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Induction of apoptosis via endoplasmic reticulum stress in normal human fibroblasts
by UVA irradiation and supplementation effects of deep seawater
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Abstract

There are many clinical reports describing symptoms improving with deep seawater (DSW)
supplementation in various kinds of diseases today. However, we have not been able to find any
information about this improving mechanism yet. On the other hand, it has been well known re-
cently that ER stress is present as the foundation of every disease. In our past study concerning
the calcification of normal human dermal fibroblasts (NHDF) caused by UVA irradiation, we re-
ported the suppressive effect of DSW on the calcification. As its functional mechanism, it is postu-
lated that apoptosis of NHDF induced by ER stress stimulation would be suppressed by DSW
supplementation. Therefore, this study aims to analyze the pathway from the stimulated ER stress
to the induction of apoptosis in NHDF by UVA irradiation. Furthermore, the supplementation ef-
fect of DSW was also analyzed in that pathway. As a result, it was suggested that ER stress of
NHDF was induced by UVA irradiation, leading to apoptosis of NHDF. In addition, it was sug-
gested that the apoptosis was suppressed by DSW supplementation, although the ER stress was
not suppressed by it. From these results, it was suggested that the improvement mechanism of a
clinical condition by DSW in many clinical reports might be based on the suppression of apopto-
sis induced by ER stress.
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RO SEL O M ZAr S, Rkt igZ B
RIANF—BFICKEREFEEVPHET > TV D, K
ot D, WEESR L BRI AL F—GRoH
T b HEEREK (DSW) (&, FEWREZR G T AL
F—HRLE L TOMEOAICEE ST, TRV F—
FHZOWKRINZ, F722 NHOSEFICE LSS
MLERzEINTWELEIEDRRELEFHMTH 5.
SO EREELELT, INICEINLIATIVHE
(2R L CEBEAR BRI L CDSWHHLT 5 2 & 12
£ 2 ERTCER R ORI R 5. M (2019)
1X, DSWERE D RFIREHIFLICBE§ 5L ¥ a—nh
T, IMyEEEEINE, RERE, 7 LIVF— PR %
o, BRI, R, R S ORI IE
WO, TRENRHUE, WE7ERER L, 2k
(272 B BIROUE I L 72 MO % BT
b, FREHELLAGEHEREIILD, T Y%
R e, EALERE, THALMEREE, AL, HNEE, R
\2FE 5 F T, DSWIZE L CTHEIZIRIA G E OBIFIC
%t 9 % DSW O s FWF 78 & 5 O f7 16 % DSW O %
WG - FHIESSHICBITABHHE LTE LD (0
Kb, 2018). INHIFVTNOIERICE IR BRI
B9 %2 DSWORRRI AL TH Y, T L ILDSW
XS R BRIt LTS 2 S ik e VRIS %
FoTWwa ZLaEEILLLDTHILN, Wil
DRI BT H DSW OIERIBEF 1SS K L7z
I AONL W, T2, TOXIIERELERIC
xt L TR % R LB IR AL D — D — DI
% &) S TR ERT 2 DSW Ao T %
E) ZEIXERRIZIZE Z I W, FITHEED
(X, DSWIEZ k70 B9 12 Head 9~ 2 ARAR Y 72 it (R L et
LTMo20Ef% 5 2 T b REME A L L 72,
A, AEIEEER T IZ U0, TEERIEAR, K
LR R S SRR R B ORIKIZIE, /N
fa & (Endoplasmic reticulum, ER) A b L ADSfEAE S
LIENBELMESND I TEL (&
KA 218). BREEA ML A FZF ML/
N T Y BAREY VX7 EHER L CTERZ b
VAHBEL L. FFFIC, SNE2HET 572000

(Unfolded protein response, UPR) 23& AL St 4. L
7 LUPRTOEHETELRWVIZEDMBEDERR L
ANZxF L CldFig 112779 & 912, C/EBP homologs
protein (CHOP) I ICHEIZAE D & A/ 8— ¥ R DM
L2, 7R ADFEESINLZ DO
Twb (F% - N, 2007; Schonthal, 2012; Furmanik
and Shanahan, 2017). F72& & 5 OLATHHETD,
UVA % G L 72l g O IR AL BLR 25 DSW D i Al
IHEESD e 2R LTHY (LHS, 2017),
R SR B IS BT B 7R b — 3 22D M
T DFIRALHIR (FH, 2010) AT, ERA b L
ADERPLT R M=V AFEICELREICBITS
DSW DRI DWW TGN 5 LB L /.
Z ZCAWIZETIE, NHDF% W CUVARRSTE w9
BEA b L AZMIBICEST L TER A b L AERD S
TR b= AFRIZE LR OTEEALIZ OV THRES
T5EEHI, TOREEITRS S DSW IO 522
BE$6ZLxHWE L, 2OfR, HTOMA
PEFOLNT-DO TR THRET 5.
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Fig. 1 A pathway model of apoptosis induction through ER
stress in the cell. This figure was drawn as one of the
simplified pathway in apoptosis induction through ER
stress in the cell based on some typical references related
to the pathway of apoptosis induction via ER stress
(Oyadomari and Mori, 2004; %111 - 44, 2008; Schonthal,
2012; Furmanik and Shanahan, 2017) .
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2.1 NHDFIC3t9 2 UVARRSIC L Z3ERX bL X
NER

NHDF (2484448 (UV) % B9 2 & KRB L L C
ERA b L ARER SIS Z LTS (2016) DO
HIZHDHZ ML, AETIIHEATE BN TR
FNEBICEMSNARBEA ML AD—D2L LTCUV
WETE % MHE L C, AR Cl3 R B UV % PR 5
LT, ERAMNLVADER.LL TR M= AFHFE(IZ
ELRBZONWT, DTHEWFN T %2 TR
L7z FOI0WFBSEH A — 7 )V MEME; #i TH;
#: L 7-NHDF (NBIRGB#lfiE, RCG0222, FRAL*=WigE
FiNAF )y —Atr¥—) kx4 707 L—HMIZ
2T, RN B K ) ICHERE L, 2HMEEEE (5% ik
fg /i A, 37C) L7z, WRICE:HZ R L CTHr7-1
D-PBS(-) (54 T A2) &50ul/ KT OMZTZD
b, HSHEE (VL2151M, 2 AENAF) Z2HWT
1.0]/ em’% H %4 (1.0£0.2]cm®) 2 UVA % NHDF |2
WEEFL 72, BESHE, 2mM CaCl, (B 7 4 )V A FDE
FidE) B X1 mMMeCl, (B 7 1V AFDGHEE)
AOHETHL)ICRHE L Z10%FBS & A A — 7 )V
MEM (FFAMES 1) 123848 (200 1L/ 70) L, 6FEfI5T
22 5% A A, 37C) L7205, NHDFOER A b
LADERBLIOT7 R N—=2 A0FHE% kD51
AW EER T A FVORET L 7z,

22 UVARKICEBERX L XDERE 7R
=2 Z2MiFE
21 TUVA % B4, FFAMRE # Cole s L 72
NHDF 7> 5 i it ® % » b (SuperPrep Cell Lysis & RT
Kit for gPCR, H#¥#5) & IV CTER A b L ZAEEH 5
THRMN-VAFEIZELLA NV AN =T —#EZF
D cDNA % & L 72, IZPCRiEH (THUNDERBIRD
SYBER gPCR Mix, HiF#G) #dd# L, V7V y A A
PCR#% i& (StepOnePlus, Applied Biosystems) T % @&
PCRZ AT\, UVAMRGTIZ X ZERA b L AFEDS &
O7 KR b—V AFEEREF L2 ERAM LAY —
71— & L Tl&, CHOP, growth arrest and DNA damage
inducible gene 34 (GADD34), p53 upregulated modulator
of apoptosis (PUMA) OFEZE 12DV ThaT L 72,
T/ZERA MLV AERTHESNLT A -T2,
Wh W5 CHOPFHE T A b — 2 X L1358 7% k8O
EIRHEA PV ACHFESINE TR ADRA b
L A~ —7%—& LT, H2A histone family member X
(H2AX) OFEBAB T L7z, KIZT Kb =Y A
~—#—& LTl Caspase-3 (CASP3),
(CASP4) B & U'Caspase-9 (CASP9) D FEHIA B %
RIL7:. BINSOBETOmMRNAEL, &>
7V O cDNAR A SVER L 72w HRY] (B
AN B = & L CTH M L, Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) % PNAEMExf 1 &
LT L7 (n=4). F2CtEDHBL EoT—%
[ZoWTIE, FFRFEM RS S S N D D TRIR
H(ND) & L7 #Hohizg~—h—#HETDO5%

Caspase-4

Table1 Primers list

Oligonucleotide sequence

Gene name
Forward (5'—3)

Reference

Reverse (5—3')

CHOP GGAAACAGAGTGGTCATTCCC

CTGCTTGAGCCGTTCATTCTC

PrimerBANK (ID: 304282228¢1)

GADD34 ATGATGGCATGTATGGTGAGC AACCTTGCAGTGTCCTTATCAG PrimerBANK (ID: 157674362c1)
PUMA GACCTCAACGCACAGTACGAG AGGAGTCCCATGATGAGATTGT PrimerBANK (ID: 13785990a1)
BAX CCCGAGAGGTCTTTTTCCGAG CCAGCCCATGATGGTTCTGAT PrimerBANK (ID: 163659849c1)
BCL-2 ATGTGTGTGGAGAGCGTCAACC TGAGCAGAGTCTTCAGAGACAGCC Borzsonyi ef al. (2013)
GADD45A GAGAGCAGAAGACCGAAAGGA CACAACACCACGTTATCGGG PrimerBANK (ID: 4503287a1)
H2AX CAACAAGAAGACGCGAATCA CGGGCCCTCTTAGTACTCCT Zare et al. (2019)

CASP3 TGCAGTCATTATGAGAGGCAAT AAGGTTTGAGCCTTTGACCA Heravi ef al. (2012)

CASP4 CAAGAGAAGCAACGTATGGCA AGGCAGATGGTCAAACTCTGTA PrimerBANK (ID: 73622124c1)
CASP9 CTGTCTACGGCACAGATGGAT GGGACTCGTCTTCAGGGGAA PrimerBANK (ID: 312596928¢3)
GAPDH GCACCGTCAAGGCTGAGAAC ATGGTGGTGAAGACGCCAGT Baba et al., (2006)
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BlEIZDoWTIE, UVARISTONHDF 123517 % 53
=& [10) & LTHMECTER L. &b, KFZET
G E L7~ —h —BIZTICRFREN A ) T2
L+F K794 ~— (Table 1) OfE#IE, #halstt
V= THA v (KRBT (KL 72

23 7R b— XETEF [CASP3iEH]
UVATEREN/ZERA ML AL D FEI NG
TR =V RZOWT, ZOEFTHRFO—D2THD
CASP3D G A B % #0513 5 72912, 21 TUVA %
WS R 6 R 55 28 (5% &k 77 A, 37C) L 72NHDF
%150 ul. /RO D-PBS (-) T1IPEHEZ, HROF v
I (Apo-ONE Homogenous Caspase-3/7 Assay, Promega)
DR =T VIHE-> THAIEL, ~f47ua7L—F}
1) — % — (MTP-810 Lab, 2 1 FEX) % T
ODy flE % 5%E L7z, 35N 7-fH1L, UVARIRE O
M2 BT 5 ODy MlZEM % [1.0] & L CTHIRHiE T

L7z

24 UVARBHICLBERX bL XERDL 5> 7K
M= ZEFERIRICH T 5 DSWHIMDEE

21 CUVA% BB 414, 1% (v/v) DSW (F§ i IR A 3
M, 34°50'19"N, 139°08'11"E,  HU K i £ 800 m, 2021 4F-
6 HHLK 45, Table 2) % & o Gl ks i T 615 ] K5 28
(5% REEA A, 37C) L7zi3Hd, 21B L U22 L [F
BICHELC, ERA ML A= —ORBLH B
L O23 L ARRICHIEL TT R b — 2 ADELFTHT
D—>TdH %CASP3DIE ML K 1F T DSWIRINO 5
BIZOWTHE L7z, 72, 1% (viv) DSWO L H
DICHEUR 2RI L 7200, FARICIRIEL 2 0%
PEtErf R E L, [AKEIZ1% (viv) DSWHH Y I,

Table 2 Concentration of major mineral elements contained
in two kinds of seawater of Izu-Akazawa

Concentration (mM)

Mineral element

DSW SSW
Na 4435 393.5
K 9.0 9.3
Ca 9.5 8.7
Mg 50.6 465

Each concentration of major mineral elements was calculated as the

average value on three times analyzed results.

1% (v/v) K (SSW, HRE G, 34°50'19"N,
139°0811"E) BL U7 I AV ¥ 2 ¥ TH 501 mM
4-phenylbutyric acid (4-PBA, Sigma-Aldrich) % 7L 72
Mg, FRICERELZD0FBESRE Lz, &b
BonzEE, BESEoOME [1.0) & LCHxHE
TELZ.

2.5 UVARRHIC & 3 #BaEFEEN Tk & ARAEIC
RKIZ$ DSWHIMDEE

21 TNHDF [ZUVA % fif%, 1% (v/v) DSW % &
HER A b L A GE{Hi5E 188 B 5538 (5% R 47
Z, 371C) L7zob, o2 MTT assay (11
M5, 2007) T, fAKILEEZT7)H) v Ly FST
gefnth, BEE S (2009) O ETHIKALEE % fl5E L
72, % B1% (viv) DSWOAb )12, FEEIKZ I
L72oME, FRCEELZz 0% BrxEE L, F
72ERIZ1% (viv) DSW O 0 12 [ o 321 i
A (SSW, HFERIR, 20214E6 A BUK) % v 7z4%
i, FRRICEIEL - o leidiie Lz, &b
BonzEiE, BUEoME [1.0) & L CHRE
TEL.

2.6 et

RWfFEClx, EEBT— 5 1P+ EEFET
F L, ZHORENM OZEREOBEIZ1EStudent’s
ttestiZ & A AT, FZHL EORENMOZER
DOIFEIZIE, TukeylZ X2 ZEMITICL ) AEES
e L7z,

3. & R

3.1 UVARRSICKBERX FLZDERBE 7K
b= Z2DFE

210K FETERINLERA ML AIZDOWT, &
ERA b LAY — % — O#BRTFHRILE % Mad L7z
KR Fig 2R T EHICERAFLADSL TR —
Y AELBEBO L~ —H —ThHCHOPDFHH
HIRBGHZ HATHHE I (p<0.05) AR L7228, £
D FHE & AHGADD34 D 58 B B 12 (p<0.05)
WMARLZZO2b 5T, PUMADFEHIZA RIS
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4.0

Relative ER stress-related gene
expression in response to UVA irradiation

CHOP

GADD34

PUMA

Fig. 2 Relative expression of ER stress-related genes in NHDF
at six hours after UVA irradiation (#=6, mean=+SD). The
gene expression of NHDF irradiated by UVA was
calculated, assuming the expression in the non-irradiated
cells is “1.0". Asterisks indicate a significant difference
between UVA-irradiated and non-irradiated cells (2=6,
mean=SD, *»<0.05, Tukey test, ANOVA) .
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Fig. 3 Relative expression of three kinds of caspase genes
which are apoptosis-related genes in NHDF at six
hours after UVA irradiation. The gene expression of
NHDF irradiated by UVA was calculated, assuming
the expression in the non-irradiated NHDF is “1.0".
Asterisks indicate a significant difference between
UVA-irradiated and non-irradiated cells (#=6, mean*
SD, *p<0.05, Tukey test, ANOVA) .

(p<0.05) KT LCw/z (Fig. 2). F724 A8— B
BOWEEALE L TT R~ A% T % BCL-2
(FG3H, 2015) 1%, UVARREI O HEEIZ 2 00b 5T,
REAIWAON ol (F—FRKIER). &b
CHOPF#EE 7 K b — ¥ 2 L 135 7% 5 CHEBEMIC

DNAIZEHLTCT R =Y AIZED, WhWbHE
Z#HMEA ML A~ =% —TdH 5 H2AX#E =T (Halic-
ka et al, 2005) |2 FBHEBIA LN o7z (77—
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Fig. 4 Increase of caspase-3 activity of NHDF in response to
UVA irradiation. The caspase-3 activity (CASP3 activity)
was measured at six hours after UVA irradiation. CASP3
activity was calculated, assuming the activity in the
non-irradiated NHDF is
significant difference between UVA-irradiated and
non-irradiated cells (#=6, mean=SD, *»<C0.05, Tukey
test, ANOVA) .

“1.0". Asterisk indicates a

¥ RPER). —J), ERA ML AOERIZ L) FE S
Na7HRN—3AD~— %4 —Tdh %CAPS3, CAPH
BLUCAPSOO VT NOMIETH, RIFHIHART
PHE\ZHEBDHIR (p<<005) L CTw7: (Fig 3). A
WD 7 AN — CERFEO R CEEEHEZFHIITE %
HHLF v b % W CCASP3 DA /- & 2 5,
UVARRSHIC & ) 2 DiFE A EEZE 12 (p<0.05) A9
5 LRl L7z (Fig. 4).

32 UVARSIICE BERX FL ZERED» S TR
= ZXFBBICESREBICH (T ZDSWHERMN
DEE

210 ) CUVAR S 2, 1% (v/v) DSW % & &

SEAMRE b CH52E L 72 NHDF Tid, UVA RS2 FH]

AR % CHOP #1511 3 % DSWR NS & % #)

FIRIRIT AN o7z, 22T UEIBEEREE L

THL7Z7 I PNV v TV TH5H01mM 4-PBA

DI, DSW & AR I FEBLEIHIR) R 1L A 5

otz (F—¥ RKIR). —F, ERA ML AIZH

BEINTHERLESNL TR =V ADOEFTHTTH

% CASP3TE IR L Cld, FatExtiiCd % 4-PBA A

Ff1ZSSW B & O'DSW 12 CASP3 i 14 125t 9 % $ il 1

HBuHxRbNT BZOMEIE, SSW LD & DSW

D Fi 3 (p<0.05) Tdh -7z (Fig.5).



100 B -

ok

—_
(=]
T
—_

Relative CASP3 activity
o
W

0.0

Blank SSW DSW 4-PBA

Fig. 5 Supplementation effect of DSW on relative CASP3
activity of NHDF at six hours after UVA irradiation.
SSW as control to DSW, 4-PBA as positive control of
well-known ER stress inhibitor and pure water as
blank were prepared. Relative CASP3 activity of
NHDF was calculated, assuming CASP3 activity of
blank is “1.0". Double asterisk indicates a significant
difference between DSW and SSW (#=4, mean=SD,

**5<0.01, Student’s f-test) .
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Fig. 6 Supplementation effect of DSW on decreasing cell
viability of NHDF in response to UVA irradiation. The
cell viability was measured at 18 hours after UVA
irradiation. SSW as control to DSW and pure water as
blank were prepared. Relative cell viability of NHDF
was calculated, assuming the cell viability of NHDF

non-irradiated UVA is “1.0" (#=6, mean+SD) .

3.3 UVARHIC & 3 Mil3EFREDZE(L & AIRIEIC
39 % DSWHIMDFE

210 77 TUVA FEGS 1% |2 FFfi 55 b C B 22 (180

1) L 7-NHDF ORI, K, DSW,SSW

DVTNOERMIIBVWTLELLETFT LTV
(Fig. 6). — /i NHDF O FIKALIZ R L CTid, DSW i

T BE 3 722 A IRAL I HI B (p<0.05) % 7R L7275,

SeHER

05

Relative expression of calcification

0.0

Blank DSW SSW

Fig. 7 Suppressive effect of DSW on expression of calcification

in NHDF in response to UVA irradiation. Calcification
degree was measured at 18 hours after UVA irradiation.
SSW as control to DSW and pure water as blank were
prepared. Relative expression of calcification was
calculated, assuming the expression of calcification in
NHDF of blank is “1.0". Asterisk indicates a significant
difference between DSW and SSW (»=6, mean=SD,
Tukey test, ANOVA) .

FEEK B XL USSWIZIZZ DRI RITA LN ah o 72

(Fig. 7).

4, £ =

AR, % OFIROMEIZIE, ERA L ADHFEE
BHIHNTWSD, ERA MLV AEIL, RERATOA
FOEW, & /X7 O 1272H0mm#1t, S v
2 AFEB L O A 4H ) MR R E T HERN
T, FUNTEDPIEFEII g Nl kol
RTINS NI E) DEELT:
TEILEoTHIERISNAHUKRTH S (I - 5
&, 2008). ZALIZK L CHEF UPR (Unfolded protein
response) 2SEVEL SALTER A b L A D[l |2 %5 6D
é.L#L:@MRTEﬁT%&w&ﬂ%éﬂt

B2, TRV APFE SN THELER A

buxmmotﬂ%ﬁﬁﬁ#%w@éha<ﬁﬁ
2004). o THELZERANMLAICIDTRFN—

AHHEAT L7k, BEfEREIcoTLE Y. 4
HTIXZDERA M L AD %  OFIFO K & BLfF
ENBEHITHh-oTwD UNRHS, 2013). &
K- Aa(2018) 1, BERRIR, %m&ﬁ PR
B, RS, BREE, BRURRE, MLtk
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REDPSIEICEDL LG HEFOEEIZ, ERA ML
ADHEL TWD I L E2RRTWS, FRICHEE R
MAIZEALZZHARTIE, I#EICEE - TR S 2 0¥k
BAFFO BB AW 5 2 L FRINLTHY
. F724H, REORERKRNEEZONL L) IIh-o
7ZERA b L ZIZxf LT, £ @GS TdH % UPR
DWREN B> TERT T2 VW) MALH S
(EH - 44, 2013). 29 L7z s, BibLk
BlZBWT, ZORRESNDERA ML ABLDT
UPRIZAER L 7205813, IERICEEZFEEDO—> L
F2oNb. FIEFOREEOTEIZBT L
e LT, UVERER &\ o) BREEAMISER 3 2008
fL2SEH ShTw s, 1S (2016) 1X, ZoXE
LD in vitrotfze & L CNHDFICUVA 2 HBEST L7- & 2
%, ERA ML APERINIZZEZRL. fE
WCUVZEZES T 5L, BIEA ML ADPAMINS Z
EnE<msnTBY N, 2015), F/-20
fLA L AHERA b L AR ERT LEEENBTH
52 ELREMTH L (FE, 2018). % Z TAMI%E
TlE, o5 (2016) Oty % 2% |2, NHDF
ICUVAZBBG L CERA ML AP ERSINLZ L %
Rd 532, ERANLZAOERL2LSL 7K b —
VAN FEEN LRI OV TH 2 ICHET L7z, &
SIZARWIZETIX, FARORKEZHERELZOL, 20
FEEEIZDSW A v L C, UVARRGHIZPE S fifa o f
JRALIZ x4 % DSW O #IfIEM (ILH S, 2017) OF%
P2 DOWTHES L7z, UVARREI O X 9 5@ A b
LADAMIZE > THREDERA b L ADBER S
72¥i&, CHOPEIZF ORISR T 5. Z I
& L CHBAHIK T 5 GADD34 i# 5 7-%° PUMA #{x
T2 LT, CASPHESEHALEINTT AP —T A
NFHEINL. WbWwbCHOPFHE T R b — o Ak
#TdH % (Fig 1; Oyadomari and Mori, 2004). ZAWF7E
TIZFig 2127”73 X 912, NHDFIZUVARESS L 72 &
25, ERAMLVADERE /RS HCHOPB L O
GADD34 @ & #{nF D BEZE 72 (p<<0.05) FEILIE A A
RS N7z, FMEERCHRERZEEA ML A
~— 71— Td % H2AX & =T (Halica et al, 2005) |2
EEF S AN o7z, ZOEMEHEEAN L AL
X, DNADEHEWIZT A=V %% IF A ANV AT

HbH. INHORR»S, KFFEOUVA RS 51+
X, DNAZAREHO G2 EOBEBELREREA ML A
BEMSME TR <, ERA ML A &R S 5185
DEEEA ML AAMELTH L EHE SN 20
BREFEA ML AP EM S N7ZNHDFN T, ERA b
L AD#ERIZHE S CHOPHEIZ &, ZOTRIZH S
GADD34 1= T D FEBABHZE 12 (p<0.05) B L 7=
L7 LERA M L ADEEIZHE > TCHOPEIE T X
GADD34 R L LIZH KT 2 Z &S5 TV 5
PUMA#{ZFOFEJIIMAET, L LAKTLTW
72 (Fig.2). ZOERE LT, FMERA ML AV —
H—OFEBWERICBT LR EAL (44T
7)) RMOERA b LAY — 5 — DFEBIARE & O
HRARO B L TV DRSS ), EHnFRBA
BOBIETERA ML A LW HS EHIE) %@
THZLOHL SEQLD TS TN/ RifgE
TIZNHDF (2K} 3 2 UVABRSSIZ L 1, Fig 11Z/R L
7o A ¥ — AZHEHLY % 2 T CHOP#E R T D FE B K
% 41 L 72GADD34 & =T D S B K-> T 7 R
N — > ZADFEFTHTTDH B CASPH (CASP3, CASP4
B L UCASPY) D& #nT b #HE % (p<0.05) FBl
WADHER S N/ (Fig. 3). F72, UVARREHZ X -
CCASPHE DR FHIAHM AT 5 7217 Tld 7% <
TR =Y ADFEITHFD—2Tdh % CASP3D I
PTEE & b BHE I (p<0.05) EMHEALT A2 L dRENn
7z (Fig. 4). W2, REFZEIC X > CTHERR S L7ZER A
FL A% L72CHOPFHFEIZ L 27K b= AIZE
R ICDSW 2 RN L 72, Z o5 %, UVA R G
£ o THH A KT % CHOP# {5 - X° GADD34 i# =
F EOERA M LAY —H —I2x LT, DSWIE#
DFEBBREMH L 2 h o7z, 72, DSWOH
DB E LTHLZZZI AV vy RE S TH
% DAPBAZ RN L7246 T, FERICEHIZ)R L
AOHNRpodz, THUIEIC BRI LI, #Efa
FHBEZBHOBIEZETERA L AL W) BIKR (FH
W) 252 LML SELDTRR#HSELN
LHDTHo7. —F, ERAMLAIHEEINS
TR =Y ADFELITHTFD—DTdh %HCASP3D I
B LT, DSWORMEr I AV ¥y R v O
4-PBATAIER, & OBEFIEME % AR & & 72 (Fig. 5).
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SHIZZEDOERIE, B TH 5 SSWIZ T
PHEE 12 (p<<0.01) 584> 72, Cao et al (2016) D=7
A& WG ICH B L )12, 4PBAIEA ML
ABR (827 va— 2 Aff) CiFE S 7z2CASP3 B
L O CASP12 D HEALIHEZ A L2 TR =2 AD
iR 2 HT 52 Mo NTVWE, ZOHET
&, ERA M L ARG OBHEIEE K Td 5 XA v
7 AKGE Y 8 HOFBIOWAN LD L HHERR
ENTWBEZENSL, 4PBADT R b — AB1ER)
ROERERF L, 0O EHOERA ML A DA
530 TnD. DSWORMIZ L - T,
FANYIZCASPSIEMESMET L2 2 &, F-FREICER
ER L7247 I ANV v 0y D4APBAIC D FEO RN R
PHERINIZL2WBELTERETH L, DSWO
ERBR 3 4PBAFER, ERA b L A0 [HEE | X
TRM =V ZAOHIE L V) SR S NS, L
LA HAEH3. 2 Tk ~_7- X 912, DSWId UVA 5t
|2 & % CHOP# A= T D FEBLHE K % #Iifl L 72 20 o 72
(CoZ tid, FEICHELZ4PBATH FERT
%ot>®f,%%&bf,$ﬂ%fimuzbv
2R3 % DSWIC & % EH2 1 72 s B AR A
TWwipvy, SR UVARRSHZ X5 ER A b 1/7\.%*5%7
Kb =Y A0 EMEST HI2H720), FFIZERA
FLABLOEEHEA ML A ENT LU0 TR
M= AREEHFAET DI REE D ST, HEIHK
HEBERTITLERD L. RBAMETIE, TR
F—=2 A THEL D Z NS NT W AHILD
AIRAL (BEH, 2010) ISR LCTH, Fig 7I12RT &9
12, SSWORNMNZ A TEZE 2 (p<0.05) AIKILH
HIZhHEAS, DSWORIMTHEE SN, 202 k%
ERA ML ZAEHRIZL ACHOPFHEET KR =T 2D
T L V) BlEALERT 5L, UVARSHIZHED
NHDF O £7 JK AL 12k} 9~ % DSW & SSW o 41 %5 5
HEWE, TRV AEFTZBTL2—-RFTHS
CASP3 D #ll #1112 xF 3 % DSW & SSW DR 0 58\ |2
BHNLTWLIEENH L. LELFELHEKTHY
72755, DSWIZHRERAYIZ A 5 4172 CASP3{E T D il )
TERB L OISR T 5 A LIHNIZ B 5 2 AR Y
B DDV T, Aﬁ@ﬁﬁf%éﬂ%hﬂ
% 72 UVA HE 5 1815 [ 55 22 2 o Ml A= A7 1 i

T2 -

S H B o

K, DSW B L UFSSW @ 4T @ iR [X T iy (A
LT T, ERBOBRINC & 2R 208
RENLZ o7z, TRIZOWTIE, DSWOEMIC
L DCASP3OEHEAHH SN T WD 2 Lpb,
DSWORNMNZ & 0 7R b — 2 ZH I S A7z 45 5
ELT, BHER (p<0.05) AIKALINHIEH 2 ZEB L
ebolifEREIND. 4%, NHDF OHIKALIZ S
LIFEEHB L UERA ML AEREPS TR =
ANZEDLVDHW L CHOPREE T K b — ¥ AREHKIZE
WCDSWRIMO B2 W53 256121, BREX
FLABEMHBDERA ML AT —H =T K —
AN =N —FEOFBEE & L& L g AN
INT A — 5 —DZEE) & CHOPFFE 7 R b — ¥ AR
A L7 KA MU AR e 7 & DR BIRI DB 12
DNWTC, ¥ A LT — A HBFIZ AN LI L
Ebhsd, MA TR TIIREA ML AOAN )
FEE L CUVARRS R A 7275, SISz Tt
MERECERILA M L AL B L2 BN 2 BiE A b
L ABMETIVIZ L S CHOPFEE 7 R b — ¥ AR
DEFNVERF L, ZOEFNVEHIZ, DSWOGRK
I & 282 al+5 28T, %ETL«t%ﬁ

R IR 12 31T 2 DSW O 3 1y 72 A F A% 7 %GB %8
TE2LEZEZLNL. ZNUIZDONT %é%@ﬁ &
L THES 25t L T 5

SENH

A4S - SR AR (2013) BEIZ BT 2 /Magk A

FVX@&%.%%%%H%,W&&&

Baba, H., A. Masuyama and T. Takano (2006) Effects of
Lactobacillus helveticus-fermented milk on the differ-
entiation of cultured normal human epidermal kerati-
nocytes. J. Dairy Sci., 89, 2072-2075.

Borzsonyi, B., C. Demendi, ]. Rig6 Jr., I. Szentpéteri, A. Rab
and ]. G. Jo6 (2013) The regulation of apoptosis in in-
trauterine growth restriction: A study of Bcl-2 and
Bax gene expression in human placenta. J. Matern-Fe-
tal Neonatal Med., 26, 347-350.

Cao, A. L., L. Wang, X. Chen, Y. M. Wang, H. J. Guo, S. Chu,
C. Liu, X. M. Zhang and W. Peng (2016) Ursodeoxycho-
lic acid and 4-phenylbutyrate prevent endoplasmic re-
ticulum stress-induced podocyte apoptosis in diabetic
nephropathy. Lab. Invest., 96, 610-622.



AR B L ZAERP S DT R b — T AT LR R OUS IR A 103

Furmanik, M. and C. M. Shanahan (2017) Endoplasmic retic-
ulum stress in arterial smooth muscle cells: A novel
regulator of vascular disease. Curr. Cardiol. Rev,, 13,
94-105.

Halicka, H. D., X. Huang, F. Traganos, M. A. King, W. Dai
and Z. Darzynkiewicz (2005) Histone H2AX phosphor-
ylation after cell Irradiation with UV-B: Relationship to
cell cycle phase and induction of apoptosis. Cell Cycle,
4, 339-345.

Heravi, R. E., F. Hadizadeh, M. Sankian, J. T. Afshari, J.
Behravan (2012) Cyclooxygenase-2 inhibition by novel
bisaryl imidazolyl imidazole derivatives increases Bax/
Bcl-2 ratio and upregulates caspase-3 gene expression
in Caco-2 colorectal cancer cell line. Genes Genom., 34,
199-204.

SAIEH - SRAH] (2018) /MafEA ML A L.
HEALEE, 90, 51-59.

NN EREL (2015) B2 fE DBRILA b L A, EERFKR
FHERE, 73, 244-251.

ANFHER - BLFR - AT - BEEFSRR - HL
HZ (2013) /MAA ML A LB, TEEY,
89, 87-94.

BT (2018) (OANEIIANR Y 8 7 BEREE
Td 5 P—OUAEFE - ERIZB T 5/ kA
b L RAIREOEE. HALDA L Seletter, 4~
77, 1-3.

FESE LS (2015) /MMEMARICBIT 2 5 v /X7 O mE
BH O HEL L ORI RIZB T 5 /ME
EA NV AREORE. #HE@MEL ¥a—,
DOI: 10.7875/leading.author.4.009.

Oyadomari, S. and M. Mori (2004) Roles of CHOP/
GADD153 in endoplasmic reticulum stress. Cell Death
Differ,, 11, 381-389.

Schonthal, A. H. (2012) Endoplasmic reticulum stress: its
role in disease and novel prospects for therapy. Scienti-
fica, DOI: 10.6064/2012/857516.

TREZ AR E (2007) NEEA N L R FHER

TR = AL Z Ol B A RE—
I DFENZ X % el & 2 DR HE HOEG 58 O W] BE
Ph—. BEVE RGP L 455E, 14, 39-43.

I (2010) MEHIKAL - U ETY ¥ 7 LHEIR
. IRES:, 50, 561-567.

Ty N5 5% (2019) 5 2 e 7K SIORE 0 18 R B S
=lBWERENOFE = HAREKFREE
19-23.

L IE R - AR ATHI (2008) ER A b LA, IR
%, 9, 325-330.

ERAA T - K B AL —RR - -
AT - AR (2009) b b AR EAM L A I
FIETHTNAY) 74 A7 7 5 — LRt &
B AL O E#L. Dent. Med. Res., 29, 28-39.

WYL Z (2004) /NAAA N L AMREY AT 4. AL
F LY, 42,178-182.

R 24T - He - AREE— - HE 18 (2016)
AL X B B RHHESF I 31T B /Mg AR
REZAL & Bt b & o BEYE. HAREHE M
XEE, 40, 87-92.

IWHBEA - SHT8C- REZRL - E AR B - b5
- AREGE - I (ERE) ST (2007) 5
BB LD DHES NI RIREE BB OXAHRZM
ANOILHWEZE. H ALK Bl R, 4],
254-261.

I BE A - SEH R - BPATE AR - 4 H Tk (2017)
UVABRRGHC X D EFE SN A IEH & b2
N DB IRACI RS % MR E K ORI AR, i
PRRIEKATZE, 18,1-7.

A - IHHEBA - $eREZ - /7F Bug - =L
fiE (2018) R AR DA - TR #5812
B SR, HAMTCARER SRS, 15, 67-
77.

Zare, T., Fardid, R., Naderi, S. (2019) Synergetic effect of sil-
ver nanoparticles and UVC irradiation on H2AX gene
expression in TK6 cells. Cell J. (Yakhteh), 21, 204.

(20224E12 A 12 H 24 5 202341 A 23 H 52 #)

FIES
, 73



