ALTERED PROTEIN EXPRESSION FOLLOWING IN UTERO EXPOSURE TO ARSENIC
R. Clark Lantz'-2, Jay S. Petrick? and Allison M. Hays'
Department of Cell Biology and Anatomy!, and The Southwest Environmental Health Science Center?, The
University of Arizona, Tucson, AZ, and Department of Pharmacology, Toxicology, and Therapeutics?, Kansas
Umvers1ty Medical Center, Kansas City, KS

ABSTRACT

¢ arsenic is a known human carcinogen and
common d water contaminant affecting millions of
people worldwide. Though the effects of maternal arseni

exposure on the developing lung are unknown, this metalloid
Known to cross the placenta. Using an in utero exposure model,
we have previously identified genes that are altered by exposure
to arsenic in the maternal drinking water. A more complete
understanding of the in utero effects of arsenic requires analy;
of alterations in protein expression. We hypothesize that in
utero exposure to inorganic arsenic through maternal drinking
ater causes altered proten expression n the decloping lun,
indicative of downstream molecular and changes.
From conception to_ e dighteen, we exposed

pregnant Spraguc-Dawley rats to 500 parts per billion arsenic
)

les were pooled and arsenic-induced alteration
protein_ expression were determined using BD PowerBlor™
analysis.  This technique alyze over 1000 separate
proteins.  Blots were run in triplicate and protein content was
ry. Each of the treated blots was

eh of the control blots. Only those proteins
in which expression was 1.25 up or down regulated by arsenic in
e e comadised e b s e~ e
tetr proteins  were

5 down-regulated).
Analysis of potential protei fanction.ndicated that
nucleus/nuclear transport proteins, cancer related proteins,
tyrosine kinase substrates and cytuskeeton related proteins
were altered by ™ nt study shows that arseni
nduces alerations in proten levels in the developing Tung.

development. Supported by NIH grants ES-04940 and ES-
06694,

INTRODUCTION

Arsenic is a human carcinogen that targets the lung.
Contaminated drinking water is consumed by pregnant women
in many developing countries, at levels up to hundreds of parts
per bilion Becuuse the lung i 2 arget organ for arsenlc, the
developing lung may be at risk for induced
ne\elnpmenml heratians, We are nterested I the effcts of
ronic, o rsenic exposure on gene and _protein
G terat lung. ulti the
Jogical consequences of this aberrant expression.

us research (Waalkes et al, 2004) has shown that in
utero exposures can lead to increase tumor formation later

g BD rnmmmm analysis. ~ This analysis
in expression levels of over 1000
proteins or posi- T pr T G et T
and interactions identified from the protein analysis will extend
and support our previous gene expression data.

Expo

Spragufl)awlc» rat embryos were exposed t (500 pob)
arsenic (as sodium arsenite) in utero. y following
mating, emale rats were placed on either contral or arsenic
containing water. On embryonic day 18, lungs from pups
were harvested and snap frozen.

2. Protein Analysis:
was extracted from individual pups as described
D Biosciences Pharmingen (San Diego, CA). Protein
from one pup from each of three different control or arsenic
treated animals was collected and pooled. Gels were run in
e et o el aaclize el o
for complete list, www.bdpowerblot.com).
Densiies e Aseraines by scanning the gels and were also
verified visually. Each run of the treated proteins was
compared against each of the control gels. Only those
proteins that showed 1.25 fold or greater alterations in all
nine comparisons were considered as significantly altered.

RESUL

ari nd
OF the 137 genes that were originally identifed with
altered expression, 23 were represented in the protein
analysis. Of those, 15 were detected on the blots. A number
of the protein profiles showed similarities to the gene
expression changes.  For_example, A-RAF, ERKI and
CDC25b, all up regulated in the gene expression analysi
were up regulated jority of the comparisons.
However, they were not up regulated in all nine comparisons
which we required for significance in our analysis.

iferentially expressed proteins

Y seven proteins or post-translationally modified

proteins were found to be altered by at least 1.25 fold in all

nine comparisons made between the three control and three

arsenic treated blots. Examples of the alterations are shown

in Figure 1. Of the 37 proteins, 22 were up regulated and 15
were down regulated (Table 1).

in the broad functional categories the majority of
proteins are involved in cell eycle (6), cancer related (7),
nucleus & muclear transport (8) sgnal transduction 9,
adaptors and tyrosine kinase substrates (7) s
(). (Figure 2, Note some proteins occur in more o
category).

Analysis of networks and pathways
ways and networks that involved proteins affected
by the arsenic exposure were analyzed using MetaCore™
(GeneGo, Inc, St Joseph’s, ML See also Nikolsky et al, 2005).
Analysis of alterations in gene expression identified RAC
patbways a8 tential targets of the in utero arsenic
expos le there was no overlap between arsenic-
T e T e T e v
number of altered proteins were also found to be present in
the RACT pathway.

Figure 3 shows a network containing 12 of the proteins
CrinsiiTs being altered by arsenic treatment.
The large circles indicate proteins that have been altered.
G5 0o e e CE (D (o o
proteins. Key nodes in the network include RACI, CDC42,
JINK, Py2K and oceludin.

CONTROL

ARSENIC TREATED

Figure 1. Representative blots from control and arsenic treated (500 pph) lungs following in utero
exposure. Caveloin 3 (CAV3) and ubiquitin conjugating enzyme CH6 (UbeHG6) are up regulated in the
o TRt P e D A ER e (DR G Knen s
bottom are lane designat

TABLE 1. DIFFERENTIALLY EXPRESSED PROTEINS

35KD (pS) 172 FIP2 227 Pasillin 294
236 KD (pS) 238 GCR2 294 PDI 1.89
310 KD (pS) 476 17.45 PKARIIb (pS114) 173
CAF-1 606 196 PTPIC/SHP-1 205
cavi * HspBP1 263 PYK2 187
cav3 246 IP3R-3 169 RAN 294
cpcaz 10.00 ITGB3 157 RBBP 1.89
Clathrin, heavy chain 195 INK (pTI83/pY185) 3 UbcH6 6.69
Cortactin 324 LCBI 163 Vesk-1L, 1429
Dematin 400 MSHG 217 VHR 5.88
DHFR 400 NIPP-1 350 WRN 329
Ezrin 7.46 Noss 264 YES 175

FENI 1.95

Red are up regulated and green are down regulated proteins. Fold changes are listed. The “*” for CAV1 indicates that the
protein was absent in controls and present in arsenic treated animals.

Cancer Related

Nucleus & Nuclear
Transport
il Transduction

Adaptors & Tyr
Kinase Substrates

Cytoskeleton

Figure 2. Categori
‘The proteins within a category are ordered left to right from the most up regulated to the most down regulat

of proteins altered by in utero arsenic exposure. Red are up regulated while green are down regulated proteins.

a &

Fipare et ek consatig ol 2/ he pegtctoy Wi o
being altered foll tero exposure. The large circles
' the alered proteins with red heing up mgulma and
b heing down regulated proteins.  Arrows hetween
components indicate direction of interactions.

DISCUSSION AND CONCLUSIONS

We have found that chronic, low-dose in ufero arsenic exposure
causes alter: rotein expression in the lung. We observed
e Tespabice e [fomu g el U omd aelel
proteins that include several functional groups. Several of the

ns are in signal _transduction,

5003, Netwark analysis of altered proteins ndicated # potenial
T Y R G NG D O

of ation of altered expression of seleet proteins in
the amlnp 5 lung will be assessed to identify targeted cells.
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