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Outline

1) Previous results of omics study of cells molecular response to
HBCD — manuscript in preparation

2) Recent progress: omics study of cells molecular response to
TDCPP

3) Next 5 months plan



A549

HepG2/C3A

A549
HepG2/C3A

Conclusion

Summary of HBCD study

Transcriptomics

Metabolomics
(MS & NMR _polar)

Metabolomic s
(MS_polar)

Transcriptomics

24h; n=6 _ *5 . confirmed by
' Real time PCR

24h; n=8,, *5

X

group

24h; n=6,, *2 ..., 72h; n=6
24h; n=6,, *2 ... 10um DMBA confirmed by

5 ah: n=6 V Realtime PCR

HBCD levels has been measured after exposure
experiments . (~100,000ng/g cell pellets(wet weight))

Two cell lines have few molecular response
after exposure to HBCD (at up to 4uM) in this

study.
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Chemical Structure of Tris (1,3-
dichloro-2-propyl) phosphate
(TDCPP)

TDCPP

» TDCPP is mainly used as additive flame

retardants adding into polyurethane foam.

» TDCPP has been detected in different samples

including indoor air and house dust (van der Veen
and de Boer 2012, Brommer et al., 2012, Allen et al., 2013)
which may be an important source of human
exposure to TDCPP (Meeker et al., 2013).

Limited studies suggest that TDCPP may be
carcinogenic, neurotoxic, endocrine-disruptive

and/or reproductive toxicants (Andresen et al., 2004;
Dishaw et al. 2011; Liu et al. 2012; Liu et al. 2013; van der
Veen and de Boer 2012).

More research is necessary to determine
potential health risks and understand
mechanisms of potential adverse effects
resulting from exposure to TDCPP.


//upload.wikimedia.org/wikipedia/commons/f/fd/Tris(1,3-dichloro-2-propyl)phosphate.svg

Experimental Design (1)

- TDCPP exposure experiment

Control Median High 100
oumMm 10 uM HM

. Cell culture ‘

-

HepG2/ Control High 100
C3A cells opM um

HepG2/C3A

cells 24 hours

Quenching cells

FT ICR MS

Validation

Statistical analysis e.g.
everments Lo

(e.g. RT-PCR)

Identification and

pathway analysis

Characterise molecular responses to
TDCPP and discover potential adverse

,Ill. ﬂ




Experimental Design (2)

Group High

(Media type/exposure time/Cell lines) Dose
(100 pMm)

A + FBS; 24h; HepG2/C3A 8+4 8+4 8 8+4
replicates

B -FBS; 24h; HepG2/C3A 8 8 8 8

C + FBS; 72h; HepG2/C3A 8 8 8 8

D + FBS; 24h; A549 8+4 8+4 8 8+4




Cytotoxicity Screening (CCK-8 Assay)
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Principal component analysis (PCA) of positive MS

peaks dataset
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-20

-30—

40

30—

20—

| A549 Cé s

\
-10~

I

o ddd4doooOooo0000

-60

Scores on PC 2 (16.66%)
AC
AH
AL
AM
BC
BH
BL
BM

CcC

1

<
O
[

$ owm

4 —— 95% Confidence Level

Scores on PC 1 (40.35%)



Microarray

Sample Purification RT Coupling Hybridization Scanning Normalization
and washes and analysis

Agilent SurePrint G3 Human Gene Expression 8x60K v2


//upload.wikimedia.org/wikipedia/en/e/e8/Microarray_exp_horizontal.svg

Cluster Analysis of all microarray data

TODCPP experiment Oct2013 (..
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Selected Condition Tree: TDCPP experiment Oct2013 (All Samples) Colored by TDCPP experiment Oct201 3 (Default Interpretation)
Branch color parameter:  Group Gene List:  good TDCPP {29112)




PCA of all normalised microarray dataset (1)

Scores on PC 2 (9.03%)
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Cluster Analysis of cytochrome P450 genes expression

TOCPP experiment Oct2013 (..
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PCA of normalised microarray dataset (2)

Scores on PC 2 (5.93%)

50

40

30

20

10

Samples/Scores Plot of td

O caacu

O c3A Medium

QO c3aHigh

—95% Confidence Level

Scores on PC 2 (5.93%) | |

Scores on PC 2 (13.43%) |

Scores on PC 1 (53.11%)

/ \ A549 Ctrl
/ AN
’ A549 Medium
A549 High
\ — 95% Confidence Level
|
| \
0
\ // \
/ ‘\
) // \ 4 |
~ . - - /
_— /’
(@) il /
/
I I I I I I
-150 -100 -50 0 50 100 150 /
cores on PC 1 (69.77%)
-40 Y /
.60 [ e
I I I I
-100 -50 0 50 100




Significance Analysis for Microarray (SAM) (in Mev)
http://www.tm4.org/mev.html

pick out significant genes based on differential expression between sets of
samples. (Chu et al. 2002)

SAM Significant False Discovery | Delta value
genes Rate (FDR) %

4319 <0.5 0.321
A549

2462 <0.1 0.434

5551 <0.5 0.156
C3A

3462 <0.1 0.208



http://www.tm4.org/mev.html

Statistical analysis

One way ANOVA significant genes
(following adjusted Bonferroni
correction)

A549 445
C3A 3472

m Significant genes

Ctrl vs. Medium  Ctrl vs. High Medium vs. High

A549 0 67 132
C3A 0 922 871



Gene set enrichment analysis (GSEA)

http://www.broadinstitute.org/gsea/index.jsp

is a computational method that determines whether an a priori defined set of
genes shows statistically significant, concordant differences between two biological
states (e.g. phenotypes).(Jiang and Gentleman 2007)

~

-
Molecular Profile Data
Enriched Sets
! _U—-. ¢ —
x‘: — =N
[EEp—
Gene Set Database
\ 4

GSEA Report for Dataset good annotations TDCPP_C3A

Enrichment in phenotype: o (4 sampies)

» 148/ 167 gene sets are upreguiated in phenotype 0

+ 34 gene sets are sgreficant ot FDR < 25'%

« 21 gene sets are significantly enriched at nominal pralue < 1%
+ 33 gene sets are significantly enriched al nominal prvalue < 5%
+ Snapshct of ennchment resuts

+ Detatied enrichment rppults n heny format

+ Detaied gnrichment results in excel format {tab Gefimited text)
« Gude to Imemeet results

Enrichment in phenotype: 10 (4 samples)

= 197157 gene sets are upregulated in phendtype 10

« B gene sats are significantly ennched at FOR < 28%

« 4 gene sals ace Significantly entiched at nominal pvalue < 1%
+ 7 gene sets are significantly snriched at nominal pvalus < 5%
+ Snapshot of ennchment resuts

» Detabed grvichmaent results in hany format

+ Detalied grrichment repults in axcel format (tab delimited text)
+ Gude to Imecpret resutts

Dataset details

+ The cataset has 29112 notve features
« ARer colapsing features into gene symbois, there are 16275 genes

Gene set details

* Gone set size fters (minw15 max=500) resuited in Sitering out 19/ 186 gene sets
« The remaining 167 gene sais were used in the analysis
+ List of gene sets used and their sizes (resinctad 1o features in the specified dataset)


http://www.broadinstitute.org/gsea/index.jsp

Number of gene sets significantly enriched in A549 and HepG2/C3A cells

GSEA_A549 TDCPP_Kegg 2k permutation

gene sets are
up regulated

Ctrl vs.
Medium(10
uM)

Ctrl vs.
High(100uM)

High vs.
Medium

gene sets are
significant at

in first FDR < 25%
phenotype

133 /167 21

97 / 167 31

77 / 167 2

gene sets are
significantly
enriched at
nominal p
value< 1%

18

18

gene sets are
significantly
enriched at
nominal p
value < 5%

22

29

GSEA_C3A_TDCPP_Kegg 2k permutation

Ctrl vs.
Medium(10u
M)

Ctrl vs.
High(100uM)

High vs.
Medium

gene sets are | gene sets are
up regulated significant at
in FDR < 25%

148 /167 34
100/ 167 55
75 /167 9

gene sets are
significantly
enriched at
nominal p
value< 1%

21

27

gene sets are
significantly
enriched at
nominal p
value < 5%

33

43

12

gene sets are
up regulated
in second
phenotype

gene sets are
significant at
FDR < 25%

34 /167

70 / 167

90 / 167 36

gene sets are
up regulated
in second
phenotype

gene sets are
significant at
FDR < 25%

19 /167 8
67/ 167 13
92 /167 55

gene sets are
significantly
enriched at
nominal p
value< 1%

17

gene sets are
significantly
enriched at
nominal p
value< 1%

24

gene sets are
significantly
enriched at
nominal p
value < 5%

31

gene sets are
significantly
enriched at
nominal p
value < 5%

14

37



C3A cells_Medium vs. Ctrl

Tabie: Geore sets wnrichect in p ype 10 (4 ) [plain text format]
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C3A cells_High vs. Ctrl

Tadle: Gene stz Ity ype 100 (4 wien) [ptain text format]

1 |KEQGG_ERSB_SIGNALING PATHWAY Detalls .. 77 |-0.48]-1.92]/0.000 0.022 0.028 2701
2 | 87 0.028 0.062 5214
3] 103 0.086 — ||0.175 2702
4 0103 ||03es 1833
g K 0.102 0.438 3398
& 0.12¢ 0574 3483
——
7 | 0.120 0.621 2188
& [k o116 |[0660 4250
9 0.243 0824 EYEY
10| 0.233 0.836 3463
1 0.240 0950 2701
2 0.229 0 545 2765
13 0.235 0967 2533
14 0.320 0993 4421
15 0415 0.00% 3743
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43 |o57|1.97][c.0c0 0.001 0007 2526
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20 |o6s| 1870000 0.022 0,035 2694

Transcription;
ERBB signalling
pathway

Oxidative
phosphorylation;
Energy metabolism
related pathway ;
Glutathione
metabolism.



A549 cells_Medium vs. Ctrl

Table: Gene seis dinp ype 10 (4 samples) [plain text formetl
-3 4
or2|-223looce  |jopo2 | fooo2 2381
I E R 3172
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Steroid biosynthesis;
lysosome

Transcription;
oxidative phosphorylation



o
A549 cells_Highvs. Ctrl e
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N/A

Oxidative
phosphorylation
Cell cycle

’



Preliminary conclusion:

» Gene sets (pathways ) related into energy metabolism (e.g. oxidative
phosphorylation pathway), transcription pathway were disturbed in A549
and HepG2 cells after exposure to TDCPP by bioinformatics analysis.

RT- real time PCR to be employed to validate some
genes expressions;

then,
a story might be expected...



Next 5 months Plan

1) Finish supplemented experiments in TDCPP study
2) Omics study of effect of dust extracts?? to cells

3) Thesis writing up

4) Job hunting:
Postdoc in toxicology (flame retardant’s toxicity), omics
(toxicogenomics), molecular biology...

Please email to: j.zhang.6@bham.ac.uk (Jinkang Zhang)




THANK YOU!



