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’ SUMMARY
Backgrounds

SS-A/Ro52/TRIM21, a 52-kDa ribonuclcoprotein, is targeted by autoantibodics in Sjogren’s
syndromc (SS) and systcmic lupus crythematosus (SLE). Although thc mcchanism of anti-Ro52 Abs
generation is not fully understood, Ro52 might be expressed within apoptotic blcbs during apoptosis
cvoked by certain stimuli. On the other hand, we recently reported an alicrnative mechanism by which
oxidativc stress causcd by UV-B and an oxidant, diamide, induces Ro52 to appcar on keratinocytes
without inducing apoptosis. In contrast, H;0, induccs Ro52 translocation [rom the cytoplasm to the

nuclcus, suggesting that Ro52 may serve as an oxidative stress-sensitive signaling molccule.

Ro52, also called thc TRIM (tripartitc motif) family, belongs to the RING/B-box/coiled—coil
(RBCC) structurc, which appcars to carry out highly diversc functions within cells. In many TRIM
proteins, including Ro52, thc RING domain has E3 ubiquitin ligasc activity that can mecdiatc
autoubiquitylation of the TRIM protein itsclf along with othcr protcins. Ro52 was recently shown to scrve
as a high affinity immunoglobulin (Ig) rcceptor. Importantly, Rt;SZ is rcported to bind to the virus-
antibody complexes which have penctrated cells, and Ro52 destroys them with its ubiquitinasc activity.
On the other hand, in vitro studics have shown that Ro52 might downrcgulatc immunc responscs by
targeting IFN-responsive factors such as IRF3, IRF7, and IRF8 and by interfering with the production of
proinflammatory cytokincs and activation of NF-xB by ubiquitinating IKKf. Furthcrmore, cvidence that
Ro52 modulates the immunc response is scen in Ro52-knockout mice, which develop SLE-like systemic

autoimmunity.
Aim of study

In this study, we investigate the physiological role of endogenous Ro52 in responsc to various

types of stimulations including oxidants, cytokincs and anti-cancer agents.



Mcthods

To dcterminc Ro52's role during stress, we performed knockdown of Ro52 protein utilizing
transicnt transfcction with Ro52-specific siRNA in HeLa cells stimulated with various types of apoptotic
stimuli. Anncxin-V analysis and TUNEL assay were carricd out for apoptosis detection. We conducted
western blot analysis to identify the cffect of Ro52 knockdown on p53 and vice versa in Ro52-mediated
apoptosis. Furthermore, the cffect of Ro52 knockdown on Bcl-2 family molccglcs werce analyzed by

western blot analysis and quantitative RT-PCR.
Results

Flow cytometric analysis discloscd that there was a significant decrease in annexin V-positive
cells among Ro52%" HeLa cells as compared to wild-type HeLa cells, whether untreated or 24 h exposed
to H,0,, diamidc, IFN«x, IFN-y and anti-Fas Ab, ctoposide, or y-irradiation. These suggest that Ro52 acts
as a proapoptotic molcculc cither in normal or under stress conditions. We also conducted dosc-dependent
cxperiments in both Ro52"" and control HeLa cclls cultured in the presence of H;0; or diamide for 24 h,
The apoptotic level decreased in Ro52' HeLa cells incubated with cither low or high concentration of
H;0;, while it dccrcased only with higher concentrations of diamidc (400 uM). To confirm this
phcnomenon, we uscd a TUNEL assay to analyzc apoptosis-associatcd DNA fragmentation in the
stimulatcd Ro52"" HeLa cells. Consistent with these results, Ro52°" HeLa cells displaycd less apoptotic

morphology than control cells.

Western blot analysis was conducl.cd to determine whether Ro52 expression in HeLa cells was
affccted by cytokincs or various apoptotic stimuli. It revealed that while Ro52 levels did not change
noticcably in HeLa cells treated with H;0,, diamidc, or y-irradiation, they increased significantly 24 h
after stimulation with IFN-o, IFN-y and anti-Fas Ab, or ctoposide. Analysis of cytoplasmic and nuclcar
fraction showed that Ro52 accumulated in the nucleus of HeLa cells stimulated with IFN-o, IFN-y and

anti-Fas Ab, or ctoposide, but not with H,0,, diamidc, or y-irradiation, although these latter three stimuli

induccd similar levels of apoptosis. These findings indicatc that Ro52 nuclear translocation occurs in
responsc to specific stimuli. Collectively, the Ro52-mcediated apoptotic process occurs regardless to Ro52

nuclear translocation.

To cxaminc whether p53 is involved as an upstrcam molccule inducing Ro52-mcediated apoptosis
or not, we analyzed Ro52 cxpression in HeLa cells transfected with cither p53-specific or control siRNA.
Ro52 levels did not differ between p53°* or control HeLa cells. Ro52 was upregulated in both pS3* and
control cells treated with IFN-a, ctoposide, or IFN-y and anti-Fas Ab. The same cxperiments performed
in the p53-null SKOV-3 and p53-germline MCF-7 cells also showed thc Ro52 uprcgulation in the
presence of IFN=x, IFN-y and anti-Fas Ab, or ctoposide. Thus, RoS2-mediated apoptosis is not regulated
by p53. To investigate the possibility that Ro52 might rcgulate p53 cxpression and cxert a proapoptotic
cffect through a p53-mediated pathway, we conducted western blot analysis for p53 cxpression in Ro52"*
HcLa cells. It showed that there was no difference in p53 expression between Ro52°" and control HeLa
cells, as confirmed by the H,0, dosc-dependent experiments. Therefore, Ro52 did not influcnce to pS3

cxpression. Taken together, the Ro52’s proapoptotic effcct is independent of pS3.

As Bcl-2 family molcculcs arc important in rcgulating apoptosis, we cxamincd the cffect of
knocking down Ro52 on the expression of Bcl-2 family molccules in HeLa cells. Western blot analysis
revealed that Bel-2 was upregulated by Ro52 knockdown in the presence of apoptotic stimuli, but Bax,
Bcl2-Al (Bfl-1), and Bcl-x,, were not. Notably, Bcl-2 levels in Ro52*" cells were higher than in control
cells cven in the abscnce of apoptotic stimulation, which parallels the finding of lower apoptosis in non-
trcated Ro52°" HclLa cells. These results suggest that Ro52's apoptotic cffect may bec a fundamental
mcchanism for.maintaining ccllular homcostasis. In addition, QT-PCR confirmed the upregulation of Bel-
2 mRNA after apoptotic stimulations in Ro52"* HeLa cells, which indicatcs that Ro52 rcgulatcs the Bel-2
protcin at the transcriptional level. These results demonstrated that Ro52 sclectively downregulates Bel-2
mRNA transcription, and suggested that Ro52 may excrl its proapoptotic cffect by downrcgulating Bel-2

expression.



Discussion

Wec showed that in responsc to various types of apoptotic stimuli, Ro52 causc apoptosis in HcLa
cells by stimulating the intrinsic pathway of apoptosis via suppression of Bcl-2 transcription. In viral
infcction, which induccs high IFN-o. production to host cclls, Ro52 which is induced by IFN-o. may cause
apoptosis to host cells by ncgatively rcgulating the Bel-2-mediated anti-apoptotic system. Thus, Ro52
might act as an cffccter molccule to kill host cclls from the inside. Ro52 is an autoantigen in SS and SLE.
It is plausiblc that thc proapoptotic and ubiquitinasc activitics of Ro52 might bc attcnuated by the
cxistence of intra-ccllular anti-SS-A antibody in thosc discascs. Qur study also showed that apoptosis
occurrcd in HcLa cclls stimulated with H,0,, diamide, or y-irradiation cven when Ro52 nuclear
accumulation was not detccted, while Ro52 was accumulated in the nucleus in responsc to apoptotic
stimuli incll.lding IFN-., ctoposide or IFN-y and anti-Fas Ab. Thesc results suggest that Ro52 nuclear
accumulation may not be dircctly linkcd to apoptosis. Interestingly, wc showed that the apoptosis
triggered by ctoposide was attcnuated by downrcgulation of Ro52, and the .R052-rclatcd apoptosis 1s
independent of p53. Since ctoposide is known to causc apoptosis in a p53-decpendent pathway, our results
suggest that ctoposide may causc apoptosis in both p53-dependent and -independent pathways. In this
study. we added a ncw role of R52 as a proapoptotic meleculc in addition to that of ubiquitinasc activity.
However, the rolc of nuclear translocation of Ro52 upon various stimuli is still unknown. Therefore,
further investigation is rcquired to revcal thc unknown roles of Ro52 in apoptotic pathways and

intraccllular immunity.
Concluding Remarks

In summary, Ro52 function is conncctcd to various cnvironmental stimuli and is
important in inducing apoptosis by rcpressing Bcl-2 production. Since Ro52's proapoptotic cffect is
indcpendent of p53, Ro52 may be another critical gatckeeper of cell damage. Thesc findings shed light on

anovel function of Ro52 that is important to intraccllular immunity.
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Y REEAE SS-A/Ro52 (TRIM21) (BATF Ro52) i3y =— 2 L U ERERC2 St
Y7 h—F A (AT SLE) KRBT H5BECHRTH S, Ro52 2 ELE L D TRIM 7
7IV—DFDIV T T 4 AR, ThESGREPOHARZ X T L
+5 E3 2 X F LY H—EEREFDS, TRIM 77 IV —FFiX, A F—T=nr
v (IFN) RFE RIS RGO THRIZIBVTEEE L, IRF3 % NF-xB 72 Y ML L,
HER T A N ABRIC R 2 B RAGBEVER 2B 5, Eh, B, RoS2 iX@#M
HORFE/ 7Y UREKE LTHBEL, VALVA— G LBELT T
T/ — AL BESRMEITD LS MBRRNBREBERFICEET S I EREN

"7, fi5, RoS2iX IRFREMBILIY, KKaZza X F LT DI LT LY MEE

A R hA L DEAER NF-kB OFEHELEMT 5, UEDZ EMH, Ro52id, &
FEROWHICE BE T3 LRSI, EBRUT Ro52 X~V RiX SLE HROLHMHE
HRABEBELRET 5, Ro52 iX ultraviolet-B (BLF UV-B), 7 A L AR, TNF-o
REOFBIZ LD 7R b= AMMOMBBEO S VSICRAEND LWESIT
WAER, AFEEORBTATARIL. ThE T, REALMIKIZT UV-B R
LAl diamide DEYLR P LV RITL D, THE =Y 2 EHEDTIC RS2 BYFF ) ¥4
FORBEICRHSNAFRBRICBEETHTREENHH &, Ef, b MERRIEE
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PRELTEL,

EHEE L, Ro52 DHERE X HIZARBITH T L 2 HAYE LT, HeLa#lGIZISNT
RNAI DFEZFNT Ro52 2/ v 7 ¥ 7 L, BUEA b L AR B FHBE D 7
R b=V ABEICRTORBEMT L, £ ORER, Amexin VI LU TUNEL 7 v
ALY, Ro52/ v 7 ¥V HeLa MIBIIXEF AT HeLa MR L 0 b, BEMEARR
diamide, IFN-o #I#, IFN-y &#i Fas Hifkiz K B30, HBART bRV F, v
BIICKIBERINDT7TR VAR LT, BHAEE b O LBHALMICRS T,
e, TPV ABHABARL &b, Ro52 /v 7 &Y Hela HIIBILT R b—
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BRBITSRI bRhof, EHLLOBTHLTH MY RAPFFEESH TSR,
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