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Abstract- The endothelium is the thin interior surface ofdaloressels normally involved in many aspects of
vascular biology; including vasoconstriction, vagathtion, and angiogenesis can be injured by ptgisor

chemical stress, particularly by the drugs and otkavironmental toxins.

Although, isocyanates have

drawn significant attention in the recent past heyt react with DNA to produce toxicogenomic insdlis

to high degree of reactivity and low molecular weigaving functional group—N=C=0. Moreover, patho-
physiological implications resulting from occupata and accidental exposures of these compoundgedre
too elusive. On this premise, a strenuous effors waade to assess the cellular response of methyl
isocyanate on cultured human pulmonary arterial @hdlial cells (HPAE-26). Study was conducted in
different time intervals to evaluate cellular regge after exposure to isocyanates using N-sucailylnN-
methylcarbamate, a surrogate chemical substitutentihyl isocyanate (MIC). The role of differentl cel
cycle regulatory proteins: cyclin A and E & cdkzllccycle inhibitory proteins: p53, p21& GADDA45; AN
damage responsive proteins; ATM, ATRyB2AX and repair proteins: Mrell, Nbsl & Rad50 were
evaluated through immuno-blotting. Our results destate that isocyanates induced toxicity involued
vascular damage of endothelial cells with subsegiperturb expression of different tumor suppresasod
repair proteins concurrently higher expression afk@ and cyclins unveiled the progression of oncegen

in the cells in-vitro.
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Introduction

Endothelial cells wrap the entire internal circatgt
system; dysfunction, or the loss of proper end@h&inction,
is a hallmark for many vascular diseases.
understanding the function of different cellularofgins is

ATR and DNA-PK are primarily responsible for the
phosphorylation of H2AXyH2AX- S139) at DSB for MRN
foci formation ' Bl Ascertaining the damage response

Howevercascade of these proteins might contribute in eafphg

molecular mechanisms after genotoxic exposure to

necessary to Comprehend the processes of angidgeneg-socyanates. MIC was well known chemical entityCSinhe

vasoconstriction, vasodilation, and tumorigenesis vital
system like circulatory system. Cellular resporesgédnotoxic
stress is a very complex process, and it usuadigsstvith the
sensing of the DNA damage, followed by a seriegwnts
that include signal transduction and activatiortrahscription
factors™ but, mutational inactivation or loss of heterozgigy
of various cellular regulatory genes leads to meaition to
cancer. The imperative mobilizers of the DSB resgoare
two nuclear protein kinases ATM (ataxia telangisigta
mutated) and ATR (ATM and Rad3-related); they anemed
as potential sensors of DNA damagé®.

The histone H2A variant H2AX also play significant
role in response to DNA Damage specifically comtrthe
recruitment of DNA repair proteins to the sites DNA
damage and this activity is phosphorylation depahd&TM,
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worst chemical disaster of Bhopal.

Mrell complex/MRN complex is twisted form of

Mrell, Rad50, and Nbs1/Xrs2 is prominently involwedhe
signaling pathways of checkpoint activation and DMjair.

In genotoxic exposure to DNA it play vital role initiating
kinase activation and ability to tether DNA straffisMre11

is the core complex member and it interacts wisielftand
both Rad50 and Nbs1/Xrs2. Mrell has endonucleas@&an
50 exonuclease activities that are important in thec@ssing

of DNA ends for recognition by DNA repair and ceifcle
checkpoint protein§’ - ®. However, Rad50 gene encodes a
153kd polypeptide involved in many DNA metabolic
pathways that maintain genomic integrity and highly
conserved DNA double-strand break (DSB) repairdialf"

(21 Another member of this complex is Nbs1 bitRAX
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after phosphorylation, resulting in a second wafeMeoell
complex recruitment to sites of damage and thushéur
amplification of the checkpoint signl

Labware (Franklin Lakes, NJ, USA). ATCC completewth
medium for HPAE culture were procured from ATCC,
Manassas, VA, USA. Bradford reagent for proteinnestion

As p53 is such an important mediator in cellular was procured from Amresco Inc. (Solon, OH, USA).r Fo

response to genotoxic stress, it is no wonder ATal/ATR
can regulate p53 activity at multiple levels. Theostn
straightforward way to manage p53
interaction, e.g., phosphorylation of p53. Both AEMd ATR
have been shown to phosphorylate p53 protein ates&b to
enhance its transactivating activit}**®. One critical
response is the activation of p53, is in regulat@mnthe
mammalian cellular stress response, activation eheg
involved in cell cycle control, DNA repair, and agosis™".
Regulation of the cell cycle involves processe<ialuto the
survival of a cell, including the detection andaif genetic
damage as well as the prevention of uncontrolldcdogsion.
The two main families of proteins involved in callcle
regulation are cyclin-dependent protein kinaseskgrdnd
cyclins. Cyclins play a vital role in the orderlyogression of
the cell division cycle through their timed expliessand their
ability to bind, activate and enhance substratmitffof their
associated cdks, these multiple cdks control thlecgele and
have been long considered essential for normaiferation,
development and homeostaldfs .

The cyclin-dependent  kinase inhibitor 1A
(CDKN1A), also known as p21 (WAF1/CIP1) modulated c
cycle, senescence and differentiation via spedqiiiotein—
protein interactions with the cyclins, cyclin-dedent kinase
(Cdk), and many otheré®’. GADD45, a growth arrest and
DNA damage inducible protein involved in important
processes such as regulation of DNA repair, callecgontrol.

It is a nuclear protein and bind to multiple im@mt cellular
proteins such as proliferating cell nuclear antig®CNA),
p21 protein, core histone proteins, and MTK/MEKKA a
upstream activator of the JNK pathway, and cdc2tepmo
kinase 21112
regulate the cell cycle and other critical cellyl@ocesses has
become increasingly important to researchers.

The present study is first of its kind to expouhe t
genotoxic potential of MIC with explicating the dymic role
of different cellular proteins in cultured endothklcells
following in-vitro exposure to N-succinimidyl N-
methylcarbamate a surrogate chemical to NfE The study

assessing the cell cycle regulatory proteins -iegdkyclin A
and E) and cdk (cdk2); tumor suppressor proteip§3, p21

is through directand GADDA45); DNA damage responsive proteins-(ATM,

ATR & yH2AX) and repair proteins- (Mrell, Nbsl & Rad50)
primary antibodies from Abcam Inc. (Cambridge, U&hd
Calbiochem (Nottingham, UK) and secondary antibediem
Promega (Madison, WI, USA) were used with apprdgria
dilutions.

Cell lines and Culture Conditions

HPAE-26 (ATCC No: CRL-2598) cells were
obtained from the American Type Culture Collect{&TCC,
Manassas, VA, USA). Further, they were seededeatiémsity
of 10 to 15 x 10 cells/100 mm culture dishes for western blot
in ATCC complete growth medium (Ham's F12K medium
with 2 mM L-glutamine adjusted to contain 1.5 g/daim
bicarbonate and supplemented with 0.1 mg/ml hepand
0.03 mg/ml endothelial cell growth supplement (EGGH%;
fetal bovine serum, 10%) at 37°C in the humidified
atmosphere of 5% COn 95% air as per ATCC catalogue
instructions. After optimum confluency, the cellere treated
with the experimental agentN-succinimidyl N-methyl
carbamate. At the onset of the experiments, this eedre at
an exponential and asynchronous phase of growth.

Study Design

Experiments were conducted at different time
intervals ranging from 6 h to 96 h with controléi€€eThe cells
were treated using a constant 0.0 concentration ofN-
succinimidyl N-methylcarbamate. The selection of the dose
was done on the basis of author’s previous obsenstin
which they found that this concentrationMsuccinimidylN-

. Understanding how these proteins interact tomethylcarbamate was optimum to induce DNA damage,

oxidative stress and inflammation in cultured marmemacells
271291 Controls were untreated normal HPAE-26 cells.

Western Blot

10 to 15x 16 N-succinimidyl N-methylcarbamate
treated cells were harvested at different timervatis, and
untreated cells were harvested as control. Briaflls were
rinsed twice in 1X- PBS and lysed in the buffer4d&GDS,

was carried out in cultured human pulmonary arterialM Tris pH-7.6, 0.5mM EDTA). The obtained cell Ilysa

endothelial cells (HPAE -26) to address the celluésponse
by quantitative analysis of different cell cyclegutatory
proteins: cyclin A and E & cdk2; cell cycle inhibiy

were centrifuged at 12,000 rpm for 10 min at 4°@d dhe
supernatant was collected. Protein concentrationsre w
determined from the supernatant by Bradford asay.

proteins: p53, p21& GADD45; DNA damage responsiveamount of 10Qug protein was analyzed through 10% sodium

proteins; ATM, ATR &yH2AX and repair proteins: Mrell,
Nbsl & Rad50 expression states through Western Blot

Material and Methods
Reagents and antibodies

N-succinimidyl N-methylcarbamate [CAS No.
18342-66-0] (Sigma Aldrich Laboratories, St. LOuldSA)
stock dissolved in 2mM dimethylsulfoxide (DMSO) iinal
concentration of 0.00mM was used for investigations. The
culture petri-dishes were procured from BD Falcascbvery
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dodecyl sulfate polyacrylamide gel electrophore§&DS-
PAGE) and transferred onto nitrocellulose membran@5
mM Tris, 194 mM glycine, and 20% methanol at 4°Ghwi
semi-dryer transfer unit of Hoefer (Holliston, MAJSA).
Membranes were blocked with 5% nfat milk in 0.1% PBST
and incubated for overnight at 4 °C with primary use
monoclonal antibody specific for cyclins (cyclin & E) and
cdk (cdk2); tumor suppressor proteins- (p53, p2id an
GADDA45) DNA damage responsive proteins- (ATM, ATR &
yH2AX) and repair proteins- (Mrell, Nbsl & Rad50) (
1:1000 dilution). Membranes were washed two toghimmes
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for 20 min with 0.1% PBST and incubated for 2 hr@m
temperature with alkaline phosphatase conjugatednskary
antibody (1:2500 dilution). Membranes were washadd
band was visualized by reacting the membrane whig t
substrate 5-bromo—4—chloro—3indolyl phosphate/oiitre
tetrazolium (BCIP/NBT).

Results
Western Blot

DNA damage response commence with
multichannel signaling pathways that includes ogjicle
checkpoints, cell cycle arrest, DNA repair, and mation of
many other processed’! - Bl B2 & B3 after double strand
breaks induction, ATM and ATR are phosphorylated an
activated? B! & B4 fyrther they phosphorylates numerous
substrates playing different roles in various dagneggponse
pathways. MRN complex co-localizes with proliferaticell
nuclear antigen (PCNA) throughout S phase and the
replication fork is a site of MRN complex chromatoading,

a

To Study the mechanisms under|ying the Ce||u|arthere is limited co-localization of the MRN Complwth

response after exposure to isocyanates ulshsgiccinimidyl
N-methylcarbamate, we analyzed the expression abugr
cellular proteins from 6h to 96h with correspondicantrol
cells. Analysis of these modulators through westbtot
revealed interesting results. ATM, ATR apd2AX (fig. 1)
are principal sensor of DNA Damage response theysh
their aberrant expression in different progressine course,
also different tumor suppressor and growth arregtedein
p53, p21 and GADD-45 showed

BRCA-1 andyH2AX . However, aberrant expression of
these proteins (ATM/ATRH2AX) in following subsequent
time hours in our study shows their incompetence in
progressive cellular response (see figure 1). Hmtl
expression of repair proteins generate halt in remah DNA
metabolic processes, such as HR, NHEJ, telomere
maintenance, the formation of meiotic DSBs, the aeah of
Spoll from meiotic DSBs, the processing of DSBs,

reduced or distres€heckpoint regulation leads to uncontrolled prodifeon of

expression iN-succinimidylN-methylcarbamate treated cells cells % Similar expression of repair proteins observedraf

during the different time intervals denoting theicompetence
to regulate cell cycle due to profused geneticrafien in
comparison to controls cells. Software band deraitglysis
of p53 and p21 proteins shows high percentage pfession
at 6 h but subsequently show down regulation ifieckht
progressive time intervals while growth arrestedt@n

isocyanates induced toxicity in endothelial cedlsq figure 2).

Earlier chemical stress studies with human
pulmonary-artery endothelial cells showed that Isutptiantity
of toxins can exert severe effe€td . The over expression
of cyclin A and E has been observed in a broadtapacof

GADD-45 show its down regulation from 12 h (fig..3) human malignancies, and altered cyclin E is thought
Besides, sensor and tumor suppressors, repair eamplendorse early loss of heterozygosity of p53 andotigenesis
(Mre11/Rad50/Nbsl) also been abruptly disappear in " " Also, loss or mutational inactivation of p53 ledds

corresponding time scales (fig. 2). Interestingty the other
hand, both the cyclins show high fold of expressiom 12 h

to 96h, whereas cdk2 expresses higher at 24 h @uhd Over-

expression of cyclin A, E and cdk2 proteins wersested in
different progressive time intervals in contrast dontrols

implicating their role in tumorigenesis due to itieation of

cell cycle checkpoints that, in turn, resultingoioliferation of

abnormal cells (fig. 4). The modifications in catlycle

progression caused biN-succinimidyl N-methylcarbamate
exposure might be apprehended to the carcinogenjeegy

of the isocyanate substitute used.

Discussion

The endothelium lining serve as a selective barrie
between the vessel lumen and surrounding tissualsi
involve in controlling the passage of materials #mel transit
of white blood cells into and out of the bloodstreddowever,
the pulmonary airways are exposed to various chamic
irrespective of the route of administration, andhath dose
levels both toxicity and cancer have been obserired
laboratory animal§® *. The present study is first of its kind

and imparts a sign of vascular damage by the expose

chemical substitute of MIC with the expression @firchge
responsive proteins and other cascade machinerthoRs
previous studies have also suggested that the espds
isocyanates can lead to DNA Damage, alteratiorelhaycle
regulation and chromosomal abnormalities in-vif® - 9.
Our present study reveal that isocyanate cause@aostress
in mammalian cells and a concentration as low a85uM
can trigger alteration in the expression of différeellular
proteins.
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uncontrolled activation/expression of cdk2 in celfsested for

cell cycling due to physiological stress as welld@naged
DNA [39], [41] - [44]'

Although very few alterations in p21 are found in
human cancers, it is implicated in tumorigenesieugh its
regulation by the p53 tumor suppressor protein. g5 gene
is the most frequently mutated gene in human cangar
important role for p53 is as a cell cycle checkpagagulator
1451 48] 53 stabilization in response to DNA damage tesnl
either a G1 or G2 phase arrest, which may allow Didpair
to occur. In cells lacking p53, genome stability
compromised leading to increased mutations, aroptifins,
rand chromosomal abnormalities. There is strongesd to
suggest that p21 is the key mediator of the abdityp53 to
regulate these cell cycle checkpoilifs However, our results
imply the cancerous competence of isocyanates dathvn
regulation of p53, p21 with Gadd45 (see figure BY aip-
regulation of cyclin A, cyclin E and cdk2 in progséve time
intervals (see figure 4).

is

In conclusion, the present investigation notifiée t
tumorigenic capability of MIC substitute with detdgtion of
ATM/ATR/yH2AX/cyclins and decreased expression of
different tumor suppressor and repair proteins. thécant
may affect the cascade signaling mechanisms ofosens
ATM/ATR/yH2AX, p53 and p21 protein expression involve
in cell cycle arrest with perturbation of GADD45pe&ssion.
Further, the altered over expression of cyclins aul2
expression unveiled the progression of canceranctils. We
also apprise about gene—environment interactions
generation of site-specific cancers with vasculamdge in
implemented cultured endothelial cells. The studybd

in
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specify out the new toolbox to address cancer tiagufrom
the common modifier genes and multiple environmenta

exposures.
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Figure 1- Status of DNA damage sensors. Western Ilanalysis showing expression of different DNA Dange sensors
(ATM/ATR/ yH2AX) proteins in control (C) and following treatment with 0.005 puM N-succinimidyl N-methylcarbamate at
different time intervals (6 h to 96 h) in human pumonary arterial endothelial cells (HPAE-26) cells.
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Figure 2: Status of DNA repair proteins. Western bbt analysis of MRN complex members in control (C) rad following
treatment with 0.005 pM N-succinimidyl N-methylcarbamate at different time intervals (6 h t096 h) in human pulmonary
arterial endothelial cells (HPAE-26) cells.
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Figure 3: Status of cell cycle modulators. Westerblot analysis shows expression of different tumoruppressor (p53, p21
and GADDA45) proteins in control (C) and following teatment with 0.005 pM N-succinimidyl N-methylcarbamate at
different time intervals (6 h to 96 h) in human pumonary arterial endothelial cells (HPAE-26) cells.
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Figure 4: Status of cell cycle regulators. Westerhlot analysis of cyclins (cyclin A and E) and cdkddk?2) in control (C) and
following treatment with 0.005 pM N-succinimidyl N-methylcarbamate at different time intervals (6 h t096 h) in human

pulmonary arterial endothelial cells (HPAE-26) cels.
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