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Fig. 3. lgE-mediated CysLT expon from bone marow-derived mast cells
(BMMCs). BMMCs from merpd ™" and mypl " mice were cultured and
inmlated with trinicophenyl (TNP-1gE and anti-IgE antibedy. Degranula-
tion of BMMCs was assessed using the B-hexosaminidase release assay (A)
The ameounts of released CysLTa m the cullure supematant (H) and the
intrace lulag contents of CysLTs () were measured using ELISA. Data are
means *+ SD of wiplicate samples, *P < 005, **P < 001, Resulls are
representative of 3 independent experiments that had simiar resulis

and 1L-13 levels in BALE in OV A-exposed mice and atlenu-
aled airway inflammation (14). These previons findings pro-
vide direct evidence that Cysl. Ts are involved in the regulation
ol Th2 immune response-dependent pulmonary inflammation.
Our current findings in mipl © mice are consistent with these
prior reports, because MRPI is involved in IgE-medinted
1104 export from mast cells, and 4 Jack of MRP1 resulted in
the decrease of CysL.T, sanligen-specific [k, 11.-4, and 11-13
levels in the lungs of mrpd © mice lmpaired Th2 cylokine
production due 1o MRPI deficiency might be an important
mechamism of reducmg anway inflammabion i our munne
maodel.

Drendritic cells (1Cs) are e most polent antigen presenting
cells in the airways and nitisle immune responses by preseil
ing antigens o T eells (22). Previous studies huve demon
strted thut DCs express MRPL and MRPI regulites (he
migration of DCs by tansporting LTC4, which promaotes
chemotaxis o the CCLIY (250 In o model of contact hyper
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ROVE OF MRP1IN ALLERGIC AIRWAY INIT AMMATION

sensitivity induced by tpical application of FITC, DC migra-
tion was substantially attenuated in anrpd * mice compared
wilh that observed in mrpl " mice (25). In addition, MRP|
teansporter activity is also crucial for 1C differentiation (27),
These aforementioned observations on DC's may contribute to the
decreased inflammutory response following OVA exposure (il
we examined in the limgs of mrpl * mice.

MRP1 was the first identified ATP-dependent exporl pump
for LTC4. However, the members of the MRP subfamily,
including MRP1-6 and MRP10-12, also mediate the ATP-
dependent efflux of organic anions, including glutathione con-
jugates such as 1.TC4, across the plasma membrune into the
extracellular space (7). We questioned whether the lack of
MRPI in mice would be compensated [or by induction or
altered expression of other ATP-binding cassetie (mnsporter
subfamily members. However, van der Deen et al. (30) exam-
ined immunohistochemical expression of other transporters
such as MRP2, -3, -4, -5, -6, and -9 and breast cancer resislance
protein (Brep) in murine lung tissues and observed no differ-
ences in expression of all these transporters in MRPI/MDR 1w/
1h-deficient mice compared with wild-type mice (30). MRP2,
alsu named the canalicular mullispecific organic anion lrans-
porter (¢MOAT), and MRP] share very similar subsirales,
including LTC4 (19). However, Wijnholds et al. (31) demon-
strated that anti-cMOAT monoclonal antibody does not detect
c¢MOAT protein on the mast cells in mpl " and mipl "'
mice, whereas ¢MOAT in the liver and kidney is readily
visualized, and the same holds in wmrpl™" and mrpl*”
tissues. These previous findings strongly sugges! that MRP1
(and/or MDR 1) deficiency does nol affect expression of other
transporfers in Jung tissues in mice and suppotts our conclusion
that inhibition of MRP1 might be a major cause of the impaired
dcvclusnm:m ol allergic airway inflammation in the Jungs of
mrpl 77 mice.

Recent sludies have demonstrated that MRP4 can transport
leukotrienes (1. TB4 and LTC4) and contribute to the migration
of DCs, like MRP1 (24) (28). Furthermore, MRP4 is expressed
in the bronchinl epithelial cells in the lungs (29), These previ-
ous findings indicate the possibility that other transporters,
such as MRP4, also may be important in the lungs of murine
allergic airway inflammation madel in addition W MRPI,
although expression of other ATP-binding casselle lransporiers
was not altered in the lungs of MRP1-deficient mice. This may
be the reason why the differences in the degree of airway
inflammation  between mrpld ' and mrpl "' mice were
smaller than expected,

In this stedy, we also investigated the immunohistochemical
expression of MRP1 in the lungs of patients with asilma and
in & murine allergic sirway inflammation model. MRP1 stain-
ing was observed in the cyloplasm and on the plasma mem-
brane of the mast cells, and its expression was also found on
macrophages, eosinophils, and bronehial epithelinl cells (data
not shown). These lindings were consistenl with prior reports
(10), und these cells contain the § LOELAP/ALTC4S pathway
and generate 1104 (16, 23) Among them, the mast cell s the
most potent Tgl-mediated 1TC4-synthesizing cell m allergic
wirway intlammation and expresses MRIPD i human and mue
vne allergic airway disease, However, eosinophils, macie
phages. and hronchind epithelinl cells are also importint
sonrees of Cysl s, We wonld like 1o perdform in vitio exper-
iments for CysDT export from cosinophils, macrophages. amd
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bronchial epithelial cells of mrpl ' mice in a fulure project,
In thix study, we focnsed on the involvement of MRP! in
Igli-dependent CysLT export from mast cells and confirmed
that MRPI plays an impottant role in the gl dependent

1.35

1 Borwi P, Evers R, Kool M, Wijnholds 1. A lamily of drug trnsporices
the multidrug resistance-associsted proteins. S Mool Cuncer lot 920 1295
1302, 2000

Husse WY, Lemunske RF Jr. Asthina N Engl J Med T 150 362, 2001

b

releuse of CyxlTs from mast cells by using murine BMMCs
from mrpt ' mice. However, decreases in CysL'T levels in
BALY from mipl ™' mice in vivo were <50% compured with
those in mrpl "' mice, although the difference was stalisti-
cally significant (P = 0.0082). We speculate that residual
CysLT production in mepl ' mice may be due o another
export pump and/or derived from eosinophils, macrophages,
and bronchial epithelinl cells. However, it is thought that
MRP1 ix at least une of the important transporters on mast cells
for 1.TC4 export in the pathogenesis of allergic airway intlan-
mation, although other transporiers may exist, becinse differ-
ences in data between mrpl ' and mwpl''' mice were
statistically significant,

There are o few interesting reports of studies that investi
gated the associntion between MRP1 and anti-asthima drugs for
patients with bronchial asthma, Bundi et al. (1) incubated the
hnman airway epithelial cell line Calu-1 with budesonide, an
anti-usthma corticostervid, and revealed that treatment with
budesonide significantly inhibits MRP1 expression and aclivily
in Calu- | cells. MRP1 has been screened for genelic variations,
and several mulations have heen identified in the MRP1 gene
in the human population (21). Montelukast is a selective
CysLT, receptor antagonist thal is clinically used as an anti-
asthma drug. Interestingly, genctic variations in MRP] are
associaled with variability in montelukast response in patients
with asthma (21). These previous siudies suggest ihat MRP)
polymorphism may be useful as a predictive marker for the
efflicacy ol therapy in the management of asthma.

In conclusion, our study revealed thal airway inflammaltion
and goblel cell hyperplasia after OVA exposire were reduced
in mrpl ' mice compared with mmpd " mice. Levels of
CysLTs, antigen-specilic I1gE, 1.4, and 11.-13 in BALF from
OV A-exposed mrpl * mice were significantly lower than
those from OVA-exposed mrpd "' mice. Export of Ighi-de-
pendent CysLTs from murine BMMCs was mediated by
MRPL On the basis of hese findings, MRP! expressed on
mast cells functions as a CysLT export pump in the develop-
ment of allergic airway disease. These findings also suggesi the
pussibility that MRP1 may be one of the important therapeutic
targels and provide new insights for undersianding its mle in
allergic asthma.
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RPN2 gene confers docetaxel resistance in breast cancer

Kimi Honma"?, Kyoko Iwao-Koizumi’, Fumitaka Takeshita', Yusuke Yamamoto', Teruhiko Yoshida®,
Kazuto Nishio®, Shunji Nagahara®, Kikuya Kato® & Takahiro Ochiya'

Drug resistance acquired by cancer cells has led to treatment failure. To understand the regulatory network underlying docetaxel
resistance In breast cancer cells and to identify molecular targets for therapy, we tested small interfering RNAs (sIRNAs)
against 36 genes whose expression was elevated in human nonresponders to docetaxel for the ability to promote apoptosis

of docetaxel-resistant human breast cancer cells (MCF7-ADR cells). The resuits indicate that the downregulation of the gene
encoding ribopholin |1 (RPN2), which Is part of an N-oligosaccharyl transferase complex, most efficiently Induces apoptosis of
MCF7-ADR cells in the presence of docetaxel. RPN2 sllencing Induced reduced glycosylation of the P-glycoprotein, as well as
decreased membrane localization, thereby sensitizing MCF7-ADR cells to docetaxel. Moreover, /n vivo delivery of sIRNA specific
for RPNZ markedly reduced tumor growth in two types of models for drug resistance. Thus, RPN2 silencing makes cancer
cells hypersensitive response to docetaxel, and RPN2 might be a new target for RNA Interference-based therapeutics against

drug resistance.

Breast cancer is the most common malignancy in women.
Either neoadjuvant or adjuvant chemotherapy administered to sub-
jects with stage 1-3 breast cancers can improve their survival rates',
Among chemotherapeutic agents, docetaxel, which belongs to the
group of taxanes (mitotic inhib and antimi bule agents), has
been shown to have well-established benefits in breast cancer®.
The resp rate to di ], | , 15 50% even in first-line
chemotherapy, and it decreases to 20-30% in second- or third-line
chemotherapy*7; nearly half of the treated subjects do not respond
to it and suffer side effects. There is currently no method to
reliably predict tumor responses to docetaxel before therapy or to
detect when resistance or hyp nsitivity develops. Therefore,
the identification of molecular biomarkers in docetaxel-resistant
breast cancer that could help in a more accurale asessment of
individual treatment and the development of molecular-target
therapics that could lead to better tumor reduction are of
considerable interest.

It has been reported that the expression of the multidrug transpor-
ter P-glycoprotein, encoded by the MDRI gene (official gene symbol
ABCBYI), is one of the causes of dlinical drug resistance to taxanes®®.
Other molecules, such as the multidrug resistance-associated protein
MRPI'™, breast cancer resistance protein (ABCG2) and other
transporters'?, which act as energy-dependent efflux pumps capable
of expelling a large range of xenobiotics, and GSTpi, which is one of
the isoenzymes of the glutathione-$-transferase (GST)'*-'%, have been
extensively reported to be overexpressed in tumor cells showing the
multidrug-resistant phenotype. It was recently shown that high

1Section lor Studies on M is, J. Nati

thioredoxin expression is associated with resistance to docetaxel in
breast cancer’®", These molecules might be clinically useful in the
prediction of a response to anticancer drugs, Currently, however, none
have proven to be specific target molecules for increasing the efficacy
of chemotherapy in breast cancer.

To better understand the regulatory network underlying docetaxel
resistance in breast cancer cells and to identify molecular targels
for theripy, we initiated gene expression profiling of 44 subjects
with breast tumors (22 responders and 22 nonresponders) by adap-
tm'-uuadmmpmdvel’m“ to identify the genes capable of
pledlctlngu inh breast cancer and reported
the mndbufﬁ;mumupmbnpomﬁdy
correlated with docetaxel resistance’®, In the current study, we
used an atelocollsgen-based siRNA cell transfection amay'®® to
identify the genes responsible for conferring drug resistance. Among
the siRNAs targeting genes that were elevated in nonresponders to
docetaxel, SIRNA designed for RPN2 (RN'P! siRNA) significantly
promoted docetaxel-dependent apoptosis and cell growth inhibition
dummkhmnmmwﬂldmsthm
docetaxel. Furthermore, atelocollagen-mediated in vivo delivery of
RPN2 siRNA significantly reduced drug-resistant tumor growth
in mice given docetaxel RPN2 confers drug resistance via the
glycosylation of P-glycoproteins and regulates antispoptotic genes.
Thus, RPN2 siRNA introduction hypersensitizes cancer cell response
to chemotherapeutic agents, making RPN2 a potential key target for
future RNA interference (RNAi)-based therapeutics against a drug-
resistant tumor,
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RESULTS

RNAI-based screening for identification of molecular target

As an extension of our previous strategy of analyzing docetaxel
resistance in breast cancer cells and of identifying molecular targets
for therapy'®, we conducted a study of RNAi-induced gene knock-
down in docetaxel-resistant MCF7-ADR human breast cancer cells,
Among the 85 genes listed'®, 61 genes that are potentially wrgets for
siRNA strategy were upregulated in human nonresponders. We
sclected 36 genes with more than a 0.365 signal-to-noise ratio and
successfully designed and synthesized siRNAs specific to these genes
(Table 1). The siRNAs were conjugated to atelocollagen and arrayed
on a 96-well microplate. Then, MCF7-ADR cells expressing the
luciferase gene (MCF7-ADR-Luc) were seeded into the microplate
(the target validation process by cell transfection array is schematically
shown in Supplementary Fig. 1 online.). To evaluate the efficiency of
the atelocollagen-mediated cell transfection array, we used GL3 siRNA
against the gene encoding luciferase. Atelocollagen-mediated GL3
siRNA delivery caused an approximate 75% reduction of the luciferase
activity in MCF7-ADR-Luc cells relative to the control nontargeting
siRNA (data not shown). To identify the genes responsible for
docetaxel resistance, we assessed siRNAs for their ability to inhibit

cell growth and induce apoptosis in the presence of docetaxel
compared with the control nontargeting siRNA. We measured cell
growth by luciferase activity and examined apoptosis by caspase-7
activation. The results indicated that the downregulation of eight
genes (PTPLB, GSTPI, TUBB, RPN2, SQRDL, NDUFS3, PDCD5 and
MRPL17) resulted in marked inhibition of cell growth (P < 0.05,
Fig. 1a). Induction of apoptosis was evidenced in cells by down-
regulation of six genes (PTPLB, APRT, CFLI, RPN2, SQRDL and
MRPLIZ P < 005, Fig. 1b). In particular, REN2 siRNA. strongly
enhanced caspase-7 activity in the presence of docetaxel (P < 0001,
Supplementary Fig. 2a online). We validated these results by counting
Hoechst-stained cells showing apoptotic nuclear condensation and
fragmentation (Fig. 2a) and found that there was a significantly higher
apoptotic cell death rate in cells given RPN2 siRNA and docetaxel
relative to that in cells given RPN2 siRNA alone (P < 0.02, Fig. 2b).
No significant difference was observed in cells with nontargeting
control siRNA (Fig. 2b). AL 72 h after treatment with siRNA and
docetaxel, there was substantial cell death induced by RPN2 siRNA
compared with the control nontargeting siRNA (Fig. 2c). At 96 h after
the transfection, almost all RPN2 siRNA-treated cells were detached
and disappeared from the culture dishes.

Table 1 The list of 36 genes whose expression is elevated in nonresponders to docetaxel in subjects with breast cancer

No Gene Description Accession number
| UrM1 Ubiquitin-lokd modifier 1 BCO05193
2 PIPLEB Protein tyrosing phosphatase-like (proline instead of catalytic arginine), member b AF052159
3 S100410 $100 calcium binding protein A10 M38591
4 AFRT Adenine phosphoribosyltransd Y00486
5 CFL1 Cofilin-1 (non-musche) X95404
6 GSTP1 Glutathione Stransferase pi 1 M24485
7 HSPAS Heat shock 70 kDa profein 5 (glucose-regulated protein, 78 kDa) M19645
8 GNB2L1 Guanine nuclectide binding protein (G protein), P polypeptide 2 like 1 M24194
9 Tuss Tubulin, p BCO01002
10 MX1 Myxovirus {inf virus) 1, interh inducible protain p78 (i M33882
11 cax7c Cytochrome ¢ cxidase subunit Vile BCOO1005
12 RPN2 Ribopherin 1l Yoozaz
13 DYNLL] Dynein, light chain, LCB-type 1 U32%44
14 FXR1 Fragile X mental refardation, autosomal homolog 1 U25165
15 SQRDL Sulfide quinone reductase-like (yeast) AF151802
16 NDUFS3 NADH dehydrogenase (ubiquinone) Fe-S prolein 3, 30 kDa (NADH-coenzyme Q reductase) AL135819
17 EST ESTs AL358933
18 C1%0ef10 Chromosome 19 open reading frame 10 BC003639
19 ATP5E ATP sy H* r . mitoc! F1 complex, & subunit AFO52955
20 PDCD5 Programmed cell death 5 AF014955
21 CLPTMIL CLPTM 1-like AL137440
22 FFPIR14B Protein phosp 1, reg y( subunit 148 X911956
23 MRPL17 Mitochondrial ribosomal protein L17 AKO26857
24 TUBAlB Tubulin, alb BCOOG481
25 IF16 Interferon, a-indueible protein 6 X02492
26 GAFDH Gly Idehyde-3-phosphate dehydrogy AF261085
27 SLCZ5A3 Solute carrier family 25 (mitochondrial carrier; p carier), ber 3 BCOOG6455
28 MADZL2 MADZ mitotic arest deficient-like 2 (yeast) AF157482
29 CTNNBI Catenin (cadherin-associated protein), p1, 88 kDa x87838
30 CALR Calreticulin MB4739
31 MRPSE Milochondrial ribosomal protein 56 BC0D00547
32 ANGPTLZ Angiopoietin-fike 2 AF0O07150
a3 RPL38 Ribesomal protein L38 126876
34 ANAPCT? Anaphase promoting complex subunit 7 AY0O07104
35 ENO] Enolase 1, (a) BCOD4325
Idehyds 2 family (mitoc M20456

36 ALDHZ Aldehy yarog
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However, the expression of other genes was also found to correlate
with docetaxel resistance by RNAi-based screening, and they could
have some possible additive or synergistic effects with RPN2. Thus, we
examined the induction of apoptosis after cotransfection of RPN2
siRNA and siRNAs against other genes that caused cell growth
inhibition, apoptosis induction or both in docetaxel-resistant
MC7-ADR cells Knockdown of PTPLB, APRT, CFLI, GSTPI,
TUBB, SQRDL, NDUFS3, PDCD5 or MRPLI7 genes with simulta-
neous knockdown of RPN2 did not significantly enhance caspase-7
activity relative to the knockdown of RPN2 alone (Supplementary
Fig. 2b). This result shows that knockdown of the other genes
does not have an additive effect when used together with knock-
down of RPN2.

We confirmed the efficacy of RPN2 siRNA for the knockdown of
RPN2 messenger RNA by cell-direct real-time RT-PCR analysis. This
analysis revealed that RPN2 siRNA inhibited 80% of the mRNA level
relative to the control nontargeting siRNA (Fig. 2d). Immunofiuor-
escence staining of the RPN2 protein revealed that the RPN2 protein
localized in the cytoplasm and its expression was decreased by RFN2
siRNA (Fig. 2¢). In further experiments, a liposome-mediated RPN2
siRNA transfection was performed. The western blot analysis showed &
45% reduction in RPN2 protein abundance (90% reduction of mRNA
by real-time RT-PCR analysis) by RPN2 siRNA transfection in
comparison with the control nontargeting siRNA (Fig. 2f). These
results suggest that downregulation of RPN2 expression by siRNA
inhibits cell growth and induces apoptosis in the presence of docetaxel
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Figure 1 RNAI cell transfection array analysis In cultured breast cancer
celis. (a) Inhibition of cell growth by 36 siRNAS on atelocolisgen-based
cell transfection arrays in Ihe presence of docetaxel (1 nM) 72 h after
trangfection. The cell growth was estimated by |uciferase activity in
MCF7-ADR-Luc cells, which stably express luciferase (n = & per group;
*P < 0,05 **P < 0.01). (b Activation of caspase-7 by 36 siRNAs on
atslocollagen-based cell transfection arays in Lhe presence of cocetaxe!

(1 nM) 72 h after transfection. After the detection of luciferase activity, the
same cell transfection arrays were assigned to the measurement of caspase-
7 sctivity, which is elevated in apoptolic MCF7-ADR-Luc celis (n = & per
group; *F < 0.08, **F < 0,01). Values are means = 5.d,

In addition, we established stable clones expressing short hairpin RNA
(shRNA) against RPN2 (shRNP2) and examined the effect on apop-
tosis induction in MCF7-ADR cells. The clone that expressed the
lowest RPN2 mRNA level showed & 70% reduction of RPN2 expres-
sion relative to the control done (P < 0.001, Supplementary Pig. 2¢),
and this shRPN2 clone showed a high caspase-7 activity as compared
to the control clone in the presence of docetaxel (P < 0.001,
Supplementary Fig. 2d). We examined seven independent clones
and found that they all showed a similar phenotype of increasing
drug sensitivity (data not shown). Therefore, consistent with our
results with synthetic RPN2 siRNA, the data from the shRPN2
experiments provide evidence for the involvement of RPN2 in
drug resistance,

To evaluate the effect of RPN2 siRNA on the drug response of
MCF7-ADR cells, we measured the half-maximal inhibitory concen-
tration (ICs) for taxanes. The ICg values for docetaxel in MCF7
and MCF7-ADR cells were 9.48 £ 1.48 nM and 40.22 = 5.14 nM,
respectively (P < 0001). RPN2 siRNA-transfected MCF7-ADR
cells were 3.5-fold more sensitive to docetaxel compared with non-
targeting siRNA-transfected cells (ICg of 1147 + 1.97 nM versus
39.48 + 2.98 nM, P < 0.001). Thus, RPN2 silencing makes MCF7-
ADR cells sensitive to docetaxel to a degree similar to that in
drug-sensitive MCF7 cells. For paclitaxel, another taxane, the ICg
values in MCF? and MCF7-ADR cells were 13.00 £ 2.02 nM and
89.74 £ 3.43 oM, respectively (P < 0.001). RPN2 siRNA-transfected
MCF7-ADR cells were 2.6-fold more sensitive to paclitaxel compared
with nontargeting siRNA~transfected cells (ICsg of 32.92 + 3.89 1M
versus B4.39 £ 548 nM, P < 0.001). These results indicate that
RPN2 silencing bestows a hypersensitive response to taxanes to drug-
resistant breast cancer cells.

In addition, we examined docetaxel-resistant EMT6/ARL0.0 cells
with high expression of the mouse Rpn2 gene and the Mdr1 (Abcblb)
and Mdr3 (Abcbla) genes, which reportedly have a similar role in drug
resistance to that of the MDR] gene in humans, to see whether they
have a similar phenotype to MCF7-ADR cells in terms of RPN2
expression status and drug resistance. The siRNA-mediated knock-
down of mouse Rpn2 (70% reduction of mRNA by real-time RT-PCR
analysis) significantly induced apoptosis of cells in the presence of
docetaxel (Supplementary Fig. 2e-g). In contrast, nontargeting con-
trol siRNA showed no effect (Supplementary Fig. 2e-g). Therefore,
these results suggest that RPN2 confers docetaxel resistance to both
human and mouse cell lines.

Induction of RPN2 expression by docetaxel treatment

Real-time RT-PCR analysis showed that docetaxel-resistant MCF7-
ADR cells expressed a slightly increased level of RPN2 mRNA
(approximately 20%, P < 0.01) relative to parental MCF7 cells
(Fig. 3a). However, RPN2 mRNA expression in parental MCF7 cells
was markedly induced by docetaxel in a dose-dependent manner at
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48 h after treatment (Fig. 3b). These data indicate that RPN2 mRNA

P = 00052). Thus, there is a significant association of RPN2

induction may correlate with the observed antiapoptotic phenotype of
MCF7-ADR cells.

Furthermore, MCF7-ADR cells expressed abundant MDR1 mRNA,
which is a major cause of docetaxel resistance, whereas docetaxel-
sensitive MCF7 cells did not (Fig. 3¢). Additionally, MDR1 mRNA
expression in MCF? cells was strongly induced by docetaxel at 48 h
after treatment (Fig. 3d). Together, these data provide a new insight
into the development of docetaxel resistance in MCF7 cells: when
breast cancer cells coordinately express a high amount the of MDRI
and RPN2 gene products, the cells b drug-resistant.

RPN2 expression associates with response to docetaxel

In this study, subjects with breast cancer with complete response and
partial response were defined as responders, whereas subjects with no
change and progressive disease were defined as nonresponders, in
accordance with World Health Organization criteria’® (Supplemen-
tary Note online),

Of the 44 subjects, 22 showed a pathologic response to docetaxel,
and the other 22 showed no response’®, To understand the clinical
importance of the status of RPN2 expression in the subjects, we
compared the expression level (signal log ratio) for RPN2 transcript
between ponder and responder subjects by the Mann-Whitney
U-test. The subjects with higher RPN2 expression showed a signifi-
cantly lower response rate to docetaxel than did those with relatively
low expression of RPN2 (signal log ratio expressed as mean + s.e.m. in
nonresponders was 0,347 £ 0.062 versus 0.111 % 0.052 in respond

expr ion with the p Ll“'lr ladocctmLA]l}lous}llhc

data are not shown, RPN2 mRNA expression was significantly

increased in cancerous tissues compared to that in normal tissues,
Furthermore, we also assessed validated sets of new samples from

26 subjects with breast (12 responders and 14 ders)
T?wexpmonofﬂPNzwuh:glmmmmupnndm:hmin
resy { pond. 0.240 £ 0,066, versus responders,

0.025 £ 0.194). Because of the small sample size in the validation
set, we have not obtained conclusive results at this time. We are
currently secking larger samples that will be tested in the near future.
However, when we combined studies with subjects in the learning and
validation sets, RPN2 expression was significantly higher in non-
responders (34 subjects) than in responders (36 subjects) (nonrespon-
ders, 0.306 + 0.046, versus responders, 0.080 + 0.075; P = 0.0219).

Downregulation of RPN2 in orthotopic breast tumors

To extend our in vitro findings and to determine whether RPN2 could
be an effective therapeutic target for docetaxel-resistant breast cancer,
we examined the effect of RPN2 siRNA on an animal model of breast
tumors by orthotopially implanting MCF7-ADR cells into mice and
using an atelocollagen-mediated in vivo siRNA delivery? 2, We
injected the RPN2 siRNA or nontargeting control siRNA (1 nmel
per tumor) with 05% atelocollagen in a 200 pl volume into
tumors that had reached 4-5 mm in diameter 7 d after inoculation
of MCF7-ADR cells. At the time of siRNA administration, docetaxel
was intraperitoneally (i.p.) injected into the mice. Subsequent tumor
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Figure 2 Apoplosis of MCF7-ADR cells transduced with RPN2 siRNA. (a) Hoechst staining of cells in
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development was monitored by measuring the
tumor size for a week. Mice that had been
administered the RPN2 siRNA-atelocollagen
complex and docetaxel (20 mg kg™ ip)
showed a significant decrease in tumor size
(mean # s.d; day 0, 52 + 8 mm® day 7, 21 £
8 mm?) relative to mice that had been ad-
ministered the control nontargeting siRNA-
atelocollagen (day 0, 37 + 7 mm?; day 7,
35 £ 12 mm% P < 0.01) (Fig. 4a). The
tumor size was markedly reduced by admin-
istration of RPN2 siRNA with docetaxel a1 7 d
after treatment (Fig. 4b). In the absence of
docetaxel, RPN2 siRNA treatment slightly
reduced MCF7-ADR tumor size relative to
controls; however, there were no statistically
significant differences (Supplementary Fig, 3a
online). We also observed that docetaxel alone
had no significant effet on tumor growth
(Supplementary Fig. 3a). Furthermore, no
significant  differences were observed in
tumor growth between mice treated with
control nontargeting siRNA and untreated
mice in the presence or in the absence of
docetaxel (data not shown). Thus, RPN2

bar, 50 pm, The arrows indicate cells with nuclear conds jon and frags

apoptotic cells from a. The data show the perceniage of apoptotic cells in the presence or absence of
docetaxel (1 nM) 72 h alter the transfection of RPN2 siRNA. As a control, nontargeting control sIRNA
was used (n = 4 per group, *P < 0.02). (c) Phase-contrast micrograph of MCF7-ADR celis 72 h alter
treatment with RPNZ siRiNAs or control nontargeting siRNAs in the presence of docetaxel. Scale bar,
200 pm. (d) Knockdown of RPN2 mRNA by RPN2 siRNA in a cell transfection aray, 2s monitored by
call-direct real-time RT-PCR analysis. As a control, nontargeting siRNA was used (n = 4 per group,

ining of the RPN2 protein in MCF7-ADR cells 72 h after
treatment with RPN2 siRNAs or control nontargeting siRNAs. Scale bar, & um. (f) Western biot analysis
of RPN2 protein in MCF7-ADR cells treated with RPN2 siRNAs or control nontargeting siRNAs 72 h

*P < 0.001). (e) | 4l

ance

alter the liposome-medialed transfection. Values are means + s.d.

siRNA is useful for reducing the size of
orthotopic MCF7-ADR breast tumors in
the presence of docetaxel Additionally, to
evaluate the effect of sustained treatment
with siRNA, we treated mice with tumors
twice by injection of siRNA-atelocollagen
complex. RPN2 siRNA or nontargeting con-
trol siRNA (1 nmol per tumor) were injected
into the tumors (diameter, 4 mm) at days 0
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and 10. Simultaneously, docetaxel (20 mg kg™ i.p.) was injected into
the mice, We observed the mice for 20 d. Mice that had been given
RPN2 siRNA and docetaxel showed significantly suppressed tumor
growth relative to the mice that were administered control nontarget-
ing siIRNA at day 20 after the treatment (P < 0.05, Supplementary
Fig. 3b,c). Mice showed no toxic effect during the observation period.

Furthermore, we examined the effect of RPN2 siRNA on a
second animal model of breast tumors by orthotopically implanting
MDA-MB-231/MDRI cells. First, we established an MDA-MB-231/
MDRI cell line, which expresses the MDRI gene inducing docetaxel
resistance. In this study, MDR1 expression is a key factor, because we
are proposing that the coordinate expressions of RPN2 and
P-glycoprotein may participate in the mechanism of docetaxel resis-
tance. We injected the RPN2 siRNA or nontargeting control siRNA
(2 nmol per tumor) with 0.5% atelocollagen in a 200 pl volume into
tumors that were 56 mm in diameter 8 d afier inoculation of
MDA-MB-231/MDRI cells. At the same time of siRNA administra-
tion, we injected docetaxel i.p. into the mice. Because docetaxel at s
dose of 20 mg kg™! in mice slightly suppressed MDA-MB-231/MDR1
tumor growth, we reduced the dose of docetaxel to 7 mg kg,
comresponding to the ICsy value of docetaxel in MDA-MB-231/
MDRI cells, which was 35% of that of MCF7-ADR cells, At a dose
of 7 mg kg™' docetaxel, mice treated with docetaxel alone showed no
significant change in tumor growth. Subsequent tumor development
was monitored by measuring the tumor size for a week. Mice that had
been administered the RPN2 siRNA-atelocollagen complex and doc-
etaxel (7 mg kg™ i.p.) showed a significant inhibition of tumor growth
(day 0, 61 + 21 mm® day 7, 97 + 24 mm”®) relative to mice that had
been administered the control nontargeting siRNA-atelocollagen
complex (day 0, 68 + 9 mm?; day 7, 154 £ 23 mm®) (PFig. 4cd).
The value was statistically significant, with P < 0.002. Tumors treated
with RPN2 siRNA in the absence of docetaxel showed no significant
inhibition relative to control tumors that had been given nontargeting
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Figure 3 Induction of RPN2 and MDR] exp by d i

RPNZ mRNA and MDR1 mRNA expression were analyzed by reai-time
RT-PCR. (a) RPN2 expression in drug-resistant MCF7-ADR celis and
parental drug-sensitive MCF7 cells (n = 3 per group, *P < 0.01).

(b) Expression of RPN2 induced by docetase! treatment in parental MCF7
celis, The data shown are from 48 h alter the trestment (n = 3 per group,
*P < 0.01). (c) MDR 1 expression in drug-resistant MCF7-ADR cells and
parental drug-sensitive MCF7 calls (n = 3 per group, *P < 0.001).

The numbers on the y axis represent percentage (x 10%) of MCF7 cells,
(d) Expression of MDR1 induced by docetaxe! treatment in parental MCF?
cells, The data shown are from 48 h after the treatment (n = 3 per group,
*P < 0.01). Values are means = 5.d.

siRNA or docetaxel alone (data not shown). These results show that
the growth of docetaxel-resistant MDA-MB-231/MDR1 tumors
was suppressed by administration of RPN2 siRNA and docetaxel
Thus, RPN2 silencing is effective for the suppression of tumor growth
in two models for docetaxel-resistant breast cancer in the presence
of docetaxel

RPN2 siRNA delivery augments docetaxel-induced apoptosis
MCF7-ADR tumors treated with RPN2 siRNA were investigated for
apoplotic activity after docetaxel treatment for 3 d. TUNEL staining of
tumor tissue treated with RPN2 siRNA revealed a significant number
of apoptotic cells relative to the number in nontargeting control
siRNA-treated tumors (P < 0.01, Fig. 4¢f). In contrast, RPN2
siRNA-transduced tumors in the absence of docetaxel showed no
marked apoptotic cell death (Fig. 4ef). We have also previously
shown that atelocollagen alone does not induce any cytotoxic or
inflammatory effect when it is injected into mice?, In a subsequent
experiment, the mRNA levels of RPN2 in treated tumors were
measured. RPN2 expression was significantly reduced in mouse
tumors after combined treatment with RPN2 siRNA and docetaxel
(P < 0.05, Fig. 4g). Furthermore, the RPN2 protein abundance in
treated tumors was markedly downregulated by RPN2 siRNA
(Fig. 4h). Thus, these results altogether indicate that RPN2 siRNA
induces wumor inhibition via augmentation of docetaxel-induced
apoptotic cell death in vivo,

To examine docetaxel retention in the tumors in the in vivo
experiment, we performed drug disposition analysis. Eleven hours
after docetaxel administration, we dissected the tumors and deter-
mined the amount of docetaxel incorporated into the tumors by
HPLC with ultraviolet detection at 225 nm after solid-liquid extrac-
tion. We detected docetaxel in tumors that had received RPN2 siRNA
(n =4) at a range of 667 to 1400 ng per wet gram of tissue (Fig. 4i). In
contrast, the tumors that received control siRNA (n = 4) showed a
very low amount of docetaxel (~10 ng per wet gram of tissue).
Thus, the results clearly indicate that sbrogation of RPN2
expression in drug-resistant tumors results in docetaxel accurnulation
in those tumors.

RPN2 siRNA reduces N-linked glycosylation of MDR1
The mammalian RPN2 gene encodes a type [ integral membrane
protein found only in the rough endoplasmic reticulum?®<%. The
RPN2 protein is part of an N-oligosaccharyl transferase complex that
links high mannose oligosaccharides to asparagine residues found in
the N-X-S/T consensus molif of nascent polypeptide chains*’. The
expression of the multidrug transporter P-glycoprotein, encoded by
MDRYI, is one of the causes of clinical drug resistance to taxanes. Real-
time RT-PCR analysis showed that MCF7-ADR cells expressed abun-
dant MDRI mRNA, whereas parental cells did not (Fig. 3c). In
addition, the MDRI mRNA amount was not significantly decreased

NATURT MIDICINT ADVANCE ONILINE PUBLICATION




© 2008 Nature Publishing Group http:/fwww.nature.com/naturemedicine

,uy
-

ARTICLES

>

a b e

Nuntargeirngy
HNA HPNZ sHNA

140 Badcre twatmann Al beatmant
[ § B 5 £
=2 ” ] -3 &
£S 100 ‘- €9
5& 00 & B
E¥ g 28 ° .
£ & . l
8 c 11
3 okl alm 1 L
4 0 i Doe f .
Hentnrgeting FPHE
sHNA afitA

‘f’ e

c & d 8 h Nantargeting RPN WA
B I7] Ctorturgerng Hormamgutey saiA ERE | aatti .
£ 150 SANA | o % e " .
. W RPHZ siRNA 1 &0 z
5 100 g w0 g
£ 1
s g 3
£ 8 w g
o - 4 E

ﬁ"e«“‘f

Figure 4 Delivery of RPN2 siRNA to docetaxel-resistant breast tumors, The effect of RPN2 siRINA was examined in orthotopic breast tumor models.

(a) Reduction of MCF7-ADR breast tumor volume in mice given RPN2 siRNA or control nontargeting siRNA along with docetaxel (n = 6 per group,

*P < 0.01). (b} siRNA-treated MCF7-ADR Lumors in mice belore and 7 d after docetaxel treatment. Scale bar, 5 mm, (c) Growth of MDA-MB-231/MDR1
breast tumor in mice administered RPN2 siRNA or nontargeting siRNA along with docetaxel (n = 6 per group, *P < 0.002). (d) MOA-MB-231/MDR1
tumors in mice 7 d after treatment with sIRNA and docetaxel. Scale bar, 5 mm. (&) TUNEL staining of MCF7-ADR tumor lissues treated with RPN2 siRNAs
or nontargeting siRNAS in the p or ab of Scale bar, 50 um, (f) TUNEL-positive cells were counted and are represented in the graph
(n = 3 per group, *P < 0.01), (g} Expression of RPNZ mRNA in MCF7-ADR tumors treated with RPN2 siRNAs or nontargeting siRNAs (n = 3 per group,
*P < 0.01). (h) Expression of RPN2 protein in MCF7-ADR lumors, HAE staining and RPN2 immunofiuorescence staining (green, RPNZ; blue, nuclei) of
lissues treated with RPN2 siRNA or nontargeting siRNA. Scale bar, 50 um. (i) Docelaxe! retention in MCF7-ADR tumoars in mice treated with RPN2 siRNAs

Tuma (d} ahei tremtmont

or nontargeting siRNAs (n = 4 per group, *P < 0.001). Values are means = s.d.

in MCF7-ADR cells transduced by RPN2 siRNA (Supplementary
Fig. 4 online). For this reason, and to assess the potential involvement
of RPN2 gene overexpression in MDR1 functions, we tested the
glycosylation status of MDR1 protein in MCF7-ADR cells transfected
with RPN2 siRNA. We analyzed the glycosylation patterns by western
blotting of P-glycoprotein, which appears on blots as mature 170-kDa,
immature (partially glycosylated) 150-kDa and unglycosylated
140-kDa bands®®, The 150-kDa immature and 140-kDa unglycosy-
lated P-glycoproteins were clearly found in MCF7-ADR cells with
RPN2 knockdown (90% inhibition of mRNA by real-time RT-PCR
analysis; Fig. 5a). More than 80% of P-glycoproleins were unglycosy-
lated or partially glycosylated in RPN2-silenced cells (composition of
P-glycoproteins, 170 kDa:150 kDa:140 kDa = 18:40:42). In contrast,
MCF7-ADR cells transduced with nontargeting control siRNA
expressed more than half of their P-glycoproteins as170-kDa mature
P-glycoprotein (170 kDa:150 kDa:140 kDa = 52:17:31). This result
showed that RPN2 knockdown inhibits glycosylation of P-glycopro-
teins in MCF7-ADR cells. The western blot of P-glycoprotein, parti-
cularly in cells transduced with RPN2 siRNA, showed ‘smear’ patterns
(Fig. 5a). We speculated that the smear pattern was caused by the
p ce of intermediately glycosylated forms in various sizes. We
treated the cell lysate samples with peptide:N-glycosidase F (PNGase
F) to remove N-glycan chains, which shifted the P-glycoprotein in the
blot from a smear pattern to a 140-kDa unglycosylated protein band
in MCF7-ADR cell lysates. After PNGase F treatment, both nontarget-
ing control siRNA- and RPN2 siRNA-transduced cells showed a
140-kDa unglycosylated P-glycoprotein band (Fig. 5a). This indicates
that the smear pattern resulted from the § liatel

glycosylated P-glycoprotein and that there were a number uf

e of inter

intermediately glycosylated P-glycoproteins in the RPN2-silenced cells
because of inhibition of glycosylation on P-glycoprotein.

We further evaluated the RPN2 siRNA effects on cell surface
P-glycoprotein expression in MCF7-ADR cells by immunofluore-
scence summg. As expected, immunofluorescence staining indicated
that P-glycop was predominantly localized to the cell membrane
in MCF7-ADR cells u-msdumd mrh control nontargeting siRNAs,
whereas the intensity of membrane P-glycoprotein in RPN2-
downregulated cells was considerably reduced (Fig. 5b). Moreover,
retention of rhodamine-123, which is a sub of P-glycoprotei
was strongly enhanced in MCF7-ADR cells transfected umh RP‘N2
siRNA compared to those transfected with nontargeting siRNA
(Pig. 5c). This indicates that downregulation of RPN2 restores drug
retention and inhibits P-glycoprotein function by suppressing the
glycosylation of P-glycoproteins in MCF7-ADR cells.

To further bolster these findings, we performed immunostaining
analysis of RPN2 and P-glycoprotein in MCF7-ADR tumors in mice.
The RPNZ shutdown resulted in a marked disappearance of the
membrane-bound P-glycoprotein (Fig. 5d), an observation that sup-
ports our in vitro findings that RPN2 downregulation by siRNA in
drug-resistant MCF7-ADR cells results in the loss of membrane-
bound P-glycoprotein.

Furthermore, we have examined the status of RPN2 and P-glyco-
prolein in breasl cancer tissues from subjects with RPN2 mRNA high
exprcmon (n = 4) and RPN2 mRNA low expression (n = 4) by

ining. P-glycoprotein was predominantly localized to the
.:ell membrane in the primary tumeor with a strong signal for RPN2,
whereas in the primary tumor with low expression of RPN2,
P-glycoprotein was found in the cytoplasm (Supplementary
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Figure 5 RPN2 siRNA regulates glycosylation ol P-glycoprotein (P-gp). (a) Westem biot analysis shows
the glycosylation stalus of P-gp in MCF7-ADR cells 72 h after lransfection of RPN2 siRNA or control
nontargeting siRNA. Bands migrating at 170, 150 and 14-0 kDa npruenl mature, immature snd

g of P-gp on MCF7-ADR cell
membrane surfaces. Cells were treated with RPN2 siRNA or nontargeting SIRNA for 72 h. Seale bar,

§ pm, (c) Rhodamine-123 retention in MCF7-ADR cells 72 h after transfection with RPN2 siRNA or
control mnl.uw:ns sRNA Scale bar, 5 pm, (d) Localization of P-gp In tumors of MCF7-ADR in mice.
taining ol RPN2 (green) and P-gp (red) are shown, Nuclei are blue (DAPI). a»

unglycosylated forms of Pgp, respectively, (b)

M&pdumqummshwn Scale bar, 5 um,

Fig. 5o,b online). Similar results were observed for other breast
cancer tissues (Supplementary Fig. 5¢).

Thus, these data provide a clear link between the glycosylation
status of P-glycoprotein and RPN2 expression in drug-resistant breast
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siRNA shows very low effidency in gene
silencing in vive, various delivery methods,
such as the use of plasmids and viral vectors
encoding siRNA and the use of lipids, have
been tnvuug.ued ‘We have previously Lhmm
that the I diated
delivery of siRNA n'u',hl be a unique tl.meg;r
for the inhibition of bone-metastatic prostate
tumor growth®, The siRNA-atelocollagen
complex is & nano-sized particle and is stable
in vitro and in vive*'%%, Furthermore, we have
previously confirmed that the atelocollagen
complex shows low toxicity and low immuno-
genicity in vive®34, Tllu-!. an atelocollagen-
disted local or sy delivery
holds great potential for the practical applu::
tion of gene suppression using siRNAs for
cancer therapeutics.

Targeting of P-glycoprotein by small-
molecular compounds, antibodies or both is
an effective strategy to overcome multiple
drug resistance in cancer™, Despite promising
previous studies showing that the inhibition
of P-glycoprotein by pharmacological means
can sensitize drug-resistant cells, the ultimate
goal of restoring drug sensilivity has met with
limited success in dlinical trials. Our results
indicate ll'ul RPNZ is partly responsible for

-glycoy ted drug resistance in
breast cancer and is involved in the regulation
of the glycosylation status of P-glycoprotein.
In fact, downregulation of RPN2 restored drug retention, suggesting
that P-glycoprotein function is inhibited via suppression of the
glycosylation of P-glycoprotein in MCF7-ADR cells. N-glycosylation
has been shown to contribute to the stability of the P-glycoproteins®,

cancer cells, and the disapp of the brane-bound P- and it has been reported that reduced glycosylation results in the
glycoprotein leads to a reversal of the multidrug- resi phenotype.  disapp e of membrane-bound P-glycoprotein, which causes the
loss of a multidrug-resistant pl ype’. Furthermore, multidrug-

DISCUSSION
Cancer rescarchers today are confronted with how to best identify and
ulnndunmgm:mionufnmlemh:urgmforomhgy.a\n
impressive array of | new cellular targets, suitable for ther-
Apeuuc intervention, hu been revealed by the recent completion of the
quencing project. Approaches as varied as transcrip-
uonproﬁhn&pmteumamdtheunulnm;u:ubm;
exploited in the race to select the most promising candidate drug
targets. We tested the feasibility of using atelocollagen-mediated RNAI
delivery in vitro and in vivo to obuin an unbiased evaluation on the
efficacy of a specific siRNA related to drug e inh breast
cancer. We show here that, among genes whose expression was
] ders to docetaxcl, the SRNA designed for

resistant cells are hypersensitive to the N-linked glycosylation inhibitor
tunicamycin, which induces partial inhibition of the glycosylation of
GLUT-1, a glucose transporter, and diminishes GLUT-1-mediasted
transport™., Because the amount of MDR1 mRNA was not signifi-
cantly decreased in MCF7-ADR cells transduced with RPN2 siRNA, it
is predicted that RPN2 inhibition may reduce the glycosylation of
P-glycoprotein, thereby inducing perturbation of its subcellular loca-
lization, inhibition of its protein synthesis and/or acceleration of its
degradation, with MCF7-ADR cells inevitably becoming hypersensi-
tive response to docetaxel. In contrast, the RPN2 protein is part of an
N-oligosaccharyl transferase complex that links to N-glycosylation
nhih'tr. therefore, RPN2 inhibition could affect N-oligosaccharyl

fi function, resulting in impaired glycosylation of the P-

RPNZs@l.ﬁamly, moted doc { apoptosis and cell
growth inhibition of MCF7-ADR human breast cancer cells that
exhibit docetaxel resistance. A dinicopathological study showed tlul
there is a significant association of RPN2 expression with a pathol
response to docetaxel. Most notably, atelowlhgtn mediated in vivo
delivery of RPN2 siRNA significantly reduced the size of orthotopic
MCF7-ADR tumors in mice given docetaxel

In this study, we demonstrated that the atelocollagen delivery
system markedly enhanced the efficiency of siRNA for the inhibition
of RPN2 in mouse tumor models of human breast cancer. Because

glywpmtcms We speculate that RPN2 has a key role in drug-resistant
tumeor cells that overexpress P-glycoprotein and acts as a facilitator,
stabilizing factor or both for N-glycosylation of P-glycoprotein
The coordinated expression of RPN2 and P-glycoprotein may parti-
cipate in the mechanism of docetaxel resistance via the glycosylation
status of P-glycoprotein

However, one group has recently reported that the stability of
P-glycoprotein is regulated by the ubiquitin-proteasome pathway in
multidrug-resistant cancer cells, Furthermore, the P-glycoprotein
must be phosphorylated by protein kinase C (PKC) to effectively
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function as a drug-efflux pump®®, which suggests that PKC is
indirectly involved in the development of the multidrug-resistant
phenotype. More recently, it was revealed that wild-type p53, a
tumor suppressor, may resensitize soft lissue sarcoma to chemo-
therapeutic agents by reducing MDR1 phosphorylation via transcrip-
tional repression of PKC expression®. There is no direct evidence
ofRPNllmhﬂmt\mhlhemmmpuondupmnnfm
Other transy drug resistance are the
mtﬁadmgmmadmmmdmz th!lrrlheu
different populations of multidrug r iated it
family members and ABCG2 are affected by RPN2 huynlo
bednmnwld.
downregulation of multidrug resistance by the introduc-
umofmhﬂkdkﬂﬁshubwnpamd”-"}[monlyym
reversal of the drug-sensitive phenotype of the cells has been obtained.
A possible explanation for this low inhibitory effect is that it was the
result of a long half-life of P-glycoprotein® and the less efficient
delivery of synthetic siRNAs into cells. Although the data are not
shown, we compared the cell growth inhibition by synthetic RPN2
siRNA versus MDRI siRNA in the presence of docetaxel in vitro. At
the mRNA level, the downregulation of RPN2 and MDRI obtained
with the most efficient siRNA was 90% and 80%, respectively. These
results indicate that cell growth inhibition was achieved by both
siRNASs, although RPN2 siRNA showed a stronger growth inhibitory
effect compared to MDRI siRNA. Thus, though it is impossible at the
t to judge whether MDR1 or RPN2 is a more profitable target
for overcoming drug resistance, RPN2 does provide a valuable clue
for making multidrug-resistant breast cancer cells sensitive to anti-
cancer drugs.
The continuing interest in apoptosis among cancer biologists has
been strengthened by the hope that a molecular understanding of cell
death will inform our understanding of cancer drug resistance. In fact,

cell lines both in humans and in mice, and RPN2 expression may
confer cross-resistance to a variety of anticancer drugs.

We previously reported that a group of redox genes is useful for the
prediction of the clinical response to docetaxel in subjects with breast
cancer’, Qur current results indicate that the RPN2 mRNA level
might serve as a predictor of the response to anticancer therapy rather
than as a prognostic factor. The determination of the RPN2 mRNA
level will be useful in the selection of subjects who are likely to benefit
from adjuvant chemotherapy. Furthermore, our animal experiments
suggest that treatment of subjects with a pharmacological agent
that blocks RPN2 expression or function may induce a complete
response to chemotherapeutic drugs. The RPN2 gene may therefore
represent & promising new target for RNAi therapeutics against
multidrug-resistant tumors,

METHODS

Cell culture. Human mammary carcinoma cell lines, MCF7 cells and multi-
drug-resistant MCF7-ADR  cells were provided by Shien-Lab, Medical
Oncalogy, National Cancer Center Hospital of Japan. We cultured MCF?,
MCF7-ADR and MDA-MB-231 (American Type Culture Collection) cells in
mlm(mmwmmlﬂm(mm)th%
COy in a humidified incubator at 37 "C. We d the mouse

tumor cell line EMT6/AR10.0 (Furopean Collection of Cell Cultures), vbﬁ‘h
shows docetaxe! resistance, in MEM (EBSS) with 2 mM glutamine, 1% non
essential amino acids and 10% FBS. The blish of biohumi
MCF7-ADR-Luc cells and docetaxel-resistant MDA-MB-231/MDRI cells is
described in Suppl + Methods online.

Design and synthesis of small interfering RNAs, We designed siRNAs and
lfudntdﬂmm&huaﬂtﬂdquxhud!peﬂryl(ﬂmnm)iu
i based cell fection army. The sRNA

upregulation of antiapoptotic Bel2 family genes has been shown to be
key in tumor malignancy and drug resistance*®4!, Overexpression of
exogenous Bel-xL or Bel-2 suppresses apoptosis'?*®, In our study,
knockdown of RPN2 by siRNA in MCF7-ADR cells selectively down-
regulated mRNA expression of Bl-xL and Bel-w (Supplementary
Fig. 6 online). These results suggest that RPN2 regulates Bel-xL- and
Bel-w—mediated antiapoptosis and may be partly responsible for the
docetaxel resistance of the MCF7-ADR cells, It has already been
reported that apoptosis-based therapies*, such as the downregulation
of Bal-xL expression, Bcl-w expression or both with antisense oligo-
nucleotides, abolish tumorigenicity and enhance chemosensitivity in
human malignant glioma aelll‘-"'" In addition, Bcl-xL and Bcl-w are
upregulated by nuclear factor-xB (NF-xB)*®. Some chemotherapeutic
agents, such as cisplatin and docetaxel, instantly induce the activation
of NF-xB in cancer cells, and the cells become drug resistant®?. In fact,
we found that RPN2 gene expression is also induced by docetaxel
treatment of drug-sensitive MCF7 cells. Therefore, it would be useful
to know whether RPN2 induces the downregulation of Bel-xL and
Bel-w in MCF7-ADR cells by direct association with the NF-xB
signaling pathway.

It is noteworthy that our findings using docetaxel-resistant human
breast cancer cells are commonly found in other multiple cancers.
Cisplatin-resistant human non-small cell lung carcinoma cells recover
their sensitivity to cisplatin by knockdown of RPN2 expression and die
by apoptosis (Y.Y, K.H. and T.O,, unpublished data). In addition,
mouse mammary tumor cells resistant to docetaxel express mouse
Rpn2, and inhibition of Rpn2 results in apoptotic cell death in the
presence of docetaxel (Supplementary Fig. 2e-g). Therefore, RFN2
status is responsible for the drug-resistant nature of multiple cancer

mmldﬂmm“pm:m?m%wm
mmwmtm)mummmw
(Supplementary Methods

Real-time reverse transcription PCR. We purified total RNA from cells and
tumnor tissues with an RMeasy Mini Kit and RNase-Free DNase Set (QIAGEN)
and produced cDNAs with an ExScript RT reagent Kit (Takars). We then
sobjected cDNA sampls to real-time PCR with SYBR Premix Ex Taq (Tukara)
and specific pri (5o y Methods). We carried out the reactions
|n|l.l;h(.§dﬂ{hbtbﬂgw.ia) Wlmtm.lindwmudmhﬁby
HPRT1 or ACTB. The cell-direct RT-PCR method is described in

the Supplementary Methods.

Atelocollagen-mediated RPN2 small interfering RNA delivery in vive. We
pubmdmchhmﬂhwwﬂ:muﬂhﬂnpdﬂmdﬂu
Institute for Lab R h at the National Cancer Center
Rum:hlmﬂmofhpm“&umdlmdoldlmﬂtuhﬁﬂknmhmh
(CLEA Japan) to g h breast cancer model We
injected 1.0 x 107 MCF7- ann cells or MDA-MB-231/MDR) cells suspended
in 100 pl sterile PBS into the fat pad When the tumor grew to approximately
Smminmmwmmmﬂﬂmmw

Preparati dlhﬂN&-Mnmpﬂu
described in the Suppl ¥ Methods. Simul Iy, we i
Mlpluumu%hmdmmmhmwdmmwa
and RPN2 protein at 24 b and 72 h after treatment, respectively.

TUNEL technique. We harvested tumor tissues 72 h after administration of
siRNA and prepared frozen sections. We then performed TUNEL staining with
an in situ Cell Death Detection Kit, Fi nntnnduf" ics) di

to the manufacturer's pmiocol. We stained the nuclei with DAPL We
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ctermined the number of ff pasitive cells in three microscopic fields
of each section by fluorescence microscopy.

Docetaxel dispasition in tumors. We studied drug disposition of docetaxe] in
mnmhmﬁhmmummﬁw
here®, Eleven hours after i.p. sdministration of

muk(‘w-nmummmmm
complex snd then analyzed the docetaxel sbundance in the tumor.

of small interfering RNA. We carried out transfection of MCF7-
mum«mu«&-&hmwm—m: (Mm)

sl a2
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3. Formanti, SC. of al. Precperative twice-sweidy i
tharapy lollowsd by surgery and postopasative damrubicn besed in
locally sdvanced bieast cancan A phase 1A trisl. J. Clin. Oncol. 21, 864-870 (2003)

lor improvement of
review. Br J. Cancer 80, 173-177
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rancer: s tevew of clmicsl Oncokegist 8, 24-32 (2004).
6. mstqdmmlumdwmmﬁmm

and TransIT-TKO (Mirus), respectively 1§ to the manuf
r .m-.l lu.;‘:

Antibodies. We used RPN2-specific antibody (H300, Santa Cruz Biotechnology)
and MDR-specific antibody (G-1, Santa Cruz Biotechnology). We visualized
nﬁgﬁhﬂuh!ﬂ(ﬂdﬂhh&ﬁl“ﬁm
Py : y (Olympus) for ob tea of
Mﬂd cells, The mdm blotting and
immunofiuorescence staining are described in the Supplementary Methods.

Rhodamine-123 retention assay. We washed cells once with prewarmed
Opti-MEM | medium (37 *C, Gibeo BRL) and incubated the cells for
nﬂn”thhﬁﬁ-\lﬂ!luﬁmmﬂdqlamm

wnce. Eur J. Cancer 38, 1431-1439(1

8 , MM, Pastan, | & SN Py ten and drug ress
tance. Curr. Opin. Ganet. Dew. 8, 610-617 (1996).

9. Dusn, 2., Brakom,

nddll' in
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with Mcﬂﬂ
cells. Oncol. Rep. 13, 983-G88 (2005).
14, S, Testi, R., Guesrini, F, Fazzi, R, & Patrini, M. The clinical relevance of

123. We then d the rhodami lution from the ilul
mwwmﬁmmmmlmmm
the cells for fi of hodamine-123 under fl oY

Human samples. The study protocol for clinical samples (results presented in

Table 1) was approved by the Instiutional Review Board of Osaka University
Medical School, and written infe d was abtained from each subject
(Supplementary Note).

Statistical Iy We Al bysis by bsis of
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variance with the Student's t-test. We considered 2 P value of 0.05 or less 2
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LETTERS TO THE EDITOR
—

$-1 Treatment for
Chemorefractory
Thymic Carcinoma

To the Editor:

Thymic carcinoma is a rare and in-
vasive mediastinal neoplasm that often
metastasizes. Recently, Yano et al' re-
ported in this journal that unresectable
thymic carcinoma has an extremely poor
prognosis. In addition, the treatment op-
tions for unresectable thymic carcinoma
are extremely limited because of the lack
of evidence about effective treatments
even in the first-line setting. We describe a
case of unresectable thymic carcinoma
that showed good response to S-1 treat-
ment after failure of prior chemotherapies.

A 67-year-old man with unresect-
able thymic carcinoma was admitted to
our hospital for fourth-line treatment.
The patient had been well until 3 years
earlier, when he developed persistent
chest discomfort. A chest computed to-
mography (CT) at that time revealed an
anterior mediastinal mass along with mul-
tiple pulmonary nodules; a computed to-
mography guided biopsy of the anterior
mediastinal mass revealed a tumor com-
posed of large-sized atypical epithelial
cells arranged in nests and separated by
abundant connective tissue. Immunohis-
tochemical analysis showed tumor cell
positivity for CD5 and AE1/3. The find-
ings were consistent with a diagnosis of
thymic squamous cell carcinoma, stage
IVb (Masaoka's staging system). The
patient was treated with multiple chemo-
therapy regimens, including carboplatin
with paclitaxel, amrubicin, and gemcitab-
ine; the best objective tumor response was
stable disease as assessed by the Response
Evaluation Criteria in Solid Tumors. The
tumor regrew after the treatments, neces-
sitating additional palliative treatment.
Therefore, S-1 was administered orally
after meals at a dose of 40 mg/m? twice

Disclosure: The authors declare no conflicts of mtorest.
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Before S-1 treatment
FIGURE 1.

daily. Each course consisted of consecu-
tive administration of S-1 for 28 days,
followed by a 14-day drug-free interval.
The treatment was continued until disease
progression or appearance of prohibitive
toxicity. Grade two thromboeytopenia and
grade two nausea were noted (National
Cancer Institute-common toxicity criteria
version 3.0). In regard to the tumor re-
sponse, the mediastinal tumor markedly
shrank in size and the pulmonary metas-
tases disappeared, partial response was
obtained after the second course (Figure
1). At present, 8 months after the start of
treatment, the patient remains well with
maintained partial response status,
Although some chemotherapeutic
agents including pemetrexed or gefitinib
have been recently reported to be effective
against pretreated thymic carcinoma, the
response rate to these treatments remains
low (18 and 4%, respectively).?? S-1
(TS-1; Taiho Pharmaceutical, Tokyo,
Japan) is a new oral anticancer agent
that contains a mixture of the 5-FU pro-
drug tegafur and two enzyme inhibitors,
5-chloro-2,4-dihydroxypyridine and po-
tassium oxonate, al the molar ratio of
1:0.4:1.5. S-1 has been reported to be
effective in the treatment of various
solid tumors, including gastric cancer,
colon cancer, and non-small-cell lung
cancer.** The anticancer activity of 5-FU
has been reported to be closely related to

7 months after S-1 treatment
CT findings obtained before and 7 months after 5-1 treatment.

the intratumoral expression of thymidylate
synthase and dihydropyrimidine dehydro-
genase.® Although the precise expression
profiles of these enzymes in thymic cell
carcinoma have not been determined yet,
S-1 might show favorable anticancer ac-
tivitics, as in this case. Further clinical
studies are needed to confirm our result.

Akira Ono, MD

Tateaki Naito, MD, PhD
Nobuyuki Yamamoto, MD, PhD
Division of Thoracic Oncology
Shizuoka Cancer Center

Shizuoka

Japan
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Soluble interleukin-2 receptor retains prognostic value
in patients with diffuse large B-cell lymphoma receiving
rituximab plus CHOP (RCHOP) therapy
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Background: Soluble Intereukin-2 recaptor (SIL-2R) Is known to be a prognostic paramater in patients with diffuse
large B-cell lymphoma (DLBCL) receiving cyclophosphamide, doxorubicin, vincristing and prednisone (CHOP) therapy.
However, ils prognostic value has nol been well known since Lhe introduction of rituximab,

Patients and methods: We retrospectively evaluated the prognostic impact of SIL-2R in 228 DLBCL patients,
comparing 141 rituximab-combined CHOP (RCHOP)-treated palients with 87 CHOP-treated palients as a historical
control.

Results: Patients with high serum SIL-2R showed signilicantly poorer event-free survival (EFS) and overall survival
{0S) than patients with low SIL-2R in both the RCHOP group (2-year EFS, 86% versus 92%, P < 0.001; OS, 82%
versus 95%, P = 0,005) and the CHOP group (2-year EFS, 40% versus 82%; OS, 61% versus 90%, both P < 0.001).
Multivariate analysis including the five parameters of International Prognostic Index (IP1) and two-calegorized IP)
revealed Ihal SIL-2R was an independent prognostic factor for EFS and OS in the RCHOP group as well as in the
CHOP group.

Conclusions: Our results demonstrate that SIL-2R retains its prognostic value in the rituximab era. The prognostic
value of SIL-2R in DLBCL patients receiving rituximab-combined chemotherapy should be reassessed on a larger
scale and by long-term follow-up.

Key words: diffuse large B-cell lymphoma, rituximab, soluble interleukin-2 receptor

SIL-2R is the soluble form of interleukin-2 receptor (IL-2R).
IL-2R is expressed on the cell membrane of lymphocytes and
plays important roles in their activation and proliferation [9].
It is composed of at least three glycoprotein chains: e (55 kDa),

introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common
subtype of non-Hodgkin's lymphoma [1]. It takes an

aggressive clinical course and comprises a heterogeneous
group of lymphomas in terms of morphology, phenotype,
molecular biology and clinical behavior. Up to now, the
International Prognostic Index (IPI) has been the most
widely used predictive model for patients with DLBCL
treated with cyclophosphamide, doxorubicin, vincristine
and prednisone (CHOP) [2]. On the other hand, soluble
interleukin-2 receptor (SIL-2R) has also been investigated

as a prognostic factor, and several studies have
demonstrated that a high level of SIL-2R before treatment is
associated with both a low remission rate and poor prognosis
[3-8].

- for Dr Kiyohikn Hatnke, D of Medical Oncology and
Hematology, Cancer instilule Hosgital, 3-10-8 Ariaka Kolo-hu, Tokyo 135-8550, Japan.
Tot: +81-3-3520-0111; Faxc +61-3-3670-0343; E-mal: khalakoBijicr o jp

B (75 kDa) and y (64 kDa). Each subunit is able to bind to
the ligand independently with either low (IL-2Ra) or
intermediate (IL-2R{ and y) affinity. It is now possible to
examine the expression of the soluble-type a subunit [10], The
soluble IL-2Ra chain is induced and expressed only after
mononuclear cell (T cell, B cell, monocyte, and natural killer
cell) activation [11, 12]. Therefore, activated T and B cells have
clevated levels of SIL-2R.

Although the CHOP regimen has been the mainstay of
treatment for aggressive lymphomas for several decades [13],
treatment outcome has significantly improved with the
introduction of rituximab (an anti-CD20 chimeric antibody)
in both young and elderly patients [14-17]. Since the
introduction of rituximab, several prognostic factors have been
reevaluated. Schn et al. [18] recently reevaluated five prognostic

© Tha Author 2008. Publishad by Oxford University Press on behall of the European Society for Medcal Oncology.,
All nghts reserved. For pormissions, pleass emal; joumals permissions@oxdordioumals. o

490



icle

origine

factors and demonstrated that the [Pl remained predictive; they
proposed a revised [Pl in which DLBCL patients are classified
into very good (no Pl risk factors), good (one to two risk
factars) and poor (three to five risk factors) categories. In
contrast, BCL2, BCL6 and ir histochemically defined
germinal center (GC) phenotype have béen reported 1o have no
prognostic value when rituximab is added to chemotherapy
[19-24]. Other clinical factors or biomarkers identified in
patients receiving CHOP therefore need to be reassessed in
putients treated with CHOP combined with rituximab.

Up to now, the prognostic value of SIL-2R in RCHOP has
not been investigated. The aim of the present study was to
retrospectively reassess the prognostic value of SIL-2R in
DLBCL patients receiving RCHOP as compared with CHOP
alone and to investigate whether or not this factor still
influences the outcome of DLBCL.

patients and methods

patient characteristics

In the present study, we reviewed the medical records of patients with
C120- positive DLBCL who received CHOP with or withoul rituximab as
a first-line therapy at the Cancer Institute Hospital from january 2000 to
December 2006 and were followed until January 2008, The study protocal

and ssmpling were approved by the | | Review Board of the
Cancer Institute Hospital, Inf d for pective snalysis and
ditional i I ¥ lysis and gene studies was

obtained,

Patients were analyzed if they were older than 18 years and had
a petformance status (PS) of zero 1o three according to the criteria of
the Ealmpm Cooperative Onmhg Group. P;llmill were excluded if they
had i y rel cardiac d. of § y for antibodies against
HIV-1 or 2. Patients with primary mediastinal hrp B-cell lymphoma,
primary CNS lymphoma and primary testicular lymphoma were also not
included in this study.

The dissase stage was evaluated according to the Ann Arbor staging
spstem, All had staging i & ln:ludlrls
physical mlmnnunn.l. blood and serum bone
and biopsy and computed Iuﬂn;ﬂph;r of the neck, chest. -hdum:n and
pelvis. Magneti wis used for evaluation of involved
organs in the head and neck. The following clinical and laboratory data
were available at the time of disgnosis: age, sex, serum loctate
level, PS, of B symy clinical stage and number
of dal sites. This allowed the IP] scores to be determined in the
studied patients. Patients were categorized into either a low-risk group (IP1
score, 0-2) or & high-risk group (1Pl score, 3-5). Response to initial therapy
was evaluated sccording 1o the Cheson criteria [25].

: '

Bk

treatment
In both the CHOP and RCHOP groups, CHOP chemotherapy was given
triweekly at o standard dose. Patients wilh stages [B-1V received six cycles,
and patients with stage IA three cycles, of CHOP chematherapy followed by
y for the i d field. After incorporation of rituximab into
the CHOP regimen in February 2004, patients were treated with RCHOP
o in which i b wis d ar a standard dose of 375
mg/m’ once weekly for B weeks concurrently with triweekly CHOP, as
described previously [26],

TN

chemical studies
The serum S1L-2R levels were ds d using a Hinked
immunosorbent assay kit {Cell-free Interleukin-2 Receptor Test Kit, T Cell

Py
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Science, Cambridge, MA) using two mAbs againgt disting two different
epitopes of the p5$ alpha-chain of the IL 2R complex. Serum SIL-2R was
considered “high® when higher than the median and ‘low’ when lower than
the median,

pathological studies

Biopsy samples collected before treatment were fixed in formakin,

mlbﬂltkd in paraffin, sticed and simined with hemaioxylin and eotin for
phologs lysis. For d is of DLBCL, | histochemical

snalysiz was cartied oul using the dextran-polymer method (EnVisions,

Daho. Clostrup, Denmark) with mAbs againut CIIS, CDI0, C1220, Ki67,

2, BCL6 and MUM1 in most cases and with Cyclini to exclude the
pmdbiutruhphumplmmamn{mmkmﬂlpmm the

ymph was CD5 p Patients with a small-cell component
plying fe from low. gradefindolent B.cell lymph were
cluded, All the were d by an expert hematopathologist
(KT).

statistical analysis

Basic characteristics of the CHOP group and RCHOP group were
compared by Fisher's exact test. Event-free survival (EFS) was ukuhttd
from the date of diagnesis to the date of d d disease p

relapse or death from any cause or 1o the stopping date. Overall mnriul
(OS) was calculated from the date of diagnosis until death fram any cause
or the last follow-up, If the stopping date was not reached, the data were
censored at the date of the last follow-up evaluation. Survival curves
were gstimaied by the Kaplan-Meier method, and overall differences were
compared by the log-rank test. Log-rank test was carried out according

to SIL-2R, iwo-categorized IF1 for the two treatment groups. To estimate
the unbiased prognostic impacts of $IL-2R on EFS and OS, Cox

i lysis was applied. First, we conducted univariate
Clunulpu for S1L-21, all 1P1 factors and dichotomized IP1 and then we
carried out fate Cox analysis adjusted for SIL-2R and each of
the IPI risk factors, with final ndpmmml for SiL-2R and dichotomized IPL.
Only factors that were sssociated with at beast a trend toward significance
in the analysis ( d P value <0.20) wese evaluated in
the multivariate model. We set £ <0.05 ax the level of statistical significance.

1 havand

1

Data were analyeed using SPSS soft version 1.0 for Windows (SPSS,
Chicago, IL).

results

patient characteristics

A total of 228 patients were analyzed, of whom 87 (38.2%)
were given CHOP and 141 (61.8%) were given RCHOP. The
median SIL-2R was 1005.5 mg/dl (range 220-35 600}, and
high SIL-2R was observed in 114 (50.09) patients: 40 of 87
(16.09%) in the CHOP group and 74 of 14] (52.5%) in the
RCHOP group. There was no significant difference in the
proportion of high SIL-2R patients between the two treatment
groups. The characteristics of the patients are listed in Table 1.
Patient and disease characteristics were well balanced between
the groups.

survival analysis

With median follow-up periods of 30 months in the
RCHOP group and 44 months in the CHOP group, EFS
rates at 2 years were 78% and 65%, respectively (P = 0.030),
and OS rates a1 2 years were 89% and 81%, respectively

(P = 0.040).
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Table 1. Patients’ characteristics according to serum SIL-2R level for CHOP and RCHOP group

original article

No. of patients (%) 87(100) 47 (54) 40 (46) 141 (100) 67 (48) 74 (52)

Sex, no. (%) @41
Male 50 (57) 27 (57) 23 (58) 72 (51) 27 (40) 45 (61)
Female 37 (43) 20 (43) 17 (42) 69 (49) 40 (60) 29 (39)

Age, no. (%) 052
<60 24 (28) 13 (28) 11 (28) 45 (32) 29 (43) 16 (22)
>60 63 (72) 34 (72) 29 (72) 96 (68) 38 (57) 58 (78)

LDH, no. (%) 054
Normal 29 (32) 22 (35) 7(17) 68 (48) 45 (67) 23 (1)
High 58 (68) 25 (65) 33 (83) 73 (52) 22 (33) 51 (69)

PS, no. (%) 0.8
0-1 77 (89) 44 (94) 33 (83) 127 (90) 66 (98) 61 (82)
2-3 10 (11) i(6) 70(17M) 14 (10) 1(2) 13 (18)

Stage, no. (%) 073
Lu 55 (63) 40 (85) 15 (38) 93 (66) 57 (85) 36 (49)
m, v 32 (3 7(15) 5 (72) 48 (34) 10 (15) 38 (51)

Extranodal sites, no. (%) 084
0,1 &7 (77) 43 (91) 24 (60) 106 (75) 63 (94) 43 (s7)
2 20 (23) 4(9) 16 (40) 35 (25) 4(6) 31 (43)

1P, no. (%) 086
L1 60 (69) 40 (85) 20 (50) 100 (71) 63 (94) 37 (s0)
H/H-1 27 (31) 7018) 20 (50) 41 (29) 4(6) 37 (500

SIL2R, soluble interleukin-2 receptor; CHOP, cyclophosphamide, doxorubicin, vincristine and p RCHOP, i L bined CHOP; LDH,

lactate dehydrogenase; 'S, performance status; 1P), International Prognostic Index; L/L-1, low or low-intermediate; H/H-1, high or high-intermediate; high

SIL-2R; SIL-2R >1000 U/mi, low SIL-2R; 51L-2R 51000 U/ml.

For CHOP therapy, the EFS and OS rates at 2 years were
8296 and 93% for low SIL-2R and 43% and 65% for high
SIL-2R, respectively, The differences in both the EFS and OS
rates between the two SIL-2R levels were significant (both
P < 0.001) (Figure 1A and B). In the RCHOP group, the
EFS and OS rates at 2 years were 90% and 95% for low SIL-2R
and 66% and 84% for high SIL-2R, respectively, The
differences in both EFS and OS rates between the two SIL-2R
levels were significant (EFS, P < 0.001; OS P = 0.005) (Figure
1C and D),

To study the impact of rituximab on the predictive value,
we examined the clinical outcome according to treatment
in the SIL-2R low and high groups. The patients with high
SIL-2R who received RCHOP therapy had a significantly
better OS at 2 years than patients treated with CHOP alone
(849 versus 65%, P =0.020), The EFS at 2 years was estimated
to be 66% for the RCHOP group and 43% for the CHOP
group (P = 0.010). For the patients with low SIL-2R, the
influence of rituximab on OS and EFS was not significant (OS5,
93% versus 95%, P = 0.310; EFS, 82% versus 90%, P = 0.160)
(Table 2).

For comparison with this parameter, we analyzed the survival
curves according to the IPI in both treatment groups. The EFS
and OS rates at 2 years were 35% and 59% for high or hlgh
intermediate [Pl and 77% and 91% for low or low-i

were 58% and 80% for high or high-intermediate [PI and 86%
and 94% for low or low-intermediate [PI, respectively, in the
RCHOP group. Again, the differences in the EFS and OS rates
were significant (P < 0.001 and P = 0.004, respectively).

To estimate unbiased prognostic impacts, Cox univariate
analysis showed that a high SIL-2R level, high PS, advanced
stage, multiple extranodal sites and high or high-intermediate
risk of IPI were associated with poor EFS and OS in both
treatment groups (Table 3), In the second step, Cox
multivariate analysis showed that only SIL-2R was significantly
associated with a higher risk of event and that SIL-2R and
PS§ were independently associated with poor OS in bath
treatment groups (Table 4). Finally, SIL-2R was a significant
risk factor for EFS and a borderline risk factor for OS in both
the CHOP and RCHOP groups (P = 0.060 and 0.070,
respectively), whereas IPI was a significant risk factor for EFS
and OS in the CHOP group and a borderline significant risk
factor for EFS and OS (P = 0.070 and 0.080, respectively) in the
RCHOP group (Table 5).

discussion

Although SIL-2R is easy to measure, its prognostic value has
been und:rcsunmcd due to its evaluation in smaller
lations than those for other parameters, such as IPI [2].

1PI, respectively, in the CHOP group. The differences in
both EFS and OS rates between the two IPI groups were
significant (both P < 0.001), Similarly, the EFS and OS rates
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The SIL 2R level was reported to be significantly high in highly
aggressive lymphomas (6] and subsequently was recognized to
reflect tumor burden and poor outcome [3-8]. However, these

doi:10.1093/annonc/mdnB77 | 3
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Figure 1. Event-free survival (EF5) and overall survival (OS) curves for diffuse large B-cell lymphoma patients treated with cyclophosphamide,

and §

(CHOP) and rituximab-combined CHOP (RCHOP) in

2 (SIL-2R). EFS

to soluble i

(A) and O5 (B) curves nccording to low (i = 47) versus high (n = 40) SIL-2R in the CHOP group. EFS (C) and OS (D) curves according to low (n = 67)

versus high (n = 74) SIL-2R in the RCHOP group.

Table 2. Analysis of 2-year survival rate according to CHOP and
RCHOP therapy in both SIL-2R groups

2-year survival

EFS (%) 8 %0 0.160 43 66 0.0010
0S (%) 93 95 0310 65 84 0.0020
C.HOP.L,'".L h ids bici IM' s

RCHOP, rituximab-combined CHOP; SIL2R, soluble intereukin-2
receptor; EFS, event-free survival; 08, overall survival.

results were obtained in patients receiving chemotherapy, and
the prognostic value of SIL-2R has not been assessed in
rituximab-combined treatment

In the present study, univariate analysis showed that SIL-2R
retained its prognostic value in DLBCL patients treated with
RCHOP, as well as in those receiving CHOP alone. Multivariate
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analysis also showed that SIL-2R was an independent
significant prognostic factor after adjustment for IPI risk factors
and independently associated with significantly decreased EFS
and moderately decreased OS after adjustment by two-
categorized IP| in both the CHOP and RCHOP groups. On the
other hand, the clinical outcome of patients with high SIL-2R
was significantly improved by addition of rituximab to the
chemotherapy, in contrast to the lack of any difference in the
patients with low SIL-2R. To our knowledge, this is the first
report to demonstrate the prognostic value of SIL-2R in
DLBCL patients treated with rituximab-combined
chemotherapy.

Although the present study was not a randomized
prospective one, and possibly biased by factors other than [PI
and SIL-2R, the distribution of baseline characteristics,
including IP1 factors, was similar between the two treatment
groups. On the other hand, the population employed in the
present analysis had more limited disease and a favorable
IPI score compared with those in previous studies of DLBCL
[13-17]. This might account for the better outcome of our
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Table 3. The effects of clinical factors on EFS and 05 in CHOP by Table 3. (Continued)
univariate analysis using Cox proportional hazard model

HI L VAR HRL TSN Gl P loe Stage

CHOP Lu 1.00
EFS SIL-2R i, w 34 1.64-7.11 0.001
Low 100 Extranodal sites
High 430 1.94-9.74 <0.001 0-1 1.00
Age <« 343 1.67-7.03 <0.001
<60 1.00 1Pi
>60 1.48 0.64-3.46 036 LiL-1 1.00
LDH H/H-1 3.40 1.82-6.25 <0.001
Narmal 1.00 os SIL-2R
High 265 0.80-8.74 0.11 Low 1.00
Ps High 6.42 1.45-2845 0.01
0-1 1.00 Age
-3 4.10 1.64-10.25 0.003 60 1.00
Stage >60 3.50 0.79-15.52 0.10
Lu 1.00 LDH
n, v s 1.79-7.83 <0.001 Normal 1.00
Extranodal sites High 1.69 0.58-4.97 034
01 1.00 Ps
2 324 1.54-681 0.002 0-1 100
Pl 23 5.97 2.03-17.54 0.001
UL 1.00 Stage
HIH-1 3w 1.91-825 <0.001 1,0 1.00
0s SIL-2R L, v 246 0.89-6.79 0.08
Low 1.00 Extranodal sites
High 5.64 1.84-17.23 0.002 0-1 1.00
Age =2 65 0.96-7.33 0.06
<60 1.00 1PL
>60 220 0.64-7.61 021 L1 1.00
LDH H/H-1 4.03 143-11.34 0.08
Normal 100
High 471 0.63-35.41 013 EFS, event-(ree survival; OS, overall survival; CHOPR, cyclophiosphamide,
Ps doxorubicin, vincristine and predni RCHOP, rituximab bined
0-1 1.00 CHOP; HR, hazard ratio; Cl, confidential interval; SIL2R, soluble
23 7.8 244-21.13 <0.001 interleukin-2 receptor; LOH, lactate dehydrog PS5, perfe
Stage status; 1P, [oternational Prognostic Index; L/L-1, low or low-intermediate;
Lu 1.00 H/H-1, high or high-intermediate.
n, v 313 1.92-13.81 0,001
Rannodsl eeg patients than for those in previous reports such as that by
;1 ::';: \ésaaee oo Coiffier et al. [14] who observed 2-year survival rates of
1 70% and 57% in clderly patfenta treated with RCHOP and
L 1.00 CHOP, respectively, Even with tl_lc excellent outcome we
HH vag AT i observed, however, the prognostic value of SIL-2R was
RCHOP significant and greater than that of other IPI risk factors,
EFS SIL-2R To allow our present results to be generalized to routine
e iy patient care, these findings should be validated in a variety
High 420 1.72-10.33 oome  ©f patient populations,
Age A number of prognostic markers have been identified in
<80 1.00 patients with DLBCL treated by chemotherapy alone [19-21],
>60 1.38 0.61-3.11 0.44 some of which have been reassessed and shown not to be
LDH associated with prognosis in patients receiving rituximab-
Normal 1.00 combined chemotherapy [22-24]. BCL2 overexpression was
High 141 0.68-2.93 0.35 reported to be associated with poorer survival in patients
Ps treated with CHOP-like regimens [19], but its prognostic value
01 1.00 was not confirmed in patients receiving rituximab-combined
23 162 1.35-8.46 0.003 chemotherapy in several studies, indicating that addition of

rituximab overcomes the negative influence of BCL2
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Table 4. Mul tate Cox prog | hazard regressi lysis for
SIL-2R and IP] risk factor in both treatment groups

CHOP

EFS SiL-2r

Low 1.00

High b5 ] LOS-7.04 o

Ps

o 1.00

-3 1 0.73-6.14 0T

Stage

Lu 100

v 1 065509 02s

Extranodal sites

-1 1LoG

2 Lo% 0.38-3.10 0x7
0s SIL-2m

Low 1.00

High 153 1.03-1295 oS

LDH

Mormal L.oo

High LE 1] 0.40-25.51 0

Ps

0-1 .00

=3 360 0.98-13.20 ons

Stage

Ln 1.00

i, v 2.00 0.51-7.87 0.2

Extranoda! sites

-1 100

< 085 0.22-083 oA
RCHOP
EFS SIL-2R

Low 1.00

High 265 101-7.30 aus

Ps

01 L.oo

=3 166 062442 (L]

Stage

L 100

i, v 169 055442 018

Extrarodal sites

o 1.00

2 1.3 0.30-3.67 s
os SiL-2r

Low 1.00

High 509 1.00-25.88 0.0%

Age

<50 1.00

=60 245 054-11.7 oM

]

-1 1.00

2 449 LIS-17.45 an

Stage

Lu 1.00

i, v 1.02 023445 098

Extranodal sites

-1 1.00

2 a0 0.15-3.39 058
SIUR miuhle mldlruim 2 recep 1P, I Prognostic Index;
CHOP, cydophosg i bicin, vincristine and prednisong HIt,

haxard ratio; C1, confidential interval; EFS, event-free survivak PS,
performance status; OS, overall survival; LDH, lactate dehydrogenase;
RCHOP, rituximab-combined CHOP,
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Table 5. Multivariate Cox propottional hasard analysis for SIL-2R and
categorized 1] in both treatment groups

CHOP
EFS SIL-2R

Low 1.00

High 198 1.22-7.29 0.01

Pl

Wil 1.00

H/H- 147 L1547 0.02
os SIL-2R

Low 100

High m 0.93-1041 0.06

141

LiL-1 1.00

HH- 4.66 1.60-13.58 0.005
RCHOP
EFS SIL-2R

Low 1.00

High 3.00 1.12-8.07 oo

1

L1 1.00

HH-1 206 0.934.57 0.07
0§ SIL-2R

Low 100

High 430 0.85-21.91 0.0

1Pl

UL 1.00

HiH- 4.16 0.80-6.69 0.08
SIL2R, Iﬂ'!ﬂﬂe leukan-2 ¥ "'l International Prognostic Index;
CHOP, cyclophosphamide, d incristine and pred HR,

hatard ratio; Cl, confidential interval; EFS, event- fm lumul, QS, overall
survival, LOH, lactate dehydrogs RCHOP, rituximab-combined
CHOP; /L1, low or low- mlumrdia!r HIH-1, high or high-imermediate.

overexpression [24]. BCL6, a marker of germinal center
derivation, has been identified as an indicator of favorable
outcome in DLECL [20], although outcame in patients
receiving immunochemotherapy was reported o be
uninfluenced by BCL6 status [22]. Similarly, no correlation
b i histochemically defined GC phenotype and

immun
survival rate was observed in patients receiving
immunochemotherapy [21], in contrast lo previous findings
of inferior outcomes in non-GC patients relative to GC patients
in the prerituximab era (23], Up to now, no marker other than
[PI has been found to be of prognostic relevance since the
clinical introduction of rituximab.

The mechanism by which rituximab added to chemotherapy
improves outcome in relation to biological features has been
evaluated in several studies. They showed that rituximab may
suppress the constitutively active nuclear factor-kappa B
pathway in non-GC phenotype DLBCL or downregulate Bel-2-
related antiapoptotic proteins, thereby increasing the sensitivity
of lymphoma cells to chemotherapy [27-29). These effects of
rituximab may reduce the prognostic significance of the non-
GC phenotype and BCL2. Although the mechanism by which
SIL-2R retains its prognostic value after addition of rituximab
to chemotherapy is unknown, SIL-2R may directly represent
the tumor burden [7, 8].
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