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Abstract: Genes are differentially expressed in cells in
response to changes in the internal or external environ-
ment. The response is generally an adaptive mechanism
to the environmental challenge to restore cell functions
to homeostasis. There are numerous studies reporting
changes in gene expression in cells exposed to radio-
frequency radiation (RFR), the type of energy emitted by
wireless communication devices. The major genes affected
are those involved in: repair of damaged proteins, response
to stress, oxidative changes, apoptosis, DNA damage
detection and repair, and changes in neural functions.
Gene expression data supports the notion that RFR is a
stressor that causes oxidative changes and DNA and protein
damage in cells under different exposure conditions, in
many biological systems. Changes in all these significant
gene expression effects are supported by results of other
biological studies of RFR exposure in the literature. They
should be considered in the setting of RFR-exposure
guidelines.

Keywords: gene expression; radiofrequency radiation;
stress; DNA damage; apoptosis; oxidative changes

Introduction

As of July 2025, there are more than 500 papers published on
genetic effects of radiofrequency radiation (RFR). Most of the
studies are on genotoxicity (e.g., DNA damage, chromatin
conformation changes, and micronucleus formation, among
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others) and gene expression (see ‘RFR-genetic effects’ file in
references [1] and [2]).

Genetic effects of EMF can depend on various factors,
including field parameters and characteristics (such as
frequency, intensity, modulation, and orientation of the
field); cell type; and exposure duration. There are many
reports showing genetic effects in cells and animals after
exposure to RFR at intensities like those now found in
ambient, public, and occupational environments. Particu-
larly, there are many reports that showed genetic effects at
intensities below the SAR limits of <0.4 W/kg (the dose rate
considered to be safe by most international RFR exposure
guidelines) (see ‘RFR-low-intensity effects’ file in reference
[1, 3D.

As a singular entity, the mechanism by which RFR
causes genetic effects is not well understood but appears
due to multiple inter-dependent mechanisms. One
possible mechanism with ample research data involves
free radical formation. There are many reports of free
radicals and oxidative processes involvement with RFR-
exposure, including both reactive oxygen and reactive
nitrogen species (see ‘RFR oxidative effects’ file in refer-
ence [1, 4]). It is conceivable that increases in free radicals
in cells could cause macromolecular damage, including
that to DNA.

Effects of RFR on gene expression

Many studies have examined the effects of exposure to RFR
on gene expression in cells. Changes in gene expression are
a reflection on how cells “perceive” the disturbance of the
radiation and their response to retore normal functions.
These studies include in vitro, in vivo, and acute- and
chronic/repeated-exposure experiments. In most studies,
RFR radiation was generated by waveguides or antennas,
and in some studies, wireless devices such as cell phones
and Wi-Fi routers provided the radiation. In the latter
instance, the radiation is less uniform, and the specific
absorption rate (SAR) is generally not available. However,
these latter studies provide a more realistic exposure
situation.
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Changes in expression of genes of various biological
functions have been reported (Appendix 1 in Supplemen-
tary Material, literature can be retrieved from the
PubMed). This paper presents the findings of several major
gene-expression topics: 1. repair and removal of damaged
proteins; 2. DNA damage; 3. oxidative processes; 4. stress
responses; 5. apoptosis; and 6. brain functions. The majority
of the studies included are on RFR between 800 and
2,500 MHz. SAR was provided in most studies and power
density in several studies. The SAR values varied from
several pW/kg to 20 W/kg. However, power density pro-
vides little information on the amount of energy absorbed
in tissues, particularly when they are not given as incident
power densities.

Genes involved in repair and removal of
damaged proteins

Of all the genes that have been shown to be affected by RFR,
heat shock protein (Hsp) genes stand out as a major target.
Studies that showed effects of RFR exposure on Hsp are listed
in Table 1. (References of studies cited in the tables can be
found in the Appendix at the end of the text.) Up-regulation is
generally reported. Note that the effect has been observed in
different biological systems and exposure conditions. One
would argue that the responses are caused by the thermal
effect of RFR. However, in several instances, upregulation of
Hsp was observed at low-intensity RFR, defined as at a SAR of
< 0.4 W/kg (see studies marked ‘LI’ in Table 1) when heating
was unlikely. In one study [5]; Hsp upregulation was observed
after exposure to a GSM-modulated field and not to a
continuous-wave field of the same SAR, which further argues
against a thermal effect. Results observed at low intensity are
more relevant to environmental RFR exposure from far-field
radiation emitted by transmitters (e.g., radar, radio, and TV)
and base stations, whereas higher intensity (thus, higher
localized SAR) studies are related to cell phone use where body
parts, particularly the brain, are exposed at a close distance.
In addition to heat stress, various forms of Hsp are
activated by different stressors such as cold, oxidative
stress, and tissue damage. The major function of Hsp is
to stabilize and repair denatured proteins. It also is
responsible for the removal of damaged protein via the
lysosome process when that protein is beyond repair.
This prevents damaged protein aggregation that can affect
cell functions and is a leading cause of certain neurode-
generative diseases such as Alzheimer’s disease. On the
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other hand, Hsp has anti-apoptosis properties that, in
cancer cells, can play a role in the initiation and pro-
gression of cancer.

Previous reports have suggested that RFR could change
protein conformation [6-8] which can lead to the expres-
sion of Hsp genes that facilitate repair. But how does
RFR affect protein structure? RFR does not have enough
quantum energy to directly break covalent bonds. Can RFR
affect weak molecular interactions, e.g., London dispersion
forces?. Further research will be needed to understand the
mechanism.

Genes involved in DNA damage

Another important consideration is the expression of genes
related to DNA biology reported in the publications listed in
Table 2. Genes affected are mostly those in response to DNA
damage or related to molecular mechanisms of DNA damage
repair. These data also indicate that RFR at low intensities
can damage DNA (see LI studies in Table 2). DNA damage
after exposure to RFR has been reported in numerous
studies [2].

Genes involved in oxidative processes

A consistently reported bioeffect of RFR is changes in
oxidative processes. More than 350 papers have been
published reporting effects (see ‘RFR oxidative effects’ file
in reference [1]). Numerous gene-expression studies have
shown up-regulation of oxidative process-related genes
(Table 3). That different related genes are expressed to
counteract oxidative stress (e.g., anti-oxidation enzymes)
after exposure to RFR support the notions that RFR affects
oxidative processes in cells. Hsp70 seems to play an
important role. It activates different biochemical antioxi-
dant mechanisms to bring the cells to normal homeostasis
[9]. Protein damage could also be caused by RFR-induced
free radicals leading to the expression of genes related to
repair or removal of the damaged proteins (as discussed
above).

Genes involved in stress response

It has been proposed by various researchers that RFR is a
stressor (e.g., references [3] and [10]) that causes “cellular
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Table 1: (continued)

Comments

Results

Exposure conditions

References (see Appendix)

The main function of Hsp27 is to provide thermotolerance

in vivo, cytoprotection, and support of cell survival under
stress conditions, inhibiting protein aggregation and by

stabilizing partially denatured proteins. It has anti-

Upregulated Hsp27 and Hsp70 genes expression.

Hippocampus of rats exposed to 2,450 MHz RFR for

20 min at 6 W/kg.

Yang et al. (2012)

RFR and gene expression

apoptotic properties and roles in cell growth (termination)

and inflammatory and stress responses.

Clusterin is an extracellular molecular chaperone which

percent, clusterin gene expression and clusterin protein binds to misfolded proteins in body fluids to neutralize

(associated with clearance of cellular debris and

Human semen samples exposed to 850-MHz RFR from  Significant increase in sperm DNA fragmentation

a cellular phone for 1 h; SAR 1.46 W/kg at 10 cm.

Zalata et al. (2015)°

their toxicity and mediate their cellular uptake by receptor-
mediated endocytosis and transfer into lysosomes for

degradation.

apoptosis) levels in the exposed semen samples.

4; repeated (chronic) exposure/

*Studies that involved exposure to radiation from wireless devices, such as cell phones. (LI), Low-intensity study (SAR<0.4 W/kg). (Number of studies: acute exposure/in vivo

=0).

5; repeated (chronic) exposure/in vitro:

3; acute exposure/in vitro=

in vivo
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stress response” and general systematic stress. In addition
to upregulation of genes of Hsp that regulate oxidative
and other stress, many other stress-related genes have
also been reported to be activated by RFR (Table 4).
This data supports the notion that RFR is a “stressor”.
Persistent stress can adversely affect biological functions
and health.

Genes involved in apoptosis

There are many studies that indicated RFR exposure affected
genes involved in apoptosis (Table 5). Both pro- and anti-
apoptosis gene effects have been reported. It is not readily
known what factors/conditions differentially trigger the pro-
apoptotic or anti-apoptotic effects. This may be due to the
unstable oscillation of the feedback control physiological
system involved. Understanding this could have important
implications in the application of low-intensity RFR for
cancer treatment. There are 11 studies on cancer cells listed
in Table 5. Up-regulation of pro-apoptotic genes or down
regulation of anti-apoptotic genes is reported in eight
studies: U118-MG human glioma cells [11]; SH SY-5Y human
neuroblastoma cells [12-15]; HL-60 human leukemia cells
[16, 17] and Rat PC- 12 pheochromocytoma cells [18]; and the
opposite effects (i.e., anti-apoptosis) in three studies: SK-Mel-
3 human melanoma cells [19]; rat PC-12 cells [5]; and human
T-lymphoblastoid leukemia cells [20]. Thus, conceivably, RFR
could impede or promote cancer growth depending on
exposure parameters. The frequency (800-2,450 MHz)
(except the Cheon et al. study [19] that used a pulsed 1.6-THz
field) and exposure duration (<48 h) are similar. The SARs of
these studies varied from 0.0035-10 W/kg. There is not
enough data to make any speculation regarding exposure
parameters and apoptosis outcomes.

Genes involved in brain functions

When using a cell phone, the brain is exposed to RFR at a
relatively constant spatial pattern [21]. How do genes in
brain cells respond to RFR? Table 6 lists some reports. RFR
generally affects genes involved in brain functions and
structure. Several papers reported changes in neurotrans-
mitter genes, including those of acetylcholine, N-methyl-p-
aspartate, serotonin, norepinephrine, and dopamine [22-25].
Changes in expression of these genes could lead to behav-
ioral changes and neurological/psychiatric disorders [26]. Of
note are the several studies by Dasdag et al. [27-30] reporting
changes in expression of genes of miRNA involved in cancer
processes in brain cells. These effects could lead to tumor
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RFR and gene express

Lai and Levitt

DE GRUYTER

'sisoydode buniqiyul pue ‘uonesbiw (193 bunowoid
‘Ymoub (192 [e1leYIopUS pue ‘sisauabojnasen ‘sisausboibue
Bupnpur ‘Aijigeawdad Jejnasea pasealdul pue s|ad [eljayy

-0pUud UO S1E (493A) 10128} Ymoib [el[ayiopua Jejnisep
'sisoydode Jo Jojejnbas annebau
e s| ‘yieap |92 dnoydode jsuiebe Japuayap sy ‘Lava

"SuUBJqUIBW [BLIPUOYI0YIW UO S[auueyd uojue pajeb
-abeyjon ay3 syaye 1eys uiRold sisoydode-oud e si xyg

'sisoydode uqiyul sozdsH pazijedo| Ajiejnjeaesiug
‘Abeydoine pue ‘sisoydode

“UOIIRIIUBIBLIP [|32 Ul PIAJOAUI 3B PUB YIOYS JIOWSO
pue “20ys 183y Se YaNs NWns ssalis 03 dAISU0dsal
aJe 1ey) (SYdVIN) saseuly uialoid pajeade-usboyw

10 sse e aJe saseuny uijoid pajeande-usbonw ged
'sisoydode |[93 jo aseyd-uonndaxa ay3 ul 3joJ [BAIUDI

e sAejd sasedsed pajenndy ‘Ajwey (asedsed) aseajoud ppe
Jiedse-auiglshd ay) Jo Jaquiaw e si ui1oad €4Sy YL

"UOIIBIUBIBYIP ISB|D03ISO

paseaJdap pue sisoydode 1se[2031S0 dsealdul ‘uoile
-13USJ344Ip 1SB2031S0 Ul PAAJOAUL 34 dIVYL pue LI1V4N
‘sisoydode sy20|q z109

‘ui104d sisoydode-oud e si xyg

‘sisejselaw

pue aduejsisal bnup ‘sissuabolbue ‘uoiseaur ‘uon
-enuaJtayip ‘sisoxdode ‘uonesapjosd 9243 193 buipnpul
‘sassad0.d |eaibojoiq |22 Jadued |je 1sow|e bunenbas
eln Jossaiddns Jown) Jo Yiwoduo e se spe dg-q9Q | -yiw
‘wisijogesw pue ‘sisoydode ‘uonenus

-1Ia1p ‘uoisaype ‘Yimodb ‘uonelayijoid ‘ssaiboud 32/
193 saiejnbau jeyy Joyey uondudsuels e s) auab HAw-d
‘sabeys

uoissalboid pue uopienIul 3y} U3SMIS] [BAIAINS ||D
Jowny Joy padinbau si pue Ayaoe aioydode-fue sey unf-a
'sisoydode suquyur gzdsH

‘dnoub pasodxa ayy

ur Jaybiy sem uoissaidxa yNYW (Y-493A) auab Jejndsep
'sauab asuodsal ssa11s SWoS pue

‘L-ava auab pajeposse-sisoydode ay3 jo uonejnbal-dn
"pasea.nul

sem zd Jo [9A9] Uoissaldxa auab pue paseatdsp

SeM X0q JO [9A9] uoissaldxa auab ‘pjo syaam 0L-8 IV
'sydudsuel) 0ZJSH dAINISUOD 3y}

pue gozdsH ‘vOLdSH a|qianpul u0 133449 ON ‘s|eubis sjjeL
-NSD 03 3Insodxa Y 9| pue ¢ Jaye pajnpal pue sjeubis
ZH/LZ-INSD 01 31nsodxa Y g Ja1e padueyua Apued
1ubis a1am 1dudsuely HozdsH 3|g1PNPUl 3Y3 JO S|PAT

'sanssi} akd

U1 paseaJdul suolssaldxa auab YdyInged pue g-asedse)
“(;Wa/MW 051°0) ,Wd/Mr 051 38

9AIII3443 ISOW 19343 "dIVYL Pue |I1V4N Se yans ‘sauab
196.e1 gy-4N weasisumop Jo uoissaidxa ayy passaiddns
pue uoijeAlde @x-4N PIdNPUI-TINYY Pasealdap Y4y
‘(sisordode paseaJoul) uoissaidxa

2179 U0 123)J8 ou ‘uoissaldxa auab Xyg pasealdu]

L0L-diw
pue dg-q9oL-yIW YNYO.IIW JO Uuoissaidxa paseatdng

's|192 adAy-pjim Ut Jou Ing JuaYRp-£6d Ul S|aA3) Lzd pue
9Aw-1 ‘unl-1 Jo aseaJdul JuaIsuel} pue mo| e pue g/dsH
‘U19104d Y0ys 183y 3Y3 JO S|9A3] YNYW Jo uonenbaidn

‘shep 71 Jo} Aepysuiw g9 Joy sauoyd Jejnjj2d

wo.y ¥4y ZHIN 001 ‘Z 03 pasodxa sbba ya1yd ur sofuquia
WoJj UdXe) sajdwes [ISuo) |eraed pue uielq IaA
*B3Y/M £ 38 shep 7 1oy Aepsuiw oz 934y}

10§ 4 ZHW €798 03 Pasodxa L-DINH (192 Isew uswny

"(ZHIN 008°L pue 06) Jawiwel suoyd Jenjja>
e woJj uoneipeds 0y Ajleyeussod pue -aid pasodxa dIN

"BX/M T ¥vS pabelane awin ‘Y yz-v
10 S|eubis ¥|e1-NSD pue ZH-/ LZ-INSD ‘@AeM-Ssnonunuod
ZHIN 008°L 03 pasodxa 03UAS/g8-41H Sisejqoydouy uewnH

"BX/M 90°0 VS 'seam g 4oy Aep/y T

104 ¥4y ZHIN-0081 0} pasodxa sieJ oulq|e JeISIA djewa
*(Buijapowas suoq pue ‘dNssi} 3UOQ JO UMOP

-}e3.1q Ul PaAJOAUI SISB|I03ISO) NEU\>>1 0S¥ 40 ‘051 ‘0S
1e shep g 4oy Aep/y v “44d MD ZHIN 006 03 Pasodxa |32
£"79ZMVYY Ul UOIIRIIURIRHIP ISB|I03)SO PAONPUI-TIINYY
“(e3ep Anawisop oN) Y 7 4o} suoyd Jejn|ad wody

Y44 ZHIN Q0% *SI132 BUWIOISE|GOIN3U AGAS-HS UBWINH

“BY/M 700°0 “eak |
10} Aep/y ¥Z 444 ZHIN-0S°C 01 pasodxa siel Jo uleig

"y 8y~9 40} apow (Bx/M 1°0)

AIBI-INSD 40 (BY/M G'L) £LZ-INSD 18 ¥4d ZHIN 0LL°L
pasind 03 pasodxa £6d Jossaiddns Jown) ay3 04 JuaLIP
pue adA-pjm) sjj93 (S3) wiais duoliquia Jusrodunid

«(€207) '[e 32 we|s|

(6661) Yyauald pue Aaniey

L(£107) "2 33 19)eYD

(8002) "[e 38 ny||d9zUERL

(1) (8102) "2 19 433

(¥20?) "o 38 buig

«(G202) "2 39 eUI™Q

(1) (as102) ‘fe 39 bepseq

(¥002) '|e 38 ZA2)

sjuswwio)

S}nsay

suonipuod ainsodxy

(xipuaddy 3as) sazuaiayay

(panunuod) :g ajqer


https://en.wikipedia.org/wiki/Vasculogenesis

DE GRUYTER

: RFR and gene expression

Lai and Levitt

12

'sisoydode Jo J03gIyul pue [eANS

|eUOJN3U P3dNPUI-10)2€} YIMOUD JO JojeIpaw e S| | Y
‘uonesbiw |32 pue ‘sisordode ‘uoisaype ||92
‘uonienuaJIayIp |92 ‘uonesayijodd 193 “Aibayul je1sfavs
-0140 unde ul panjoaul st skemyied [eubis pale|nbai-sey
'sisoydode sydojq z-]g

'sisoydode suqiyul ozdsH

'SaU0

pajenbaiumop ay3 buowe sauab 324> |32 ay3 pue sauo
paienbasdn ayy buowe auam sauab paiejal-sisordody
"yaeap |23 Jowny asned ued Huljeubis z/1y43

pacueyua pue suolduny dnoydode-oid aney osje saseu
- 2/13¥3 “[eAruns pue ‘Ayjnow ‘uonenuaaylp ‘uon
-eJayljoad |92 Ul panjoau | (shkemyyed palejas pue) yy3
N[ a1eA

-139B UBD 1jNWNS SSa3s Jo A1alien e pue ‘sapads uabAxo
SAI}IB3J ‘UolIRWIWEU] "UolRIRM0Id pue uoneUIRLIP
(192 ‘uonesauabapoinau ‘sisodode ul panjoaul st LYINI

'sisoydode aseasnul pue

uonesajjod [133 Jadued Nqiyu] ‘saiadoud diydosjoinau
pue ousbuiownyue Sluabolbuenue sey L4NIYIS
*3]qeJeda. s) abewep yNQG usym sisordode saje

-Mut quiod /1D ay3 3e 1sade 3)pfd |93 sasned ‘abewep
VYNQ 01 asuodsal uj suiaload Jiedas YNQ sa1eAide £G4

'sisoydode suqiyul gzdsH

'91qeJedau s abewep YNQ uaym sisoydode saienul £G4
'sisoydode pue ymmoub |92 se yans sassadoud

Jejn|j92 Auew uj ajo4 A3y e sAejd pue ‘|nwins [193 03
asuodsaJ ui sauab Jo f1a1ien e Jo uoissaldxa ay) sajelpaw
(£1V1S) € uonduasuedl jo JoyeAide pue Jaanpsuely [eubis
"sabes uoissaiboud pue uoneul 3y USIMIB] [BAIAINS
|19 Jowny Joy paJinbai s| pue Auanoe dnoydode-iue sey
11 "9]242 1192 3y3 Jo aseyd | o ay1 ybnoJyy uoissalboud Joy
paJinbai sy 3] “J012e} Uondudsuely Jlusboduo ue sj unf-d

(1Y
‘sey ‘z-129) buijeubis |eainins-oid Ul panjoaul sauab
J0 uoneAinde pue (Jappe| YNQ) abewep yNQ paseatou]

"0£dsH 0 uoissaidxa uiz104d pue YNYW paseasnu]

‘uoneanp
aJnsodxa uo papuadap suoissaldxa auab jo saquinN

(Y3 pue

MNI) sauab dnoidode jo uoissaudxa paennde By/m 0Y
VS seasaym ‘@uab sjoydode-faue ue pajeninde by/m 9|
*24nsodxa Jo Y 9 Ja)e passaidxa

Ajlenusisgip 19m (AdYL pue ‘LINIdY3S ‘€X1d ‘LANX1d
‘7d1yD) 3uab G pawlud YId ‘pare|npow Ajjen
-u10d ag 03 punoj aJam sydudsuely Qg| Jo uoissaidx3

9uab ggd Jo uoissaldxa paseatou]

auab zdsH paseatou]

'e6d Jo uopeande jeuondidsues]

'sauab £1V1S ay3 Jo uoissaidxa paseasdap

pue ‘sisoJdau pue sisoldode ‘snapnuUoLdIW Pasealdu]
‘uoissaldxa auab soj-d U0 193)43 ou

‘(uoneinp ainsodxa Jabuo| 12 199)43 0u) 34nsodxa UIW O
Ja1e By/M 92070 e uoissaidxa auab unl-d ui paseatdsg

“BY/M SE00°0 ¥VS ‘U 87— 40} ¥4Y ZHIN 006

0) pasodxa s||92 elwayn3| pioisejqoydwA|-1 a1y
“BY/M € T ‘L 4VS U 7 40} ¥4y

ZHIN 0081-NSD 03 pasodxa s||93 [ellayuda sua| uewny

"BA/MOL 'Y 9 10 Z 104 (% 'L 3pKd fanp
‘sl GG1) ¥4¥ ZHN 06¢°C pasind e 03 pasodxa s|19 09-TH

“B3/M ¥
109°| ‘Y8l 4o 71 J0j ¥4y ZHIN £€8 01 pasodxa ejiydosoiq

“BY/M 727 ¥VS Yz 109 ‘)
10} Y44 ZHO-"09 e 01 pasodxa S|j92 uiys uewny Alewd

"Boi/m 6E€°0 ‘shep £ 1oy Kep/y v

444 INSD ZHIN 006 03 pasodxa 321w JO Poo|q pue JaAI
BA/M81-9€9°0

‘ujw g 40 auoyd Je|n||3d e wod} Y4y ZHIN 008°L

-006 01 pasodxa sofuquia uonejuejdwiaid asnojy
‘BY}/M ¥ ‘shep 1oy Aep

/Ut 444 ZHIN 09.°L 03 Pasodxa S||3d [BUOINAU ASAS-HS

"BY/M G220 ¥YS ‘SAep 9a.y3 Joy Aep
/U9 10J Y44 ZHD GL£°0L e 01 pasodxa S||92 uleiq asno

"BY/M 920°0 410 920070 ‘92000°0 38 UIW 09 40 ‘OF
‘0z 404 |_UBIS YINAL ZHIN S5°9€8 01 pasodxa J012e) yamolb
AAJU YUM paleal) s||92 ewoyfdowoliydosyd z10d 18y

(11 (¥002) '|e 33 1jjpuLeN

(9002) "le 32 eixi

(5002) 'le 38 S 997

(8007) “|e 39 S-) 991

(2102) e 19 waWINY 97

(1) (z202) "|e 39 sjeubegyndny

(€202) "[e 19 1yBeyapIURISaYOOY,

(1202) "2 38 Hl wiy

(Z107) |e 18 edeley

(£661) ‘|e 39 Ynyasenr

SjuaWIWO)

s)nsay

suonipuod ainsodxy

(xipuaddy 33s) sazuaiayay

(panunuod) :g ajqey


https://en.wikipedia.org/wiki/Cell_adhesion

13

Lai and Levitt: RFR and gene expression

DE GRUYTER

‘6
-asedsed pue g-asedsed yum sypessiur i ‘sisordode i 3j0.
juepodwi ue shejd jeyy uigloud asedsed e s g-asedse)

'sisoydode syojq zp2g
‘uia104d sisoydode-oud e si xeg

'sisoydode asea.oup

‘pueb| sy 01 spuig 3 uaym sisoydode

01 SpPea| 1.y S||97 JO dIeLNS Ay} Uo Si J03dadaJ Sy4 Ayl
‘sisoydode

pue ‘uonenuaJayp ‘uonesayjold |93 Buipnjaul
139e Je|n|[32 Jo A131IBA B Ul PAAJOAUI S| pUe ‘@suodsal
Kioyewiwejul saieipaw 1eyy auoid e si g-unajaiu]
'sisoydode sxo|q zp2g

‘u1a104d sisoydode-oud e si xeg

'sisoydode sy20|q z109

‘ug3o.d sisordode-o.d e s xeg

‘sisoydode

Buniqiyur pue ‘uonesbiw |93 bunowoid ‘Ymoub |23
|elldylopua pue ‘sisauabojnasen ‘sissuabolbue Bupnpul
‘Auigeswuad Jejndsea paseasdul pue s||9d |elpy}

-0puUa U0 S1Ie (493A) 4012.) YImoJb |eljay1opua Jejnisep

‘ug30.d sisoydode-oud e s xeg

'sisoydode bupydolq Aq se1hroydwA| jo uswdojansp
ay3 Ui 3j0J [eanLd e shejd (y¥/71) 403da3al Z-Unynajau]

('sisoydode sareniul 1eyy ‘onel g-174/xXvg Ul aseasnul
ue yum ainsodxa y gy Jayje sisordody) "ainsodxa y gi
10 77 4948 YNYW 6dSYD PUB ‘8dSYD ‘€dSYD Paseadu]

"24nsodxa

Jabuoj yum sjewiue ul pajeinbaiumop pue ‘Yz pue
3U0 Joj pasodxa adjw uy parejnbaidn asam (sisoydode
03 palejaJ) sauab z|dg pue xeg yioq Jo uoissaidx3y
('sisordode 03 pajeja.

aJle sauan) uoissaldxa sauab (z ewoydwA| ||93-9)
Z-179 padnpal pue (palenosse-z|dg) Xeg paseatouf
"sajd1Jed

uogJed YIe|q Yim paielaiu] ‘ainsodxa Y giy pue ¢z Jaye
uolssaidxa (sisoydode 01 paiejas) auab Y-Sy4 pasealou]

'd L-unjnajialul pue ‘suonduny [eljboldiw pue
sisoljbo.diw 03 pajejas sauab jo uoissaidxa paseasdsg
"3uab z |29 jo uoissaidxa

paseasdap ‘sauab £qd pue xeg Jo uoissaidxa pasealdu]
‘(xeg “6°9)

sisoydode buijjo3uod sausb pue ‘(e3aqg-1010e4 YImoub
Buiwoysuey “69) si0nqiyul ymmodab (193 (19 ulphd
J1ads-d103W/zD ‘€ aseury dyiN “b°a) sauab uonanp
-sueJ |eubis d1usboyw Jo uoissaidxa ay3 paseatdu]

444 Aq parenuane SONs pue

2-129 40 uoissaidxa auab pasesatdsp pue p4IH pue ‘Xvg
‘193N JO 24nsodxa auab pasealoul padnpul-eILBYIST
"uoissaldxa auab GyaQyD pue xeq jo uone|nbal

-dn ur pue LuNN 21133ds-jeanau Jo uonejnbai-umop
pue syealq pueJis-a|gnop YNQ JO 3seaJdul Judisuely
pue mo| e ul paynsal ‘Y i 40} 30U INg ‘Y 9 4o} 3Insodx3y
‘spJebal

||e Ul dwes ay3 uaaq buiney ainsodxa J1ayy andsap
‘paMJSqO BJaMm (39349 ou pue ‘uonejnbaidn ‘uonenbas
-umop) susanied uoissaudxa (DON ULTI ‘9SLINYAY)
sauab juaJayip 23.4y) ‘sadAy |13 91fd0unelsy Jnoy Yyum

BA/MZL'L 38 Y 8 40 YT ‘L 40 U4y

ZHIN 001‘Z 03 Pasodxa |13 DIN-8L LN PAALIRP-21A2041SY
'skep 0¢ 4o Kep/y v

J0 ‘skep o€ 10} Aep e 321m1 Y 10 ‘7 ‘L ‘S°0 10} (INSD pue
VINQD ZHIN 008°L ‘ZHIN 006) SPUEq ¥ yim Jawwel suoyd
9|lqow e wouy Y4y 031 pasodxa 21w jo sndwedoddiH

JWD/MW ¥ 38 ‘skep og
10 / 4o} ¥4¥ ZHIN 0G‘Z 03 pasodxa sied Jo sndwedoddiH

“BY/M 901°0
‘Y8 10 ¥Z ‘g 10} ¥4Y ZHIN 05T 01 pasodxa S|[93 09-TH

*BM/M S 38 syjuow 9 Joj aam/sAep g

*Rep/y Y44 ZHIN 0561 01 pasodxa (aseasip sJawiay
-Z|\/ JO [9pow dsnow) W qy4xs o sndwedoddiq
"BA/M 9L 38 U 7 10} Y44Y ZHIN 001 °C 03 pasodxa X302
|©4Q3J32 18J |PIRUOBU WOJ) SUOIN3U 221140 Alewiid

"BA/M 9°0 ¥YS ‘(duoyd |92 e Wody) y | Joy
444 ZHIN 2706 INSD 01 pasodxa $ISe|qo.qy Uiys uewny

‘W/A 0L I8 UlW Q€ ‘elwayds| Ja)e 10 240)9q
d4¥ ZHN Z1°£Z 03 pasodxa pue ejwayds) Aiawie d1a)
-Ua3saW 03 Pa1dalgns sied Jo WiNa|l [eulw.a) Woly poo|g

"BA/M 'L UYS ‘Y 8 10 9 10} U4Y INSD ZHIN-0LL L 03
pasodxa s|j92 wa3s Jo3uaboud [einau djuokiquia asnoj

"BU/M P65 18 U € 104 ¥4y
ZHD 09 01 pasodxa sa1hdounesay uewny jo sadAy ano4

(5202) *|e 38 znshny

«(1202) ' 33 IpiyoL

(Z207) '[e 18 19eSIR]

(€202) *|e 19 SOPIARUDG-0LIINS

(€202) "[e 32 uos

«(€207) '|e 19 Byes

(Z00?) |e 19 1uied

(Sz02) '|e 38 UspzO

(S007) ‘|e 19 eAOJOYIN

(0207) '|e 19 ue

sjuswwio)

S}nsay

suonipuod ainsodxy

(xipuaddy 3as) sazuaiayay

(panunuod) :g ajqer


https://en.wikipedia.org/wiki/Vasculogenesis
https://en.wikipedia.org/wiki/Apoptosis

DE GRUYTER

: RFR and gene expression

Lai and Levitt

14

‘(=043 ut724ns0dxa (21U0IYd) pareadal zz=0431A Ul/2iNs0dXa INJe !GL=0AIA Uf
/3insodxa (d1uolyd) pajeadau !z=onn ui/ainsodxa ande salpNIs Jo JaquinN) “(B3/M 7°0>¥vS) Apnis Asuaiui-moT (1) *sauoyd |9 Se YaNs ‘SIdIAP SSI|RIM WO} UOIeIpe. 0} 2Insodxa PanjoAul eyl salpnis,

‘asedsed

Jo uoneainde ay eia skemyied bujjeubis anoiydode

pue Alojewiwelyul ay3 Ul panjoAul si Isy “sisoydode ||
J0 aseyd-uonndaxa ay3 ul 3joJ [eAUI e sked 9-asedse)
‘uoiepe.bap Joj saWos

-0sA| O3ul J3ysueJy pue siS03£0pua pajelpaw-103dadal
Aq 9xeidn Jen||92 J19y3 S1e1paw pue A1dIXoy JIdy}
9z|esinau 03 spinjy Apoq i suiajoud papjojsiw 03 spulq
Ya1ym suoiadeyd Jejndajow Jejn||9delixa ue S| uiisn|d

'sisoydode aseaou]

‘sisoydode suqiyui zdsH

'sasuodsal SsaJls pue Aiojewwejjul pue

(uoneurwiay) ymoub |93 ui sajod pue saruadoud dnoydode
-3ue sey 11 "suid3oid painieusp Ajjerued buizijigeys

Kq pue uonebaibbe uir04d bunigyu] ‘sUORIPUOD SSAIIS
Japun [eaiuns [193 jo 1oddns pue ‘uoida104d-01 ‘o uy
dUueJ3|0J0WIRY) 3pIroid 03 S| £ZdSH JO uoRIUNY UleW Y|

sisoydode asea.uou]

'sisoydode syuqiyur 0zdsH

'sisoydode suqiyur gzdsH

'sisoydode Bupnpul pue aseyd /gD e 1salie

3)2/> |92 Buneipaw ‘syuabe buibewep-yNg yim Juaw
-1eaJ} pue suonIpuod Isale yimolb |nyssaiis buimojjo}
paseasnul aJe s|aAg)| didsuesy sausb yaayo aylL
"abewep yNQg 03

asuodsal Jejn|[32 sy ui 3joJ jeanud e shkejd YL NYQ@D LD 18
uoissalboud 3)243 |93 Jo J03e|nbaJ B Se suoIUNY Y L NYAD

's91A00.15E UBY] 1999

SIY} 01 SAINSUSS dJ0W 3 0} pajeadde suoinaN "auab
xeg ay3 jo uone|nbal-dn pamoys saydouise ‘Ajjeuon
-IppY "$31£20.3sE pUR SUOJN3U U] UoIssadxa auab (pJed
e bulurejuod uialoud ayji-ydads paredosse sisoidode)
sy pue g-asedsed ‘z-asedsed jo uonenbal-dn

‘s9|dwes uawas pasodxa ay ui SjPA3| (sisoxdode

pue sugap Jejn||9d JO 3duelea)d YIM Paleosse)
uia04d ulRISN pue uoissaldxa auab upalsn|d uadiad
uonejuswbesy YNQG wiads u asealdu Juediubis
‘uoissaidxa auab xeg paseasdap -s21sa)

"Syealq YN puesis ajgnop paseatoul

‘suoissaldxa auab zgd uo 1238 ou ‘(4axd0|q sisordode)
Z-12g paseasnul (sisoydode-0ad) xeg paseasdsp -uieg

"sauab gzdsH pue zzdsH bBuipnpui paynuapl
3Jam sauab pajeinbasumop g| pue pajenbaidn gz

"sauab g-asedsed pue z-pg/xeq jo uonenbaidn
‘paseaJdu; Apuediyiubis

|| 8JaM 101 pue D101 “ONY Sauab waisAs sunwiwi
|eJowny pue gzdsH pue 9zdsH ‘zzdsH sausb uizroad
Y20Us 183y 3Y3 JO S|9AJ| UOISSaIdXD ‘DeAle| JeIsul-paiyy uf
's|eubis %|e1-NSD 10 MD 341 01 pasodxa

S||92 Ul PAAISSCO SBM 123443 OU SEAIBYM ‘Pasealdul
Apueaiubis uondudsuesy yNYW 0ZdsH ‘Yz 4o 91

104 [BUBIS ZH £ LZ-INSD U3 03 24ns0dXd S|[93 Z1)d JoUY

“(sswAzus Jiedas YNQ) ESYAQAYD
pue ‘VINMdD pue ‘gos Jo uoissaidxa auab paseatoug

"y 7 oy auoyd Jejn||d zHIA 0061 NSO
e 0) pasodxa sa142043se pue suoJnau paInynd Alewiid

‘wd | 18 BY/M 9t°L ¥VS ‘Y | Joy suoyd Jejnjjzd
e WoJj Y44 ZHIN-058 01 pasodxa sajdwies uswas uewny

"91£°0 PUB £91°0 S21S3) ‘8/5°0
pue z62'0 utelq -(63/m) dvs b | pue 6 g1 ‘skep | Joy
>mt\r_ S .‘m_u_m_ ZHIN ooF.N syel _uwmogxw JO SIIsa] pue uleldg

"BY/M 9 28 Ui 07

J10} 444 ZHIN 05 03 pasodxa sjed jo sndwedoddiHq
ZWI/MW 001

e UIW {7 10} SSABMOIDIW pueq-s 03 Pasodxa S||92 1|013S I

"BA/M 9Z°0 40 “B3I/M 9200 P/M 920070 I8 SKep £-7
10} 444 ZHIN 005°€ 03 pasodxa Jazsbbounjaw pjiydosoiq

"BY/M T ¥vS
Y 2 40 ‘9 “y 4oy S|eubis Y[e L-INSD pue zH £1Z-INSD 40 ¥4y
ZHIN 0081 =ABM-SNONUIIUOD 0] vwmoaxw S||193 Z1Dd 18y

"W o€ 18 6Y/M 60°0 “A1anap papadxe
a1043q Aep | 031 buirew J4aye sAep g wouy J9IN0J Wo)
wd 09 40 Q€ 18 Aep/y 7 10 7 L43IN0J I4-IM YUlj-q € Wwod)
44 ZHIN 00¥°Z 03 pasodxa 221w jueubald jo eyuadeld

(£002) "|e 38 AL OBYZ

(G107) "|e 18 eIRjRZ

(1) (7202) |2 19 SeAep

(2102) "|e 33 Buea

(¢L02) 1239 H "M

(1) (¢202) "2 39 A Buem

(7102) *|e 32 153U0g|RA

o(11) (0207) '|e 13 19ejeN

SjuaWIWO)

s)nsay

suonipuod ainsodxy

(xipuaddy 33s) sazuaiayay

(panunuod) :g ajqey


https://en.wikipedia.org/wiki/Apoptosis

ion 15

RFR and gene express|

Lai and Levitt

DE GRUYTER

‘wshs

SNOAIRU Ueljewwew 3y} jo Juswdojaaap buinp asuepinb
|euoxe pajelpaw-1aeuod abues-1oys ui 3joJ e skejd geyd3
S[ER)

93U JO UoldUNy pue Jusawdo|aAap ay3 Ul 3|04 Juediubis
e feyd sausb (9dg3/d) g utsioid Buipuig-1adueyua/1vvid

‘(Abeydoine) buipAdal pue uonessuabap

1193 ul panjoaul st auab /-Biy "Aasbuo) ‘siossans “bd
‘uonie|nba. Jejn||ad ul panjoaul sawAzua sapodua auab LIS
‘uoissalboud pue Juswdo

-|9ASP J3DUR) U0 d3uanjul A103enbas spaXa I dsuodsal
fioyewiweyyur pue sisauaboibue sayeinbau dg-e|8L-YIN
'siadued

|eunsajulosiseb pue ‘4saued [euas ‘ewoupedolbuejoyd
‘192U |BIIAIDI 4FDURD ISBAI] “U9ued Jappe|q buipnjoul
‘sJ92ued Jo sadAy asJanlp ul YNYIW Jossalddns Jown v
"SISeIselaW pue dueisisal bnip ‘sissuabolbue

‘uoisenul ‘uonenualtaylp ‘sisoxdode ‘uonesapjosd A
1192 Buipnpui ‘sassano04d [e2160joIq |92 J33ued [je Isow|e
Bunejnbai eia Jossaiddns Jowny e se sye dg-q9gL-yiw

uoissasboud Jadued uj panjonu]

"ymoabIno s3NaU Joj palinbal sl GyHdI

*Apniserd jeuounau ul 3joJ e sey

pue auab Jossaiddns Jowny e si 3] “ulelq ay3 uj Joyenbaul
Jeuondusuely e s (1-163) |-uiar04d asuodsal yimoub Ajie3
*Abeydoine pue sisoydode ‘uonenualay

-JIp ||92 Ul PAAJOAU] BJE PUB ‘NWIIS SSaJ1S 03 dAIsUodsal
ale 1.y (SydVIN) saseuny uiaload pareande-usboyw

O ssejd e aJe saseuny uidloid pajeapde-uaboyw ged
'suofjduNy ulelq pue juswdojansp

-0JN3u Ul paAjoAul aJe gSdA pue ‘€egedls ‘Lsqg

*dnoub Japjo ay3 jo idwedoddiy

3y} ul geyd3 jo uojssaidxa auab pasealdul ‘sdno.b

Y10Q Ul paJalje 2JaMm ‘Sisauabolnau ul paajoAul sauab G|,
*(s]192 utedq jo sadA Jayio aa4y3 Uo pue (D

U3IM 123}J3 ou) ainsodxa Y4y pas|nd Jaye sauab (gdg3/d) ¢
u1R104d buipuig-1ueyu3/1yyd) Jo uoissaidxa ul abuey)d
“Jau0dsueny

aul|oya-|A132e Je[ndiSaA pue aselajsuesijfiade auljoyd
‘9seJa1sauljoyd|A19e JO SuoISSaIdxXa YNYW pPaseatdaq

‘(yuepixonue ue ‘ppe diodi Aq pasianal
$399443) "auab /-byy pue auab | IS Jo uoissaidxa pasealdu]

‘spidi aueiquiaw pue dg-e|g|-¥IWw-0ul paseadu]

*dg-Gi|-yIW-0ul JO uoissaldxa paseadu]

'£01-Y1w pue dg-q9QL-yiw Jo uoissaidxa pasealdng

*/0LYIW-0Ul Paseatdaq

‘PaNQIYUI Sem (GYHJ3) G S401dadaJ yd3 Jo uoissadxa auso

‘uoissaldxa auab |-163 paseasou]

‘paiejnbai-dn uoissaidxa auab ydyNged
‘sauab
g1sdA pue ‘€eged|s “1sqq Jo uoissaidxa auasb passiy

"BY/M G :SYIUOW 8 J0) YoM

/skep g ‘Aep/y Z 444 ZHIN-0G6°L 03 pasodxa ‘syyuow |
pue z pabe ‘@a1w 9719/ Jo sdnoib omy jo sndwedoddiH
“(3SIp 24NN Jo Wnipaw

ur) 6/M 8°0-£2°0 ¥VS 32 Y 8% 10 9 10} ¥4 ZHIN 007T
(zH-05) pasind 1o p\D 01 pasodxa [eljboipuspobijo 1ey

"BY/M €L 40 Ly0 'shep £ Joy Kep/y g

‘leubis ZHIN 0012 SLINN 03 pasodxa sied jo sndwedoddiy
“(eyep Anawisop

ON) 285 G| Aq pajeledas suoneinp 33s G ‘y/s||ed passiw
05) 499Mm 71 10} N9am/shep 9 ‘Kep/yz (ZHIN 006°L-058)
sauoyd |\SD 34y} 03 pasodxa syes jo sndwedoddiH
"BY/M 82£000°0 “1edk

auo 40} Aepyy ¢z 10} UUBIUE UE 0) P} J0JRIBUSD I4-I
e WoJ) PanIWa ¥4y ZHIN 00%°C 01 pasodxa sied Jo ulelg

"BoI/M 86170 ‘SYIUOW 7| 10} (oM
e skep /) Aepy/y € 44 ZHIN 006 0} pasodxa sied Jo ulelg

"B31/M 70070 “1eak |

Jo} Aep/y vz 444 ZHN-0S7Z 03 pasodxa sied jo ujelq
*B3/M 69£0°0 ‘SYIUOW 7| 10} YoM

/kep £ *Rep/y € Y44 ZHIN 006 03 pasodxa siel Jo uieig
“BY/M ¥ 38 Y 81 404 (440 UlW 0L/NO ulwi §) [eubis spow
YIBI-INSD ZHIN 0081 03 Pasodxa S||93 yz-0JnaN pasnpul
-p1oe JI0UNRJ PUB SUOINAU PAALISP-S||3) WIS [BINDN

"BY/M L ¥VS ‘Y 77 10} 44 ZHIN 006 P3renpow
03 pasodxa S|[3 BWOISL|QOINBU AGAS-HS UewnH

"BY/M 90°0 38 sYPam g Joy Aepyy  (uon

-e|npow zH /1) 448 ZHIN 681 03 pasodxa sied jo ujeig
"BY/M T 38 Y 8 104 ¥4y

ZH 0561 01 pasodxa S||92 W3S |ednau JuoAiquia asno

(0z02) |2 32 buosf

(€202) '|e 18 bueny

(1202) e 12 Seles-3eeD

(£202) *|e 18 Aunoyey-|3

(1) (2z0?) '|e 19 bepseq

(1) (6102) '|e 32 bepseq

(1) (as102) "[e 32 bepseq

(1) (es102) "|e 32 bepseq

(1202) "le 12 U3Y)

(£007) "|e 33 3uoyBming

(1) (¥202) "|e 13 uesiy

(€202) "le 12 uy

Sjuswwo)

S}nsay

suonipuod ainsodxy (xipuaddy 33s) sazuaiayay

‘suonouny ulelq 03 pajejal saulsn 9 Ijqel


https://en.wikipedia.org/wiki/Nerve_cells
https://en.wikipedia.org/wiki/Nerve_cells

Lai and Levitt: RFR and gene expression DE GRUYTER

16

"gy JO UOIBWIO} Y3 Ul PIAJOAUL pUB ddY

$$9204d Jey) SAWAZUD 3se1a.IBS BJe [NTSd pue 0L AYaY
‘13ov4g "(gdv) e39q piojAwe Jo 3ndajow Josindaid ayy

s1 3 “Aydnserd [eanau pue uopiew.oy asdeuds Ul panjoaul
S13] "suoJnau jo sasdeuAs ay3 ul u passasdxa uieroid aueiq
-waw [elbajur ue si (ddy) ureioad Josindaid e1ag-piojAwy

suonpuny Alowaw pue buiuies)
pue Aydnseld andeuAs ul panjoaur ale si103dadal VAN

'SU0JIN3U JO [BAIAINS B3 j0woad ued Jey) sio1de) aupjoid
J3Y30 yum x3|dwod e swuoy uilod ay) “Ajiwey 103dad
-9. 1 9dA3 au10342 3y} Jo JaquIBW e SaPOdUd duab )

'suoipuny aARubod pue dndeuds u sjos e shed
1ey3 urajoad Buipuig-unoe 3|gIPNPUI-SSaJIS e S| e/l wed

*ZH apixoiadopus uipue|b

-e350.d 03 (y) pi2e JUOpIYdeIe SUIAUD (2-X0D) ZSD1d
'sisoydode pue ymoub |33 se yans sassad

-04d Jejnj|93 Auew ui 3jo4 Aoy e skejd pue ‘nwins |32 03
asuodsal ul sauab Jo £1a1ieA e Jo uoissaldxa ay3 sareipaw
(€1V1S) € uonduasuesy Jo JoleAde pue Jaanpsuesd [eubis

'S||192 ZZLH Ul paseaJnap

9J9M [NISd PUB OLAVAY ‘LIDVE ‘ddV JO SI9AS| YNYW
‘sndwedoddiy ay3 ui (sseniwsuesy

3y3 Jo} sawAzua buizisayiuAs) asejhxolpAy ueydordAiy
pue asejAxoJpAy auisoAy Jo yNYwW jo uonenbal

-UMOP pue ‘Ulu0joJas pue ‘duuydauida ‘auuydau
-1daJou ‘duiwedop SJa1HWISURII0INAU JO S|9AS| PAINPIY
“Auaide [ea113239 ulelq Jo uoniqiyul

pue s}d13ap aAIIUDOI Pamoys s1ed Yim sjuawadxa o
ur “(wsiydiowAjod) 99| | Puluieuod sajowolid J01dadas
Y11 H-G J0 38y} ueyy JayBiy semdj9]le ) 0£958586 LS4 Bulurey
-u0 Jajowold 403dadas YL H-g jo Auande jeuondudsuel )

("401dada1 jo sadAigns ay3 uo Juspuadasp uonenbas-dn
pue umo() 's403da33J YN JO UoISSaIdxa YNYW paJayy
“(a19ydsiway |e4gaJad ybu ay) ueyl 3| ay3

Ul pajeAinde a1am sauab alopy) ‘waisks uonejfioydsoyd
9AIIBPIXO 0} Paje|aJ awouab |elpuoyI0W 3y} JO Saub
pue ‘sasdeuAs d16131ewein|b 03 pajeja. sauab jo uonenbas
-dn pamoys xa110d wuoid pue |eulylous Ul s|j3)
‘Slewjue

Ay3jeay uo 129)J9 ON "SieJ PRILIII-SdT dY) Ul PAAIISTO dI9M
sauab J|4) pue ‘ez | we4 jo uonenbaiumop by/M LZ'L IV
"'SND 3y3 buindaye saibojoyy

-ed 01 buipJodde Jayip ued sasuodsal auab padnpul-NSH
1By} 33eJIPUl PUB UOHRWIWEIJUI0INSU JINIE U. JO 3SIN0D
31 Ul Y44-INSD Aq patabbiiy suoizejnpow auab |97 |ea110)

‘sndwedoddiy
u1 3uab zSD1d Jo uoissaidxa YNYW paseatdu]

'sauab £1V1S ay) Jo uoissaidxa pasealdsg

"B/M 9 e shep € 1oy Aep/y Z ¥4Y ZHN 0561
03 pasodxa s||92 [euoinau [edwedoddiy asnow zz1H

"BY/M 85000°0
pue 650000 ¥VS ‘(19am/shep g ‘Aepyy z) shep og
104 44y ZHIN 0081 PuUe 006 03 pasodxa s1es Jaydsiq

"BY}/M 61 ‘UIW G JO S|eAJIUl 1B XE UIW G

‘Y4Y ZHIN 958 03 pasodxa s|j32 LE6Z Pue S|132 Z11d
‘leyeulsod sya9m 7 e paulwexa bundsyo jo snd
-wedoddiy ‘Aoueubaud jo Aep 1s|z ay1 uo buluuibaqg Y4y
ZHIN 00%°Z 410 ZHIN 00%°C + 0081 03 pasodxa syed Jueubald

“(B51/M 7170 d49ydsiway

13| ‘BY/M €170 249ydsiway |e4qa.ad ybu :dpis b uo
euuaiue) BY/M 61°0 ¥VS Ulelq 3JOUYM "SHa9M 9 o) (oM
/skep g) Kepyy | “44Y ZHD '€ 01 pasodxa peay yum siey

BIMTTEI0 LTL

AVS ‘U T 10) ¥4 ZHIN 008L-INSD e 03 Ajuo pesy pasodxa
(STV) sisoJajas [esa3e| diydosjoAwe uewny jo aseyd
JnewoldwiAsald e pajapowl 1eya sxed Ldosy dlusbsuesy
pue ‘quawieal) (Sd7) spueyddeskjododi| e Aq passb

-bu3 uopewwejjuloINau ande Hujobispun sies AyyesH
'Sp|aly oMy 3y Jo

uoneuIqwiod Jo (w/A §9°LL Yead zH | ‘sasind 00t) dN3
10 (Uwi 1 “BY/M £S°0L) 444 ZHIN 005°L 03 pasodxa siey

"BY/M G270 ¥VS ‘shep 3.4y Joj Aep
/U9 40} ¥4¥ ZHD G101 e 03 pasodxa |22 ulelq asno

(8107) "le 32 YJed

(1) (5102) *|e 39 eyBan

(ze0) e 3@ 1N

(0202) 'le 32 1

(5202) '|e 19 Yrowen

(0202) "le 38 Yrawe

(€202) "le 19 107

(Z107) "|e 18 edRJRY

sjuswuwio)

S} nsay

suonipuod ainsodxy (xipuaddy 3a3s) sazualayay

(panunuod) :g ajqey



ion 17

RFR and gene express

Lai and Levitt:

DE GRUYTER

*(Z=041A Ul72INS0dX3 (21U0JYD) pareadal ‘G=0J3A Ul/ansodxa 3INd. ‘9 =0MA UJ
/3insodxa (31uoJyd) pareada ‘y=04n ui/ainsodxa dn3e :salpnis Jo JdquuinN) “(B3/M v°0>¥vS) Apnis Alisusiui-moT (17) "sauoyd (33 Se Yans ‘SadIAIP SS[RIIM WO UoIIeIpes 0} 3INs0dxa PIAJOAUI Jey) SAIpNIS ,

'sisoydode asealou]

'sisojdode

S)qiyul pue ‘suidyold pabewep jo |esodsip ‘ssanis
SAIIEPIXO pue [ewlay) wolj s||92 syeold ‘uonebaibbe
syuanald pue uieloid pazisaypuhs Ajjenued sazijiqes 0/dsH
"sasuodsal ssais pue Aiojewwejju pue

(uoneuiwJal) ymoub |93 ul sajos pue saiadoud dpoidode
-jue sey 3 ‘suidoid painieuap Ajjened buizijigels

Aq pue uonebaibbe uiaoid BunigIyu] *SUOHIPUOI SSBIS
Japun [eanns |93 jo uoddns pue ‘uoidaioad-034d ‘o uy
ddueJajolowayl apiroid 03 st ZzdsH Jo uonduny ulew sy
‘uopjewwepyul pue ‘uondsdsad uled ‘@unjesadws)

Apoq ‘@adde jo uonejnbas ‘Joineyaq Jojow ‘Alowaw
pue bujuies| quswdojanap ulelq aJe s103dadal-19)

'sisoydode aseauou]

'sisoydode pue ‘uonenualaip ‘uonesayijold |21 buipnjpul
‘S3NIAIDE JejN||9d 4o AI13LIeA B Ul PIAJOAUL SI pue ‘suodsal
fiojewwejul sazelpaw eyl auoifd e s| gl-upnapisiul

‘(49xd0|q
sisoydode) z-|pg paseasdu (sisoydode-o.d) xeg pasealdng

'sauab gzdsH pue zzdsH Buipnpul payn
-uapl a4am sauab pajenbasumop g| pue paieinbaidn £z

‘winIgaJad ay3 ul Ajuo ‘auab (Y1gd) adAL | Joidadal piou
-Igeuued Buipodus ‘fJu) Jo uoissaldxa sy} Ul asealdap v

*2.nsodxa Jabuo| yum sjewiue ui payejnbaumop pue ‘Yz
pue auo 4o} pasodxa 331w ui parejnbaidn atam (sisoxdode
0) pajejaJ) sauab zjrg pue xog yiog jo uoissaidx3
('sisordode

0] palejaJ aJe sauan) uoissatdxa sauab (z ewoydwiA|
1193-9) Z-129 padnpaJ pue (pajeldosse-z|dg) xeg pasesudu]
('sasdeufs pue suoinau mau jo uonen

-uaJaylp pue ymouh buibeinodua pue ‘suoinau bunsixa
30 |eaiuns Joddns 03 buidjay ‘waisAs snonsau |esayduad
pUE |BJ1U3I 3] JO SUOINSU UIRD UO S)Ie (10328} d1ydouiol
-Nau panuap-uleld) 4NAg abeors Aowaw wual-buoj ul
PAAJOAUL S| OS|e }] "9SeasIp S,uoibununH o asnex ayl sl | |H
paieny auab | 1H Yy Aq suewny ul papod uisloud ay3 si
(13H) unbununH) "uoissasdxa auab jupg pue 1IH paseasdu]

“gL-upnajiaiul pue ‘suoiduny elfodiw
pue sisol|boJdiw 03 paje[a4 sauab Jo uoissaidxa paseasnag

"9LE°0 PUB £91°0 53153}
'845°0 pue z67°0 utelq -(04/Mm) ¥vs b L pue b oL ‘shep y1
1o} Aep/y G ‘¥4 ZHIN 001 ‘g 03 Sied pasodxa jo ureig

“BA/M 9 38 Ul 07

10} ¥4y ZHIN 05z 01 pasodxa syed jo sndwedoddiH
"BY/M ¥ ¥VS ‘(sAep |z 104 Y Z 4oy Louanbauy

yoea) Y4y ZHIN 008/059° Aouanbauy jenp 03 pasodxa
sjeJ Jo (WnugaJad pue ‘snwejey) ‘sndwedoddiy) ulelg
'skep o€ 404 Kep/y ¥

Jo ‘shep o€ Joy Aep e 321m1 Y 17 40 “Z ‘L “S°0 404 (INSD pue
VINGD ‘ZHI 008°L ‘ZHIN 006) SPUeq ¥ yum sawwef auoyd
Je[n||93 e woJj Y4y 03 pasodxa djw jo sndwedoddiy

", Wd/MW ¥ 18 ‘skep og
J0 / 10} 44Y ZHIN 0S¥z 03 pasodxa sied jo sndwedoddiH

LWD/MW 0L e uw 9

444 ZHIN 00€°6 40/pUe 0087 03 Pasodxa sied Jo poojg
"BY/M G 38 SYIuoW 9 10} Yaam/skep g

‘Rep/y z ‘¥4 ZHIN 0561 03 pasodxa (9seasip sJawiay
-Z|\ JO [9pOW dsnowl) 31w Qy4xs jo sndwedoddiy

(1) (P202) | 33 seAep

(2102) '|e 32 buej

(20?) "|e 32 anx

«(1207) "e 33 IpiyoL

(2z02) "|e 15 19eSIB ]

(Sz02) 'le 39 "1 unsS

(€202) "[e 32 uos

sjuswwio)

S}nsay

suonipuod ainsodxy (xipuaddy 3as) sazuaiayay

(panunuod) :g ajqey


https://en.wikipedia.org/wiki/Apoptosis
https://en.wikipedia.org/wiki/Peripheral_nervous_system

18 —— Laiand Levitt: RFR and gene expression

suppression or progression since these genes are involved
in cancer progression suppression, and angiogenesis.
There are other studies in the list reporting that RFR acti-
vates genes that promote apoptosis and autophagy (see the
section on ‘apoptosis’ above). This would suggest that RFR
could affect the risk of cancer development in the brain. For
cancer to develop, there must be some other processes
triggered by RFR that promote tumor initiation and growth.
With the interplay of activation of pro- and anti-apoptosis
genes in brain cells (see the section on ‘apoptosis’ above), it
is possible to observe either a decrease or an increase in
brain cancer risk after RFR exposure [31, 32]. On the other
hand, apoptotic cell death in the nervous system could lead
to neurodegenerative diseases, such as Alzheimer’s and
Parkinson diseases [3].

Discussion

Gene expression provides a strong argument that RFR
affects cellular functions. It is a direct response to the
exogenous disturbance and a homeostatic process to
restore normalcy. In addition to the genes of the different
functions described above, the effects of RFR on genes
regarding other biological functions (e.g., wound healing
and cellular structure) have also been reported (see
Appendix 1in Supplementary Material). It must be pointed
out that why specific genes were chosen for various
studies was not necessarily guided by a hypothesis or
speculation but rather by the expertise of the
investigators.

Gene expression indicates the type of effects that
RER exerts on cells. For example, it is irrational to argue
that DNA damage-repair genes are turned on without
DNA damage in the cells that initiated the process to
begin with.

Gene expressions are under feedback control in
response to external challenges with numerous variables.
RFR has a complex interaction with living organisms
depending on various parameters of the field. With these
considerations in mind, response oscillation and non-linear
dose-response could occur. But gene expression is not ex-
pected under all exposure conditions and biological systems
studied. Thus, inevitably, in some studies, no significant ef-
fects would be expected. There are studies that reported no

DE GRUYTER

significant effect of RFR on gene expression related to pro-
tein damage and removal, DNA, oxidative processes, stress,
and brain functions (Table 7).

Forty gene expression effects (marked as low intensity
(LD in Tables 1-6) were observed at a SAR less than
0.4 W/kg. This is relevant to the effects of exposure to RFR in
the environment. 0.4 W/kg is the dose rate assumed to be
safe by international radiofrequency radiation guidelines
(e.g., the International Commission on Non-Ionizing Radi-
ation Protection (ICNIRP) and the International Electronics
and Electrical Engineers (IEEE)). This is important to un-
derstand regarding the validity of those organization’s
high-intensity standards-setting models. (For readers who
are interested in ‘low-intensity’ RFR effects, there are more
than 200 studies that reported biological effects at SAR
<0.4 W/kg [see the ‘RFR-low-intensity studies’ file in refer-
ence [1]]).

Lastly, one may wonder whether up-regulation of
gene expression would lead to translation into functional
proteins. Several RFR studies support increased trans-
lation (e.g., [33-36]). It is an important complement to the
gene-expression studies to look at translation levels of
proteins as these are the functional units that promote/
sustain both health and illness. Proteomic studies are an
attractive next step in understanding the biological effects
of RFR exposure. This was suggested more than a decade
ago [37]. Changes in transcription and protein functions
point to a need to investigate molecular signaling path-
ways after RFR exposure [38]. In addition, the data on
gene-expression suggests two areas of mechanism
research that are worth pursuing. The first area is the
involvement of stress in RFR-induced biological effects.
Involvements of ‘cellular stress responses’ and the hypo-
thalamic-pituitary-adrenal axis and, particularly, effects
on the limbic system should be further investigated [3].
The second area is the cellular oxidative processes.
Particularly, the mechanism of induction of free radicals
by RFR should be systematically studied. Present data in-
dicates that low-frequency modulations in RFR may play a
role [39]. It is, however, not known how much these low-
frequency components contribute to the overall effect.
Similar effects on gene expression have been reported
after exposure to extremely-low frequency electromag-
netic fields (see ‘static and ELF EMF genetic effects’ file in
reference [1]).
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