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[Abstract] Background DJ-I gene is a causative gene which contributes to the onset of autosomal
recessive early - onset parkinsonism (AREP). Many research suggest that DJ - 1 protein may change
expression of certain genes through regulate its transcriptional activity, which play a role in the
pathogenesis of Parkinson’s disease (PD). In our previous study, we found a new mutation of DJ-1 which
we named as L10P. DJ-1 gene encodes the first frame 29 bp from the thymine (T)—cytosine (C), so that
the leucine on the 10th locus of DJ-1 protein was replaced by proline (L10P). To elucidate the effect of the
L10P mutation, we identify genes for which expressions are abnormally regulated by L10P mutant DJ-1
protein using DNA microarray analysis. Methods Human embryonic kidney cell 293 (HEK293)
monoclonal cell strains which can stably express pCMV-Tag2A-Flag, pCMV-Tag2A-Flag-DJ-1 and pCMV -
Tag2A-Flag-DJ-1-L10P were selected by screening, and identified on the basis of DNA, RNA and protein
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levels to confirm whether the acquired HEK293 monoclonal cell strains can stably express empty vector,
wild - type DJ -1 protein and L10P mutant DJ -1 protein. Gene chip technique was used to perform
differential gene screening for different groups of HEK293 monoclonal cell strains. Results Compared
with the expression in empty vector group, the expression of 14 genes was up-regulated and 28 genes was
down-regulated in wild-type group; and the expression of 14 genes was up-regulated and 9 down-regulated
in expressing L10P mutant group respectively. Comparison of the expression in wild-type group, expression
of 59 genes was up-regulated and 27 genes down-regulated in L10P mutant group. These differential genes

all took part in the biological processes including signal transduction, transcriptional regulation, cell cycle,

apoptosis, oxidative stress and so on. Conclusion

L10P mutant DJ-1 protein may directly or indirectly

influence the singal transduction and play a role in the mechanism of PD.
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Detection map and sequencing of HEK293 monoclonal cell strains gDNA PCR product.

la Byl W B U QL UK 4G R A it ik

(KT

5 HEK293 B 5%

Agarose gel

electrophoresis detection of HEK293 monoclonal cell strain gDNA PCR product (Panel la). Sequencing diagram of
monoclonal cell strains transfected with wild - type DJ-1 protein and L10P mutant DJ-1 protein showed T—C

mutation on the 29th locus (T29C, arrows indicate, Panel 1b).
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Figure 2 HEK293 monoclonal cell mRNA PCR  products.
Electrophoresis of monoclonal cell strains mRNA PCR products (Panel 2a).
Electrophoresis of monoclonal cell strains ¢DNA PCR products (Panel 2b).
Sequencing diagram of monoclonal cell strains transfected with wild-type DJ-1
protein and L10P mutant DJ-1 protein showed T—C mutation on the 29th
locus (T29C, arrows indicate, Panel 2c¢).
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Figure 3  Western blotting analysis of HEK293 monoclonal cell
strains. An electrophoresis band could be seen at 2 x 10° bp.
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Table 1. Total RNA assay in HEK293 cells*
OD value EV group 1 Wt group 1 L10P group 1 EV group 2 Wt group 2 L10P group 2
OD260m 79.87 62.32 67.11 71.20 72.06 73.80
OD2so am 40.66 31.04 33.22 35.44 36.47 37.49
ODas0s0 1.96 2.01 2.02 2.01 1.98 1.97

#Each group was experimented 2 times, and gene chip analysis was performed in the single blind form. EV,empty vector, %5 #
W;Wt,wild—lype DJ-1 pmlein,ﬁﬂ:"ﬂ;LlOP,LlOP mutant DJ-1 protein,LlOP?ﬂ%ﬁ’ﬂ
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Figure 4 Agarose gel electrophoresis showed no difference of total RNA expression was seen between before and
after 70 “C water bath. First experiment of total RNA electrophoresis (Panel 4a). Second experiment of total RNA
electrophoresis (Panel 4b). First experiment of total RNA electrophoresis pattern after 70 °C water bath for 1 h
(Panel 4c). Second experiment of total RNA expression after 70 °C water bath for 1 h (Panel 4d).

Bl S RS A A AL s AN bR R R R R IR Sa asERIR 14l Sh BPAERLIAL Se LIOPZEAERIIA 5d Ak
21 Se WPETI2ML Sf L10PRAETRI 24

Figure 5 Result of gene chip scanning. Empty vector group 1 (Panel 5a). Wild-type group 1 (Panel 5b). L10P mutant group 1 (Panel
5¢). Empty vector group 2 (Panel 5d). Wild-type group 2 (Panel 5e). L10P mutant group 2 (Panel 5f).
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Table 2. The original signal intensity of control gene after grey value analysis
Gene EV group 1 P value Wt group 1 P value L10P group 1 P value
BIOTIN 4088.57 0.000 3684.43 0.00 3309.96 0.000
CY3 HYB 9876.95 0.000 9187.42 0.000 8123.87 0.000
HIGH STRINGENCY HYB 46375.97 0.000 47370.77 0.000 46009.71 0.000
HOUSEKEEPING 27596.97 0.005 26076.46 0.005 24763.79 0.005
LABELING 102.2317 0.561 103.68 0.605 90.26 0.796
LOW STRINGENCY HYB 13069.02 0.000 12170.54 0.000 10766.63 0.000
NEGATIVE 103.85 0.076 106.87 0.059 95.38 0.164
Gene EV group 2 P value Wt group 2 P value L10P group 2 P value
BIOTIN 3694.93 0.000 3358.74 0.000 3275.01 0.000
CY3 HYB 9400.20 0.000 8801.98 0.000 8106.21 0.000
HIGH STRINGENCY HYB 55278.30 0.000 49533.97 0.000 42053.23 0.000
HOUSEKEEPING 26378.30 0.005 25364.24 0.005 24961.19 0.005
LABELING 100.93 0.667 93.62 0.601 96.22326 0.380
LOW STRINGENCY HYB 12452.94 0.000 11657.11 0.000 10716.06 0.000
NEGATIVE 105.23 0.134 96.96 0.045 98.09 0.008

EV, empty vector, 45 A Wi, wild-type DJ-1 protein, ¥ 4= 7 ; L1OP, L10P mutant DJ-1 protein, L10P € % , The same as
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Figure 6 The scatter diagrams of gene expression pattern in different groups.
Comparison between L10P mutant group 1 and empty vector group 1 (Panel 6b).

L10P 5748 1 2 4 15 23 #%

Comparison between wild-type group 1 and empty

Comparison between

L10P mutant group 1 and wild-type group 1 (Panel 6¢). Comparison between wild-type group 2 and empty vector group 2 (Panel 6d).
Comparison between L10P mutant group 2 and empty vector group 2 (Panel 6e). Comparison between L10P mutant group 2 and wild-
type group 2 (Panel 6f).
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Table 3. Biological processes involved by a variety of genes

Wt group compared with EV group

L10P group compared with EV group

L10P group compared with Wt group

Biological process

Number of Number of Number of Number of Number of Number of
up-regulated genes down-regulated genes up-regulated genes down-regulated genes up-regulated genes  down-regulated genes

Protein folding 1 0 2 0 3 0
Signal transduction 4 0 0 1 5 5
Cell adhesion 1 0 1 0 4 0
Regulation of transcription 2 4 4 0 8 5
G-protein coupled receptor 0 2 1 0 1 1
protein signaling pathway

Regulation of cell cycle 1 2 0 0 1 2
Transport 0 3 0 1 7 0
Microtubule-based 0 1 0 0 2 0
movement

Homeostasis 0 2 0 0 1 0
Cell proliferation 0 1 0 1 3 2
Nucleosome assembly 0 1 0 1 0 0
Amino acid metabolism 1 0 4 0 4 0
Amino acid biosynthesis 0 1 1 1 1 0
Cholesterol biosynthesis 1 0 0 0 1 1
DNA replication 1 0 0 2 0 0
Fatty acid desaturation 0 1 0 0 0 0
Protein modification 0 4 0 2 4 6
Immune response 0 0 0 0 2 0
Development 2 4 1 0 3 3
Apoptosis 0 1 0 0 4 0
Response to oxidative stress 0 1 0 0 0 2
Total 14 28 14 9 59 27

— N T SRS R . AR AR BN,
ol R A i, AR A A 14 DI RS B
28 ANFHERFIK T, L10P RAS BRI A7 14 3L %
(NI S S v N T IR e o S 2
Llopacmﬂéﬂﬁw AL IR B 27 N
KR . A AL 22 S R DR AT D RE A AT, R L
Gy 2 G055 i T A M R R R R SR A A
JEE T G S AR R B | e g A
I AR T RAR LB R B AR R SRR Y
AR DJ-1 8 10T BE 3 A A 45 5 I S A G 1 3
KKk 25 X S5 5 5 S0 % 19 1F w4 #E ) B
KAEAE AL, M L10P 2848 B DJ-1 25 (A 75 0l 38 of B 3%
oy B 22 5 A Ik 4 22 L R R AT SRk R, U W
M) 32K 6 15 55 2 el I 1 E L R A S 5 Ine AR
I KR AL . 5 s B AR e, B A B 4L R L1op
ER I R T Y O 7 SR U A S S A VAR TS |
(EGRI) IL-8 NIF3L1 M HISTIHIC 3N ¥ 16 2% 7

Fik, b EGRI M IL-8 3 [ 7E L10P 28 A8 AU 2 v 3
K TE R, LR B AR R A b R G R B NIF3LT A
HISTJHJC%ITE?E*F”%%HUOM SRIZH R
KT, R L10P AR DJ-1 8 (1 IF K 58 ek
Y A= T DJ- 1 B 1 B SR R 0 L RTRE T A () 4 R
DKL IR A ] 428 3%V, (H B S R 4R 0 PR OR R o 4 —
L L10P A8 B DJ-1 25 11 AT AR ARAT T 5% 2k o 45 H Ay
SL SR, H 5B AR D1 A S 2N —8
HATA IS & B, EGR1 & —F % & (1, )8 T8
FE AR SRR PR, T AR EF i EF
i 2N S (IS AR S AT S
45 Pt i 46 B A S o EGR1 R 1B 5% s A 15 1
PEARAL S DNA JFF A G, i 5 5 5 % B 800 D+
[ CREB 454 2 11 (CBP) 1 P300 | K % 5% 4 Bh 3 il [X
F[NGFI-A 254 8 111 f12(NAB1 MINAB2) ] A %K.
EGR1 & [ i LA iy 3 i) L PR3, mT L0 il 2F
Y PRI B T 240 R R DR R A ) AR R A




o EEA A G 2 A 2013 47 A S5 13 555 740

Chin J Contemp Neurol Neurosurg, July 2013, Vol. 13, No. 7 . 595

FH S eAh, R A 2k i il S B8O 4 2 EGR1 R
(3R FE, M EGRT L DR a B /0y B 8 M K v
i s ik A 2 BT S BSOS, DT A0 i 42 R GE U g
R/ 5P S DR 1) 2R 3 5 2 Mo 2 1 i B % ) g
BB AN ZH 2L X EGR1 2 (1R X BT s ROR
EGR1 Z& [ 7] fil A2 T 4 F A1 A< v Ji5 bft 28 T R file
P — TR B AR R RR R Y TL-8
22 T 4 R R R A A A0 R PR R AT
20 M PN Bz 200 i 55 22 i 240 A iR R AE TR - (TN
IL-1 i Z 45 (LPS) % % 5 RIAE H T & it Bl .
1L-8 55 T 4l B | 1 o 200 6 55 440 i 2 1 0 A 19 45 5%
PEAZIRZE G nl 5| R A0 R 1 5 G 2R T RB IR 1 B N 1ok
JUURE 3-8t (PLK) 15 5 e 5 I & A ok A28, AT 5
AL A N A 40 B PR, T R TL-8 A T T RE . H
AU B9 S L TL-8 2 5 J0e I 8 8 A=, 5 IR i
TIE G A% % DA 0% | TR 2 55 400 o) 40 e 8 T A
20 B 5 40 T K A 5 T ) 2 B, DA R B A i
AR 4R & AR (MMPs) R R R AERKE T
(EGF) B W23 #2 10 L1oP A8 B DJ-1 & 1 /2
3 RE % 38 o 42 5 0 42 4% EGRI FN IL-8 X (1) 3
TR S 55 00 4 AR 00 &R ML, 6 1 i — 2 T

L10P 28 45 J& 3R AT 53 /N A 5o & B0 1Y) 28 25 i
S C T RE N T B, AS IS BT OO iR R AR
PLASHEAT DR AL B A 5 . A B RS R B R K
W57 - 5 28 SR L A L, BT A R 2 R L10P 28 A8 Y
P LR TBMENRAE, HhHortsR
&5 110 KL IR 7 B 28 R 41 F0 L10P 28 748 U 2 v 4[] it
FEFE R AUAEAE FHp 5 — i rp SR 3N
5 A A 2] 223K KO TE L L10P 58 48 A 2 R R FEAR .
FRATAHY L5 S - L10P 28 28 a] LA 52 i o Ath 3 [R] 14 5% 3%
P

Z £ x Wt

[1] Deutch AY. Parkinson’s disease redefined. Lancet Neurol, 2013,
12:422-423.

[2] Singleton AB, Farrer MJ, Bonifati V. The genetics of
Parkinson’sdisease: progress and therapeutic implications. Mov
Disord, 2013, 28:14-23.

[3] Bonifati V, Rizzu P, van Baren MJ, Schaap O, Breedveld GJ,
Krieger E, Dekker MC, Squitieri F, Ibanez P, Joosse M, van
Dongen JW, Vanacore N, van Swieten JC, Brice A, Meco G, van
Duijn CM, Oostra BA, Heutink P. Mutations in the DJ-1 gene
associated with autosomal recessive early - onset parkinsonism.
Science, 2003, 299:256-259.

[4] Zhong N, Kim CY, Rizzu P, Geula C, Porter DR, Pothos EN,
Squitieri F, Heutink P, Xu J. DJ-1 transcriptionally up-regulates

the human tyrosine hydroxylase by inhibiting the sumoylation of

pyrimidine tract-binding protein-associated splicing factor. J Biol
Chem, 2006, 281:20940-20948.

[5] XulJ, Zhong N, Wang H, Elias JE, Kim CY, Woldman I, Pifl C,
Gygi SP, Geula C, Yankner BA. The Parkinson’s disease -
associated DJ -1 protein is a transcriptional co - activator that
protects against neuronal apoptosis. Hum Mol Genet, 2005, 14:
1231-1241.

[6] Gan L, Johnson DA, Johnson JA. Keapl-Nrf2 activation in the
presence and absence of DJ-1. Eur J Neurosci, 2010, 31:967 -
977.

[7] Tang B, Xiong H, Sun P, Zhang Y, Wang D, Hu Z, Zhu Z, Ma H,
Pan Q. Xia JH, Xia K, Zhang Z. Association of PINK1 and DJ-1
confers digenic inheritance of early-onset Parkinson’s disease. Hum
Mol Genet, 2006, 15:1816-1825.

[8] Rio DC, Ares M Jr, Hannon GJ, Nilsen TW. Purification of RNA
using TRIzol (TRI reagent). Cold Spring Harb Protoc, 2010, (6):
pdb.prot5439.

[9] van der Brug MP, Blackinton J, Chandran J, Hao LY, Lal A,
Mazan - Mamczarz K, Martindale J, Xie C, Ahmad R, Thomas
KJ, Beilina A, Gibbs JR, Ding J, Myers AJ, Zhan M, Cai H,
Bonini NM, Gorospe M, Cookson MR. RNA binding activity of
the recessive parkinsonism protein DJ-1 supports involvement
in multiple cellular pathways. Proc Natl Acad Sci USA, 2008,
105:10244-10249.

[10] Kim RH, Peters M, Jang Y, Shi W, Pintilie M, Fletcher GC,
DelLuca C, Liepa J, Zhou L, Snow B, Binari RC, Manoukian AS,
Bray MR, Liu FF, Tsao MS, Mak TW. DJ-1, a novel regulator of
the tumor suppressor PTEN. Cancer Cell, 2005, 7:263-273.

[11] Kapushesky M, Adamusiak T, Burdett T, Culhane A, Farne A,
Filippov A, Holloway E, Klebanov A, Kryvych N, Kurbatova N,
Kurnosov P, Malone J, Melnichuk O, Petryszak R, Pultsin N,
Rustici G, Tikhonov A, Travillian RS, Williams E, Zorin A,
Parkinson H, Brazma A. Gene expression atlas update: a value-
added database of microarray and sequencing-based functional
genomics experiments. Nucleic Acids Res, 2012, 40:D1077 -
1081.

[12] Wang K, Gan L, Jeffery E, Gayle M, Gown AM, Skelly M, Nelson
PS, Ng WV, Schummer M, Hood L, Mulligan J. Monitoring gene
expression profile changes in ovarian carcinomas using ¢cDNA
microarray. Gene, 1999, 229:101-108.

[13] DeLigio JT, Zorio DA. Early growth response 1 (EGR1): a gene
with as many names as biological functions. Cancer Biol Ther,
2009, 8:1889-1892.

[14] Vollmann H, Wolfel S, Ohneseit P, Stransky E, Vonthein R, Wick
W, Meyermann R, Simon P. Differential expression of egrl and
activation of microglia following irradiation in the rat brain.
Strahlenther Onkol, 2007, 183:248-255.

[15] Shahzad A, Knapp M, Lang I, Kéhler G. Interleukin 8 (IL-8): a
universal biomarker? Int Arch Med, 2010, 3:11.

(ISR H 459 :2013-06-26)

v DI = P/

b 5E (LT L A R

FPR N T ) eeeveeesenensin i —
Woor g [ FREFE (M) # 2

ﬁpﬁ\/l\\—;j)] ............................................. =
BUE (b X B 2 IR A IR B ) woeereeeeenees ESqI|



