
Int J Clin Exp Pathol 2016;9(2):1061-1067
www.ijcep.com /ISSN:1936-2625/IJCEP0019576

Original Article
Modulated expression levels of tyrosine kinases in  
spontaneously developed melanoma by single  
irradiation of non-thermal atmospheric  
pressure plasmas

Yasuhiro Omata1*, Machiko Iida1*, Ichiro Yajima1, Nobutaka Ohgami1, Masao Maeda1, Hiromasa Ninomiya1, 
Reina Oshino1, Toyonori Tsuzuki2, Masaru Hori3, Masashi Kato1

1Department of Occupational and Environmental Health, Nagoya University Graduate School of Medicine, 65 
Tsurumai-cho, Showa-ku, Nagoya, Aichi 466-8550, Japan; 2Department of Pathology, Nagoya Daini Red Cross 
Hospital, Showa-ku, Nagoya, Aichi 466-8650, Japan; 3Department of Electrical Engineering and Computer Sci-
ence, Graduate School of Engineering, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8603, Japan. *Equal 
contributors.

Received November 11, 2015; Accepted January 12, 2016; Epub February 1, 2016; Published February 15, 2016

Abstract: Development of therapy for melanomas without BRAFV600E mutation, which account for about half of all 
melanomas, is an urgent issue because effective therapy is currently being developed for patients who have mela-
nomas with BRAFV600E mutation. RET-transgenic mice (RET-mice) carrying the RFP-RET oncogene under the control 
of metallothionein-I promoter spontaneously developed skin melanomas without BrafV600E mutation from benign 
melanocytic tumors. We previously showed decreased expression levels of cell cycle regulators and matrix metal-
loproteinases in melanoma from RET-transgenic mice by single irradiation of non-equilibrium atmospheric pressure 
plasmas (NEAPPs). In this study, we focused on RFP-RET, c-Ret, Epidermal growth factor receptor (Egfr), Vascular 
endothelial growth factor receptor 2 (Vegfr2) and c-Src kinases, which are correlated with melanoma. We first con-
firmed significantly increased transcript expression levels of the 5 kinases in melanomas compared to those in 
benign tumors in RET-mice. We then found that transcript expression levels of c-Ret and Egfr, but not those of RFP-
RET, Vegfr2 and c-Src, were significantly decreased by single irradiation of NEAPP. Since EGFR-mediated promotion 
of melanoma has been reported, we further focused on the mechanism of NEAPP-mediated decrease in the level 
of Egfr. Transcript expression level of Y box protein 1 (Ybx1), but not those of p53, Early growth factor 1 (Egr1), GC-
rich sequence DNA binding factor 2 (Gcf2) and Kluppel-like factor 10 (Klf10), was significantly decreased by single 
irradiation of NEAPP. These results suggest that NEAPP decreased Egfr expression level through decrease of Ybx1 
expression. Our results indicate that NEAPP irradiation to melanoma without BRAFV600E mutation is a possible novel 
therapy.

Keywords: Non-thermal atmospheric pressure plasmas (NEAPPs), melanoma, tyrosine kinase, Epidermal growth 
factor receptor (Egfr), Y box protein 1 (Ybx1)

Introduction

The worldwide incidence of melanoma, the 
most aggressive cutaneous cancer, has recent-
ly become higher than that of any other cancer. 
Recent molecular-targeted therapy for melano-
mas with BRAFV600E mutation is developing in 
humans despite recurrence of the melanomas 
[1]. In fact, the prognosis of patients who have 
melanoma with BRAFV600E mutation is better 
than that of patients who have melanoma with-

out BRAFV600E mutation [2]. Therefore, the de- 
velopment of a novel therapy for melanomas 
without BRAFV600E mutation, which account for 
about half of all melanomas, is an urgent issue.

Previous studies showed that protein tyrosine 
kinases (PTKs) play a crucial role in various can-
cers including melanoma. c-Ret/RET protein is 
a receptor-type PTK and is activated by dimer 
formation through its ligands such as a glial cell 
line-derived neurotrophic factor (GDNF) [3, 4]. 
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We have shown that anchorage-dependent 
growth of human melanoma cells was increased 
by interaction of c-RET and GDNF after con- 
firming c-RET expression levels in plural  
human melanoma cell lines [5]. c-SRC protein, 
which is expressed in melanoma, is directly 
associated with c-RET protein and regulates 
the function of c-RET kinase [6]. RFP-RET of the 
hybrid gene from c-RET and RFP has an onco-
genic activity and is constitutively activated 
without stimulation of ligands [3, 7]. RFP-RET-
transgenic mice (RET-mice) carrying RFP-RET 
under the control of metallothionein-I promoter 
spontaneously develop benign melanocytic 
tumors and melanomas without BrafV600E muta-
tion in a stepwise manner [7, 8]. Increased 
expression levels of epidermal growth factor 
receptor (Egfr) and vascular endothelial growth 

factor receptor 2 (Vegfr2) in human melanoma 
have been reported [9, 10]. These results sug-
gest that RFP-RET, c-RET, Egfr, Vegfr2 and c-Src 
molecules are involved in the pathogenesis of 
melanoma.

Attention has recently been paid to medical 
applications of non-thermal atmospheric pres-
sure plasmas (NEAPPs) consisting of an ionized 
gas. Previous studies showed anti-cancer 
effects of NEAPP irradiation in vitro [11-13]. We 
have also reported suppressed growth of 
benign melanocytic tumors in RET-mice by 
repeated NEAPP irradiation via decreased 
expression levels of cell cycle regulators and 
matrix metalloproteinases (MMPs) [14-16]. In 
our previous study, we showed an anti-cancer 
effect of single NEAPP irradiation to melano-

Figure 1. Macroscopic and microscopic appearances of tumors in RET-mice. (A-D) Representative macroscopic (A, 
C) and microscopic (B, D) appearances of a cutaneous benign melanocytic tumor (A, B) and melanoma (C, D) in 
RET-mice at 4 months and 12 months of age, respectively, are presented. Crusts covered the ulcer on the surface in 
melanoma (C) but not in the benign melanocytic tumor (A) in RET-mice. Arrowheads indicate a benign melanocytic 
tumor (A) and melanoma (C). Hematoxylin and eosin staining was used for histopathological analysis (C, D). Scale 
bar: 10 µm (D). 
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mas in RET-mice via decreased levels of cell 
cycle regulators and MMPs [8]. In this study, we 
examined the effect of NEAPP irradiation on 
expression levels of RFP-RET, c-Ret, Egfr, 
Vegfr2 and c-Src in melanomas without 
BRAFV600E mutation from RET-mice.

Materials and methods

RET-mice spontaneously developed tumors in 
the skin

Benign melanocytic tumors (Figure 1A, 1B) and 
melanomas (Figure 1C, 1D) developed sponta-
neously in our original RET-mice with an intact 
immune system [7, 8]. Therefore, RET-mice 
could be a strong tool to develop various thera-
pies for melanomas [17, 18]. Experiments using 
recombinant DNA were approved by the 
Recombination DNA Advisory Committee of 
Nagoya University (no. 12-39, 13-59, 13-76). 
The animal experiments were approved by the 
Animal Care and Use Committee of Nagoya 
University (approval no. 27241).

NEAPP irradiation to tumors in RET-mice

Benign melanocytic tumors and melanomas 
with or without NEAPP irradiation in RET-mice 
were used. The NEAPP device used in the pres-
ent study is shown in Figure 2A. Melanomas 
were collected and analyzed 6 hours after sin-
gle NEAPP irradiation for 30 sec for melanoma 

in RET-mice (Figure 2B) following the method 
previously described [8]. 

Quantitative PCR (Q-PCR)

After extracting total RNA from tumors of RET-
mice, transcript expression levels were mea-
sured by the method described previously [14, 
16]. Sequences of primers used are shown in 
Supplementary Table 1.

Results

Diagnosis of tumors in RET-mice

Benign melanocytic tumors and melanomas in 
RET-mice were preliminary selected by macro-
scopic observation (Figure 1A, 1C). After collec-
tion of tumors with or without NEAPP irradia-
tion, all of the tumors were histopathologically 
diagnosed by a trained pathologist (Figure 1B, 
1D). A benign melanocytic tumor consisted of 
uniform cells having round nuclei without mito-
sis (Figure 1B). Melanoma consisted of atypical 
cells having various sizes and shapes of nuclei 
with high mitotic activity (Figure 1D).

Effects of single NEAPP irradiation on expres-
sion of 5 tyrosine kinases

Transcript expression levels of RFP-RET, c-Ret, 
Egfr, Vegfr2 and c-Src in melanomas were 2.0-
fold, 1.9-fold, 9.7-fold, 1.2-fold and 2.3-fold 
higher than those in benign melanocytic 

Figure 2. Non-thermal atmospheric pressure plasma (NEAPP) irradiation. (A, B) Device used for NEAPP irradiation 
(A) and a bright field of NEAPP irradiation to a melanoma in a RET-mouse (B) are shown. While Ar gas was provided 
through a tube, plasma in the main discharge region between two electrodes was excited by applying 10 kV from 
a 60 Hz commercial power supply. The distance between the two electrodes was 20 mm. Single irradiation for 30 
sec was performed on malignant tumors from RET-mice. The RET-mouse was placed on a rubber plate to keep the 
distance from the plasma source at 13 mm.
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tumors, respectively, in RET-mice (Figure 3A-E). 
Single NEAPP irradiation decreased expression 
levels of c-Ret and Egfr transcripts by 70% and 
41%, respectively (Figure 3G, 3H). However, the 
expression levels of RFP-RET, Vegfr2 and c-Src 
transcripts were comparable in single NEAPP 
irradiated- and unirradiated-melanomas in 
RET-mice (Figure 3F, 3I, 3J). 

Effects of NEAPP irradiation on expression of 
transcription factors for Egfr

Effects of single NEAPP irradiation on transcript 
expression levels of Y box protein 1 (Ybx1), 
p53, Early growth factor 1 (Egr1), GC-rich 
sequence DNA binding factor 2 (Gcf2) and 

melanoma is the largest among the 5 kinases. 
Moreover, the effects of endogenous c-Ret may 
be replaced by the effects of the introduced 
RFP-RET in RET-mice. In fact, kinase activity of 
c-Ret was found to be lower than that of RFP-
RET in RET-mice in our previous studies [3, 4, 
19]. Together with a previous report showing 
that EGFR regulates progression and metasta-
sis of human melanoma [20], we focused on 
Egfr as a representative molecule that was 
decreased by single NEAPP irradiation. 

YBX1, p53 and EGR1 bind to the promoter of 
the EGFR gene and positively control its tran-
scription in human osteosarcoma, breast can-
cer and colon cancer cells [21-23]. GCF2 and 

Figure 3. Transcript expression levels of RFP-RET, c-Ret, Egfr and Vegfr2 in tu-
mors from RET-mice. (A-E) Relative transcript expression levels (means ± SD) 
of RFP-RET (A, RFP-RET), c-Ret (B), Epidermal growth factor receptor (C, Egfr), 
Vascular endothelial growth factor receptor 2 (D, Vegfr2) and c-Src (E) in be-
nign melanocytic tumors (B, n=6) and melanomas (M, n=5) from RET-mice are 
shown. (F-J) Relative transcript expression levels of RFP-RET (F), c-Ret (G), Egfr 
(H), Vegfr2 (I) and c-Src (J) in untreated (Un, n=5) and NEAPP-treated (Tr, n=6) 
melanomas from RET-mice are presented. The transcript expression levels were 
determined by quantitative PCR and normalized with the transcript expression 
level of hypoxanthine ribosyltransferase (A-J, Hprt). Statistical significance was 
evaluated by Student’s t-test. **P<0.01, *P<0.05. 

Kluppel-like factor 10 (Klf- 
10) in melanomas from RET- 
mice were further exam-
ined. Single NEAPP irradia-
tion decreased the expres-
sion level of Ybx1 transcript 
by 27% (Figure 4A). How- 
ever, there were compara-
ble expression levels of 
p53, Egr1, Gcf2 and Klf10 
transcripts in melanomas 
from RET-mice despite sin-
gle NEAPP irradiation (Fig- 
ure 4B-E). 

Discussion

In this study, we first con-
firmed higher expression 
levels of RFP-RET, c-Ret, 
Egfr, Vegfr2 and c-Src, all 
of which were previously 
reported to be associated 
with melanoma [5, 6, 9, 
10], suggesting that the 
kinases are also associat-
ed with melanomas in RET-
mice. Then we demonstrat-
ed for the first time that 
expression levels of c-Ret 
and Egfr transcripts, but 
not those of RFP-RET, 
Vegfr2 and c-Src tran-
scripts, in melanomas from 
RET-mice were decreased 
by single NEAPP irradiation. 
Our results showed that the 
difference in Egfr expres-
sion level between benign 
melanocytic tumors and 
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KLF10 have been reported to be transcriptional 
repressors of the EGFR gene in human mela-
noma cells and breast cancer cells, respective-
ly [24, 25]. Our results further showed that sin-
gle irradiation decreased the transcript 
expression level of only Ybx1 among the 5 tran-
scription factors for Egfr. These results suggest 

Scientific Research (A) (15H01743 and 15- 
H02588) and (B) (24390157), Grant-in-Aid for 
Challenging Exploratory Research (26670525), 
Grant-in-Aid for Scientific Research on Inno- 
vative Areas (24108001) and Grants-in-Aid for 
Young Scientists (B) (22770008) from the 
Ministry of Education, Culture, Sports, Science 
and Technology (MEXT), the Mitsui & Co., Ltd. 
Environment Fund, the Mitsubishi Foundation, 
Foundation from Center for Advanced Medical 
and Clinical Research Nagoya University 
Hospital and NOVARTIS Research Foundation 
(Japan).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Masashi Kato, Oc- 
cupational and Environmental Health, Nagoya Uni- 
versity Graduate School of Medicine, 65 Tsurumai-
cho, Showa-ku, Aichi 466-8550, Japan. Tel: +81-52-
744-2122; Fax: +81-52-744-2122; E-mail: katomsa-
sa@med.nagoya-u.ac.jp

References

[1]	 Thang ND, Yajima I, Kumasaka MY, Iida M, Su-
zuki T, Kato M. Deltex-3-like (DTX3L) stimulates 
metastasis of melanoma through FAK/PI3K/
AKT but not MEK/ERK pathway. Oncotarget 
2015; 6: 14290-14299.

[2]	 Long GV, Menzies AM, Nagrial AM, Haydu LE, 
Hamilton AL, Mann GJ, Hughes TM, Thompson 

Figure 4. Transcript expression levels of Ybx1, p53, Egr1, Gcf2 and Klf10 in 
irradiated melanomas from RET-mice. (A-E) Relative transcript expression lev-
els (means ± SD) of Y box protein 1 (A, Ybx1), p53 (B), Early growth factor 1 
(C, Egr1), GC-rich sequence DNA binding factor 2 (D, Gcf2) and Kluppel-like 
factor 10 (E, Klf10) in untreated (Un; n=5) and NEAPP-treated (Tr, n=6) mela-
nomas from RET-mice are presented. Statistical significance was evaluated by 
Student’s t-test. **P<0.01.

Figure 5. A schematic pathway for regulation of Egfr 
expression level. Y box protein 1 (Ybx1), p53 and Ear-
ly growth response 1 (Egr1) progressively regulate 
Egfr expression level. GC-rich sequence DNA binding 
factor 2 (Gcf2) and Kluppel-like factor 10 (Klf10) neg-
atively regulate Egfr expression level. Our results sug-
gest that single irradiation of NEAPP decreases Egfr 
transcript expression level via suppression of Ybx1 
transcript expression. Since EGFR, a regulator for 
melanoma progression, has been suggested to be 
a clinical target for melanoma therapy [20], NEAPP 
may be useful for melanoma therapy.

that single NEAPP irradia-
tion decreases Egfr expres-
sion level via decreased 
level of Ybx1, a transcrip-
tion factor promoting ex-
pression of Egfr, in melano-
mas without BrafV600E mu- 
tation from RET-mice (Fig- 
ure 5). Since EGFR could be 
a clinically potential thera-
peutic target for melano- 
ma [20], our results sug-
gest that NEAPP irradiation 
is a novel option for ther- 
apy of melanoma without 
BRAFV600E mutation (Figure 
5).

Acknowledgements

This study was supported 
in part by Grants-in-Aid for 

mailto:katomsasa@med.nagoya-u.ac.jp
mailto:katomsasa@med.nagoya-u.ac.jp


Effect of plasma irradiation on expression of tyrosine kinase genes

1066	 Int J Clin Exp Pathol 2016;9(2):1061-1067

JF, Scolyer RA, Kefford RF. Prognostic and clini-
copathologic associations of oncogenic BRAF 
in metastatic melanoma. J Clin Oncol 2011; 
29: 1239-1246.

[3]	 Kato M, Iwashita T, Akhand AA, Liu W, Takeda 
K, Takeuchi K, Yoshihara M, Hossain K, Wu J, 
Du J, Oh C, Kawamoto Y, Suzuki H, Takahashi 
M, Nakashima I. Molecular mechanism of acti-
vation and superactivation of Ret tyrosine ki-
nases by ultraviolet light irradiation. Antioxid 
Redox Signal 2000; 2: 841-849. 

[4]	 Kato M, Iwashita T, Takeda K, Akhand AA, Liu 
W, Yoshihara M, Asai N, Suzuki H, Takahashi 
M, Nakashima I. Ultraviolet light induces redox 
reaction-mediated dimerization and superacti-
vation of oncogenic Ret tyrosine kinases. Mol 
Biol Cell 2000; 11: 93-101. 

[5]	 Ohshima Y, Yajima I, Takeda K, Iida M, Kuma-
saka M, Matsumoto Y, Kato M. c-RET molecule 
in malignant melanoma from oncogenic RET-
carrying transgenic mice and human cell lines. 
PLoS One 2010; 5: e10279.

[6]	 Kato M, Takeda K, Kawamoto Y, Iwashita T, 
Akhand AA, Senga T, Yamamoto M, Sobue G, 
Hamaguchi M, Takahashi M, Nakashima I. Re-
pair by Src kinase of function-impaired RET 
with multiple endocrine neoplasia type 2A mu-
tation with substitutions of tyrosines in the 
COOH-terminal kinase domain for phenylala-
nine. Cancer Res 2002; 62: 2414-2422.

[7]	 Kato M, Takahashi M, Akhand AA, Liu W, Dai Y, 
Shimizu S, Iwamoto T, Suzuki H, Nakashima I. 
Transgenic mouse model for skin malignant 
melanoma. Oncogene 1998; 17: 1885-1888.

[8]	 Iida M, Omata Y, Nakano C, Yajima I, Tsuzuki T, 
Ishikawa K, Hori M, Kato M. Decreased expres-
sion levels of cell cycle regulators and matrix 
metalloproteinases in melanoma from RET-
transgenic mice by single irradiation of non-
equilibrium atmospheric pressure plasmas. Int 
J Clin Exp Pathol 2015; 8: 9326-9331.

[9]	 Sparrow LE, Heenan PJ. Differential expression 
of epidermal growth factor receptor in melano-
cytic tumours demonstrated by immunohisto-
chemistry and mRNA in situ hybridization. Aus-
tralas J Dermatol 1999; 40: 19-24.

[10]	 Mehnert JM, McCarthy MM, Jilaveanu L, Fla-
herty KT, Aziz S, Camp RL, Rimm DL, Kluger 
HM. Quantitative expression of VEGF, VEGF-
R1, VEGF-R2, and VEGF-R3 in melanoma tis-
sue microarrays. Hum Pathol 2010; 41: 375-
384.

[11]	 Iseki S, Nakamura K, Hayashi M, Tanaka H, 
Kondo H, Kajiyama H, Kano H, Kikkawa F, Hori 
M. Selective killing of ovarian cancer cells 
through induction of apoptosis by nonequilib-
rium atmospheric pressure plasma. Appl Phys 
Lett 2012; 100: 113702-113704.

[12]	 Tanaka H, Mizuno M, Ishikawa K, Nakamura K, 
Kajiyama H, Kano H, Kikkawa F, Hori M. Plas-
ma-activated medium selectively kills glioblas-
toma brain tumor cells by downregulating a 
survival signaling molecule, AKT kinase. Plas-
ma Med 2013; 3: 265-277.

[13]	 Utsumi F, Kajiyama H, Nakamura K, Tanaka H, 
Mizuno M, Ishikawa K, Kondo H, Kano H, Hori 
M, Kikkawa F. Effect of indirect nonequilibrium 
atmospheric pressure plasma on anti-prolifer-
ative activity against chronic chemo-resistant 
ovarian cancer cells in vitro and in vivo. PLoS 
One 2013; 8: e81576.

[14]	 Yajima I, Iida M, Kumasaka MY, Omata Y, Oh-
gami N, Chang J, Ichihara S, Hori M, Kato M. 
Non-equilibrium atmospheric pressure plas-
mas modulate cell cycle-related gene expres-
sions in melanocytic tumors of RET-transgenic 
mice. Experimental Dermatol 2014; 23: 424-
425.

[15]	 Iida M, Yajima I, Ohgami N, Tamura H, Takeda 
K, Ichihara S, Hori M, Kato M. The effects of 
non-thermal atmospheric pressure plasma ir-
radiation on expression levels of matrix metal-
loproteinases in benign melanocytic tumors in 
RET-transgenic mice. Eur J Dermatol 2014; 24: 
392-394.

[16]	 Omata Y, Iida M, Yajima I, Takeda K, Ohgami N, 
Hori M, Kato M. Non-thermal atmospheric 
pressure plasmas as a novel candidate for pre-
ventive therapy of melanoma. Environ Health 
Prev Med 2014; 19: 367-369.

[17]	 Kato M, Takeda K, Kawamoto Y, Tsuzuki T, Hos-
sain K, Tamakoshi A, Kunisada T, Kambayashi 
Y, Ogino K, Suzuki H, Takahashi M, Nakashima 
I. c-Kit-targeting immunotherapy for hereditary 
melanoma in a mouse model. Cancer Res 
2004; 64: 801-806.

[18]	 Végran F, Berger H, Boidot R, Mignot G, Brucha-
rd M, Dosset M, Chalmin F, Rébé C, Dérangère 
V, Ryffel B, Kato M, Prévost-Blondel A, Ghiring-
helli F, Apetoh L. The transcription factor IRF1 
dictates the IL-21-dependent anticancer func-
tions of TH9 cells. Nat Immunol 2014; 15: 
758-766.

[19]	 Kato M, Liu W, Akhand AA, Dai Y, Ohbayashi M, 
Tuzuki T, Suzuki H, Isobe K, Takahashi M, Na-
kashima I. Linkage between melanocytic tu-
mor development and early burst of Ret pro-
tein expression for tolerance induction in 
metallothionein-I/ret transgenic mouse lines. 
Oncogene 1999; 18: 837-842. 

[20]	 Boone B, Jacobs K, Ferdinande L, Taildeman J, 
Lambert J, Peeters M, Bracke M, Pauwels P, 
Brochez L. EGFR in melanoma: clinical signifi-
cance and potential therapeutic target. J Cu-
tan Pathol 2011; 38: 492-502.

[21]	 Wu J, Lee C, Yokom D, Jiang H, Cheang MC, 
Yorida E, Turbin D, Berquin IM, Mertens PR, Ift-



Effect of plasma irradiation on expression of tyrosine kinase genes

1067	 Int J Clin Exp Pathol 2016;9(2):1061-1067

ner T, Gilks CB, Dunn SE. Disruption of the Y-
box binding protein-1 results in suppression of 
the epidermal growth factor receptor and HER-
2. Cancer Res 2006; 66: 4872-4879.

[22]	 Ludes-Meyers JH, Subler MA, Shivakumar CV, 
Munoz RM, Jiang P, Bigger JE, Brown DR, Deb 
SP, Deb S. Transcriptional activation of the hu-
man epidermal growth factor receptor promot-
er by human p53. Mol Cell Biol 1996; 16: 
6009-6019.

[23]	 Chen A, Xu J, Johnson AC. Curcumin inhibits 
human colon cancer cell growth by suppress-
ing gene expression of epidermal growth factor 
receptor through reducing the activity of the 
transcription factor Egr-1. Oncogene 2006; 25: 
278-287.

[24]	 Rikiyama T, Curtis J, Oikawa M, Zimonjic DB, 
Popescu N, Murphy BA, Wilson MA, Johnson 
AC. GCF2: expression and molecular analysis 
of repression. Biochim Biophys Acta 2003; 
1629: 15-25.

[25]	 Jin W, Chen BB, Li JY, Zhu H, Huang M, Gu SM, 
Wang QQ, Chen JY, Yu S, Wu J, Shao ZM. TIEG1 
inhibits breast cancer invasion and metastasis 
by inhibition of epidermal growth factor recep-
tor (EGFR) transcription and the EGFR signal-
ing pathway. Mol Cell Biol 2012; 32: 50-63.



Effect of plasma irradiation on expression of tyrosine kinase genes

1	

Supplementary Table 1. Sequences of primers 
used in quantitative PCR
Gene Strand Sequence
RFP-RET Forward 5’ TCACAGGGGATGCAGTATCT 3’
RFP-RET Reverse 5’ CCTGGCTCCTCTTCACGTAG 3’
c-Ret Forward 5’ TGACATCAGCAAGGATCTGG 3’
c-Ret Reverse 5’ CCCATCGTCATACAGCAGTG 3’
Egfr Forward 5’ CAAGTGGATGGCTTTGGAAT 3’
Egfr Reverse 5’ TCCATCATAAGGCTTGGACC 3’
Vegfr2 Forward 5’ TGAAATCTTTGGTGGAAGCC 3’
Vegfr2 Reverse 5’ GGCCTTCCATTTCTGTACCA 3’
c-Src Forward 5’ TCGTGAGGGAGAGTGAGAC 3’
c-Src Reverse 5’ GCGGGAGGTGATGTAGAAAC 3’
Ybx1 Forward 5’ GGTGCAGGAGAGCAAGGTAG 3’
Ybx1 Reverse 5’ TGCCATCCTCTCTAGGCTGT 3’
p53 Forward 5’ TGTCACGCTTCTCCGAAGAC 3’
p53 Reverse 5’ ATCGTCCATGCAGTGAGGTG 3’
Egr1 Forward 5’ GAGCGAACAACCCTATGAGC 3’
Egr1 Reverse 5’ TTTGGCTGGGATAACTCGTC 3’
Gcf2 Forward 5’ AACTTCCACAAGTGCCAAGG 3’
Gcf2 Reverse 5’ GGAAACTTTTCTCGCCACTG 3’
Klf10 Forward 5’ AGCAAGGGTCACTCCTCAGA 3’
Klf10 Reverse 5’ TGAAAGGTTTTTCCCCTGTG 3’
Hprt Forward 5’ TATGTCCCCCGTTGACTGAT 3’
Hprt Reverse 5’ CTTTGCTGACCTGCTGGATT 3’


