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Abstract |
Neuropeptlde Y (NPY) discovered in 1982 is one of the most abundant
: __neuropeptides found in the mammahan brain It is also stored and secreted as a
hormone frOm ‘chromafﬁn cells_ in the body It has been shown to regulate cardiac
- blood pressure, intra’cellular.cailcium conCentrations in tissue culture, and pineal gland
: production and secretion of the. horrnone.melatonin, all which have been shown to be
‘ '.affected‘by‘ exposure to magnetic fields (MF). In this thesis,.I examined the effects of
MF ‘exposure on the‘chemically induced production of NPY mRNA in therat
pheochromocytoma, PC-12’,ce1;1 line. | NPY mRNA production is regulated in these
cells by at least three differeni signal transduction mechanisms, the
‘phosphoinositide/protein kinase C v(PKC) dependent, the cAMP dependent, and a
tyrosine kinase dependent mechanism with a synergism occurring upon simultaneous
stimulation of boththe phosphoinositide/PKC and the cAMP dependent pathways.
| There is a signiﬁcant decline in the synergistic production of NPY mRNA in

'PC-12 cells stimulated with forskolin (20uM) and TPA (50nM) upon m;lgnetic field
kexposure. This decline was seen at 8‘ and 24 hours of chemical plus MF exposure. To .
| determine whether or not a speciﬁc ‘sign‘a‘ll transduction pathWay was affected by MF |
‘exposure, PC-12 cells were exposed to TPA (12-O-tetradecanoylphorBol-13¢acetate)
(50nM), or forskolin (‘ZOuM)V for 8 hours with and without MF exposure. No changes.
in NPY mRNA were :seen bet’we:en magnetic ﬁeld énd sham exposed unStirnulated -
cells, or in those cells exposed to forskolin (20uM).v In three of four experiments,

those cells exposed to TPA (50nM) and magnetic field showed an average 27%, 36%,

iii



i and 24% (p <0 05) decllne 1n NPY mRNA It has been shown that transcrlpt stab111ty “

B '.'of the GAP 43 gene in PC 12 cells can be affected by actrvatlon of PKC To v' e

o determrne 1f the MF 1nduced decllne 1n NPY mRNA was at the posttranscrlptronal

| "1 '\"level cells were 1ncubated w1th TPA (SOnM) for 8 hours at Whlch t1me DRB (5 6- Ca

o % 'chhloro-l B D Rrbo Furanosyl Benzrmldazole) (65uM) an 1nhrb1tor of transcrlptlon

o was added RNA was extracted at Varlous trme pomts thereafter The TPA-mduced

_-half-lrfe Was approx1mately 12 hours in both magnetlc fleld and sham exposed

: ‘:cultures These results 1nd1cate exposure to a 1 gauss 60 Hz magnetlc ﬁeld affects a

| mechamsm 1nvolv1ng PKC that leads to an 1nh1b1t10n of the productlon of NPY mRNA

B _;1n PC-12 cells and this effect does not appear to be at the posttranscrlptlonal level

L '.‘Thls work was, supported by CSUSB ASI graduate research funds and DOE

R Department of Energy Contract No AI 01- 90CE35035
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. INTRODUCTION

Lowrfreqﬁency eIectromegnetic ﬁeld (EMF) interactions with biological |
systems have‘been recorded for the last twenty years. Only in the last decade or so,
has exposure to these fields been ‘i.mplicated with higher incidences of cancer. Today,
there is an overwhelming demand to clarify the issue of electromagnetic fields possibly
interacting with biological systerhs to promote cancer.

.Epidem'iologieal studies heve shoWn that a correlation exists between exposure
to EMF’s and increased incidences of cancer, e.g., childhood leukemia, brain, and
. breast canceré, and an increased incidence of miscarriage (Feychting M. et. al., 1992;.
| Savitz D. et. al., 1990; Myers A. et. al., 1990; Goldhabler M. et. al., 1988;
Werthéimer N. et. al., 1979, 1989; Delgado J. et. al., 1982). A current theory is that
these EMF’s are not promoting cancer by themselves, but are possibly enhancing the
effects of exposure to low doses of kno§vn carcinogens, i. e. co-promotion (Adey, W.,
1990). Recently, a cellular model of focus formation has been used to demonstrate an
increase ih focus formation of cells grown in the presence of a known tumor promotor,
‘TPA (phorbol 12-myristate 13-acetate), and a 60 Hz, 1 gauss magnetic field (Cain C.
et. al., 1993). The mechanism responsible for this effect is not yet understood,
although it has also been shown that expression of early activation genes can be
affected ‘in a specific manner By EMF exposure (Goodman R. et. al., 1983, 1986,
1989; Phillips J. et. al., 1992). It is possible that there exists similar mechanism(s)
susceptible tobmagnetic field ‘expesure within both of those findings. For instance,

TPA has been shoWn to directly bind and activate protein kinase C which will in turn

N\



| phosphorylate transcrrptien facterschanging the rate of transcription of certain genes.
A melecular rnechanjsm by which EMF’s can interact wtth biological systems

" needs to be identified if this research is to have any real credibility. There is good
evidence that the mechanishr is associated with the cell membrane, perhaps at the level
of s1gnal transduction (Adey W. R., 1986, 1988). Evidence exists 1mply1ng second
messengers such as CAMP, and Ca2+ as the site of EMF-cellular 1nteract10n (Bawin S.
and Adey W., 1976; Cain C. et. al., 1987; Walleczek J. et. al., 1990; Liburdy R. et.
al., 1993). The question of whether the alteration of- this molecular mechanism leads
to plausible susceptibility to varieus forms of cancer needs to be addressed. The focus
formation model reported by Cain et. al., 1993, answers the question of whether
mechanism alterations caused by EMF exposure can lead to enhanced focus formation,
while not yet identifying a mechanism.

Another possible answer to the question of whether exposure to EMF’s changes
the susceptibility to cancer is demonstrated by the finding of decreased pineal
production of the hormone melatonin in animals exposed to EMF’s (Reiter R. et. al,
1992; Wilson B. et. al. 1981, 1986, 1990; Welker H. et. al., 1983). There is some
evidence that melatonin could be involved in the body’s natural defense against
certain cancers. Blood levels of circulating melatonin decline in patients with various
forms of cancer. This observed decline in melatonin was attributed specifically to a
decrease of synthesis and release‘: from the brain (Bartsch C. et. al., 1985,1989). vAs of
- yet, there is no identified molecular mechanism being affected by EMF exposure that

would lead to declined production of melatonin. Natural regulation of melatonin



secvretior;,i'i"s'_ due partly to pi_'rjlele‘ixlb.gland}’adrervlvergic receptor 'stimu'lat_ion by
nofepinephrine, Whiéh'is revleased‘iduting‘dark periods of the circadian cycle (Moore R..
et al., 1968). | | | i
N ~ Another known _réguiétdr of binéél pfoducfion and .secretion of melatonin is the
néﬁroﬁeptide, Neuropeptide Y ‘(NPY) (t)lcese J et. al., 1991; Vaéaé M et. al., 1987,
‘Reus_s S. et. dl.,‘ 1‘989). Neuropeptide Y(NPY) isa 36-amino acid péptide originally' |
iSOlated from porciné brain 1n »1982 (Tatérhot.o'K. et. | al.,1982). It is among the most
.abundant neuropeptides found il; the brain (de Quidt M. et. dl., 1986), vand appéars to‘
‘ ’be an important regulator‘in the mammalian ng:rvdus systém. There is evidence this
neuropeptide plays a significant role in the regulation of cardiac artery blood pressure
(Lundbérg kJ .et. al, 1982), hormonal release from the brain (Kerkerian L. ef. aZ.,
1985)? and feeding behavior (Stanley B. and Leibowitz S., 1985; Stanley B. et. al.,
'1993; Stanley B. and Thomas W..,v 1993). It is found co-localized with other
‘ céte‘cholamines‘and appeéfs to be involved in regulating their secretion (Guy J. and
Pellétier G., 1988). NPY is also stored and secreted as a hormone from adrenal
‘ chromafﬁh cells (Allen J. et. al., 1983), and is widely distributed throughout the body.
The géne expression of ‘NP’Y is an ideal system to use for the study of |
biological effects of stimﬁli on ceil membrane signal transduction because NPY gene
. ‘e)lipressio‘n' appears to be depeﬁdent o:nj at least three signal transduction mechanisms:
~the phosphdinositidev/pr(‘)tei'h kinase C, vthe cAMP, and a'ty‘r‘o‘sihe kinase dependent
mechaﬁisrh (Higuchi H. et. al., 1988; Sabol S. et. al., v199‘0). This regulationr of NPY

gene epression has been demonstrated in fetal aggrégating brain cells (Magni P. et.



o al, 1992) as well as in the rat PC 12 pheochromocytoma cell 11ne (Hrguchr H. et. al.,

" - 1988; Sabol S. et. al., 1990) A novel aspect of NPY gene regulat1on in PC 12 cells is
‘that actlvation of both cAMP and protern kinase C dependent srgnal transduct1on |
' rnechanisms concurrently_leads:to a S}.zjn‘ergisrn‘ in the productlon ot‘ :NPY mRNA where
: ~ the _le'Vels obtain.ed_i are far greater than 1f the mechanisrns were additiue (Higuchi H. et.
al., 198'8;> Sabol S. et. all, l99l)): The mechanism(s) for this .phenomena are unknown
‘although similar effects have ‘be‘en.seen with other genes' in other cell lines((iomb:M.
et al 1986; Anderson B et. al, 1988) :
. “ 1 chose to examlne whether exposure to EMF’s can alter the chemlcally 1nduced
production of NPY in the ra-tpheochr’_omocytorna cell llneiPC-l2 using NPY prepro -
mRNA as a marker. | ThlS cell line has been shown to be responsivef to EMF exposUre.
’The PC-12 cell hne has been extenswely used to study the process of neuronal
d1fferent1at10n Upon exposure to Nerve Growth Factor, these cells begrn to form
neurrte processes. ThlS neurite forrning process appears to be altered in the presence
of a magnetlc field (Blackman C et al l993a 1993b) Also these cells are known

~ to produce and secrete catecholamlnes The secretlon of the catecholeamrnes has also

o been shown to be affected upon exposure to EMF’s (Dlxey R. and Rein G., 1982)

In thrs study, PC-12 cells were exposed to a 60 Hz 1 gauss s1nu501dal

' magnetic field with the measurement of NPY r_nRNA expressron used as an endpoint.
The hypothesis was that expo-sur‘e tothe.magnetic field would alter one. or more of the =
‘ ‘_v'bef,o're vmentio’ned s_ignal 'transducti.on pathways leading, to an alteration in the

'_production of NPY mRNA in PC-12 cells. It was dernonstrated that exposure to this



. | ,‘1nh1b1ted by magnetlc ﬁeld exposure

. magnetlc ﬁeld 31gn1ﬁcantly 1nh1b1ts the synerglstlc productlon of NPY mRNA 1nduced

SR ‘.by the comblned actlons of forskolm and TPA It was also demonstrated that NPY S

.; mRNA 1s 1nduced upon actlvatlon of PKC by TPA appllcatlon ina t1me and dose-. SR

o ‘:“-dependent manner ThlS PKC dependent 1nduced NPY mRNA is also 51gn1ﬁcant1y




MATERIALS AND M.ETH_O_D,’S,T "
Magnetic' field (MF) exposure conditions. ‘A cell culture incubator 'containing a
’ ’:‘modiﬁedv Merrit coil consisting o‘f 3 square coils 14" in diameter separated from each ’
o other’hy one-half the diameter with the number of wire‘turns in each coil in a 2:1:2 |
conﬁg'urathn-(52:26:52)Was used for MF‘exposures. Unless stated otherwise, all
,rnagnet’ie' ﬁeld eXposure_s _jWeré 1 £AUSS e (lOOuTesla) sinusoidal at a frequency of 60

Hz.

| Materlals A plasmld pBLNPYl contammg the cDNA cod1ng for rat brain prepro

' NPY was a generous g1ft from Dr. Steve Sabol (Natlonal Instltutes of Health

| ; Bethesda, Md.) Forskohn and TPA were from Srgma. Nerve Growth Factor (NGF)

uvas 'ob_tained from:‘Up.state Biotechnology Inc. : Forskolin and TPA were dissolved in -

,_ 9.5%‘ethanol_; NGF was dissol&ed'ln water. In each experiment, the final concentration
of ethanol in the cell culture dishes Was < 0.2%. This alcohol concentration appeared”
'to ‘have no effect on cell morphology. Control disheswere also exposed to equal,

* concentrations of ethanol.

Cell culture. 'PC-12‘”cells obtained from Dr. Gordon Gurhoff through Dr. Steve Sabol
‘(Natlonal Inst1tutes of Health Bethesda Md.) were grown in DME t1ssue culture
med1um contammg 5% horse serum and 5% fetal calf serum in an 1ncubator w1th a

~ humidified atmosphere of 5% C02/95% air w1th a background MF of < 0.002 gauss. |

'Cell culture medium Was changed every two days. The cells were grown for 1 week



42 C and exposed to x-ray ﬁlm overnlght

- ‘Preparatlon of total cellular RNA Total cellular RNA was extracted w1tl

"' ,> » ' prevrously descr1bed 4M Guamdlmum Isothrocyanate procedure (Chomczyn

Sacch1 N 1987) prec1p1tated w1th ethanol and quantlﬁed by absorbance at):

i (40ug RNA/unlt A260)

: ,'_Northern blot analys1s Equal amounts of RNA (25 SOug) were electroph

B 1 2% agarose gels contammg 3% formaldehyde and transferred to Magna (l

' ‘membranes The membranes Were drled at 80 degrees and U V. cross lmke

" 1ntegr1ty of the RNA was determmed Vrsually by the starmng of the membr
. bmethylene blue w1th no degradatlon noted The membranes were hybr1drze

! : " - random-prnne labeled (2 3 X 108 cpm/ug) 511 basepa1r EcoRl msert of the

,"plasmld (H1guch1 H et al 1988) and a llnearlzed plasmld contammg glyc
o o 3-phosphate dehydrogenase (GPDH) cDNA (for normahzatlon) for 16- 36 hours

washed per standard protocols w1th a final wash of 5 X SSPE 1% SDS for' 20 m1n at_ o

_"regulated by the compounds used or by MF exposure (Sabol S et al 1990 Lrburdy .

n .a'{ :

oresedvin o
/ISI) nylon

d The

The GPDH gene does not seem to be o

R et al 1993) Fllms were analyzed usmg the JAVA (Jandel Sc1) system| of |

f‘ ' scannmg dens1tometry Results are expressed as Relatrve NPY mRNA (gray un1ts - S

' '”‘;"NPY mRNA/ gray umts GPDH mRNA) Statrstlcs were done usmg a Stude

v ‘:comparmg, 1ndependently, relatlve NPY mRNA of sham exposed Vs MF ex

sklpand ,‘

mcsiwit'hf e
pB'L'NPer;,_ Sean

eraldehyde

=nt s T test NN .

Posed



" RESULTS

Stilnula‘tion ‘o'f PC-12 :cells’with-.‘fo.rsl{Olln, TPA, and fors'kolin + TPA increases
'levels of NPY mRNA Prevrously publlshed data (H1guch1 H. et. al., 1988) 1nd1cated
B 1ncreases in NPY mRNA in PC 12 cells upon a 24 hour exposure to forskolin (20uM)
TPA (IOOnM) and forskohn (20uM) + TPA (lOOnM) with the combination of the two
‘ . 'chemrcals producmg a synergrstrc increase in NPY mRNA levels To rephcate thls
‘prev1ous data cells were exposed to forskohn (20uM), TPA (lOOnM) and forskolin
»(20uM) + TPA (IOOnM) for 24 hours Total RNA was extracted and analyzed for

’ 'relatwe NPY mRNA Conﬁrmmg the prev1ously published results, NPY mRNA levels,

. were 6 4, and 12 t1mes those of controls respectlvely after chemrcal strmulatlon

“ (F1gure l) ; ‘ }

' , MF exposure mhlblts the cAMP/PKC dependent synerglstlc induction of NPY
‘mRNA in cells exposed for 24 hours w1th varymg TPA concentratlons After
'rephcatmg prev1ously publlshed data 2 1dent1cal experlments were performed Where
'cells were exposed to forskolln (20uM) + TPA (12 25, 50 and lOOnM) +/- MF for 24

| hours A prev1ous pubhcatlon (Caln C et al 1987) has indicated that in some cases,

; magnet1c ﬁeld effects can only be seen upon sub-max1mal stimulation of specrﬁc )
srgnal transductlon pathways Therefore the stimulation of the protem kinase C s1gnal
transductlon pathway was Varred by Varymg the concentratlon of TPA in the presence

. of maxrmal forskohn The max1mal concentrat1on of TPA in the presence of forskolin

v, appears to be SOnM for- the COndltlonS employed in th1s laboratory. In experiment 1,



'there was a dechne in NPY mRNA of those cells exposed to the MF by 51 40, 50,
; and 0 % correspondlng to 12 25 50, and IOOnM TPA in the presence of forskolin
(ZOuM) (F1gure 2a) In the second experlment the levels of NPY mRNA declined in
cells exposed to MF by 0, 28, 25, and 35% correspondlng to 12 25, 50 and IOOnM
TPA respectlvely in the presence of forskohn (20uM) (Fi 1gure 2b)

Kinetic study of forskolln plus TPA 1nduced NPY mRNA. To determine when the
maximal forskolin (20uM) plus TPA (SOnM) synerglstic induction of NPY mRNA
',occurs‘ using theprotocols employed by vthis laboratory; a kinetic study was perforrned.
The synergistic induction of NPY mRNA begins at 2 hours (the earliest time taken)
and reaches max1mum levels (51-fold) at 8 hours. kNPY mRNA leVel then begins to
decline but never reaches ‘basal levels by 24 hours of exposure (Figure 3); This data is
sOmewhatt contradictory to previously published data (Higuchi H. et. az.i,' 1 988) that
shows max1mum levels at 24 hours of exposure.

‘MF exposure 1nh1b1ts the cAMP/PKC dependent synergistic induction of NPY
mRNA in cells exposed for 8 -hours with varymg TPA concentratlons. Because
‘maximum levels of forskolin (20uM) plus TPA (50nM) induced NPY mRNA occurs at
8 hours éfter‘chemical stimulation, cells were exposed to forskolin (20uM) plus TPA
(12, 25, 50, and 100 nM) plus or minus MF exposure for 8 hours. The NPY mRNA
levels in cells exposed to MF were 20, 20, 45, and 20 % less than unexposed cells
corresponding to 12, 25, 50, and lOOnM TPA + forskolin (20uM) respectively. A
second experiment with n=4 sho‘Wed an average 27% decline in NPY mRNA in cells

exposed to forskolin (20uM) + TPA (50nM) + MF. This inhibition was statistically



-;s1gn1ﬁcant at p < O 01 (Frgure 4)

| Klnetlc studles of forskolm an ilePA lnduced NPY mRNA In order to determmef.

o ‘r1f the declme in forskolm plus TPA 1nduced NPY mRNA by MF exposure was the

B 'jtresult of MF effects on'a spec1ﬁc 31gnal transductlon pathway, kmetlc studles of both"f‘

. fforskohn and TPA 1nduced NPY mRNA were performed Cells Were exposed to T

i -_forskolm (20uM) or TPA (SOnM) for 2 4 8 12 and 24 hours Total RNA was o

) extracted and analyzed for relatrve NPY mRNA The forskolm 1nduced NPY mRNA i ‘, ',

, 'began at 2 hours and maxrmlzed at 8 hours (10 fold) staymg relatrvely constant

B .,'through 24 hours of chemlcal exposure The TPA 1nduced NPY mRNA began at2

vhours maxrmrzed at 8 hours (20 fold) and began to declme by 24 hours although not' DU

it 1qu1te reachmg basal levels (F1gure 5)
‘,TPA 1nduces NPY mRNA in a tlme and dose dependent manner by actlvatlon of

' PKC in PC 12 cells Prevrous reports have shown e1ther no change (H1guch1 H et "

val 1988) or 1ncreases (Sabol S: et al 1990) in NPY mRNA upon TPA appllcatlon 1n'j R :

' )"PC 12 cells w1th the mcrease only shown at 24 hours of chemlcal apphcatlon In thrs :
"lab I have shown that there isa marked 1ncrease in NPY mRNA upon TPA |

appl1cat10n Th1s mcrease is trme dependent beglnnmg at two hours and max1mlzmg |
B s ‘at 8 hours of chemlcal ex.posure‘ and TPA dos‘e dependent w1th 1ncreases begmmng at o |

o 36nM and max1mlzmg at SOnM (Flgure 6a) In an attempt to show th1s PKC 1nduct10n |

. of NPY mRNA could be hormonally regulated the prev1ously publlshed mductlon of s

,NPY mRNA by Nerve Growth Factor (Sabol S et al 1990 H1guch1 H. et al 1992) e

‘was examlned for PKC dependency Cells were exposed to: TPA (2uM) for 24 hours to R

10 i



down-regulate thk‘e} a\‘/ail:éb‘le’ PKC; The ‘ccfells"\vx_f.ére thé‘n s;ibseqﬁe_ntly Stimulated W_ith B
either TPA (50nM) or N_erv‘e. Growth Factor (50ng/ml) for 6 hours. Tétal RNA was
extracted énd analyzed for relative NPY mRNA. Those cells that wére exposed to the
| “high concentration of TPA for 24 houfs‘were unable to respond to ’subse’:qubent TPA
‘stimulz.ttic.)n; but were able to respond tb fhé NGF producing NPY mRNA lévels
comparabl.e to those pr‘eviousﬂl‘y“d'escribed (Sabol S. et. al., 1990; Higuchi H. et. al.,
1992) (Figure 6b)L Théreforg, th¢ production of NPY meNA. by exposﬁre to TPA and
NGF occur‘ by two distinct meche‘mi.sms. B
MF exposure iﬁhibits, speciﬁcally, PKC dépendenf indqction of NPY mRNA in
PC-12 cells. To determiné if a speciﬁc signal transduction pathway was affected By
magnetic field exposure, PC-12 cells were exposed to TPA (SOnM) and forskolin
(20uM), plus or minus MF for 8 hours. There was a statistically significant decline in
the production of NPY mRNA in cells‘vexposed fo TPA (50nM) and the magnetic field |
compared to sham exposed (n = 4; p <.05). No changes were seen in the control (no
chemical) or forskolin induced conditions (Figure 7).

Determination of half-life of cAMP, PKC, and cAMP + PKC induced NPY
mRNA. Previous reports have indicated the half-life of the forskolin/ TPA induced
NPY mRNA in fetal brain cells to be at least 12 hours (Magni P. et. al., 1992). The
goal was fo determine the half-life of the induced NPY mRNA in PC-12 cells. Cells
were exposed to forskolinb (20uM), TPA (50nM), and forskolin (20uM) + TPA

_ (SOnM), for 6 hours. After the six hour stimulation, DRB (5,6;dichloro-1-B-D-

ribofuranosyl-benzimidazole) (65uM), an inhibitor of transcription (Tamm I., and

11



K1kuch1 T 1979) was added Total RNA was 1solated before, and 6 11 24 and 30 |
hours after the addltlon of DBR The half-life was determmed to be approxrmately 12 -
~ hours for all cond1trons (F1gure 8) | |
"~ MF 'exposure' does not affect'the half-life of TPA irlduc‘ed NPY mRNA. To | |
v determine if the half;life “"stabi.litfy \;vas”affected by exposure to 'magnetic fields, cells
o were exposed to TPA (SOnM) plus or. mmus s MF exposure for 8 hours at wh1ch t1me
H DRB (65uM) was added to stop transcr1pt1on RNA was extracted before, and 8, 14,
’20 and 32 hours after the addltlon of DRB. Those cells exposed to TPA and
- ‘magnet1c field produced 35% (p <0. 02) less NPY mRNA than did sham exposed cells‘
in the ﬁrst eight . hours The half- l1fe was determmed to be 12 hours. The half-life was

g ‘not affected by exposure to magnetrc. ﬁelds (Frgure 9).
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Fig. 1. Stimulation of PC-12 cells with >fo‘rskolin, TPA, and forskolin + TPA
increases levels of NPY mRNA. PC-12 célls (80% confluent at time of chemical
stimulatioh)‘ were stimulated for 24 :hours; With F-forskoiin (20uM), T-TPA (100nM),
and FT-forskolin (20uM) + TPA (IOOnM) or C-control. Relativeb NPY mRNA is
exprésse.dv a,s‘ the ratio of ‘gray units NPY mRNA/ gray units GPDH with the control |

ratio equal to 1.
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~ Fig. 3. Kinetic study of forskolin + TPA induced NPY mRNA. A) PC-12 cells -
(70-90% conﬂuent) were exposed to fbrs‘kolin-(ZOuM)f+‘ TPA _(SOhM) for 2,4, 8, and
24 hours. Relative NPY mRNA is ‘ex’pre‘ssed as the ratio of gray units NPY mRNA/ _

gray units GPDH with the control ratio equal to 1.
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Flg 4. MF exposure mhlblts the cAMP/PKC dependent synerglstlc mductlon of |
NPY mRNA in cells exposed for 8 hours wnth varying TPA concentratlons PC- -
| 12 cells (70 90% conﬂuent) were exposed to forskolin (20uM) forskolm (ZOuM) +
TPA (12nM) forskolm (20uM) + TPA (25nM) forskohn (20uM) + TPA (50nM), aud
_ forskohn (20uM) + TPA (IOOnM) for 8 hours with and w1thout l G, 60 Hz magnetlc |
field exposure. Symbols: O -sham exposed ) -MF exposed B) PC 12 cells (70 90%> '
: confluent) were exposed to forskolin (20uM) + TPA (50nM) for 8 hours with and

 without lnagnetic field exposure (n=4/eondition). Syr‘nbol's:’ © -sham exposed;' e -MF |

exposed.
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Fig. 5. Kine_tic studies of forskolin and TPA induced NPY mRNA. A) PC-12 célls
(70-90% confluent) were exposed to fo’rskqlin (20uM) for 2, 4,6, 8, and 24 hours. B).
PC-12 cells (70-90% confluent) were expoéed to TPA (50nM) for 2, 4, 8, and 24 | .
hours. Relative NPY mRNA is expressed as the ratio of gray units NPY mRNA/ gray

units GPDH with the control ratio equal to 1.
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Fig. 6. TPA induces NPY mRNA in a -timeand. dose‘depehdent manuer by

o 'actlvatlon of PKC in PC- 12 cells. A) PC 12 cells (70 90% conﬂuent) wete exposed -

to. TPA (6 12, 25, 50, 100 and 200nM) for 6 hours 'B) PC 12 cells were exposed to
TPA (2u1\/1) for 24 hours Wlth subsequent exposure to TPA (50nM) for 6 hours (Tt)
TPA 2uM) for 24 hours w1th subsequent exposure to Nerve Growth Factor (SOng/ml) '

N for 6 hours (TN) TPA (SOnM) for 6 hours (t) Nerve Growth F actor (SOng/ml) for 6

| ~ hours (N), and controls _Wlth no chemlcal exposure (C). Relative NPY mRNA is

‘expressed as the ratio of gray uuits NPY mRNA/ gray units GPD_H ‘with the control |

ratio equal to 1.
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rig. 7. MF exposure ir-ahibi‘ts,‘:spe‘ci;ﬁcally,' PKC depen‘den‘t' induction of NPY
rnRNA in PC-12‘cells PC- 12 cells (70 90% conﬂuent) were exposed to forskohn- :
‘(ZOuM) and TPA (SOnM) with wrthout 1 G 60 Hz magnetlc field for elght hours
k(n—4/cond1tron) Relatrve NPY mRNA is expressed as the ratio of gray units NPY
' mRNA/ gray umts GPDH w1th the control ratlo equal to 1. Symbols:l:}sham

: exposed;'- -MF exposed.
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Fig. 8. Defer’nﬁn’aition of half-life of cAMP, PKC, and cAMP + PKC induced_
mRNA. PC-12 cells (70-90% cgnﬂpept) were eXposed to forskolin (20uM), TPA
(S0nM), and forskolin (20uM) + TPA (50nM), or control (unexposed) for 6 hours at
which time'DRB (65uM) (a transcriptional“ inhibitor) "was added. RNA Was extracted
and aﬁalyzed 'at‘tﬁe indicafe‘d timepoints fdrNPY mRNA. NPY mRNA is expressed
in grey units. YS‘ymbols: O -forskolin (2OUM); 0O -TPA (50nM); © -forskolin (20uM)

+ TPA (50nM); ¥ -control.
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: "‘:‘,F ig. 9, MF exposure does not affect the half—llfe of TPA mduced NPY mRNA

_‘ PC-12 cells (70 90% conﬂuent were exposed to TPA (SOnM) w1th or w1thout l G 60 )

- . :’Hz magnetlc ﬁeld for 6 hours at Wthh t1me DRB (65uM) was added Total RNA was": ) ‘, w ;

BN }fextracted and analyzed for NPY mRNA at the tlmepomts 1nd1cated NPY mRNA is

: v»expressed in grey umts Symbols o -sham exposed : -MF exposed
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DISCUSSION

In th1s study, prev1ous reports of chemlcally 1nduced NPY mRNA 1n PC 12 cells L

| “ 'iwere rephcated Also it was demonstrated that NPY mRNA is regulated 1n PC 12

:_‘cells by PKC in a trme and dose dependent manner ThlS PKC dependent 1nduct1on of o

) JI-AINPY mRNA appears to be physmlogrcally relevant as exposure to TPA causes

s1gn1ﬁcant 1ncreases in NPY secretlon from fetal rat bram cells (Magm P et al 1992),7 L

and 1ncreases in NPY mRNA in 5 6 day old rat bram prlmary cell cultures

S f(unpubllshed data) I conclude that from the above data the forskolm + TPA and

- : TPA 1nduced productlon of NPY mRNA are s1gmﬁcantly 1nh1b1ted in PC 12 cells

o ".exposed to a l gauss 60 Hz magnetlc ﬁeld for 8 and 24 hours It must be noted that |

o ':employed in the same experlment ‘

| fnot m all cases was there a dechne m chemlcally 1nduced NPY mRNA in MF exposed :' A

RES vcells In the case of the forskolm +. TPA 1nduced NPY mRNA 11 of 15 experlments '

(75%) showed dechnes from 20% -’ 50%, wh11e 3 showed no changes and one

3 ':Showed an 1ncrease of 50% In the case of the TPA mduced NPY mRNA 5 of 8 e ST

E experlments (63%) showed declrnes from 20% - "40%, whlle the others showed no

Sl "changes In every case when both forskohn + TPA and TPA condltlons were Q_' ,". e

: vupon magnetlc ﬁeld exposure for one cond1t1 n there vwas no change for the other L

' -'-:Thls could suggest that the state of the cell populatlon for example growth rate

N conﬂuence etc at t1me of exposure may be extremely 1mportant for th1s observed
| I"‘feffect of magnetlc field exposure Some varlatlon 1n the magmtudes of NPY mRNA

- ‘:1nductlon ex1sts between 81m11ar experlments I attrlbute these varlatlons to poss1ble

. _hen there was no change 1n 1nduced NPY mRNA



| : NPY mRNA at the tlme of assay

) _‘dlfferences 1n cell populatlons freshness of reagents and dlfferences 1n basal levels of v 3

Th1s data mdlcate that the observed dechne in forskohn + TPA 1nduced NPY

: 'mRNA in MF exposed cells 1s hkely due to the effects on the phosh01nos1t1de/PKC »" L

o ;:1 dependent 51gnal transductlon pathway as 1ndlcated by the dechne of NPY mRNA 1n -

j .cells exposed to only TPA and MF It has been shown that the stablllzatlon of other

transcrlpts in PC 12 cells can be ‘mc sed by the actlvatlon of PKC (Perrone- R

| BlZZOZCrO N et al 1993) Accordlng to our data PKC actlvatlon does not lead to ’
_ stablhzatlon of the NPY mRNA There 1s no change in chemlcally 1nduced NPY

mRNA half 11fe upon exposure to magnetlc ﬁelds I can only conclude that the

- ‘;"_observed declme 1n PKC 1nduced NPY mRNA upon exposure to magnetlc ﬁelds 1s not’ o

E at the posttranscr1pt10nal level The effect is perhaps at a PKC dependent event

i L occurrmg at the level of transcr1pt10n

o ’:-and bram levels could have 51gn1ﬁcant chmcal nnphcatlons Do relatlonshlps ex1st

Because of the many phys1ologlcal roles of NPY changes in c1rculat1ng blood

’between changes in NPY or changes in the mechamsms of NPY productlon and

'ﬂ-”reported blologlcal effects assoclated w1th exposure to magnetlc ﬁelds? There ex1sts a IR

o lwrde array of pubhshed data that suggest a magnetlc ﬁeld/phy51olog1cal 1nteract10n

o .;,Many of the phys1ologlcal changes assoc1ated W1th exposure to magnetlc ﬁelds are 1n - a

- part regulated by NPY For 1nstance there have been reports of changes in blood

_: :’pressure (Cook M et al 1992), 1ntracellular calc1um levels (Walleczek J et al |

v ‘_j1990 leurdy R et al 1993), catecholarmne secretlon (Dlxey R and Rem G 1982)_"v SR




and production and secretion of the pineal hormone, melatonin m subjécts exposed to
‘magnetic fields (Reiter R. et. al., 1992; Wilson B. et. al. 1981,“1986, 1990; Welker H.
et.‘ al., 1983). All of these phenomena appear,to be regulated by NPY ‘(Lundberg J. ei. |
dl., 1982;'OlcesérJ. et.:al.,b 1991; Vac‘asv M et. al., 1987, Rcuss Sfe»t. dl.., 1989;
Erdbrligger W.et. al., 1993; MOtulSky H. and Michel M., 1988; Michel M. et. al.,
1990; Guy J. and Pelletier G., 1988). "It is possible that exposure to magnétic fields
‘affects the natural brain. and body production of NPY which could lead to the before
mentioned physiological changes associated with magnetic field exposure. Alterations
in PKC 'dependent signal transduction inechanism by MF exposure may also help to
explain previously published MF effects. In PC-12 cells, tyrosine hydroxylase, the
rate-determining enzyme involved in the production of norepinephrine, appears to be
regulated by events inVQlVing protein kinase C (Vyas S. et..al., 1990). Norepinéphrine
appears to be the primary regulator of melatonin production (Moore R. et. al., 1968,
Reitg:r R., 1992). Neurotransmitter release from sympathetic neurons appears to be
regulated by PKC (Heinrich J. et. al., 1987).

The question still remains, "Is there a relationship between NPY and cancer?"
There is one plausible connection to exposure to EMF’s, changes in NPY levels, and
cancer. This connection can be hypothesized two different ways. First, it has been
demonstrated that pineal melatonin concentrations are lowered upon exposure to EMF.
Melatonin has been shown to play a role in some cancers associated with EMF
exposure. In patienfs with either prostate or breast cancer, blood levels of melatonin

are 40%-70% below normal (Bartsch C. et. al., 1985, 1989). This decline is

33



e 'specrﬁcally due to a declme in bram secretlon wh1ch is also the case w1th exposure to

: '-EMF It is currently unknown why melatonln levels are suppressed in the presence of

. EMF although th1s drssertatron could shed some llght Neuropeptlde Y appears to be.!‘-“

' ja pos1t1ve regulator of melatonrn productlon by the plneal gland ThlS d1ssertat10n has"" P

” shown spe01ﬁc dechnes in the productlon of NPY mRNA 1n PC 12 cells exposed to

ffEMF The connectron to p1neal cells is only speculatrve but plausrble The second S

" hypothesrs 1nvolves the levels of NPY 1tself In chlldren dragnosed wrth acute
| . leukemra a cancer ass001ated w1th EMF exposure blood levels of NPY were

o srgmﬁcantly hlgher than those wrthout the cancer Of the chlldren tested those with -

' hlghest levels of NPY had a 81gmﬁcantly better survrval rate than those w1th lower "'" B T

o . levels (Kogner P et al 1992) NPY 1mmunoreact1v1ty was detected m tumors of

chrldren W1th neuroblastoma Agam those w1th the hrghest 1mmunoreact1v1ty showedf‘ o

o better surv1val rates (Cohen P. et al 1990) These data suggest that NPY may 1tself B 1

| play a role in the 1mmune response to certam forms of cancer It has been suggested s |

. that the presence of NPY be used as a marker to determme between bemgn and ‘ o

mahgnant pheochromocytoma tumors In that study, NPY was present in all (9 of 9) SR

- ':bemgn tumors but m only 4 of 11 mallgnant tumors (Helman L et al 1989)

- For th1s 1nh1b1t10n of 1nduced NPY mRNA by MF exposure to have any real

L 'Slgmﬁcance the resultant NPY levels must also change Because NPY can be stored ‘;'

in ves1cles and secreted upon command th1s effect of MF exposure could be

7 : happemng earher than what is shown here lf chemrcal applrcatlon to the cells causes .

| rmmedlate release of the stored proteln the results 1 have shown could be due to BRI



o ; ‘changes in’ poss1ble feedback mechanlsms For 1nstance 1f the MF exposure causes a

o =-suppress1on in the 1mmed1ate chemrcally 1nduced neuropeptlde secretlon thlS mlght

’:show up in- declmed levels of productlon to. replace the stored NPY Also does thrs e

a : :dechne in NPY productlon upon MF exposure result in a decllne of stored peptrde

o ‘Wthh in turn Would cause a dechne 1n subsequent release‘? Is there a natural hormone

. in the body that 1s capable of 1nduc1ng cAMP and PKC in s1m11ar chromafﬁn cells

w1th1n the body, and does th1s st1mulat10n lead to changes in c1rculat1ng NPY levels‘7 o

The exact part of the PKC dependent pathway leadlng to the productlon of

2 ‘NPY mRNA that is affected by MF exposure needs to be determlned as well ThlS R

: mechamsm could 1nvolve dechned levels of TPA 1nduced PKC enzymatic act1v1ty, ’

’ ‘perhaps by 1nh1b1t1ng the effects of TPA on cytoplasmlc PKC. Is there an: 1nh1b1tion

T of the phosphorylatlons by PKC upon MF exposure‘7 Many more experlments need to |

, be performed to 1dent1fy the exact mechamsm in thls system that is affected by MF
ybexposure.» B . g - |
- NPY may play a role injcancerdefense by regulating 'the secreti‘onof brain
melatonin : andby its. ownpresence in the bl_ood and tissues; 1If the decline. in,protein :
l(inasezC inducedNPY. mRNAupon magnetic fre_ld _e);ﬁos'u’ré oCcurs in the liying'
“ system and, if this decline leadstoa subsequent.'decline.in brain and blood _i_évérs: of
’ th'e;‘neur.opeptide, the? findings lwe have’ juSt "re‘po‘rted could ‘lead .to physiological a

» ;explana'tions of some magnetic‘ﬁeldinducedpheno_mena. ‘
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