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Respiratory Toxicology Program:

* Developed to meet the growing demand
for the assessment of inhaled or other
pulmonary toxicants:

— Household products, personal care
products, fragrances, pharmaceuticals

...and now tobacco products such as MRTPs d

http://vapelifemagazine.com/wp-

(e. g E‘C| garette aerOSOI S) content/uploads/2015/03/vape-bar-610x250.jpg

* Whenever possible, we work exclusively with in vitro models of human
tissue origin

» Experience with monolayer cultures, but also with complex 3D models
such as precision-cut lung slices and reconstructed airways grown at
the air-liquid interface (ALI)
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IIVS Respiratory Toxicology Program

Human reconstructed 3D models (e.g. EpiAirway ™ or MucilAir™)

Apical Rinse (lavage fluid)

Inhalation exposures

Surfactant changes
Leakage/signaling marker responses
(LDH, cytokines, chemokines)

Cells:

Ciliated
Goblet
Basal

Tissue insert at air
liquid interface (ALI)

Microphotograph source:
http://www.epithelix.com/products/ mucilair
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Why

olAirway Characterization?

————————————————

« Achieve better understanding of tissues
« Test variability across tissues

* Inconsistent response to reference chemicals
E.g. baseline values with a heat map of values — high variability
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Medium IL-8
(all untreated)

@ 24hr @48hr
12867 | 13637 13252 10873
13173 | 10014 11593 15131
15457 | 9930 12694 12230
12989 | 19292 16140 20980
16855 | 11671 14263 17550
6514 11089 8801 12697
7248 5458 6353 9097
9545 8397 8971 8966
9627 9986 9807

Medium IL-6
(untreated)

@48hr

197
244
473
146




Sudy Objectives

—————————————————

1. Bvaluate marker variability across replicate tissues and
the effect of normalizing to protein

2. Assess acclimation: impact on tissue response

a) Inclusion of anti-inflammatory agent (2 uM hydrocortisone; HC)
b) 24 vs48hr acclimation duration

3. Expose tissue to two pulmonary toxicants and assess
response by sampling all compartments
a) Lipopolysaccharide (LPS) at 5 yg/mL

b) Poly I:C (Polyinosinic:polycytidylic acid; viral ssmulator) at 15
Mg/mL
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1. Marker Variability and Normalization

Test protein (ng/mL)
TEST ARTICLE Number Type 1 > 3 Average| S.D.
Neg. Ctrl HC+ 2 BCACL_656 636 | 1273_D 855 | 362
24hr| 2 |Medial@8.2 | 789 | 76.2D| 94.5 |29.3
48hr| 2 |Medial 61.3 | 4L.2 | 486 | 50.4 |10.2
|L-6 24hr] 2 |Apicall 57.8 | 398 | 278 | 418 [151
48hr| 2 |Apical| 51.8 | 44.8 | 33.8 | 434 | 9.1
48hrl 2 |Lysis| 159 | 106 | 119 | 12.8 | 2.8
24hr| 2 |Media| 169.7 | 112.7 # 244. 175.7 | 66.2
48hr| 2 |Medial 134.1 | 23.9 \66.5/| 748 | 55.5
IP-10 24hr| 2 |Apical| 153.1 | 41.2 | 73.1 | 89.1 | 57.6
48hr| 2 |Apicaly195.8°\ 131.7 | 105.1 | 144.2 | 46.6
48hr| 2 Lysis@ 27 | -150 | 54.8 |[106.1

IL-6 and IP-10 values are pg/mL
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Tissue protein
values matched
expected values,
but had up to 2-
fold differences

across inserts

Protein levelsdid
not correspond

with baseline or
Induced marker
valuesin any
compartment



1. Marker Variability and Normalization

Eg. “rogue” responses following exposure

Ohr
24hr

24hr

Ohr
24hr

Ohr
24hr

24hr

Ohr
24hr
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Poly I:.C (++-) HC

I-e N=1 2 3

Apical : 8 12 5
Dosed/Apic#} 445 455

Lysis 30 18

Media 13 45 36 31 16
Dosed/Media| 197 97 92 129 59
IL-8

Apical 1088 | 1469 | 61
Dosed/ 19458 [20521 |1154

Lyqi 2126 | 2588 | 421

Medi 4493 7302\ 7571 | 6455 |1705
Dosed/Media N0 o583/ [ 24197 [23813 [223

Protein content (ng/mL)

BCA

918

646

745

Disparity in marker values not
consistent across markersin
replicate groups

Rep #1 has much higher IL-6
values than the remaining 2
repsin its group (post
exposure) baseline values
don't reflect this

For IL-8, no substantial
difference is seen across
replicates

Cannot use a pretreated tissue
baseline as reference



1. Marker Variability and Normalization

Protein Normalization: possible increase in relative responses, but also CV

300

pg/mL

200

100

500 -

400 |

IL-6 in medium
B+HC [E-HC

T

Untreated (-) Control PolyI:C

LPS

pg/mL/mg protein

500 -

400 -

300

200

100

Normalized IL-6 in medium

B+HC H-HC T

T ;

A

e

Untreated (-) Control PolyI:C

LPS

« The same trend was seen for the 48hr acclimation group

24hr
acclim.

note
response
ratios

« All acclimation paradigms showed same effect and it was apparent for

all biomarkers sampled

« Normalization diminished significant differences of treated groupsvs
controls

IVS&



1. Assess acclimation: Inclusion of HC

« Omitting HC can resultin a

greater signal, but baseline

values are also higher

 Normalizing to (-) control
group shows HC inclusive
groups to have greater signal
over control

Medium IP-10 (24hr acclim.)
+00 B+ HC
800 -
y 0- HC
£ 600
Y !
2 400
_ |
200 T i
0 I I
Untreated (-) Control Poly I:C LPS
Medium IP-10 (24hr acclim.)
1000
B+ HC
— 800 71 m-Hc
=
S 600
c
S 400
30 200
R g EE Emh
Untreated(-) Control Poly I:C LPS

NS @ response over (-) control. This was consistently seen across markers assayed.

Conclusion: Inclusion of HC lowers IP-10 baseline levels & elicits greater
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1. Assess acclimation: 24hr vs 48hr

——————————————
s Medium IP-10 (48hr acclim.)
B ++ HC /7~ -\
4000 7 g4 - HC i * 48hr acclimation also
g3000 | @-- HC B shows HC inclusive
c c
S 2000 \ . / groups having greatest
<1000 / response
X T
0 _‘{_M- S| I m
-1000 = :
A
Medium IP-10 (24hr a/clim.)
5000
B+ HC / _ E
= 400 1| B- HC / « Scaling the 24hr acclimation
i 3000 / as above allows a direct
8 2000 ¥, comparison of relative
< 1000 response
N
L e— I =l S I
Untreated(-) Control Poly I:C LPS
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Conclusion: 48hr acclimation typically resulted in a substantially greater
response over control. This was consistently seen across markers assayed. .




2. BExpose tissue to two pulmonary toxicants and
assess response by sampling all compartments

Biomarker results of the 48hr HC inclusion group , all expressed as % of (-) Control

E 3
LDH IL-8
8000 2000 . :
7000 | [JApical Rinse 1800 .| O Apical Rinse —
E 5000 4 mMedium — © 1400 + @ Medium T
c = 1049.0 Lot
S 4000 - £ 1200 : o
Y 3000 _ - S 1000 -
- 1 _— —~ 800
< iggg * Inflated values 4 z -
=
0 | | | | ° 400 2765 541.0 = .
1000 200 2272 100.0 L
- Untreated (-) Control PolyI:C  LPS 0 - 100.0 1913 175.8
_2000 T T T 1
Untreated (-) Control PolyI:C LPS
2500 35000
O Apical Rinse 20000 O Apical Rinse
2000 { [ Lysate 1| Olysate
Tg @ Medium 5 2090 71 @ Medium 1Pe%e?
g 1500 1797 4 ‘g 20000
2. 1000 Y 15000
;‘:5‘.- ;\-{ 10000 16041.3
>0 206.5 T 5000
fa3 % 279.1 <
0 228d] ; B~ 0 B 1L I %
Untreated (-) Control Poly I:C LPS Untreated (-) Control Poly I:C LPS
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2. BExpose tissue to two pulmonary toxicants and
assess response by sampling all compartments

(--) HC group had greatest cumulative IL-8 levels, but also high baseline control

l (- -) HC Total 48hr (+-) HC Total 48hr _ ) _
—Tr//
100000 - - - 10000TD Apical Rinse OLysate O Med'\um‘ A Com parl wn Of apl Ca'l rl n$
O Apical Rinse Olysate O Med\um‘ 90000 . a
LPS-induced marker increases,
80000 — -
- - v 70000 i i i
E 70000 18— A | || E T across all acclimation paradigms
"g_g 60000 —ﬁémm T o 0000 ~2.9x v L c : :
2 soooo —pe - Illustrates how HC inclusion and
™= 0 =N extra time resultsin greater
30000 o5 — — 30000 b O
20000 | R T 20000 14881 e response over control
) 25,876 :
10000 +—21,39 - 10000 —gaaql7 187028 ’ —
0 . . . 0 ; ; .
Untreated(-) Control Poly I:C LPS Untreated(-) Control Poly I:C LPS
(- - -) HC Total 72hr (+--) HC Total 72hr (++-) HC Total 72hr
—r—T1— S E— — | s w——
- - - 10000Q 100650 ApTCS Yo vreuta
DApical Rinse O Lysate @ Medium| ical Ri di = = -
100000 _J QOOOI}JDAP‘CE Rinse OLlysate OMe \um| 90000
90000 80000 80000
_, 80000 o -
E 70000 -E-. 70000 --E-. 70000 ‘
E 60000 ~1.7x 8 60000 20X — 8 60000 - 1 0x | - A
50000 50000 b 50000 71 9,235
40000 13,850 40000 K ’ i - 40000 -
30000 -—8,40] S 11,660  — 1 —
: — 30000 1 30000 .
20000 - B o000 | 22 i - 20000 K —
i 25,831 ) - 3 pAGE ] 32,694
10002 i 10000 __2i92h 24,863 28060  28.18> 10000 | 1727;8 i 31,930 .
Untreated (-) Control Poly I:C LPS 0 T T T ) 0 ‘ ! !
Untreated(-) Control Poly I:C LPS Untreated (-) Control Poly I:C LPS




2. Expose tissue to two pulmonary toxicants and
assess response by sampling all compartments

Fold Change over Negative Control (all 48hr HC groups)

« All data normalized to sampling volume

LDH IL-6 IL-8 IP-10
Poly I:C| LPS | Poly LCILPS|Polyl:C| LPS | Poly:C| LPS| AVE SD
Apical Wash 2.8 2.9 <17.9 2. 10.5 | 10.1 GB9.0 E’ 26.7 46.2
Lysate 1.1 1.1 3.2 1.3 5.4 6.3 ] 1604 | 1.6 | 22.6 55.7
Medium NE* | NE* |C 1.3 1.2P 1.9 1.8 25.0 1.8% 55 9.6

* Not Evaluable - baseline values very low

« Apical compartment is always yields greater marker quantities than basal
(medium) compartment

« Tissue lysate typically also has greater values, but can be used for histology

NOTE both Poly I:C and LPS demonstrate distinct marker expression patternsin
the apical compartment but not necessarily in the medium

IVS&
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General Conclusions

—————————————————

 Variability of marker levels was pervasive in this pilot study

— Protein normalization nor the use of a tissue-specific pretreatment
baseline mitigated variability or establishing difference from controls

* The 48hr acclimation period, with the incluson of HC
produced greater responses over control to tissue challenge

* The apical compartment consistently yielded high marker
values, much greater than those found in medium

Question:
1. Are greater marker quantitiesin apical compartment due to exposure location??

2. Should we expect compound-specific marker “signatures’ when obtaining
datasets for multiple markers such as inflammatory mediators
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Recommendations for Model Use

?

Methods:

— Acclimate for 48hr (or longer?) and include an anti-
Inflammatory agent until ready for use

— Consider Apical wash a good candidate for detecting
biomarker change

» Look for “signatures’ that may help differentiate chemicalsor
products

— The use of tissue itself would be better suited to examine
histological changes

* Protein content (or another marker — e.g. total DNA) isunlikely to be
helpful
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Contact IIVSfor more Information!

Questions?

Workshop Report:

“In Vitro COPD Models for Tobacco Regulatory science”

Upcoming [IVSworkshop:

“In Vitro Exposure Systems and Dosimetry Assessment Tools for Inhaled
Tobacco Products’ April 4-8, 2016 Bethesda, MD

WWW.IIVS.0rg
||VS@ Holger Behrsing, Ph.D.: hbehrsing@ivs.org




