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| Dendritic Cells, and
Invariant NKT cells in
Allergic Sensitisation
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« An allergy is an unnecessary immune
responses to a harmless substance e.qg.
peanuts.

« Clinical manifestations include oedema,
hives, itching, and in extreme cases, a
systemic reaction called anaphylaxis shock,
which can be fatal.

 I|gE-mediated allergies are increasing in
prevalence, with IgE-mediated food allergies Image taken from: allergy.uk/org
affecting up to 10% of children and 6% of
adults worldwide.
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__ Sensitisation
D () .
® o O Hllergen it « There are two phases to IgE-mediated
allergy: allergic sensitisation and
: ) I elicitation of symptoms.
0g @

» The first exposure to an allergen
(sensitisation) causes the production of
allergen-specific IgE, which bind to mast

>
Migration
to draining
lymph node

cells.
i "';';2:‘,“ . Further. exposure to the allergen (elicitation)
IgE ) results in the allergen cross-linking the
existing bound IgE on mast cells, triggering
''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' mast cell degranulation and subsequent
Elicitation onset of symptoms.
v
Re-exposure to e * However, the mechanisms underpinning the
allergen fﬂk*"een — > Local and systemic first phase of IgE-mediated allergy, allergic
B symptoms sensitisation, are unclear.

Mast Cell
degranulation
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Conventional Sensitisation
 Lipids are presented on CD1

molecules on dendritic cells
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i CD3+CD4* i (DCS) .

: Tho cell :

| g i

| pr i « CD1-restricted natural killer T
! i (NKT) cells recognise the lipid via
| - .

! = ! a semi-invariant T cell receptor
| I

i - o ! (TCR).

| crete |

: Secreted i:tok:n:s :

I cytokines ! ; . .

B * These activated invariant NKT

(INKT) cells can release Th1l or

Th2 cytokines.
Lipid-driven
Sensitisation
* Recent evidence suggests lipids

can induce the release of Th2
cytokines to resultin a Th2
" _ response.
i W & & e <
CD56 CD1d MHC Class Il IgE  Allergen Lipid Cytokines
(+lipid)  (+allergen)
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1. To investigate the role of lipids in the development
of allergic sensitisation, utilising a human model

 To optimise all techniques required for the eventual
measurement of Thl and Th2 cytokines from invariant NKT
cells.

* The lipid, a-GalCer, will be used in developing this assay as it as
the most potent INKT cell activator.
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1 2 3 4 8
Human PBMC iNKT Cell Re-stimulation iNKT Cell DC:INKT
Isolation Expansion every 4 days Isolation co-culture
37°C (1:2) 24hr
25U/mL 25U/mL 25 U/mL . /
100 ng/mL 50 U/mL IL-2 IL-2 IL-2
GalCer IL-2

oo
._> C)Oo_>

5

6

PBMC Isolation  Monocyte Isolation Stimulate DCs
and DC generation 100 ng/mL
GalCer 24
GM- CSF |L_

Obtaining blood from human
participants was approved by The
University of Nottingham’s Medical
School Ethics Committee (232-1902).
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Results

iNKT Cell Expansion

[1] 2] 3] 4]

Human PBMC iNKT Cell Re-stimulation iNKT Cell DC:iNKT

isolation i every 4 days ' co-culture
Expansion :§7°c ry y Isolation 12) /M':"\

25U/mL 25U/mL 25 U/mL
100 ng/mL 50 U/mL IL-2 IL-2 IL-2

Galcier IL2
5 T |

Q

PBMC Isolation  Monocyte Isolation Stimulate DCs

and DC generation 100 ng/mL
GalCer

GM-CSF IL-
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a-GalCer DMSO Negative Tetramer
A 10° 10° ) . .
GalCer stimulated iINKT
104 1044 expansion from 0.42% on
Day 0 of culture, to
iNKTs: 0.42% iNKTs: 0.43% iNKTs: 0.07% o
et 0.45% [NKTs: 0.07% > 16.77% of CD19
A < :
5 A negative lymphocytes at
Day 14.
o
—
5 10° 10' 10? 1<')3 1(')4 10° 10° 10’ 102 10° 10* 10° 10° 100 10 10? 10 105 —— ]
™ 10° 10° 10° T The DMSO COntr0| d|d
S " not induce iNKT
] . expansion.
10°- iNKTs: 16.77% 10°- iNKTs: 0.80% A
e ¢ - Staining with the blank-
S loaded CD1d tetramer
showed negligible false-
i | SR positive binding of the
10° 10° 10" 102 103 104 108 10° 101 102 10° 10 10° ;/ tetramer.

CD1d/a-GalCer Tetramer R-PE
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INKT Cell Expansion

GalCer-stimulated PBMCs

DMSO Control

Negative GalCer Tetramer
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(A) a-GalCer induced a mean proliferation
of 0.11% iNKTs on Day 0, to 8.92% on Day
14.

No. iNKT cells
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(B) 37,143 INKT cells on Day 0 increased to

1,562,598 by Day 14 of culture with a-GalCer.

% Viable lymphocytes
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|
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(C) The viability of lymphocytes began at
99.25% and decreased to 84.12% for a-
GalCer-stimulated PBMCs at Day 14, and
79.98% for the DMSO control.
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Results

INKT Cell Isolation

0 2 5 |

Human PBMC iNKT Cell Re-stimulation iNKT Cell DC:iNKT

isolation i every 4 days ' co-culture
Expansion 370(: ry y Isolation 12) /M':"\

25U/mL 25U/mL 25 U/mL
100 ng/mL 50 U/mL 1 IL-2 IL-2 IL-2

GaICer IL 2 @
—_— o _
\_4

Day: 0 0

(3]

PBMC Isolation  Monocyte Isolation Stimulate DCs

and DC generation 100 ng/mL
GalCer

GM-CSF IL-
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A
10* 10*
o iNKTs: 6.32%] : iNKTs: 85.44%
o 105-! Ry o o l ’ e 1 105_:' ‘ : . P
LN LT
> 10000 10000 Y " §"' 3_.'3".
2%
(99 ‘ e
0 & -
)
-10000 ) Y T T T T -10000 ‘ T T T T
2000 0 2000 10¢ 10° 10¢ -4000 0 10 10° 10°

CD1d/a-GalCer Tetramer R-PE

On Day 14 of INKT expansion, INKT cells were isolated using anti-PE microbeads and
Immunomagnetic isolation, resulting in a purity of 85.44%.
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Results

Monocyte Isolation + DC Generation

1] ] ] &

Human PBMC iNKT Cell Re-stimulation iNKT Cell DC:iNKT

isolation Expansion every 4 days Isolation co-culture f'\
37°C (1:2) 24hr
| 25U/mL 25 U/mL 25 U/mL
100 ng/mL 50 U/mL h IL-2 IL-2 IL-2
GalCer IL-2

PBMC Isolation i Stimulate DCs

100 ng/mL
Garlgen: &f:r\
N
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[B] PBMCs [B] CD14+ Monocytes
81.14% 18.86% 13.12% : Percentage of CD14+ Monocytes After
200 CD14 Positive Isolation
100-
==
= 2 ]
3 3
O O 400l 75+
] §e)
50—_ %
] S 504
0] R
102 107 10° 10 10°
CD14 PerCP \ CD14 PerCP 25-
[B] CD14- Cells
8098.64% 1.36% 0

CD14 PerCP

Count

« PBMCs were isolated and incubated with CD14 Microbeads. The
cells were then immunomagnetically isolated using a MACS
column.

o s 4 " * Average of 93.86% (n=9, SD=3.30) purity after CD14"* isolation.
CD14 PerCP
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10~ *% %%
 CD1d expression was
measured as it is essential 8-
to present lipids to INKT e, ®
cells. A 6-
0 *
« The data showed CD1d E 4
expression is significantly - 'I.
downregulated after 2-
monocytes are placed in 00 ?— {a- {L" %5
Culture. 0 T T T T T T T T
N N
. . o QAN % % & )
* Isit aresult of media o&‘ & 000 %00 < o‘é ,‘00
components? L 4@9 ef,Q' RS, 04? o’ '2}00
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8-
xJ
O
CD1d Expression was still 61 —
significantly downregulated in 2 e
all different medias. o Dy
O 4- o
But it was least downregulated E TR e Fkokek
when cultured in AIMV + 1% - .
autologous plasma, followed 2+ ‘i" -ilg_
by RPMI + 10% human AB _5.
serum.
0 | | 1 || 1 1 ||
Viability data showed RPMI + e Q 3 Q
$
0 i > S N v v
10% AB was optimal. 00\\ ‘be} 0\:( '\o\o 75\“ '\o\o
X b
N v@ x'\ é\ Q
‘9 o\© é\ Q \Q
S S < <& v
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»
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Stimulate DCs with Lipid

0 2 5 4] |

Human PBMC iNKT Cell Re-stimulation iNKT Cell DC:iNKT

isolation Expansion every 4 days Isolation co-culture /"\
. rTee (1:2) 24hr
INKT Cell 25U/mL 25 U/mlL 25 UfmL
100 ng/r Expansion IL-2 IL-2 IL-2

GalCer IL-z2 =

__.‘oo (‘)_. __. _
A

Day: 0 0

(5] [¢]

PBMC Isolation  Monocyte Isolation Stimulate DCs

and DC generation 100 ng/mL
GalCer

GM-CSF IL-

|
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A.

. [Singlets] GalCer DCs [Singlets] GalCer DCs B.
131.04% | 68.96% 28.47%| 61.42%

109—5

108—;

e
el )

g 5 10
o  Fluorescent a-GalCer was
106_: - N -
i internalised by immature
0 75% 7.37% DCs (iDCs) and co-located

R TR T at lysosomal compartments.
Dansyl GalCer

10° 106 107 108 10°
Dansyl GalCer

* The protein, Ovalbumin,
was also internalised and
associated with MHC II.

a-GalCer Ovalbumin HLA-DR/Ova
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Immature DCs were successfully generated and were matured
using the standard method of LPS stimulation.

The glycolipid, a-GalCer, did not mature DCs.

CD1d expression not up regulated by a-GalCer.
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Results

Co-culture cytokine release

[1] [2] B (4]

Human PBMC iNKT Cell Re-stimulation iNKT Cell DC:iNKT

isolation i every 4 days ' co-culture
Expansion 370(: ry y Isolation 12) /M':"\

25U/mL 25U/mL 25 U/mL
100 ng/mL 50 U/mL 1 IL-2 IL-2 IL-2

GaICer IL 2 @
—_— o _
\_4

Day: 0 0

(3]

PBMC Isolation  Monocyte Isolation Stimulate DCs

and DC generation 100 ng/mL
GalCer

GM-CSF IL-
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At 0-5 hours of INKT cell co-

INKT Expansion DC: INKT Co-culture :
P culture with a-GalCer-pulsed DCs,
[ 1 [ 1 . .
A Day 0 Day 14 0-5 hrs 24-29 hrs the number of INKT cells secreting
10'557.14%] T 0.00% mﬁ?&mb%ﬁ%@ "*188.90% T 4.31% 1m_79.85%]$-‘--1~-u---- [0.48% 1 IL-4 Increa.sed by 7.26%. The
& 9 number of iINKT cells secreting
< 2 both IL-4 and IFN-y increased by
5 o 2.11%.
O 1)
Ln 1000 P (U
o o @®© o e} ) :
Q| s o 1O % 3 * TheiNKT cells cultured with
g ) T o 20 -2?:;16.4172‘7 B— ‘Oﬂfm o : Iaﬁ\@m zmo—w,awi] . l;jjo_oe%:ce 5 DM.SO-pulsed DCs or!ly showed
o | sl 0.004)  10.00%] 0.00% v an increase of 0.63% INKT cells
= 2.55% i79.99% 1.00% = . .
o o secreting IL-4, and 0.35% of INKT
v 8 ’ cells secreting both IL-4and IFN-y.
i g o) ]
e g § * The secretion of INKT cell
- ] e 875 Gz O O o _ | cytokines reduced by 24 hours of
; o TR S P TR 0035 45% oo awgaoey 0.04% co-culture.
> a 108 10" 10t 0 10% 10" ﬂi
IFN-y BV650 > : .
v IFN-y BV650 «  This suggests that the majority of

cytokine release occurs rapidly
after activation by the DCs, within
the first few hours.
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« Using the lipid a-GalCer, a model system was developed and optimised to
measure INKT cytokine responses.

« a-GalCer, increased Th2 cytokine secretion of INKT cells within 5 hours of
stimulation.

« This system can be applied using lipids associated to food allergens, to
Investigate whether they also increase Th2 cytokine secretion, shifting to
allergic sensitisation.
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1. Blood will be isolated from non-allergic and peanut or soy allergic patients, and this
co-culture experiment will be replicated, replacing the lipid a-GalCer with peanut or

soy lipids.

2. Lipids used in the experiment will be isolated from peanut seeds, using the Folch.
Method and high-performance thin-layer chromatography (HPTLC) for lipid class
analysis

3. Total and allergen-specific IgE levels will be measured using an ELISA, for healthy
and allergic participant plasma samples.

This assay development will then allow the main PhD hypothesis to be tested:
Peanut lipids and soy lipids can influence allergic sensitisation to peanut and soy
allergens.
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o "iAhy Questions?

Georgie Hopkins




