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Smoking cessation remains the best approach to minimize the risk of Female C57BL/6 mice were exposed to The housing and animal care practices at the testing facility (Battelle, West Jefferson, OH) met the =~ RNA samples of the respiratory nasal epithelium (RNE), lung and liver were analyzed on
smoking-related respiratory diseases, such as chronic obstructive 3R4F CS or e-vapor aerosol by nose- Frposure Association for Assessment and Accreditation of Laboratory Animal Care standards and the  whole genome Affymetrix microarrays (GeneChip® Mouse Genome 430 2.0). Systems
pulmonary disease. Nonetheless, it is estimated that more than 1 only inhalation for up to 4 hours/day, 5 Sham requirements stated in the Guide for the Care and Use of Laboratory Animals? and were approved by  response profiles were measured as differential gene expression by pairwise
billion people will continue to smoke in the foreseeable future. days/week, for 7 months. Additional the Institutional Animal Care and Use Committee. comparisons. Using causal biological network models3-7, differential gene expressions
Nicotine-containing e-cigarettes (e-vapors) are being developed as groups of mice were included to Results of a few selected endpoint are tabulated in Figure 2. were transformed into differential numeric values for each node of the network. The
alternatives to cigarettes to reduce tobacco-related health risk. explore the impact of switching to e- R differential node values were in turn summarized into a quantitative measure of
Various e-vapor products are available; however, the long-term vapor exposure or cessation (filtered Switching Momﬁﬁo:f,zsure 3 Shfm 3 3R4F4$m°ke 7 3E_Vap°r4aer080| SWitChin% wessalor network-level perturbation amplitude (NPA)3.

biological effects following exposure to e-vapors alone or after air) after the first 3 months of exposure Cessation Body weighting (mean+SD) | A 205216 | 21 £1.4 2162 1.7 R

(number of animals) (12) (12) (11) (12) (11) (12) (12)

switching from cigarettes have not been studied. In this study, the to 3R4F (Figure 1). : : . . Histo: Squamous metaplasia,

Figure 1. Schematic overview of the study design respiratory epithelium 012 0/12 0/12 0/12

aerosol from the MarkTen® e-vapor product (nicotine 4%) was (Incidenceftotal animal number - Titdla

(mean severity score)) / network topology

compared with cigarette smoke (CS) from the 3R4F reference For the 3R4F exposure the overall mean gravimetric wet total particulate matter Hiso:Iflirte cellar p7a;
i i i i i i : nciden nimal number Left lung,

cigarette in a 7-month nose-only inhalation study in C57BL/6 mice. (TPM) target concentration was 550 pg/L, and for the e-vapor exposure the overall e ool e numbe i o p ; AV

The impact of SWItChlng to e-vapor aerosols or cessation after the first mean gravimetric wet TPM target concentration was 1100 ug/L. With this, the 3;?;&V‘(’,Z'E(’;Lr:fr’se[;‘;’(zﬁgjymrof 0.97 £0.17 0.86 £ 0.11 0.99%0.12(0.91 £ 0.20|0.83 + 0.09 0.84 £ 0.05 Tissue isolation |; .. : I e
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3 months of exposure to CS was compared with that of cessation at nicotine nose-port concentrations of the e-vapor exposure atmosphere were Organ weight relative fo body ration
. . . . . . . weight % (mean £ SD) (number of
months 4 and 7. Here, we report on the gene expression analysis about 30% lower. However, the plasma nicotine and cotinine concentrations were animals)

conducted on the nasal epithelium, lung, and liver to gain 2- to 3- fold higher in animals exposed to e-vapor aerosol versus those exposed to Figure 2. Selected endpoints wicroaray compure Lo compuenevor

mechanistic u nderstanding on any changes that are caused by 3R4F CS'. The intensity of the color indicates a relative value for each endpoint (0-100%) . For additional endpoints see also Kumar et al., SOT 2019, Baltimore, abstract generation response profile Diological amplitudes

#1935/ P321"
exposure to e-va por aerosol. Figure 3. Systems Toxicological sample analysis strategy

Results

backward reasoning

4.38 +0.15 |4.07 + 0.24 §5§“

RNA isolation

P N Y T, O

A r
G ?ST\ A) Month 3 Month 4 Month 7 xS = | - o AR A) Month 3 Month 4  Month 7 B) CFARoaponsa Ta DR Durmans
!

K KRR KK
XK

-log10(fdr p-value)
Hog10(1dr p-valuo)
-Hog10(tdr p-valuo)

R

-log10(fdr p-value)

+og10(fdr p-value)
~ 3
> o

X % X ¥

25
0.0
-25

=

Basal Lamina

83

LSS moanoan 0®

-
CPRMnt Month 4 Month 7
IRAF Monthé. IR4F Month7
"% og2 told change * 10g2(FC) CPRIMTor
CPR/MHox
CPR/Growth Factor

E . h IR4F Month3 3IR4F Monthe 3R4F Month? 1 e ! . CFA/Necroptosis
pl elum 2 2 N ] :: 1 ;): T * :: ;): 1 :e Left Iung I ) i p i CFAJAutaphagy
%% | .| * * 15 e oo 15 S50
% * * * 2 oo *
CPRPGEZ
CPRI/Nuclear Receptors
50 o ’ o backward reasoning CPRIMapk e 'E ’
TestRed Month3 TestRed Monthd. TestRed Month7 CPRJIJ*S'H‘
2 0 ‘ 2 4
* oKt CPRIEpigenstics
cpmlmk - - - - - 100 Te 100 TestRed Months o0 TestRed Month?

\"’b
15 15 15 c} ° o :: CFi/Apoptosis
w 3R4F W 1 o : g % Basal cells /
s | 2 el i hyperplasia
* 3 CPR/Noteh
0 <, 0 x [ : * 75
40 -8 0 5 a0 5 [) s r Iy r ° ° o -
. : : 7] 50 * ° 50 "
Statistics CPRHedgsheg D 00 G, i 00 -
2 0 2 4 2 0 2 4
CPR/CellInteraction

-log10(fdr p-value)
o N o N 3
e & 8 &

2333 33

% E oré YY)

OF((J’

IR3

- 0
z
as
X OXH¥ KXEX
X OXHKX X KKK XK XKk X
XOXIXHRHHHRHR Rk K
-log10(tdr p-value)
o o & &
~log10(fdr p-value)
o o 3 &

CPR/CellCycle

CPRICalecium

CST/Xenobictic Metabolism Response
CST/Oxidative Stress

fdr
x <0.05

XK RdRAKRK kKK

8

{enjea-d Jpjjo180|-

-log10(fdr p-value)
R R
o & o o

~log10(fdr p-value)
o N o N
5 & o @

CS5T/Osmotic Stress
CST/NFE2L2 Signaling

log2(FC)

{enjea-d Jpjjo180|-

$ 50
Pos 2
. AE:
-2 ] 2 4
CST/Hyporic Stress

- - * -
CST/Endoplasmic Reticulum Stress - . - . Cessation Monthd
IPNTissue Damage D o o N = 2

%K KK

\
FHK KKK

KK KKK

i

* %k ‘***

Cessation 1

Cessation

~log10(fdr p-value)
o o 3 &
3

~log10(fdr p-value)
o w 3 &

20
15
10
Thd - °
w o
° s °
. ‘ 8
5 0§ 0 5 0 5

Ciliated cells

0

-

IPN/NK Signaling
IPN/Neutrophil Signaling
IPM/Mast Cell Activation
Non-ciliated columnar/ IPM/Macrophage Signaling

| *+ - - " * .
: IPM/Epithelial Mucus Hypersecretion . . ry
cuboidal cells 15 15 IPNEcitial Innats Im Actierion - : : : : Cessatic

Switching Monthd ‘Switching Month?
|PN/Dendritic Cell Signaling
IPMNiCytotaxic T-cell Signaling

20
)15 >|5
: :
10 10 T 4
Switch ¥ > R 3 g e B : o : :
0 £ 0 b i Switch : 3 s . IPN/B~cell Signaling s Lo - s
e 0 5 0 5 I I o TR > A TRAMound Healing L] : L
T - it ——e. — — : : TRA/Immune Regulation Of Tissue Repair + P - P - " |
log2 fold change i i ' T 5 — = - TRA/Endothelial Innate Immune Activation - B 250 &
9 g - ——— ' ' = ‘ —x o log2 fold change m"'{'.iﬁz'm'gmdm I . ik
sprls ] ’ Squamous epithelium Angiogenesis . L
Krtt 00 R,

/metaplasia Month 3 4 7 3 4 7 4 7 4 7

(enjea-d Jpj)oT8ol-

* XK KKK
-log10(tdr p-value)
o N ® N B
e & & &
-1og10(tdr p-value)

l*

*k ¥

]

* KK

*

1

Secretory (goblet) cells

*‘***** * K

*!* *

*:
*  *

,u. i e §

B ) 2 4 2 0 2 a
log2 fold change log2 fold change

-

: 3R4F TestRed Cess Switch

C Dsp ‘ y Cyp4fi5 x . ox . x

CFA/Senescence * . [+ 1 I % [ x 1a2 : | : :

) CFARssponse ToDNA Darmage - | Month 3 4 7 4.7 4 7 log2 fold change Spiaid X x
NPA lopwnd I 3R4F e-Vapor Cess Switch . —

lo_a cPRIPGE? : ”M%’”’ ' Month 3 4 7 3 4 7 4 7 4 7

0.6 CPR/Nuclear Receptors

iy PR —] 3R4F TestRed Cess Switch

ka l(p(MGI Myd8s))

02 CPR/Mapk
CPR/Jak Stat

CPR/Hox

- . : MGI 11r1)
Statistics CPR/Hedgehog - —_— B o e (p(MGII akd))

* *OK’ CPR/Growth Fact {
CPR/Epigenetics . + Net NPA . * * L 5T i
CPRIClock . - r = [
CPR/Cell Interaction RBIF(-;) — ENet i NEt {E:l B row * - ] M 5 __T:T I i I It —— 5

CPR/CellCycle ‘ ) MG' i : “ ‘
CPRlCaIc&i‘um ZN-SE 'wﬁ,&tp N_PANet (REFJ Kin(p(MGLIr k;ﬁ v »
| 4-0x0-4-(3-pyridyl)butyric acid (R)-4-Hydroxy-4-(3-pyridyl)butyric acid
o o
/ 2-Hydr ine 1.1444.
i 1+(3-pyridyl)-4-methylamino-butan-1-one 11 4.1 T
1243 N s ‘.
/ A
- X By 4 < 114441
-0) Y i

1

CST/Xenobiotic Metabolism Response
C8T/Oxidative Stress
CST/Osmotic Stress

backward reasonina

CST/NFE2L2 Signaling ((p MGI Traf6))

CST/Hypoxic Stress
CST/Endoplasmic Reticulum Stress
|PN/Tissue Damage

¥ 4
m " v : by ,
\ (3
o IPN/NK Signaling . | 7 ez - 1= (NMG'M P3K7))
=t o |PN/Neutrophil Signali I .
3 ke ophil Signalin: g . -
IPN/Mast Cell Activatiol 7 > N —_—
IPN/Macrophage Sg alin g . =2 - - |
IPN/Epithelial Mucus Hypersecretion . n " = - = IESS 1
IPN/Epithelial Innate Immune Ac t atio . . S . kin(comple: (SCOMPIk ppaB Kinase Complex))
IPN/Dendritic Cell Signalin g | |+ | | 7 ) e = I
IPN/Cytotoxic T—cell Signaling — - Il :
B ] J - I T T

IPN/B-cell Signaling

N
TRA/Wound Healing * Ra - i ; ‘ R SWI tC hl n
TRA/Immune Regulation Of Tissue Repair . 3 4 7 3 4 7 4 7 4 7 f | ] = It g
TRA/Endothelial Innate Immune Activation " 1 _— - - i . I || . B | ] -
TRA/ECM Degradation H - = ! >
TRA/Angiogenesis . v - 3R4F e-VapOI' Cess Switch _Jj___ t;: | = =l J R
‘ [ . ni = & | y r
U

025 05 075

20 40 60 80 100
|

0

julod swiy

Month 3 4 7 3 4 7 4 7 4 7
3R4F e-Vapor Cess  Switch

Figure 4. Gene expression analysis of respiratory nasal epithelium (RNE)

A) Systems Response Profile of the RNE transcriptome. Each dot represents a gene plotted as its log2(fold-change) against its significance, as indicated in the graph;
increased when >0 and decreased when <0. B) Expression profiles for marker panel of epithelium cell types and basal lamina components. Gene expression fold-changes
compared with the respective sham groups. x, fdr p-value < 0.05; *, fdr p-value < 0.01. C) Heatmap of Network Perturbation Amplitude (NPA) scores. A network is considered
as perturbed if, in addition to the significance of the NPA score with respect to the experimental variation, the two companion statistics (O and K) are < 0.05 (marked with

Figure 5. Gene expression analysis of the lung

A) Systems Response Profile of the lung transcriptome. Each dot represents a gene plotted as its log2(fold-change) against its significance, as indicated in the graph; increased when >0 and decreased when
<0. B) Heatmap of NPA scores. A network is considered as perturbed if, in addition to the significance of the NPA score with respect to the experimental variation, the two companion statistics (O and K) are
significant. *, O and K <0.05. CFA, Cell fate; CST, Cell stress; CPR, Cell proliferation; IPN, Inflammatory processes network; TRA, Tissue repair and angiogenesis. C) Quantitative scores of exposure effects on the Figure 6. Gene expression analysis of the liver

macrophage signaling. Three statistics are shown: the red star indicates statistical significance with respect to the biological replicates, the green star (O statistic) indicates significance with respect to A) Systems Response Profile of the liver transcriptome. Each dot represents a gene plotted as its log2(fold-change) against its significance, as indicated in the graph; increased
*). CFA, Cell fate; CST, Cell stress; CPR, Cell proliferation; IPN, Inflammatory processes network; TRA, Tissue repair and angiogenesis. D) Biological Impact Factor Analysis. The permutation of the downstream genes of the network nodes, and the blue star (K statistic) indicates significance with respect to permutation of the network topology (*, p < 0.05). D) Macrophage signaling when >0 and decreased when <0.B) Cytochrom P450 (CYP) differential gene expression in liver. Exposure groups versus sham visualized as a heatmap, x indicate significance
percentages give the relative biological impact (RBIF), which is derived from the cumulated network perturbations caused by the treatment relative to the reference network backbone. The region of the network model that most contributed to the observed impact is shown in the inset and the network perturbation amplitude of each single node are displayed inthe = for fdr p-value. C) Venn Diagram of differential expressed genes derived from liver samples after 4 month of exposure . Note the cessation group is not included in the graph. D)
(defined as the treatment comparison showing the highest perturbation). Only the significant networks enter the BIF calculation, no further statistics are applied. small bar chart. . Metacore pathway maps analysis. 4 month data set analysis showed nicotine metabolism in liver as one of the best hits.
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