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Introduction

ABSTRACT

Background: A growing body of evidence suggests a possible role for Epstein-
Barr virus (EBV) in the pathogenesis of a subset of breast cancers, with many of
these studies highlighting an increased association between EBV and aggressive
forms of breast carcinoma. This study aimed to further investigate this issue by
assessing the possible association between EBV and the Her2+/ER- and Triple
negative sub types of invasive ductal carcinoma (IDC).

Methods: An immunohistochemical marker for EBV (Epstein-Barr virus
nuclear antigen 1 (EBNA1) clone E1-2.5) was applied to tissue micro array
sections. The tissue micro array's contained 58 cases of Her2+/ER- IDC, 57 cases of
triple negative IDC and 67 cases of luminal like IDC. Each case was scored as
positive or negative for nuclear expression of EBNA1 in tumour cells using
standard light microscopy. Clinical and pathological details where noted for each
case, as was the nuclear expression of NFxB p50.

Results: EBV infection was apparent in 43.2% of all cases. By subtype EBV
was evident in 31 (57.4%) Her2+/ER- cases, 28 (49.1%) triple negative cases, and
14 (24.1%) luminal like cases; with a significant association being noted between
the Her2+/ER- and triple negative cases and EBV infection (P 0.001). This
association was primarily linked with ER negativity, Her2 status showed no
significant association with EBV infection. There were no significant associations
with other clinical and pathological characteristics. Of the 53 cases demonstrating
NF«B p50 nuclear staining, 37 (69.8%) were also infected by EBV (P <0.001).

Conclusion: This study provides evidence that EBV is associated with
aggressive subtypes of IDC (Her2+/ER- and triple negative) as well as providing
evidence for a link between EBV and NF«B p50 nuclear expression, although the
nature of these associations remains unclear.

carcinomas.” Over the past 20 years a growing body

Epstein-Barr virus is known to be associated with
a number of epithelial tumours, including
nasopharyngeal carcinoma' and a subset of gastric
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of evidence has also suggested a role for EBV in a
subset of sporadic breast cancers.”" The first of these
studies identifying EBV with breast cancer in 1995
failed to identify it with any particular histological
type.”" Following on from this Fina Hiconducted
a large multi centric study in 2001, this appeared to
confirm both the association of EBV with breast
cancer and the lack of any correlation with clinical or
pathological characteristics (age, histological grade,
tumour size, nodal status). However, more recent
investigations have highlighted associations between
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EBV and high histological grade, nodal
involvement, and young age of onset,”” while a
meta-analysis published in 2012 appeared to
demonstrate an association between EBV infection
and elevated breast cancer risk."” There is also some
evidence to suggest a link between EBV and ER
status. Using immunohistochemistry (IHC) to detect
Epstein-Barr virus nuclear antigen 1 (EBNAT1)
Murray et al’ found a strong association between the
2B4-1 EBNAI1 clone and ER negative tumours,
although this was in the absence of PCR detectable
EBV genetic material. Following on from this, two
further studies using polymerase chain reaction
(PCR) based methods™ * demonstrated a clear
relationship between EBV and ER negative breast
tumours; although some investigators”’ have failed
to demonstrate significant associations between
EBYV and ER negative tumours this was largely due
to small sample sizes, overall the data appears to be
in favour of an association. However, as yet no clear
molecular mechanism has been demonstrated to
explain this. The relationship between EBV and
Her?2 status is unclear at present; there is evidence of
Her2 overexpression in L Q YWRhddeld using EBV
infected breast cancer cell lines.” However, of the
three studies to investigate this issue in human breast
tissue, the first failed to demonstrate any association
between EBV and Her2,' while the second
demonstrated a weak association between EBV and
Her2 gene amplification.’ In the third study by Glenn
H V@ 2012° all the Her2 expressing tumours were
also found to be infected by EBYV, although, due to
the small sample size this was not considered
significant.

From the evidence set out above it appears that
breast tumours infected by EBV have a more
aggressive nature, although this is not yet
conclusive, and the manner of the relationship
remains uncertain. Following on from the studies
outlined above, the primary aim of this investigation
was to further examine the relationships between
EBV infection and the aggressive triple negative and
Her2+/ER- subtypes of invasive ductal carcinoma
(defined by receptor status). It was hypothesised that
both of these subtypes would demonstrate
significantly higher levels of EBV infection
compared to the luminal like group (ER+/Her2- and
ER+/Her2+/PR+). However, considering the
evidence outlined above it was expected that ER
status would have a greater impact than Her?2 status.
In order to test this IHC was used to examine
expression levels of EBNA1 in 182 cases of breast
cancer in tissue micro arrays (TMA’s), the use of
IHC would allow EBV infection to be localised to
tumour cells. The clinical and pathological
characteristics of the tumours were also assessed to
determine if there was a relationship with EBV
infection; these included age, histological grade,
tumour size, nodal involvement and Ki67 status. In
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addition to this NFkB nuclear expression was also
assessed, as this transcription factor is known to be
associated with EBV in gastric and nasopharyngeal
carcinoma.
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,PPXQRKLVWRFIKEHPLVWU\

The tissue micro arrays were de waxed in xylene
taken through graded alcohols and re hydrated.
TMA’s were then immersed in 10% hydrogen
peroxide for 10 minutes to block endogenous
peroxidase activity and retrieved according to
manufacturer’s guidelines (heat mediated using the
DAKO Pascal chamber and pH6.0 buffer [RE7113,
NOVACASTRA]). After rinsing in wash buffer
(HK583-5KE, BIOGENIX), the TMA’s were stained
using a BIOGENIX 16000 with appropriate
antibodies. Commercial control tissue was included
with each staining run, the negative control was
stained using a mouse IgG1 negative control (X0931
mouse monoclonal IgG1, DAKO). The antibodies
were visualised using the SuperSensitive Polymer
HRP (diaminobenzidine) kit (QD430-XAKE,
BIOGENIX). Sections were then counterstained
using Mayer’s haemalum, differentiated in 0.25%
acid alcohol, blued using ammonium water and were
dehydrated in alcohol, cleared in xylene and
coversliped. Sections were viewed and graded
(positive/negative) using standard light microscopy,
only nuclear staining within breast tumour cells was
considered positive.

6 WD W DQW DR D IOV

Statistical analysis was carried out using a
statistical package for social sciences (SPSS) version
20 (PASW, IBM Corp. USA 2011). Associations
between categorical data were assessed using the
Chi-square test () or Fisher’s exact test where

infection and the three IDC subtypes investigated
[x (2)=13.85,P0.001]; with EBNA1 positive breast
WXPRNKOOHMVYRQQW RWKHU (5

F D MHQY/G R W K\HU 1IQSHD 1B DLW/ W
RQO\ RIWKHX P L@QIDNBIVSHWKUHH
ZDDQDARWME VXEWDS/W\RFEZDWKRQ
(%9LQIHFWHRAIWGWYVWARVW.IJQLILFDQW
GLHUHXQOFHH W 2ZM IR U (B Q@XPLQDO
OLWXEWX$HV 3 @ L WHRIE G V
UDWQRLFDNWR@IQIHFAWDM QWLPHYV

P R WH. NLHIOK H U (BWXEW\SHK,
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SRV VEE Q HR X QOGFWIRRUNHZRD U L [RE O H35 WXVDG( %9 IQHRANRYD DQMD+ DHT HOB

SULPDQW HYH QMR QIHBERBRQHEWLRQ 3
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FDVRNQYDGIXVFWDOFLQZRBH

DAMWHG XMQ) ,+& IRUMWH SHWHFAH R (%0

+DH)J HC6 3 @
$ QUMY | RU \MP RXU \KEWSH D \LJQU LFDQWVY
DVVRFZDWKRBOWZHHG QXFOHDU
VWD ID@XG® I QI HPWDR@ HO $DHQV]HO
3 @ Z1\W R \MP RXU FHY
GPROMDMY 1) %S QFGIUMWRQQ DOR
VKRZIVRH%1$ SRV LWDWRIQ KRG GV

(%1 LYRKFRWXKPRNOCGGDVHWH UDWAR QIHAW L RQ APHRUDH. NLHWOK R V H

HLWX®UHDRGE® B ODNKIGYRWDQQ L WX P RXHPR Q VY X DGHLEUIH RL) RA
DQBHUGILVFRXQRMIGHW XG\ FDVHVS &, + R ZH YW K B QR
UH P D MWQKEDGUHHD L JAFEQWLR/IWERWRHY VLJIQLILFDQW UHODWLRQVKLSV EHV
O X P LQ@LDNK FDVRIWHU (5 D QISJBI@L D JQKRIWWR ORD WHIPG X | H
& DQG FD VRIW U LGSO W& YH QR GRE R O YRLP H\OWD WHKBIE O H

(%1$ VWD LRDW NHIROHRY Q

CFFRUWGELQI VR WH FQQLFDO DQG SDWRARI LFDO
FKDUDFWW®BMWHERNHBHQ@ EOH
EBNAI1 staining was evident in the tumour cells
of 73 cases (43.2%), with a statistical power greater
than 0.80; there was no evidence of EBNAI staining
in surrounding tissue or infiltrating lymphocytes. A
significant association can be seen between EBV
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Table 1. EBV (EBNA1) staining according to the clinical and pathological characteristics (by case)

Characteristics N (EBNA1) EBNAI) P value
(cases) EBV+ (%) EBV- (%)

All 169 73 (43.2) 96 (56.8)

Age <50 80 30 (37.5) 50 (62.5) 0.10
>50 89 43 (48.3) 46 (51.7)

Histological grade Grade 1 16 6 (37.5) 10 (62.5) 0.34
Grade 11 124 57 (46.0) 67 (54.0)
Grade 111 23 7 (30.4) 16 (69.6)

Tumour size <2 cm 10 4 (40.0) 6 (60.0) 0.56
>2 cm 158 68 (43.0) 90 (57.0)

Nodal involvement N- 139 58 (41.7) 81 (58.3) 0.27
N+ 30 15 (50.0) 15 (50.0)

Ki67 status Low 91 38 (41.8) 53 (58.2) 0.40
High 78 35(55.1) 43 (44.9)

NF«B p50 status Negative 116 36 (31.0) 80 (69.0) <0.001
Positive 53 37 (69.8) 16 (30.2)

Estrogen receptor Positive 58 14 (24.1) 44 (75.9) <0.001
Negative 111 59 (53.2) 52 (46.8)

Progesterone receptor  Positive 47 12 (25.5) 35 (74.5) 0.86
Negative 122 61 (50.0) 61 (50.0)

Her2 status Positive 60 33 (55.0) 27 (45.0) 0.40
Negative 109 40 (36.7) 69 (63.3)

Subtype Luminal like 58 14 (24.1) 44 (75.9) 0.001
Her2+/ER- 54 31(57.4) 23 (42.6)
Triple negative 57 28 (49.1) 29 (50.9)

DO O H YWKDLVAHGHDEH S R IDW KD G L FOIQWV HZDV FKRHD DV IWKDY BHHQ WKRZ Q R EH PRI
(% (5QHJIDVWRUURI(% ILQIHFRMRORE)S UHOLDRVKHERRQ H
SUHVHBWHIVXWEXD O $ QX P ERIU 3UHYLRXW VW K DDGMHFRRQN Wol®D W H G
LQYHAM DARQY KDYH DOR XVHG LP P XQRAMRAKH SRV L WULD/Q WMRIP Z L WDKP H DRI
PLVWW\LVWKISH LPRUWHFRQGHIWMNFWLRQ 6 ZKHBR QV L CCHLR QAR

VWP DORZ LQ) LGHOMLFDARQ R FHDWSH  LQY HVWZE BBIMR@WVL GRIOUMARVWDLQLQJ
QU HHOADAQ) LQ HAMG WP RXU FHQY | URP XV L@E1$ W KHD QLM D Q\@ KPHH DLQY
LQILO WP SKRFWREMW YBIQX P ERIU 6° $OWKRXJK WKH UHV X
QUIHHONPDNHY (%1$ (%l$ @OMON S UH WHQEEMD L JBEWRW KPHH D Q
PHPEUBQRWHIO@ DQM®3 $ KDYH WKBWAH @DW WIKGD QQIGI® @ DW Kbl Q
EHKY H@ D ULRXX G HID\GWRRIQ | O L F WAKIH L J KOHHMRHIR V L W IQY KYK\U UDHAQVG \

UH V%8 AZRWNS S HADRD\G L\F R DAl $ P D \E HG X W W/ KD WRIWHKWD P SOUHH Y LR X V
DQM®3 $ DUHRVBRVLWKIYBI8 DQG LQYHVWXMHE RYWVHST U H YV HRQWMKHV LY H
(% (5D WQH J DMELYHOD/QWFHUH H O L D E L B R B/X ODRWLEY @ RRAH F HES[\S B H \GXLHR Q
RIVR PRIIW KHD U OH8VIV X B IXNMO ER R \WH QDMH R WLV LQYHAMI DARQ \WH \[P SO
TXHMRGG GH W WRKQFDO FRFHOY DQ HOUD FRQW PRQHEGD QEHU FDVIWKNDRX O G
VKR ZW\EURWY D LRIWXP EXOXYVYOKH QRUPBIE S HFMREZG YGXME KQHD WRX U H

% (%1$ FORZKH DL OWRBPRQVWUWDKMHHLQYHVW IZDBWLRQW XPVQIRW SR
W KSHU H V IRQ Fot9 J H Q HRADWF HULLVDMLKH  WIRF F X UBGDHOAPIS K R E QWILE R WKW L R Q
V D FHH OO KALOYRKDN/X EVH TR H BRXAD G WP RXUMKXH 7KLY \KRX@® EH FRUGHHG Z KHD

W R U RWNIZAWWKKOS * (S URWHA IV W ML H ZWE H YN X O W V

\MP RXU DOMHD DOR H SUHAHG LQ \RP H EUHDWV * HH H SUBAMRQ WMAH/ KDYH LGHQWIHG 1LYH
FDQFHWW PP XQRKLVW RHWHRD®W B U L PDXE W RSEHVH BIY QFIHQY D& X FW D O
EHH XVHG 1O WH SUMOMIMG DOZLQ) WH FDUFL QRMSH MLABEK P L GD®P L QD O
LQYHV WRQWEHSZ DD R F D O/RWHHG V WRP DOONH %DvDO @\H DQG +HJ  SRUMIYH

W X P FEXHWDTKH % 1$ PRQRF CROMIERGRZHYIHBP® Q F R OVS RLFWM HEZU HD V W
FORQH ZDWPSORWHRGIWHFMDY FDQBBWLUDQ@WWRQRIWKUHR XSV
(%1$ LWKRXVEM [SUHWKIREIKH SRV LWHBHRV LOVQWHIQSHI B WLW K H V H

O D WBHK@VWRHWL UDDOH FWKRQ FORQHJURXHS U BV N PURIYRXWER BHV
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VWURWWMRFEZDWHR® Q VEHMD Z{HH-)
LQIHMMNMRH{P RXEWSSH ZLWHK9 The clinical and pathological profiles (patient
LQHAARQ WKRZ Q VR EH P RIH SUHYDBHMOQ WH age, histological grade, tumour size, and nodal
+HU (BQWU IQSHIBD WAE\WMRIKW D V L Yakblvement) of the EBV positive and EBV negative
GXFMDDUF L QRIB\R LW WX MDY BWYVUWE O Htumours were investigated as relationships between
IR (6 9L QV KSHD W K R JRIIY K RENNMH DIV QVF H lthese factors and EBV have been noted in previous
VXEWERHR/KK L DKM\ S L KD @O DG  studies. An early study demonstrated a significant
DJJUHYVVKYWW XGL U HEGWH V WAL K B WskbMation between EBNAI1 staining (using the

DQYLJQLIOLFDRPLDWLRQ

association between EBV infection and the high risk
IDC subtypes (Her2+/ER- and Triple negative) in an
organised manner, and backs up the work of previous
authors associating EBV infection with aggressive
(ER-) breast tumours.™*

To gain a greater understanding of the nature of
this relationship receptor (ER, PR, Her2) receptor
expression profiles were examined (although data on
ER, PR, and Her2 clones used for this was not
available), with Mantel-Haenszel analysis being
used to adjust for ER status. As can be seen from the
results ER negativity appears to be the dominant
factor in the association between EBV and the
aggressive breast cancer sub types, with the odds
ratio suggesting that EBV infection is 3.57 times
more likely in ER negative tumours (P <0.001).
However, the nature of the relationship remains
unclear, as no molecular mechanism has been
outlined as yet to explain the association. It may be
that the higher proportion of ER negative cells in the
basal layer makes these cells more susceptible to the
transfer of EBV infection from infiltrating

lymphocytes, although the recent report by Khan H W

D’Qailed to find a correlation between EBV infected
infiltrating lymphocytes and ER negative breast
tumours. Further studies are needed to examine this
issue, as the small size of the cores in the TMA’s
limited the ability of the investigator to fully screen
for infiltrating lymphocytes in the present study. No
association was evident between the EBV infected
tumour cells and PR receptor expression, confirming
the findings of previous authors.™*’ As outlined in the
introduction the evidence for an association between
EBYV infection and Her2 expression is mixed, it was
reported by Lin H BVQhat infection of breast cancer
cell lines by EBV leads to activation of the
Her2/Her3 signalling axis and elevated Her2
expression through the action of the BARFO gene
product. EBV has also been shown to induce EGFR
expression in cervical carcinoma cell cultures

2B4-1 clone) and tumour size, tumour grade and
nodal involvement; presence of the EBNAT protein
was found to be associated primarily with grade 3
tumours greater than 50 mm with more than 3 lymph
nodes positive for metastases.” However, this study
failed to demonstrate the presence of the EBV
genome using PCR, and the reliability of the 2B4-1
clone must also be questioned as outlined earlier in
the discussion. A further study in 2008 showed
support for the association between EBV infection
and high grade node positive tumours,’ although no
significant association was evident between EBV
infection and tumour size. Another study in 2011°
demonstrated an association between EBV positivity
and high tumour grade, however, no other clinical or
pathological factors were significant (excluding
receptor expression status). A final study by Glenn et
al. in 2012° indicated that EBV was associated with a
younger age of diagnosis. In the present study no
associations were evident between EBV infection of
breast tumours and age, histological grade, tumour
size or nodal involvement; this is in accordance with
the majority of previous investigations,™™'""
including a large multi centric study by Fina H /@
2001.” The scores used to grade the IDC sub-types in
the TMA’s used were not available, so it was not
possible to assess if EBV infection was associated
with different scores for nuclear pleomorphism, or
tubule formation. However, the relationship between
EBYV positivity and Ki67 status was assessed; Ki67
measures the proliferation activity of tumours and is
becoming increasingly important in breast cancer
prognostic tests such as IHC4+C.” * However, no
significant association was evident. None of the
previous studies investigating EBV and breast
cancer have observed Ki67 status.

NFkB is a rapid acting primary transcription
factor found in most cell types that acts as a master
regulator of cellular responses to stress; it serves as a
primary means of relaying signals from the

through the action of NFxB p50, and recent extracellular environment to the nucleus in order to
HYLGMRFHWWDYB% %I H QM P S OLIL khifate a genetic program. Aberrant expression of
LOQVXER WO LQNHGFDUF L Q KANDHVQ NF«B has been associated with a number of
WRJHWKHYL G H/XB B HWV MDAY Q W L P D 8dhkkrs. In breast cancer it has been found to be
UHODWEPRPBGIVKEWW ZHADOQ QW KHHU FRUUHQBDM(EBEY HJD WOLQMBAMAV RFLD W HC
ICPLO R UABWRY LQ D BDQIH R FOWRCRP DV ZL WWKrHH US RV L VQEBHVIDLAOM KE W\ S H V
+RZHYHHW KEXU WVHNQXFD VVRFIZDWLRIQ %S DQSs DWHRWE®H YIDWHKIRD I F H U
REVHIYHG EHZ HHQ ( 90 LQHAWRQ DG + HJ W\SHRZHYHUYRQAY %S KDYEBEHHQ
RYHUH[SUKUWE BRDL.GEDAU HHPIHWQKY VKR WERKN LJ QL | IKHDD@W@ED\QL1) %KDV
SUH YV WXW KHEWHD P LW KUGYO D W L R @\OKZLRSH/QV U RELIOWERG G L R WDKQHRQDAB I\
Z KL FKX @ GWKHION/ V R F L B IDOLIRRONV HVW WRKHQDB &L MNVUREW HBPD/QW H U
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,QF UHID VG S UH Y Q RRI® W @B\ X O WR URD \E HU H T X MRIR@ | MIUKPHNHH/ Y60 W V
RIS K\V L R CFRKI. GIDHY GVIRWIF W L Y, W L RACBUMQIO VRY DWRADARQ Z D/ DOR CRMG
W KB RE U HD/Q\WF H LB R V LIMQEDNODLOI H E H W Z(940Q Q | H FMQ@GF GHHBUH\RVLR Q
W X P REKIYZY R O IUR ZS\DKV WHO DGR/ 1) % S LQE-BHIGHOAVR \MP RXU \WE WSH
LQF UHD Y R & R Z DAUKSHY Q RWJ KHX P R X LD O W K W XGHR WK WHK U M O D W URI@ DK IQS/
PDV 1) % LVRHR WHWRQAISIRY IRRY X Q F CCHIGJU WKAHXG UH/F H WWRRWD\I L U P
JRY HURH QA HO/BRVRXBR[LD6 9KDV W K Y PQW & HW H BKRIZQHL QW HUD F W
EHHQ QONHG VR 1) % LQ ERW JDWMF DG ZLWLK % 7 K LWW X O L O\NHRG QHBY L G RO F H

QDVRSKDEDQYFHDE® PDG G L DALIRQL H DARADIRY EHEHD (%0 LQHWRQ DG RKHJ
RLQY HV W K DDGRHLPRRIDW (W) SDMA R 6 S W RIQLFDO DQG SDIMRERI LFDO FKOLLPMIMARY  DIH

XS UHIXDARQ GH R WH CPAWDARQ R (*) 5 KLVWR OB DIGFDAMY RO YW X & WH
SURPREANHU¥S S %F@&PSOH[HV DQG VWDWXYV

W KZDAW K U RO WRR @613 & WHUPLQDO

DFWLYDHULRM®5 S$XUWRHUGBVKH  &RQIGLEWW

\DP H VHIHY LQAFDMG WDMAMLY / 0 3 &7$5 7 KB X WKDRMR R Q IRILEW HQ HOWBWRL R Q
PHGLDXWHGXOPIW)LRE\S S %FOWKLWWLFOH

FRPSOHYHRGMH S H QREW &MV D QIG DAJ G

SDWKZIDQ G L F D &IL\D\WLRGRYY% 9L Q SHIHQFHYV
WXPRMXQHVLNHV KIDRARMSH H WHAQVGE . % XIRV6, QY RO YRIRKEWW HLQL% BV U
LQAFDM WDMMHH LV DQ XQH SHAMD IARQ) LWKIDVRSKDEDQFHBBWRRIHQHVL
DARADIRY EHEHD (%0 1QHWRQ DUG QFBIU OHGLRQPRORJ\

H[SUHRU)RAS LGDVRIVQYDEXFWDO )X\DIPDO 8WKINK 7 ( SWMQ DWW YLLKV
FOUAQRPD 3 WH 0 DOMO+ DHQ HO DWRALDMG JDWAF FDUFLCRP D 3 DIRARI\

FRPPRQGDWQELMDUDN®ES QXFOHDU UHVHDQREK FWLFH
H[SUH\ZWDLMR QW L PRRAUHL NH@'XPRX UV 0D]RXQIL QIERPDADXDILMRQQLHU
LQIHREWW®9 D | VDIEW X MVRMIDQPIR X B 3%UDQGRABWASVWHL Y LW U
WSH +RZHYHJ WH QDMH R WY DARADARQ PDUNHELRORDIFDOV V L EHOHDAW
UH P DXQ@NOIWERW KHH L G R G WHHIODUHIEL H U F D Q PAHUWL W R\XKRQFIDA) F H U

LQV K V F X VWX LWHKOA8/03 LV

LQWH UDRMKL @ L W\B R V V WEKADN/ $ +DFKDQHPDUD=LDEBERPGKDQH

L Q W HALDNFRAAL Q% 90 L QR BIIGDIVWB MU *CAP 5% 7WPHKHO ,QrHAMDARQ R

L W KEHD \L 19 % 90 L Q NBI\GW D UFF L Q R, M\D ( SWMQ YD YLLKV 1Q EU-DWVFDLAGRP DV 1Q
VHHPOHDRW KH V R GMUQYY HV WD DW L RXQMD 3DMR®I\  UMDUK DQG SUPWAH
ZHOWURPUH Y L ]X F O /XM RDAEL V

Q FOW V R FZIDAMKHIGE U HPD/QWWMKIH UH TR U HO X U UDN /LVV DX HUQ\L-QD YL H V

LW RV VWK $ L QW HZULDNKKLY % ORRHG6 9HD$ HADO 5HPIMW ZLW $

S D W KERR Q UHHY L WBTS @ SRV W WRLKD X V P RGRFRDODQAERG. \R ( SWMQ %D YLLXV

F D VRHI(\W6 90 L Q E il ISDIVOVDRW KHD V. B (%9 Q X F OHPW L JGIHDI L QWX E \RH W
(%9 QNG JDIWIF FOAGRPD ) XUH \WaHY D JJ U H ¥ VNGB QVFLHW KDHE V HRONW K H
\KRX@ EH FDUIHG RAWR FRQLLP  \WHH LQWDO (% JHRPH &DIHJ UK
ILQGLDRQEQ Y HV WK WRIF IEDAWWLZRHH Q

(% 9D QIG 9% @ U HFOD/Q\F H U *OHQQ +HQ% 'HO S U:DGIRFR S W W D

7KBULPDULRW KW ZBWIRQYHVWLIDWHKLWDNHDZVR® (SVWHL Y LXKV U
SRVVDEORFLIEHWMAEHIQ. Q |HFWQEB Q  KxXP DQ SCE.AHP DYLXV DG PRAH PP P DY
DJJUHVXENMBRINQYDEXFRMDWFLQRPD W XP R KUWDXAX O WLLSJOMBHNHD/G\F H U
7KH GDWD FOHDUO\ LQGLFDWHYV DROMREVHRFLDWHRQ ZLWK (%09
LQIHFWLURQILFR@EWAYLQWPAVLSOH )DZ]6 6DO®@DEZDG0 'HWHFRILRQ
QHJDWLYH Q&HU (5 VXE\SHYV  ( SWMQ %W YLLXV LQ EUDWDUAGRP D 1Q
FRPSDVMRHICHK P LOQLWXAE\SH ,®DV (J\SWDQ ZRPHQ &Q@QFDO ELRFKHP L\
| X U VGKHPIR Q VW HIP\WOK)E D \F\DROFAL B W L R Q
S U H \EHHQWZ(H44BQQ | H FV\Q@ Q HIJDWLYLWRVKLXD®UWID QJIIQGRVKLD QJD QH
KRZHYQHRULIQLIDV¥DRMLWDWERYYHHQ 1 $VVRFLRWSLMWHD@ UUXYIHFWLRQ
(% 9L Q | H FDAQUER QVASHY W DRIV WD W XV (% 9Z L \E Kl HOD/Q\E® X UQ®ZRE H Q
7K B D VWK O DWERWYEBE JDWLY L W\O R&® H H
D Q(G6 9L Q | H FVWHLFFOR @F/OZH. DG G LW L R Q DIOQ 5 R P DA DX D I/L BID O P-AHIOH G
LQYHVWQHHBIEREON H UPLQHIDWLY LW\ %H QK DBUMND @U H T X DQ@AH QR P H
LY QYR OQHIEH W L RDERV VV EDHRY ORDG RI (SVWHLQ %DUU YLUXV L
(%90 L QN BIUHEVIHNXWR & XMW R K H IURP Gl HHQWIHRIWDSKLFDO DUHDV  %4MNK
OLP L WIDQKLIHUMORIP PH B BRIG UWKHU MRXBBDQFHU
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