ƒ�őĺ��|�ƒƏ�7-�v�=oѴѴo�bm]�|u;-|l;m|��b|_��!�ƑƏƐƐƏƓķ�|_;�
;ovbmor_bѴb1� u;vromv;� =oѴѴo�bm]� �(�� 1_-ѴѴ;m];� �-v� mo|� vb]mb=b-
cantly different from that observed in the vehicle-treated animals 
u;1;b�bm]��(��Őb]�u;�ƒ	őĺ

ƒĺƔՊ|Պ�!�ƑƏƐƐƏƓ�bm_b0b|v�-ѴѴ;u];mŊbm7�1;7�
;ovbmor_bѴ�bm=bѴ|u-|bom�bm|o�|_;�Ѵ�m]v�o=�-mbl-Ѵv�|_-|�
_-7�ru;�bo�vѴ���m7;u]om;�-ѴѴ;u];m�;�rov�u;

�b1;��;u;�v;mvb|b�;7�-m7�1_-ѴѴ;m];7��b|_��(��=oѴѴo�bm]�|_;�v-l;�
protocol as described above. One group of mice then received a 
single dose of 200 ng/kg of IRL201104 intranasally 24 hours after 
|_;� Ѵ-v|� �(�� 1_-ѴѴ;m];ĺ� �� v;1om7� ]uo�r� �-v� bm|u-m-v-ѴѴ�� |u;-|;7�
with 200 ng/kg of IRL201104, 24, 48 and 72 hours after the last 
�(��1_-ѴѴ;m];ķ�bm�-�|o|-Ѵ�o=�|_u;;�|u;-|l;m|vĺ�$;m�7-�v�-=|;u�|_;�Ѵ-v|�

�(��1_-ѴѴ;m];ķ�-ѴѴ�]uo�rv��;u;�1_-ѴѴ;m];7�-]-bm��b|_��(��=ou�|_u;;�
1omv;1�|b�;�7-�vĺ��o�=�u|_;u�|u;-|l;m|v��b|_��!�ƑƏƐƐƏƓ��;u;�r;u-
formed at these later time points. Twenty-four hours after the 6th 
1_-ѴѴ;m];ķ�|_;�m�l0;u�o=�Ѵ;�1o1�|;v��-v�;m�l;u-|;7�bm�|_;����ĺ���
schematic representation of the protocol of sensitization and treat-
ment can be found in the Supplementary Material accompanying 
this manuscript (Figure S2).

Our results show that regardless of the number of treatments, 
�!�ƑƏƐƐƏƓ�-7lbmbv|;u;7�-=|;u�|_;�|_bu7��(��1_-ѴѴ;m];�vb]mb=b1-m|Ѵ��
prevented the increase of total number of leucocytes in the lung 
=oѴѴo�bm]� =�u|_;u� �(�� 1_-ѴѴ;m];vķ� ƐƏ� 7-�v� Ѵ-|;u� Őb]�u;� Ɠ�őĺ� $_bv�
reduction in allergen sensitivity in IRL201104-treated animals is re-
flected in a significant inhibition of the number of eosinophils in the 
����=Ѵ�b7�o0|-bm;7�=uol�lb1;�|u;-|;7��b|_��!�ƑƏƐƐƏƓ�om1;�ou�|_u;;�
|bl;v�-=|;u�|_;�1_-ѴѴ;m];�r_-v;��b|_��(��Őb]�u;�Ɠ�őĺ

ƒĺѵՊ|Պ�!�ƑƏƐƐƏƓ�lo7�Ѵ-|;v�|_;�;�ru;vvbom�o=�
�ƑƏ�-m7�bm_b0b|v�|_;�-1|b�-|bom�o=��Ŋκ��bm�|_;�
Ѵ�m]v�o=�lb1;�v;mvb|b�;7�-m7�1_-ѴѴ;m];7��b|_��(�

Considering the bacterial origin of IRL201104, we investigated 
whether this peptide exerts any of its anti-inflammatory or immu-
molo7�Ѵ-|ou��;==;1|v�0��-��ƑƏņ$����ƒŊl;7b-|;7�r-|_�-�ĺ�);�-m--
Ѵ�v;7�|_;�;�ru;vvbom�o=��ƑƏ�bm�|_;�Ѵ�m]�|bvv�;�o=�lb1;�v;mvb|b�;7�-m7�
1_-ѴѴ;m];7��b|_��(�ķ�-v��;ѴѴ�-v�|_;�;�ru;vvbom�o=�|o|-Ѵ�-m7�-1|b�-|;7�
�Ŋκ��bm�|_;v;�Ѵ�m]�v-lrѴ;vĺ���u�u;v�Ѵ|v�v_o��|_-|�;�ru;vvbom�o=��ƑƏ�
bv�u;7�1;7�bm�|_;�Ѵ�m]v�o=��m|u;-|;7��(�Ŋv;mvb|b�;7�lb1;ķ��_bѴv|�ru;Ŋ
treatment with IRL201104 significantly prevented this decrease in 
;�ru;vvbom�o=��ƑƏ� bm� |_;� Ѵ�m]� |bvv�;� Őb]�u;�Ɣ�őĺ��ou;� blrou|-m|Ѵ�ķ�
|_;�;==;1|�o=��!�ƑƏƐƐƏƓ�om��ƑƏ�;�ru;vvbom�r-u-ѴѴ;Ѵ;7�|_;�|bl;�1o�uv;�
o=� |_;�;==;1|�o=� |_;�r;r|b7;�om�;ovbmor_bѴ�m�l0;uv� bm� |_;�����=Ѵ�b7�
(Figure 3). In addition, we have also shown that whilst IRL201104 does 
mo|�-Ѵ|;u�|_;�;�ru;vvbom�o=�|o|-Ѵ��Ŋκ��bm�|_;�Ѵ�m]v�o=��(�Ŋv;mvb|b�;7�
and challenged mice, it does inhibit the activation of this transcription 
=-1|ou�Őb]�u;�Ɣ�ķ�őĺ

 ��&!� �ƑՊ�==;1|�o=�bm|u-�;mo�v�|u;-|l;m|��b|_��!�ƑƏƐƐƏƓ�om�-1�|;��	�Ŋbm7�1;7�-ѴѴ;u]b1�bm=Ѵ-ll-|bom�bm�|_;�Ѵ�m]v�o=�]�bm;-�rb]vĺ�
Ő�ő��ovbmor_bѴv�bm�����1oѴѴ;1|;7�ƑƓ�_�-=|;u�|_;�bm|u-|u-1_;-Ѵ�1_-ѴѴ;m];�o=�ƔƏ�]��	�ķ���Ʒ�ѵĺ�Ő�ő���|u-�-v-|bom�o=���-mŝv�0Ѵ�;�Ɛ�_�-=|;u�
v�01�|-m;o�v�bmf;1|bom�o=�-�7bѴ�|;7�voѴ�|bom�o=��	�ķ���Ʒ�ѵĺ�Ő�ő���m]�u;vbv|-m1;�bm7�1;7�0��ƐƏƏ�]ņh]�o=��	��b�ķ���Ʒ�ѵĺ���bm;-�rb]v��;u;�
|u;-|;7��b|_��!�ƑƏƐƐƏƓ�ŐƑƏƏ�m]ņh]ő�bm|u-�;mo�vѴ��ƐƏ�lbm�0;=ou;�1_-ѴѴ;m];��b|_��	�ĺ�	-|-�-u;�;�ru;vv;7�bm�l;-m�Ƽ�"���-m7�-m-Ѵ�v;7�
using unpaired t�|;v|��b|_�);Ѵv_ŝv�1ouu;1|bom�Ő��-m7��ő�-m7�|�oŊ�-�����(��=oѴѴo�;7�0��"b7-hŝv�l�Ѵ|brѴ;�1olr-ubvomv�|;v|�Ő�őĺŖŖŖP < .01 vs 
HDM group. Data were obtained in two independent experiments
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ƒĺƕՊ|Պ�!�ƑƏƐƐƏƓ�bm7�1;v�|_;�;�ru;vvbom�o=��ƑƏ�bm�
_�l-m�1;ѴѴv

);�t�-m|b=b;7�|_;�;�ru;vvbom�o=��ƑƏ�bm�Ѵ�m]�0borvb;v�-m7�1bu1�Ѵ-|bm]�
Ѵ;�1o1�|;v�1oѴѴ;1|;7�=uol�_;-Ѵ|_��-m7�-v|_l-|b1�7omouvĺ���ru;vvbom�
o=��ƑƏ��-v�l;-v�u;7�bm�Ѵ�m]�|bvv�;�0��bll�mo_bv|o1_;lbv|u��-m7�
in circulating leucocytes by flow cytometry. Results are presented 
in Figure 6, and we have demonstrated a smaller area of positive ex-
ru;vvbom�=ou��ƑƏ�bm�Ѵ�m]v�=uol�lbѴ7�-v|_l-|b1�r-|b;m|v�bm�1olr-ubvom�
�b|_�|bvv�;�o0|-bm;7�=uol�_;-Ѵ|_��v�0f;1|v�Őb]�u;�ѵ�ķ�őĺ�"blbѴ-uѴ�ķ�
�;�o0v;u�;7�-�vb]mb=b1-m|Ѵ�� Ѵo�;u�;�ru;vvbom�o=��ƑƏ�bm� Ѵ;�1o1�|;v�
obtained from severe asthmatic donors in comparison with healthy 
subjects (Figure 6C,D, Figure S4).

In the next part of our study, we investigated the effect of 
�!�ƑƏƐƐƏƓ�om�|_;�;�ru;vvbom�o=��ƑƏ�bm�_�l-m�1bu1�Ѵ-|bm]�Ѵ;�1o1�|;v�

1oѴѴ;1|;7� =uol�-v|_l-|b1�-m7�_;-Ѵ|_��7omouvĺ��ƑƏ�;�ru;vvbom��-v�
measured by flow cytometry in full blood cultures incubated for 
24 hours with IRL201104. Our results show that IRL201104 at 
ƏĺƐ�]ņl��_-7�-�vb]mb=b1-m|�;==;1|�om�|_;�;�ru;vvbom�o=��ƑƏ�bm�Ѵ;�-
1o1�|;v�1oѴѴ;1|;7�=uol�_;-Ѵ|_��-m7�-v|_l-|b1�7omouv�Őb]�u;�ƕ�ķ�ķ�
r-m;Ѵv� �� -m7� 	őķ� Ő�77b|bom-Ѵ� u;ru;v;m|-|b�;� v1-||;u� rѴo|v� 1-m� 0;�
=o�m7� bm� b]�u;� "Ɣ�ķ�őĺ�o�;�;uķ� ru;Ŋ|u;-|l;m|� �b|_� �!�ƑƏƐƐƏƓ�
did not significantly alter the mean fluorescence intensity (MFI) in 
healthy or asthmatic leucocytes (Figure S3).

�b�;m� |_-|� �"�� 0�m7Ѵ;v� �;u;� =o�m7� |o� ;�ru;vv� �ƑƏ� bm� o�u�
v|-bm;7� 0borv�� 7-|-� Őb]�u;� ѵ�őķ� �;� -Ѵvo� bm�;v|b]-|;7� |_;� ;==;1|�
o=� �!�ƑƏƐƐƏƓ� om� |_;� ;�ru;vvbom� o=� �ƑƏ� bm� 1�Ѵ|�u;7� _�l-m� �"��
which were dissected from the bronchial biopsies collected from 
asthmatic and healthy donors, and treated in vitro with pro-inflam-
l-|ou��1�|ohbm;v�-m7�v|bl�Ѵ-m|ĺ��ƑƏ�;�ru;vvbom��-v�l;-v�u;7�0��

 ��&!� �ƒՊTime course effect of 
�!�ƑƏƐƐƏƓ�om��(�Ŋbm7�1;7�;ovbmor_bѴ�
infiltration into the lungs of allergic mice. 
�ovbmor_bѴv�bm�����1oѴѴ;1|;7�ƑƓ�_�Ő�őķ�
10 (B), 20 (C) and 30 days (D) after last 
IRL201104 treatment. Mice were treated 
intravenously or intranasally with 20 ng/
kg of IRL201104, 10 minutes before the 
=buv|�ƒ��(��1_-ѴѴ;m];v�omѴ�ĺ�	-|-�-u;�
;�ru;vv;7�-v�l;-m�Ƽ�"���-m7�-m-Ѵ�v;7�
�vbm]�om;Ŋ�-�����(���b|_�post hoc 
Dunnett's test. *P < .01, **P < .001, vs 
�(��]uo�rķ�αP < .0001 vs sham group. 
��Ʒ�Ɠņ]uo�rĺ�	-|-��;u;�o0|-bm;7�bm�om;�
single experiment

 ��&!� �ƓՊ�==;1|�o=�rov|Ŋ|u;-|l;m|��b|_��!�ƑƏƐƐƏƓ�om�-m�;v|-0Ѵbv_;7��(�Ŋbm7�1;7�Ѵ�m]�bm=Ѵ-ll-|bomĺ�$o|-Ѵ�m�l0;u�o=�1;ѴѴv�Ő�ő�-m7�
;ovbmor_bѴv�Ő�ő�bm�����1oѴѴ;1|;7�ƑƓ�_�-=|;u�|_;�ѵ|_��(��1_-ѴѴ;m];ĺ��b1;��;u;�|u;-|;7�bm|u-m-v-ѴѴ���b|_�ƑƏƏ�m]ņh]�o=��!�ƑƏƐƐƏƓ�ƑƓ�_�-=|;u�
�(��1_-ѴѴ;m];�Őom;�|u;-|l;m|ő�ou�ƑƓķ�ƓѶ�-m7�ƕƑ�_�-=|;u�Ѵ-v|��(��1_-ѴѴ;m];�Ő|_u;;�|u;-|l;m|vőĺ��_-ѴѴ;m];v�Ɠķ�Ɣ�-m7�ѵ��;u;�r;u=oul;7�
10 days after challenge 3, and during this subsequent phase of allergen challenge, no further treatment with IRL201104 was performed. 
	-|-�-u;�;�ru;vv;7�-v�l;-m�Ƽ�"���-m7�-m-Ѵ�v;7��vbm]�om;Ŋ�-�����(���b|_�post hoc Dunnett's test. αP < .001 vs sham group **P < .001, 
***P�ƺ�ĺƏƏƏƐ��v�u;vr;1|b�;��(��]uo�r�1om|uoѴĺ���Ʒ�ƔŊѵņ]uo�rĺ�	-|-��;u;�o0|-bm;7�bm�om;�vbm]Ѵ;�;�r;ubl;m|
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immunofluorescence in cells incubated for 4 hours with IRL201104 
-Ѵom;�ou� bm�1ol0bm-|bom��b|_�$�Ŋα or LPS. Our results show that 
�!�ƑƏƐƐƏƓ�-|�ƏĺƔ�-m7�Ɣ�r]ņl��_-7�mo�vb]mb=b1-m|�;==;1|�om�|_;�;�-
ru;vvbom�o=��ƑƏ�bm��"��1oѴѴ;1|;7�=uol�_;-Ѵ|_��7omouv�Őb]�u;�Ѷ�Ŋ��
and representative photographs of healthy cells a-d). In contrast, 
pre-treatment with IRL201104 alone significantly increased the 
;�ru;vvbom� o=� �ƑƏ� bm� �"�� bvoѴ-|;7� =uol� lbѴ7� -v|_l-|b1� r-|b;m|v�
Őb]�u;�Ѷ	ő�ou�bm�1ol0bm-|bom��b|_�ƐƏ�m]ņl��o=�$�Ŋα�Őb]�u;�Ѷ�ő�ou�
100 ng/mL of LPS (Figure 8F). Photographs e-h represent the fluo-
u;v1;m|�bm|;mvb|��o=��ƑƏ�bm��"��1oѴѴ;1|;7�=uol�-v|_l-|b1�v�0f;1|vĺ

ƓՊ |Պ	�"�&""���

We have previously reported that the chaperone Cpn60.1 isolated 
from M tuberculosis is able to exhibit an important anti-allergic effect 
by inhibiting allergen-induced eosinophil infiltration into the lungs 

of sensitized challenged mice and the associated bronchial hyper-
responsiveness.ƐƔķƐѵ In the present study, we have investigated the 
effect of IRL201104, a shorter peptide sequence isolated from the 
equatorial domain region of M tuberculosis Cpn60.1, in models of 
-ѴѴ;u]b1�bm=Ѵ-ll-|bom�bm7�1;7�0���(��ou��	�ĺ17 Our results show 
that pre-treatment of mice or guinea pigs with IRL201104, indepen-
dently of the route of administration, inhibits the allergic response 
assessed as a significant inhibitory effect on antigen-induced infil-
|u-|bom�o=�;ovbmor_bѴv� bm|o�����=Ѵ�b7ķ� bm_b0b|bom�o=�-ѴѴ;u];mŊbm7�1;7�
cytokine release in the lung, with doses of the peptide as low as 
ƑƏ� m]ņh]ĺ��77b|bom-ѴѴ�ķ� bm� ]�bm;-� rb]v��;� -Ѵvo� o0v;u�;7� bm_b0b|bom�
of allergen-induced vascular permeability in skin, and more impor-
|-m|Ѵ�ķ� -bu�-�v� u;vbv|-m1;� bm7�1;7� 0�� �	�ĺ� �v� v�1_ķ� o�u� u;v�Ѵ|v�
demonstrate that this peptide has similar anti-inflammatory effects 
as previously observed with the full 60 kDa chaperonin Cpn60.1.ƐƔķƐѵ 
In addition, we have demonstrated that one single treatment with 
IRL201104 administered when allergic inflammation in the lung 

 ��&!� �ƔՊ�==;1|�o=��!�ƑƏƐƐƏƓ�om�|_;�;�ru;vvbom�o=��ƑƏ�-m7��Ŋκ��bm�Ѵ�m]�|bvv�;ĺ�Ő�ő��u;-�o=�;�ru;vvbom�o=��ƑƏķ�Ő�ő�-1|b�-|;7��Ŋ
h��Őr_ovr_o�"Ɣƒѵő�-m7�Ő�őĺ�|o|-Ѵ��Ŋh��ŐrѵƔő�bm�r-u-==bmŊ;l0;77;7�lo�v;�Ѵ�m]�|bvv�;ĺ���m]v��;u;�1oѴѴ;1|;7�ƑƓ�_ķ�ƐƏķ�ƑƏ�-m7�ƒƏ�7�-=|;u�
�!�ƑƏƐƐƏƓ�|u;-|l;m|ĺ��b1;��;u;�|u;-|;7�bm|u-m-v-ѴѴ���b|_�ƑƏ�m]ņh]�o=��!�ƑƏƐƐƏƓķ�ƐƏ�lbm�0;=ou;�|_;�=buv|�ƒ��(��1_-ѴѴ;m];v�omѴ��bm�-�|o|-Ѵ�o=�
|_u;;�|u;-|l;m|vĺ�	-|-�-u;�;�ru;vv;7�-v�l;-m�Ƽ�"���-m7�-m-Ѵ�v;7��vbm]�om;Ŋ�-�����(���b|_�post hoc Tukey's test. *P < .01, ***P < .0001, 
�v��(��1om|uoѴ�]uo�rĸ���Ʒ�Ɠ�lb1;ņ]uo�rĺ�	-|-��;u;�o0|-bm;7�bm�om;�����-vv-�
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has been established is sufficient to significantly prevent a second 
allergic response 10 days later, demonstrating an important and 
long-lasting benefit of reducing allergic sensitivity way beyond the 
short half-life of the molecule (<10 min, unpublished observations). 
This disparity between the pharmacokinetic and pharmacodynamic 
half-life of IRL201104 suggests that this molecule has a profound 
long-lasting anti-inflammatory activity, possibly by influencing the 
plasticity of cells involved in the initial allergic response (immune 
memory or immune resetting).

Recent clinical evidence has suggested that people exposed to 
ľ0-um�7�v|Ŀ� bm�;-uѴ�� Ѵb=;�-u;�-Ѵvo�ruo|;1|;7�-]-bmv|�-ѴѴ;u]b1�7bv;-v;v�
and asthma,18,19 an observation supported by the demonstra-
tion that mice chronically exposed to low doses of endotoxin-rich 
environments such as farm dust are protected against the de-
velopment of allergic lung inflammation in response to HDM by a 
TLR-4-mediated mechanism.20 TLR-4 signalling in the lung leads to 
|u-mvѴo1-|bom� o=� �ŊκB, increasing the expression of attenuators 
o=�|_bv�u;vromv;�v�1_�-v�|_;��0bt�b|bmŊlo7b=�bm]�;m��l;��ƑƏĺ21,22 
$_;��ƑƏ��0bt�b|bmķ�-Ѵvo�hmo�m�-v�$����ƒķ�bv�-��bm1Ŋ=bm];u�ruo|;bm�
|_-|�-||;m�-|;v��ŊκB activation by deubiquitinating key signalling 

r-|_�-�v�7o�mv|u;-l�o=�$�!ŊƓķ���ŊƐ�-m7�$��=-lbѴ��u;1;r|ouvĺ22-24 
�|�bv�|_;u;=ou;�o=�bm|;u;v|�|_-|�bm��(�Ŋv;mvb|b�;7�lb1;�|_-|�_-�;�0;;m�
intranasally treated with 20 ng/kg of IRL201104, there is a signifi-
1-m|�bm1u;-v;�bm�|_;�;�ru;vvbom�o=��ƑƏ�bm�Ѵ�m]�|bvv�;�bm�1olr-ubvom�
�b|_��m|u;-|;7��(�Ŋv;mvb|b�;7�-m7�1_-ѴѴ;m];7�lb1;ĺ��ou;o�;uķ��;�
observed a close correlation between the effect of IRL201104 on 
�ƑƏ�;�ru;vvbom�-m7�|_;�|bl;�1o�uv;�o=�b|v�ruo|;1|b�;�;==;1|�-]-bmv|�
�(�Ŋbm7�1;7�;ovbmor_bѴ�lb]u-|bom�bm|o�|_;�Ѵ�m]ĺ��m-Ѵ�vbv�o=�|_;�;�-
ru;vvbom�o=�r_ovr_ou�Ѵ-|;7��ŊκB in the same lung samples demon-
v|u-|;7�|_-|�|_;�bm1u;-v;�bm�;�ru;vvbom�o=��ƑƏ�bv�-11olr-mb;7�0��-�
vb]mb=b1-m|�bm_b0b|bom�o=�|_;�-1|b�-|bom�o=��ŊκB, suggesting that the 
anti-inflammatory effect of IRL201104 in our model is mediated by 
�ƑƏķ�vblbѴ-u�|o�u;v�Ѵ|v�u;rou|;7��b|_�ľ0-um�7�v|Ŀĺ20

�|� _-v� -Ѵvo� 0;;m� v_o�m� |_-|� �ƑƏ� ;�ru;vvbom� bv� u;7�1;7� bm� |_;�
lungs of subjects with asthma compared with healthy controls.20 In 
the present study, we have confirmed this observation demonstrating 
|_-|��ƑƏ�;�ru;vvbom�bv�vb]mb=b1-m|Ѵ��u;7�1;7�bm�Ѵ�m]�|bvv�;�0borvb;vķ�-v�
well as in circulating leucocytes collected from patients with asthma in 
1olr-ubvom��b|_�_;-Ѵ|_��v�0f;1|vķ�v�rrou|bm]�|_;�1om1;r|�|_-|��ƑƏ�bv�
an important endogenous modulator of inflammatory responses.ƑƔķƑѵ

 ��&!� �ѵՊ��ru;vvbom�o=��ƑƏ�bm�_�l-m�Ѵ�m]�|bvv�;�-m7�1bu1�Ѵ-|bm]�Ѵ;�1o1�|;vĺ�Ő�ő� �-m|b=b1-|bom�o=�|_;�u;]bomv�o=�rovb|b�;�v|-bmbm]�
=ou��ƑƏ�l;-v�u;7�0��bll�mo_bv|o1_;lbv|u�ĺ�Ő�ő��;u1;m|-];�o=�;�ru;vvbom�o=��ƑƏ�l;-v�u;7�0��=Ѵo��1�|ol;|u��bm�1bu1�Ѵ-|bm]�Ѵ;�1o1�|;v�
collected from healthy and severe asthmatic patients. (C). Representative photomicrograph of human lung tissue collected from healthy and 
lbѴ7�v|;uob7�m-ठ�;�-v|_l-|b1�7omouv�ŐƑƏƵ�l-]mb=b1-|bomőĺ�Ő	ő�!;ru;v;m|-|b�;�v1-||;u�rѴo|v�-m7�_bv|o]u-lv�o=��ƑƏ�;�ru;vvbom�=uol�_;-Ѵ|_��
Ő�rr;u�r-m;Ѵő�-m7�-v|_l-|b1�7omouv�ŐѴo�;u�r-m;Ѵőĺ�	-|-�-u;�;�ru;vv;7�-v�l;-m�Ƽ�"���bm�]u-r_�Ő��-m7�-v�l;7b-m��b|_�ƖƔѷ����bm�]u-r_��ĺ�
�m-Ѵ�v;7��vbm]��mr-bu;7�t test with post hoc Mann-Whitney test *P�ƺ�ĺƏƔ��v�_;-Ѵ|_�ķ�ŖŖP�ƺ�ĺƏƏƐ��v�_;-Ѵ|_�ĺ���Ʒ�ƒņ]uo�r�bm�]u-r_��ķ�|�o�
bm7;r;m7;m|�;�r;ubl;m|vĺ���Ʒ�ƐƏ�_;-Ѵ|_��7omouv�-m7�Ɩ�-v|_l-|b1v�bm�]u-r_��ĺ�	-|-�bm�]u-r_����;u;�o0|-bm;7�bm�om;�vbm]Ѵ;�����-vv-�ĺ�	-|-�
bm�]u-r_����;u;�o0|-bm;7�bm�Ɣ�bm7;r;m7;m|�=Ѵo��1�|ol;|u��l;-v�u;l;m|v
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$_;�uoѴ;�o=��ƑƏ�bm� bm=Ѵ-ll-|ou��1om7b|bomv�_-v�0;;m��;ѴѴ�7o1-
�l;m|;7ĺ� �m� blrou|-m|� -m|bŊbm=Ѵ-ll-|ou�� uoѴ;� =ou� |_bv� �0bt�b|bm�
has been reported in arthritis, auto-immune diseases, cardiovascu-
lar diseases, cystic fibrosis, chronic obstructive pulmonary disease 
(COPD), allergies and asthma.20,27-33 In addition, the modulation 
o=�|_;�;�ru;vvbom�o=��ƑƏ�_-v�0;;m�7;lomv|u-|;7�|o�0;�-m� blrou|-
ant mechanism of action of certain drugs including methotrexate, 
quercetin and the combination of long-acting β2-adrenoceptor ag-
onistsand glucocorticoids.34-37 Moreover, it has recently been re-
ported that there is a positive association between a polymorphism 
bm�|_;��ƑƏ�];m;�-m7�v�v1;r|b0bѴb|��|o�_�l-m�-v|_l-�bm�|_;�ror�Ѵ--
|bom� bm�;v|b]-|;7� bm� |_;����!����� v|�7�ķ� -� v|�7�� |_-|� =o1�v;v�om�
the effects of farm environments on asthma and allergy in children 
=uol�1;m|u-Ѵ���uor;ĺ20��u|_;ulou;ķ�l!���Ѵ;�;Ѵv�o=��ƑƏ�l;-v�u;7�
by quantitative reverse-transcriptase polymerase chain reaction 
(qRT-PCR) were shown to be significantly reduced in epithelial cells 
obtained from subjects with mild or severe asthma when compared 
with healthy controls, findings confirmed with protein levels.20

In the present study, we collected blood samples from healthy 
and severe asthmatic subjects and measured the effect of 
�!�ƑƏƐƐƏƓ�om�|_;�;�ru;vvbom�o=��ƑƏ�bm�1bu1�Ѵ-|bm]�Ѵ;�1o1�|;v�-=|;u�Ɛ�

-m7�ƑƓ�_o�uv�o=�bm1�0-|bomĺ���ƐŊ_o�u�bm1�0-|bom��b|_�|_;�r;r|b7;�7b7�
mo|�vb]mb=b1-m|Ѵ��-Ѵ|;u�|_;�;�ru;vvbom�o=��ƑƏ�bm�1bu1�Ѵ-|bm]�Ѵ;�1o1�|;v�
in comparison with untreated cells (data not shown). However, after 
24-hour incubation of whole blood with IRL201104 we observed 
-�vb]mb=b1-m|� bm1u;-v;� bm�|_;�;�ru;vvbom�o=��ƑƏ� bm�1olr-ubvom��b|_�
untreated cells obtained from both asthmatic and healthy subjects, 
v�]];v|bm]�|_-|��!�ƑƏƐƐƏƓ�1-m�u;�;uv;�|_;�Ѵovv�o=�;�ru;vvbom�o=��ƑƏ�
in circulating leucocytes. Further experiments are necessary to es-
tablish the specific blood cell populations affected by IRL201104.

During our analysis of human lung tissue, we observed the 
;�ru;vvbom�o=��ƑƏ� bm�|_;�;rb|_;Ѵb-Ѵ� Ѵ-�;uķ�0�|��;�-Ѵvo�o0v;u�;7�-�
�;u��vb]mb=b1-m|�;�ru;vvbom�o=��ƑƏ�bm��"��0�m7Ѵ;v�Őb]�u;�ѵőĺ�$_bv�
was an unexpected, but interesting observation as little is known 
-0o�|� |_;� uoѴ;� o=� �ƑƏ� bm� �"�� bm� -v|_l-ĺ� �� ru;�bo�v� v|�7�� _-v�
7;lomv|u-|;7ķ�0���vbm]�!��Ŋ0-v;7�];m;�hmo1h7o�m�|;1_mbt�;vķ�
|_-|��ƑƏ�bv�u;t�bu;7�=ou�|_;�l-�bl-Ѵ�;==;1|�o=�]Ѵ�1o1ou|b1ov|;uob7v�
om�1�|ohbm;�u;Ѵ;-v;�0��_�l-m��"��bm��b|uoķ� bm7b1-|bm]�|_-|��"��
1-m� mo|� omѴ�� ;�ru;vv� �ƑƏķ� 0�|� |_-|� |_bv� ruo|;bm�l-�� 0;� blrou|-
-m|� bm� |_;� lo7�Ѵ-|bom� o=� �"�� =�m1|bomĺ36 In the present study, 
�;�-Ѵvo�bm�;v|b]-|;7��_;|_;u�1�Ѵ|�u;7�_�l-m��"�ķ�bvoѴ-|;7�=uol�
_;-Ѵ|_��ou�lbѴ7�-v|_l-|b1�7omouvķ�;�ru;vv;v��ƑƏ�-m7��_;|_;u�|_bv�

 ��&!� �ƕՊ�==;1|�o=��!�ƑƏƐƐƏƓ�om�_�l-m�1bu1�Ѵ-|bm]�Ѵ;�1o1�|;vĺ�)_oѴ;�0Ѵoo7��-v�o0|-bm;7�=uol�Ő�őĺ�_;-Ѵ|_��ou�Ő�ő�v;�;u;�-v|_l-|b1�
7omouv�-m7�bm1�0-|;7�=ou�ƑƓ�_��b|_��!�ƑƏƐƐƏƓ�ŐƏĺƐŊƐƏ�]ņl�ő�ou��b|_o�|�Ő�m|uőĺ��=|;u�Ѵ�vbv�o=�u;7�1;ѴѴv�-m7�r;ul;-0bѴb�-|bomķ��ƑƏ�;�ru;vvbom�
bm�|o|-Ѵ�0Ѵoo7�Ѵ;�1o1�|;v��-v�l;-v�u;7�0��=Ѵo��1�|ol;|u�ĺ�!;ru;v;m|-|b�;�v1-||;u�rѴo|v�-m7�_bv|o]u-lv�o=��ƑƏ�;�ru;vvbom�=uol�_;-Ѵ|_��
Ő��-m7�	ő�-v|_l-|b1�7omouv��m|u;-|;7�ou�|u;-|;7��b|_�ƏĺƐ�]ņl��o=��!�ƑƏƐƐƏƓĺ��Ɠ�bv��;u����ƑƏ�Ѵ-0;Ѵĺ�(-Ѵ�;v�u;ru;v;m|�l;7b-m��b|_�ƖƔѷ�
1om=b7;m1;�bm|;u�-Ѵ�-m7��;u;�-m-Ѵ�v;7��vbm]�om;Ŋ�-�����(���b|_�post hoc Dunnett's test *P < .01, **P�ƺ�ĺƏƏƐ��v��mv|bl�Ѵ-|;7�1;ѴѴvĺ���Ʒ�Ѷ�
asthmatic donors and 11 healthy donors. Data were obtained in 10 independent flow cytometry measurements
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expression can be modulated by IRL201104. Our results show that 
1omv|b|�|b�;� Ѵ;�;Ѵv�o=��ƑƏ�;�ru;vvbom� bm�_;-Ѵ|_���"�ķ�l;-v�u;7�
by immunohistochemistry, are not significantly altered by treat-
l;m|��b|_��!�ƑƏƐƐƏƓķ�-Ѵom;�ou�bm�1ol0bm-|bom��b|_���"�ou�$�Ŋα. 
�m�1om|u-v|ķ��"��=uol�lbѴ7�-v|_l-|b1�7omouv�_-7�-�vb]mb=b1-m|�bm-
1u;-v;�bm�|_;�;�ru;vvbom�o=��ƑƏ��_;m��!�ƑƏƐƐƏƓ��-v�-77;7�|o�|_;�
1�Ѵ|�u;ķ� -Ѵom;�ou� bm� 1ol0bm-|bom��b|_� ��"�ou�$�Ŋα. Our results 
suggest that IRL201104 at very low concentrations can regulate 
|_;�;�ru;vvbom�o=��ƑƏ� bm��"��=uol�v�0f;1|v��b|_�-v|_l-��_b1_�
may be an important part of the mechanism(s) whereby TB and 
IRL201104 can inhibit allergic sensitivity.

The results from the present study suggest that IRL201104, a 
peptide derived from mycobacterial Cpn60.1, can have profound ef-
fects on allergen sensitivity that last far beyond the pharmacokinetic 
half-life of the peptide. These results suggest that this molecule has 
a long-lasting anti-inflammatory and immunomodulatory activity 
which may help explain the protective effects of TB against allergic 
7bv;-v;vĺ�$_;�o0v;u�-|bomv� |_-|� |_bv�r;r|b7;� 1-m��rŊu;]�Ѵ-|;��ƑƏķ�
shared with the protective effects of barn dust on allergic diseases, 
provides a plausible common mechanism as to how exposure to bac-
terial products in early life protects against the development of al-
lergic diseases. The development of IRL201104 or materials isolated 

 ��&!� �ѶՊ�==;1|�o=��!�ƑƏƐƐƏƓ�om�_�l-m��"�ĺ��;ѴѴv��;u;�bvoѴ-|;7�=uol�_;-Ѵ|_��ou�lbѴ7�-v|_l-|b1�7omouvĺ��;ѴѴv��;u;�1�Ѵ|�u;7��m|bѴ�
u;-1_bm]�1om=Ѵ�;m1;�-m7�|_;m�bm1�0-|;7�=ou�Ɠ�_��b|_��!�ƑƏƐƐƏƓ�-Ѵom;�Ő��-m7�	ő,�ou�bm�1ol0bm-|bom��b|_�ƐƏ�m]ņl��o=�$�Ŋα�Ő��-m7��ő�ou�
ƐƏƏ�m]ņl��o=���"�Ő��-m7�őĺ��ƑƏ�;�ru;vvbom��-v�l;-v�u;7�0��bll�m;�=Ѵ�ou;v1;m1;ķ�-m7�u;ru;v;m|-|b�;�bl-];v�o=�|_;�bm|;mvb|��o=�|_;�
staining can be seen in the photographs taken with a 40× objective from healthy and asthmatic cells unstimulated and untreated (a and 
;őķ�|u;-|;7��b|_�ƐƏ�m]ņl��o=�$�Ŋα�=ou�Ɠ�_�Ő0�-m7�=őķ�ƏĺƔ�r]ņl��o=��!�ƑƏƐƐƏƓ�=ou�Ɠ�_�-Ѵom;�Ő1�-m7�]ő�ou�|_;�1ol0bm-|bom�o=�0o|_�Ő7�-m7�_őĺ�
(-Ѵ�;v�u;ru;v;m|�l;-m�Ƽ�"���o=�0-1h]uo�m7�1ouu;1|;7�bm|;]u-|;7�7;mvb|��-m7��;u;�-m-Ѵ�v;7��vbm]�om;Ŋ�-�����(���b|_�post hoc Tukey's 
test ***P < .0001 vs unstimulated. **P�ƺ�ĺƏƏƐ��v���"�ou�$�Ŋαĺ���Ʒ�ƒ�7omouvņ]uo�rķ�|�o�bm7;r;m7;m|�;�r;ubl;m|vĺ��m�|_;�Ѵo�;u�r-m;Ѵ�-u;�
representative photomicrographs of fluorescent cells. Data were obtained in two independent assays
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from barn dust as a novel approach to treating allergic diseases ap-
pears warranted.
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