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ARTICLE INFO ABSTRACT

Article history: a-Helical peptides, such as T-20 (enfuvirtide) and C34, derived from the gp41 carboxyl-terminal heptad
Received 7 July 2008 repeat (C-HR) of HIV-1, inhibit membrane fusion of HIV-1 and the target cells. Although T-20 effectively
Received In revised form 19 August 2008 suppresses the replication of multi-drug resistant HIV variants both in vitro and in vivo, prolonged ther-
Accepted 22 August 2008

apy with T-20 induces emergence of T-20 resistant variants. In order to suppress the emergence of such
resistant variants, we introduced charged and hydrophilic amino acids, glutamic acid (E) and lysine (K), at
the solvent accessible site of C34, In particular, the modified peptide, SCI34EK, demonstrates remarkably

Available online 10 September 2008

:?\;‘“’"" potent inhibition of membrane fusion by the resistant HIV-1 variants as well as wild-type viruses. The
Fusion activity was specific to HIV-1 and little influenced by serum components. We found a strong correla-
Peptide tion between the anti-HIV-1 activities of these peptides and the thermostabilities of the 6-helix bundles
Inhibitor that are formed with these peptides, We also obtained the crystal structure of SC34EK in complex with
a-Helix a 36 amino acid sequence (N36) comprising the amino-terminal heptad repeat of HIV-1. The EK sub-
stitutions in the sequence of SC34EK were directed toward the solvent and generated an electrostatic
potential, which may result in enhanced a-helicity of the peptide inhibitor. The 6-helix bundle complex
of SCI4EK with N36 appears to be structurally similar to that of C34 and N36. Our approach to enhanc-
ing a-helicity of the peptide inhibitor may enable future design of highly effective and specific HIV-1

inhibitors.
© 2008 Elsevier Ltd. All rights reserved
1. Introduction carboxyl-terminal heptad repeat (C-HR) in an antiparallel orien-

Enfuvirtide (T-20), which has been clinically approved as the
first fusion inhibitor of HIV-1, is derived from a 36 amino acid
region of the carboxyl-terminal heptad repeat (C-HR) of gp41, an
HIV-1 transmembrane envelope glycoprotein, which plays central
role in the fusion of HIV-1 with host cells. T-20 prevents the forma-
tion of a 6-helix bundle, which is comprised of a trimer of dimers
formed from the amino-terminal heptad repeat (N-HR) and the

= Corresponding author av: 53 Kawaramachi Shogoin, Sakyo-ku, Kyoto 606-8507,
Japan. Tel.: +81 75 751 3986; fax: +81 75 751 3986
E-mail address: ekodama@virus kyoro-uac jp (E Kodama)

1357-2725/5 - see front marter © 2008 Elsevier Lrd. All rights reserved.
doi; 10,1016/ bioce| 2008 08 039

tation. Six-helix formation by physiological gp41 enables host cell
and virus membranes to contact and fuse, enabling the virus entry
into the cells. Therefore, inhibition of the formation of this 6-helix
bundle prevents fusion of HIV-1 and targeted host cell membranes
(Derdeyn et al., 2000: Wild et al., 1992). Notably, T-20 effectively
suppresses the replication of HIV-1 variants, which are resistant
to multiple reverse transcriptase and protease inhibitors, and has
been used in the optimized regimens for HIV-1-infected patients
harboring multi-drug resistant HIV-1 variants (Lalezar et al., 2003:
Lazzarin et al,, 2003).

Emergence of T-20-resistant HIV-1 was reported not only in
patients receiving T-20 monotherapy in a phase | clinical trial (Wei
er al,, 2002), but also in patients treated with a combination of T-20
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Fig. 1. Helical wheel representation of the 6-helix bundle structure and the design of SC34EK. (a) Amino acid residues at positions 3, d, e of (34 are interactive sites that
form the 6-helix complex with N36, while the remaining amino acid residues at positions b, ¢, [, g are solvent accessible sites, which are substituted with Glu (E) or Lys (K)
in SCI4EK. (b) The design concept af introducing the EK motif to the solvent accessible site. The a-helical C-HR peptide could be divided into interactive (red) and solvent
(blue) sites. Z indicares the original amino acids of C34. Only amino acid residues at solvent sites were replaced by E at the i position and K at the i +4 position.

and other inhibitors in subsequent phases I and [l trials (Matthews
etal., 2004; Poveda et al., 2002 ), These resistant variants frequently
acquired mutations in gp41, especially in amino acids 36-45 of the
N-HR region (Aquaro et al.,, 2006; Cabrera et al., 2006; Mink et al.,
2005; Poveda et al., 2002; Rimsky et al.,, 1998; Wei et al., 2002)
(Fig. 1). Additionally, complementary mutations in the C-HR region,
such as S138A mutation, were found in some T-20 resistant variants
(Cabrera et al., 2006; Poveda et al., 2004; Xu et al., 2005). Introduc-
tion of these complementary mutations compensates for impaired
HIV-1 replication stemming from the primary mutations that give
rise to resistance. The N43D mutation in the N-HR region that con-
fers resistance to T-20 is a well documented example (Xu et al.
2005).

Although T-20 inhibits gp41-mediated fusion (Derdeyn et al.,
2000; Wild et al., 1992), it has additional effects on HIV-1 replica-
tion. For instance, baseline sensitivity of HIV-1 toT-20 is influenced
not only by the amino acid sequence of gp41, but also by the co-
recepror specificity (CCRS/CXCR4) defined by the structure of the
V3 loop of gp120, a glycoprotein capping gp41, which binds to the
CD4 cells (Derdeyn et al., 2000; Derdeyn et al, 2001). Moreover,
substitutions within the CD4 binding domain of gp120 also con-
tribute to the resistance of the virus to T-20 (Baldwin and Berkhout,
2006). Thus, the mode of action and the mechanism of resistance to
T-20 seem to be complicated. In contrast, another fusion inhibitor
known as C34, has been clearly shown to bind to the N-HR in vitro
and act as a decoy of gp41 C-HR and prevent the formation of the
6-helix bundle (Chan et al., 1997: Liu et al., 2005; Xu et al.. 2007). Its
inhibitory effect is over 10-fold greater than that of T-20 (Armand-
Ugon et al., 2003; Nameki et al., 2005). Thus, C34 appears to be a
suitable peptide to employ in the rational design of an improved
HIV fusion inhibitor, based on the interaction between the peptide
and the target.

It has been reported that a-helicity of the C-HR and N-HR
peptide complexes correlates with the anti-HIV-1 activity of the
peptide inhibitor (Chan et al., 1998), suggesting that enhancement
of a-helicity of C34 may provide higher affinity to the N-HR region,
thus resulting in more potent anti-HIV-1 activity. To design potent
fusion inhibitors using the enhancement of a-helicity approach,
we divided the a-helical peptide C34 into two characteristic inter-
active (a, d, e) and solvent accessible (b, c, [, g) sites according to
the reported N36/C34 structure (Fig. 1) (Chan et al., 1997). When

| Journal of Biochemistry & Cell Biology 41 (2009] 891-899
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HIV-1 gp41 is folded, a tryptophan-rich domain (WRD) in the N-
terminus of C-HR plays an important role in tight and specific
binding, through the interaction of the hydrophobic aromatic ring
with a deep groove formed by the N-HR coiled coil (Chan and Kim,
1998; Salzwedel et al., 1999). In fact, C34 contains the N-terminal
WRD, which binds to a hydrophobic pocket formed by the amino
acid residues L57, W60 and K63 on the N-HR trimer surface (Chan et
al., 1998; Ferrer et al., 1999), resulting in higher anti-HIV-1 activity
of C34 compared to T-20, which lacks the N-terminal WRD. On the
other hand, the solvent accessible site appears to contribute little
to the formation of the 6-helix bundles, as demonstrated by the
crystal structure of C34 bound to N36 (Chan et al., 1997). Therefore,
amino acids in the interactive site are indispensable for binding.
whereas those in the solvent accessible site may be replaceable
(Fig. 1). To enhance the a-helicity of C34, we introduced a series
of systematic replacements of amino acid residues in the solvent
accessible site, where the original amino acid residues were sub-
stituted with charged and hydrophilic glutamic acid (E) or lysine
(K) with the intention of forming possible intrahelical salt-bridges
(Marqusee and Baldwin, 1987)(Fig. 1 b). We obtained two peptides,
SC34 and SC34EK (Fig. 2a), both of which gratifyingly demonstrated
increased anti-HIV-1 activity (Otaka et al., 2002).

In this study, we demonstrate that SC34EK maintains highly
potent activity against T-20 resistant clones of HIV-1, as well
as several clinical isolates, and we reveal that the enhanced o-
helicity of SC34EK is indeed involved in the improvement of
activity. The activities are specific to HIV-1 and are not influ-
enced by serum components. Structural analysis indicates that
electrostatic interactions introduced by EK substitutions enhance
the conformational stability of the 6-helix bundle, thus pre-
venting HIV-1 fusion with the host cell. The information from
our investigations involving the enhanced a-helicity of SC34EK
should enable further design of highly effective and specific HIV-1
inhibitors.

2. Materials and methods
2.1, Cells and viruses

MT-2 and 293T cells were grown in RPMI1640- and Dulbecco’s
modified Eagle medium (DMEM)-based culture medium, respec-
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Fig. 2 Schematic view of gp41 and C34 derivarives and amino acid alignment of gp41. (a) The locations of the fusion peptide (FP), the amino-terminal heptad repeat region
(N-HR), the carboxyl-terminal heptad repeat region (C-HR), and the transmembrane domain (TM) and the amino acid sequences of N36. T-20. C34 and its derivatives are
shown. The residue ofeach ide correspond to their positions in gp41 of the NL4-3 strain. The X in SC34EK indicates norleucine, i duced to avoid oxidation of
the methionine residues. No differences between the original methionine- and norleucine-containing peptide were observed (Oraka et al.. 2002). (b) Alignment of amino acid
sequence of clinical isolates (KT, IVR411, IVR412 and IVR-AQ3; GenBank accession number; AB222704, AB222705, AB222706 and AB222703, respectively) and HIV-2 strains
(EHO and ROD) are shown. Corresponding regions of N36 and C34 are indicated in gray. Identical or deleted amino acids from the sequence of NL4-3 are indicated with a bar

or a dot, respectively. The X in amino acid sequences of IVR411 and ROD indicates the mixture of | and V for IVR411, and mixrure of | and M for ROD.

tively, Hela-CD4-LTR-f3-gal cells were kindly provided by Dr. M.
Emerman through the AIDS Research and Reference Reagent Pro-
gram, Division of AIDS, National Institute of Allergy and Infectious
Disease (NIAID) (Bethesda, MD) and were used for the drug sus-
ceptibility assay (MAGI assay) as described previously (Kimpton
and Emerman, 1992; Kodama et al,, 2001; Maeda et al., 1998). The
activity of test compounds was determined as the concentration
that blocked HIV-1 replication by 50% (ECsg).

Laboratory HIV-1 (Illg) and HIV-2 (EHO and ROD) strains were
used. An HIV-1 infectious clone pNL4-3 was used for constructions
and for the production of HIV-1 variants as described (Nameki et al.,
2005), A wild-type HIV-1, HIV-1yr, was generated by transfection
of pNL4-3 into 2937 cells. Clinical isolates obtained from drug-naive
and heavily drug-experienced patients, were kindly provided by Dr.
S. Oka (AIDS Clinical Center, International Medical Center of Japan,
Tokyo. Japan). Their co-receptor tropisms were determined using
NCK45 cells as described previously (Kajiwara et al., 2006).

2.2. Antiviral agent

The peptide-based fusion inhibitors used in this study were
synthesized as described previously (Otaka et al., 2002), and the
sequences can be identified in Fig. 2a. 3'-Azido-3'-deoxythymidine
(AZT) and 2',3'-dideoxycytidine (ddC) were purchased from Sigma

(St. Louis, MO, USA), MKC-442 was provided by Dr. 5. Shigeta
(Fukushima Medical University, Fukushima, Japan).

2.3, Determination of drug susceptibility of HIV-1

The peptide sensitivity of infectious clones was determined
using the MAGI assay with as described previously (Kodama et
al., 2001; Maeda et al., 1998). The activity of test compounds was
determined as the concentration that blocks HIV-1 replication by
50% (ECsg). For clinical isolates, PHA-stimulated peripheral blood
mononuclear cells (PBMCs) were used as described previously
(Kodama et al., 2001). PBMCs (10° cells/ml) were exposed to test
compounds and HIV-1, and were cultured in the presence of inter-
leukin 2 for 7 days. Amounts of p24 protein in the supernatants of
the cultures were then determined using the commercially avail-
able p24 antigen enzyme linked solvent assay kit.

2.4. Construction of recombinant HIV-1 clone

Recombinant infectious HIV-1 clones with substituted V3
regions, pNL-V3apa and pNL-V3gpi5 were generated using pNL4-
3. The V3 region, corresponding to n.t, 7029-7249 of pNL4-3, was
amplified using primers containing appropriate Bglll and Nhel
restriction enzyme cleavage sites for directional cloning into pBS-
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Table 1

Antiviral activity of gpd1-derived peptides against gp41 and gp120 V3 recombinant virus*

Clone Tropism® ECso (nM)

ddC N35 T-20 4 S04 SOM4EK

gp4! recombinant virus
wT 404 & 196 180 £ 70 3517 32+09 1407 07£03
L33s 289 +£24 B *>1000 29109 13 £01 09+03
V3BA 714 £ 109 407 £ 76 402 =68 96+:29 20405 11406
V3SE 201 £57 41 £ 14 *1000 492185 37+£12 43413
N43K 321 £85 234 £ 63 114£19 50+95 25+£03 27+03
N43D 430 + 42 461 + 266 *1000 =100 90 + 66 1.0+08
D36S/VIEM 296 = B8 178+ N 42464 72440 1901 08£03
V3BE[N42S 273 £ 105 227 £20 *1000 322£75 ErFA 32410
APNSTW/L335/N43K" 276 £39 15231 *1000 248156 27+03 44405
AFNSTW/DIGG/IITK/N 126K/12041° 246 £ 67 547 £ 78 TS4L14 7+ 46+ 09 29+08

2p120 V3 recombinant virus
V3-ADA R5 362 + 102 360 + 91 289+19 68+£33 07 +04 20402
V3-5F162° R5 995 £ 219 383 £99 19+28 78+15 0502 05+02
V3-CH1' R5X4 649 £ 45 2207 = 42 1621 56401 13£01 07+01
V3-CH2: RS 1515 £ 177 1|+ 354£32 38x01 040 09+£08

* Anti-HIV-1 activity was determined using the MAGI assay. All data represent means £ standard deviation obtained from the results of three independent experiments

Bold indicates over 5-fold increase in ECso value compared to HIV-Twy

¥ The co-receptor tropism was determined using NCK45 cells as described [Kajiwara et al.. 2006).

© HIV-1s..y served as a wild-type virus.

4 AFNSTW is the deletion of five amino acids at position 364-368 in the gp120 V4 region of HIV-1ye4. (Nameki et al.. 2005). Fusion inhibitor resistant vaniants used have

been previously reported (Armand-Ugon e al, 2003: Namek et al., 2005).

* The V3 region of NL4-3 gp120 was replaced with the corresponding region of HIV- 1.
" HIV-1y3.c has murtations in the gp120 V3 region of primary isolate HIV-1xr . where GKI is substituted by GEL
£ HIV-1y3.00 has mutation in the gp120 V3 region of the primary isolate HIV-1gur, where GKI is substituted by GQL

£2p120ys7. The resulting amplified V3 region was subjected to Bglll
and Nhel digestion, subcloned into pBS-gp120wr containing the
corresponding region in the DNA fragment of EcoRI-Nhel (1510 bp
containing gp120V1,V2 and V3, n.t. 5740-7249 of pNL4-3) and sub-
sequently ligated into pNL4-3. pNL-V3¢y; and V34, CCRS5 and dual
(CXCR4 and CCRS) tropic molecular clones, were kindly donated by
Dr. Y. Maeda, Kumamoto University (Kumamoto, Japan) (Foda et al,
2001; Maeda et al., 2000).

Recombinant infectious HIV-1 clones carrying various muta-
tions in gpi120 and/or gp41 were also generated using pNL4-3,
Briefly, the desired mutations were introduced using site directed
mutagenesis into the region of pSL-gp4lwr flanked by the
Nhel-BamH| restriction enzyme sites (1220 bp containing gp120
V4, V5 and gp41 ectodomain n.t. 7250-8469 of pNL4-3) (Weiner
et al, 1994). After restriction enzyme digestion and purification
the Nhel-BamHI fragments were ligated into pNL4-3, generating a
series of molecular clones with the desired mutations.

Each molecular clone was transfected into 293T cells (10°
cells/6-well culture plate). After 48 h, MT-2 cells (10° cells/well)
were added and co-cultured with the 293T cells for an additional
24 h. When an extensive cytopathic effect was observed, the super-
natants were harvested and stored at —80 C for further use.

Table 2
Antiviral activity of gp41-derived peptides against clinical isolates®
Strain ECsa (nM)

AZT T-20 34 5034 SC34EK
NL4-3 (WT)" 20 36 32 036 04
KT (WT) 20 n 0z 01 003
VR4 7600 a1 02 31 004
IVR412 9060 23 72 48 o
IVR-AD3 1200 70 17 a1 07

* Anti-HIV-1 activity was determined using the amounts of p24 protein in the
super of the PHA d PBMC cultures using commercially available
ELISA kit (Kodama er al, 2001 ) Bold indicates over 5-fold increase in ECsy value
compared to HIV-Twr.

¥ HIV-1pee.9 and HIV-1xr served as controls,

2.5. Determination of gp41 amino acid sequence

Nucleotide sequences of the clinical isolates were determined
using an automated sequencer. Briefly, DNA was extracted from
PBMCs infected with the clinical isolates, subjected to nested
PCR for the gp4l coding region, and then directly sequenced as
described previously (Nameki et al.. 2005).

2.6. Measurement of circular dichroism (CD) spectra

N-HR peptides (N36, N36y3gs or N36ng3p) and C-HR peptides
(C34 or SC34EK) were incubated at 37 C for 30 min (the final con-
centration of both the N-HR peptide and the C-HR peptide were
10 M in pH 7.4, 12 mM phosphate-buffered solution containing 50
mM NaCl). The wavelength-dependence of molar ellipticity [¢] was
monitored at 25 C as the average of eight scans, and the thermal
stability was estimated by monitoring the change in the CD signal at
222nm in a spectropolarimeter (Model J-710; Jasco, Tokyo, Japan)
equipped with a thermoelectric temperature controller. The mid-
point of thermal unfolding transition (melting temperature [Tm))
of each complex was determined as described previously (Otaka et
al., 2002). The percentages of a-helicity in 6-helix complexes were
calculated by comparing the CD signal at 222 nm of N36/C34 or
N36/SC34EK complexes in a spectropolarimeter.

2.7. Crystallization, data collection and refinement

Samples for crystallization were prepared by mixing solutions
of N36 and SC34EK dissolved in 10mM sodium acetate buffer
at a concentration of 10 mg/mL. The mixture was incubated for
30min at 37 C, then was passed through a 22 pm filter. Crys-
tallization was performed by the hanging drop vapor diffusion
method at 4 C. Droplets were prepared of equal amounts (2 ulL)
of reservoir solution and the peptide solution. Hexagonal prism
crystals were obtained under the following conditions: 100 mM
sodium acetate buffer (pH 4.0), 200 mM ammonium sulphate, 14%
palyethylene glycol monomethyl ether 2000. After screening of
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Table 3
Antiviral activity of HIV-1 gpd1-derived peptides against HIV-2*
HIV-2 strain ECsa (nM)

ddC T-20 G4 5C34 SC34EK
wWT 404 £ 196 5217 32409 14407 07+03
HIV-2g40° 925+ 188 14+30(«04) 639 + 87 ( «200) 68 =10/ «49) 17£12(=24)
HIV-2500" 1808 + 927 176+ 68 ( «5) >1000 (>« 313) 251£29(x179) 15433 (x164)

* Anti-HIV-2 activity was determined using the MAG! assay, All data represent mean +standard deviation obtained from the results of three independent experiments

Bold indicates over 5-fold increase in ECs value compared to HIV-Tyyy
B HIV-1p4 3 served as a wild-type virus.
* HIV-20 was dual-tropic HIV-2
4 HIV-2g0p was T-tropic HIV-2

various cryo-conditions, the suitable condition was found to be
the addition of 35% xylitol to the pepride solution and a slight
increase in the amount of the precipitant (ca 14.5%). The obtained
crystals were easily broken by direct transfer from the crystalliza-
tion condition to the cryo-condition, but the transfer of the fragile
crystals could be accomplished by gradual change in conditions
using stepwise increase in the amount (0-35% in five steps) of the
cryoprotectant.

Data were collected at a beamline BL38B1 of SPring-8. Col-
lected data were processed using DENZO and SCALEPACK from
the HKL2000 package (Orwinowski and Minor, 1997). A molecu-
lar replacement solution was found using AMoRe (Navaza, 2001),
with a molecular model of the HIV-1 gp41 core structure (PDB
code: 1AIK). Model refinements and reconstruction were per-
formed using REFMACS (Murshudov et al.. 1999) and XtalView
(McRee, 1999), The final model was refined at a resolution of 2.1 A,
to a crystallographic R value of 0.213 and a free R value of 0,238,
Detailed data collection and refinement statistics are summarized
in Table 1. Atomic coordinates and structural factors have been
deposited at the Protein Data Bank (PDB code:2Z2T).

3. Results
3.1. Anti-HIV-1 activity of SC34 and SC34EK

We examined the anti-HIV-1 activity of SC34 and SC34EK
against not only HIV- 1y but also T-20- and for C34-resistant clones

observed in vitro. 5C34 and especially SC34EK that has aligned
EK modification more effectively suppress HIV-1 infection com-
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Fig. 3. Effect of FCS concentrations on anti-HIV-1 activity. Changes in the blue cell
counts at various concentrations of FCS are shown. Blue cell counts ar ECyo value in
10t FCS concentration { black bar ) were used and set as 100%. White, black, harched,
and striped bars correspond to 5. 10, 25, and 50% FCS, respectively. Inhibitors for
reverse transcriptase, ddC and MKC-442, and for fusion, T-20 were used as controls.,

pared to C34 and T-20 (Table 1). D365/V38M substitutions in the
gp41 region (HIV-1p3gsy3am ). and a five amino acid (FNSTW) dele-
tion in the V4 region of gp120 (AV4) with L335/N43K in the gp41
region (HIV-1yva33snask) were isolated in vitro (Fikkert et al,
2002; Rimsky et al, 1998), L33S was also selected during C34-
resistant induction in vitro (Armand-Ugon et al., 2003). C34 and
its derivatives effectively inhibit entry of these clones into the
host cell. In particular, SC34EK maintained strong activity even
against V38E containing clones, such as HIV-1y3gg/nazs (Armand-
Ugon et al., 2003), which showed cross-resistance to T-20, C34 and
SC34. Reduction of activities by SC34 and SC34EK was moderate
in HIV-1 s misTwiL33s/Na3K that showed high level resistance to T-20
and C34. Next, we examined the antiviral activities of C34 deriva-
tives against clones containing major primary mutations V38A and
N43D, which are mutations frequently observed in T-20 resistant
variants in vivo (Cabrera et al., 2006: Derdeyn et al., 2001: Menzo
et al., 2004; Poveda er al., 2004; Poveda et al.. 2002; Xu et al.. 2005)
(Table 1), SC34 reduced its antiviral activities against HIV-1nq3p.
while SC34EK maintained its potent activity, indicating that when
EK is bound with the complementary electrostatic interactions
appropriately aligned SC34EK can effectively suppress the infection
by various clones resistant to T-20 and C34 both in vitro and in vivo.

We further evaluated activities of 5C34 and SC34EK against V3-
substituted clones (Table 1). HIV-1y3.4p4 uses mainly the CCR5
co-receptor for its entry into the host cells and has been reported
to moderate T-20 resistance (=10 fold), compared to the CXCR4
using strain of HIV-1, which shows higher susceptibility to fusion
inhibitors (Reeves et al, 2002). As reported, the susceptibility of
HIV-1y3.apa to T-20 decreased, however, (34 and its derivatives
maintained their activity against the same variant. Interestingly, in
our experiments, HIV-1y3.sp1g2, HIV-Tyacy and HIV-1ya.cup also
showed comparable susceptibility to T-20. These results indicate
that sequence variations in the V3 region do not always correlate
with the observed T-20 susceptibility and are not involved in the
resistance to (34 and its derivatives.

32 Amino acid sequence

Amino acid sequences of clinical isolates are shown in Fig. 2b.
One isolate, HIV-1xy. was obtained from a drug-naive patient
and the other three isolates (HIV-14y;. HIV=14;3, HIV-14p53) were
obtained from heavily drug-experienced patients. None of the
patients had received T-20 therapy. Amino acid sequences of the
N-HR were highly conserved within all HIV-1 clinical isolates with
some small variations. In contrast, the N36 region of the two
HIV-2 strains, EHO and ROD, was identical in both HIV-2 iso-
lates. We found some variations in the amino acid sequences of
the HIV-2 strains we isolated, as compared with the sequences
deposited in the GenBank (accession number; M15390 and X05291
for HIV-2ggp. and U272000 for HIV-2gyo ). Namely, we identified
two different amino acids in the isolated HIV-2gqp, V26L and
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11571/M (mixture of | and M), and one variation in the amino acid
sequence of HIV-2g4q, V45L. Except for 1157M, other substitutions
are observed in the majority of the HIV-2 strains, as reported in
the HIV sequence database (Los Alamos National Laboratory: Los
Alamos, NM, USA, http://www.hiv.lanl.gov). These substitutions
might be introduced through different culture conditions, (e.g., host
cells used for the propagation). We considered these substitutions
as a polymorphism.

Sequence homology of the N36 region of the isolated HIV-1
strains was 31/36 (86%), including mutation D36G that is observed
inthe vast majority of HIV-1 strains (Kuiken et al., 2001 ). In contrast,
those of the C34 region were relatively heterogeneous, 24/34(71%)
for HIV-1 and 12/34 (35%) for HIV-2. Sequence identity of the T-
20 region (residues 117-152) in the HIV-1 strains was also variable
2736 (75%), while in the HIV-2 strains the sequence identity was
15/36 (42%), These results indicate that even highly conserved two
helical extracellular domain of the gp41 can allow polymorphisms.

3.3. Efficacy of the peptides against clinical isolates

To evaluate preclinical efficacy, we examined the antiviral activ-
ity of C34, 5C34 and SC34EK against clinical 1solates (Table 2).
Replication of HIV-1py 4.3 and HIV-1gy, adrug-naive strain, was sup-
pressed by all compounds tested. C34 showed decreased activity
against HIV-1jyp.a03. which was isolated from a heavily drug-
exposed patient. SC34 also showed reduced susceptibility against
three drug-experienced strains. However, it is difficult to conclude
whether SC34 showed enhanced susceptibility against HIV-1ycy or
reduced susceptibility against drug resistant strains. In contrast, T-
20 and SC34EK suppressed the replication of all isolates tested to
similar extents in ECsy values compared to HIV-1y14-3 (Table 2),
indicating that SC34EK with appropriately aligned EK residues
effectively suppresses the replication of the clinical 3 isolates.

3.4. Anti-HIV-2 activity

To confirm the target specificity, we examined antiviral activi-
ties of SC34 and SC34EK against two HIV-2 strains, EHO and ROD.
Compared to HIV-1y14.3, EHO and ROD contain 19 and 22 amino
acid substitutions in the C34 region, respectively, and 15 amino
acid substitutions in the N36 region, the anticipated site of bind-
ing of SC34 and SC34EK peptides (Fig. 2b). Like the parent peptide
C34. both SC34 and SC34EK lost their potent activities (Table 3).
Compared to HIV-1py4.3. 6 out of 19 residues in the C34 region of
HIV-2gyo and 7 out of 22 residues in the C34 region of HIV-2gap
are located at positions a, d, and e that directly interact with the
N36 binding surface. These substitutions in the N36 and C34 region
in HIV-2 may be responsible for reduced anti-HIV-2 activities of
the peprides derived from HIV-1. At present, we cannot conclude
which amino acid substitutions are directly involved in the reduced
susceptibility of the HIV-2 strain to the treatment with the pep-
tide fusion inhibitor, and/or whether other regions besides the N36
and C34 regions might influence peptide suscepribility. However,
our results indicate that SC34 and SC34EK maintain similar target
specificity to the parent peptide, C34.

31.5. Effect of fetal calf serum (FCS) on anti-HIV-1 activity

To estimate the stability of the peptides in vivo, binding level
of SC34EK, to serum components, (e.g., albumin) was examined, In
this experiment, the antiviral activity in the presence of relatively
high concentrations of fetal calf serum (FCS) was determined (Baba
21 al., 1993) (Fig. 3). ECgg values of the fusion inhibitors against
HIV-1 replication in vitro were used. In the presence of 50% FCS,
the activity of MKC-442 (I-EBU), a lipophilic non-nucleoside RT
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inhibitor, was reduced 2.3-fold compared with 10% FCS as described
previously (Baba et al, 1993), However, the activities of SC34,
SC34EK and T-20 were little influenced by serum components.
Among the three, SC3I4EK was the least affected by the concen-
tration of FCS.

We further examined the stability of peptide inhibitors in freshly
prepared human sera (n=3), After 1 h incubation of peptides in
human sera (final concentration of 200 pM) at 37 C, the anti-HIV-1
activity was examined using the MAG! assay. Comparable activi-
ties of all peptides tested were observed either with or without the
incubation (data not shown ). These results indicate that hydrophilic
SC34EK likely retains its strong anti-HIV-1 activity in vivo, simi-
larly to T-20, because of its low non-specific binding and protease
cleavage in serum.

3.6. Peptide binding affinity

To clarify the mechanism of potent anti-HIV-1 activity observed
with SC34EK, the binding affinity of SC34EK was evaluated by col-
lecting the CD spectra using synthetic peptides. The CD spectra
of equimolar mixtures of the N-HR and C-HR peptides showed
spectrum minima at 208 and 222 nm, which indicate the presence
of stable a-helical conformations. All combinations of peptides
showed similar spectra at 25 C, indicating that these peptides
contained the same a-helicity (Fig. 4a), although the spectrum of
C34 with N36 and N43D mutation (N36y43p) indicated only weak
a-helicity. These results indicate that N43D might reduce the sta-
bility of the conformation of the 6-helix bundle, thus decreasing
the replication of HIV-1, whereas V38A does not. SC34EK formed
stable 6-helix conformations with N36y3gs and N36ys3p. Under
these experimental conditions, wavelength-dependent spectra
were similar with the exception of the spectrum of the N36y43n/C34
complex. Thus, we analyzed thermal stabilities, defined as the
midpoint of the thermal unfolding transition (Tyy) values, of the
potential 6-helix bundles of N-HR and C-HR peptides. Ty of
N36/C34 was found to be 52.0 C, while that of N36y344/C34 and
N36x43p/C34 decreased to 44.5 and 34.0 C, respectively (Fig.3b).In
contrast, thermal stabilities of N36y3ga/SC34EK, N36y43p/SCI4EK
and N36/SC34EK were much higher, 60.5, 56.0 and 69.5 C. respec-
tively. Thus, binding affimity of SC34EK to N-HR was stronger
compared to that of C34. Alternatively, at the physiological temper-
ature of 37 C, only 60 and 40% of the a-helix content was observed
in N36y3z4/C34 and N36y43p/C34 mixtures, respectively, indicating
that roughly half of C34 failed to form stably 6-helix bundle with the
target N-HR harboring resistant mutations. Therefore, C34 reduces
its anti-fusion activity exerted by dominant negative effect. In con-
trast, only 20% of the unfolded a-helix content was observed in
SC34EK with mutated N36, which indicated that at 37 C. binding of
SC34EK to mutated N36 was comparable to that of €34 with wild-
type N36 (Fig. 4b). Moreover, physiochemical properties of N-HR
and SC34EK complexes, defined by Ty, value, correlated well with
their ability to inhibit HIV-1 fusion (Fig. 4c). These results suggest
that the stability of the 6-helix complex, as judged by the binding
stability (affinity), isdirectly correlated with the anti-HIV-1 activity.

3.7. Crystal structure of the N36/SC34EK complex

The crystal structure of the complex between SC34EK and the
N-HR representative peptide N36 was resolved to a resolution of
2.1 A (Table 4). In the asymmetric unit, a 6-helix bundle consist-
ing of a central helix bundle of three N36 peptides surrounded by
three SCI4EK peptides was found. This arrangement is similar in the
core structure of gpdl (Chan et al., 1997). Structural superimposi-
tion of the original gp41 core and the N36/SC34EK complex showed
a good match, with an RMSD value of 0.59 for main-chain atoms
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Fig. 4. CD analysis of peptide complex between resistant variants of N36 and (34
or SCIMEK. (a) Wavelength-dependent CD spectra of the complexes in solution. The
spectrum minima at 208 and 222 nm indicated the presence of stable a-helical con-
formations, (b) Thermal analysis was d at 222 nm CD signal for
the N and C peptide 5. Final conc of each peptide was 10 mM. The
arrow indicates the physiological temperature of 37 C. (¢) The correlation between
Tm (b) and ECy; values (Table 1), Colors of plots correspond to those in panels (a)
and (b). Combination of N36yp and C34 (ECy, > 100nM) is excluded.

(Fig. 5a and b). Hydrophobic contacts between SC34EK and N36
with tryptophan rich domain (WRD) and leucine zipper were pre-
served for the original gp41 core. All introduced charged residues
of the EK motif were directed toward the solvent (Fig. 5¢). As a
direct consequence of introducing the EK motifs, the ratio of sur-
face area occupied by charged residues to the total surface area
was increased from 35% in the onginal molecule to 60% in the
N36/SC34EK complex. Importantly, it appeared that tight bonding,
such as ion pairing or hydrogen bonding, was not present in the
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Table 4
Crystallization, data collection and refinement statistics
Dara collection BL3881 Spring-8§
Temperature (K) 100
group B
Cell dimensions a. b, ¢ (A) 105.01, 105.01, 78.31
Resolution imits (A) 90.00-2.10
Number of unique reflections 29,461
Average redundancy 753
Completeness (%) 997
Reseeps” 0122
Refinement statistics
Refinements resolution range (A) 20.00-2.20
RRgee” (%) 02130238
The highest resolution shell (A) 215-210
RiRgee” (%) 0231/0.255
RMSD from ideal
Bonds (A) 0.010
Angles (") 1015
(B for atomic model' (A?) 2993
Ramachandran plot
Most favored regions (%) 100
* Rewcige™ ¥ iy— u.:u}'_"lr... where (ly) is the average intensity of reflection b and
SYImetry- ed reflections

¥ Rand Ry, -ENEJ -IF, ||{21.F.| calculated for reflections of the working set
and test (5%) set, respectively,
© (B) is the average temperature factor for all protein atoms.

side-chains of the residues of the EK motif. Electrostatic interaction
may involve in constrained structure which provides the enhanced
a-helicity observed (Fig. 4). This structural analysis demonstrated
that the interaction between N36 and SC34EK retained the abil-
ity to form the 6-helix bundle structure despite the substitution
of more than one third of the residues (13/34) in the sequence of
SC34EK.

4. Discussion

In this study, we characterized a novel a-helical pepuide, SC34EK
that effectively inhibits replication of HIV-1 strains resistant to T-
20 and C34. The activity was specific to HIV-1 and little influenced
by serum components. We demonstrate that the potent anti-HIV-
1 activity of SC34EK is derived from its high affinity to the N-HR
region by the CD analysis. Further, we reveal that SC34EK binds to
its target, N-HR in identical manner that C34 does by the structure
analysis,

The structural analysis of the N36/SC34EK complex clearly
demonstrated that the interaction between SC34EK and N36 pep-
tides was maintained by hydrophobic contacts and thar the EK
motif was directed toward the solvent. The introduction of the EK
residues increased the proportion of accessible surface area occu-
pied by charged residues, Although right bonding was not observed,
a continuous electrostatic potential between the EK residues may
serve to stabilize the helix bundle. Such helix stabilization, which
might occur on the surface of the HIV-1 virion between SC34EK
and the N36 region of gp4l, could result in the high anti-HIV-1
activity. In this regard, SC34EK, containing an aligned EK motif,
showed more potent anti-HIV-1 activity compared to SC34, which
has one misaligned EK motif (Fig. 2a). Increasing the hydrophilic
surface area may prevent aggregation of SC34EK as compared to
parental peptide C34. Therefore, SC34EK might distribute into the
various organs in the body without being trapped and destroyed in
the reticular systems or having its activity reduced by non-specific
binding to proteins (e.g., albumin) (Fig. 3).

We further demonstrate that SC34EK specifically binds to the
rarget, N-HR of HIV-1, since it only exerted weak activity to two
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Solvent accessible site

Fig. 5. Structure of the 6-helix bundle formed by N36 and SCI4EK. (a and b) The gp41 core structure and N36/SCI4EK complex are shown in red and blue, respectively. (c)
Stick model representation of SC34EK. The stick model of SCI4EK is shown. and three N36s in the core and two other surrounded SCI4EK are represented in gray. SCI4EK
showed amphiphilic properties. The location of the N-terminal tryptophan nich domam (WRD) in SC34EK is indicated by a red circle. Onginal and introduced charged amino

acids are indicated in green and blue, respectively.

HIV-2 strains that contain 15 amino acid substitutions in the N-
HR compared to HIV-1 NL4-3 strain (Table 3 and Fig. 2b). These
results suggest thar to develop resistance to SC34EK, at least, certain
mutations in not only the N-HR but also the C-HR are required to be
introduced. This might delay emergence of resistant HIV-1 variants
to SC34EK in vivo.

So far. some approaches for stabilizing a-helix structures
through the introduction of artificial amino acids were reported
for HIV-1 fusion inhibitors T-20 (Judice et al., 1997) and C34 (Sia
et al., 2002), including an example of an amino acid containing
terminal olefin-derived side chains, designed as a substrate for
the ring-closing olefin metathesis (Blackwell et al.. 2001) and an
example of a hydrocarbon-stapled peptides (Phelan et al., 1997)
Walensky et al. (2004) applied a hydrocarbon-stapled modifica-
tion to generate peptides that bind to the BH3 helical domain
of Bcl-2, an anti-apoptotic protein, and demonstrated that a syn-
thesized peptide mimic that binds to the BH3 domain activates
apoptosis in leukemic cells. However, all peptides exerted only
moderate activity in vivo, although they showed efficient bind-
ing to the target proteins in vitro (Blackwell et al,, 2001; Judice
et al. 1997: Sia et al, 2002: Walensky et al.. 2004). It is likely
that during the formation of the 6-helix bundle and the fusion
process, gp41 changes its conformation drastically, suggesting
that a flexible conformation of the peptide may be required to
preserve actual inhibition. Compared with tethered, constrained
peptides, EK modification that facilitates electrostatic stabilization
displays such flexibility while exhibiting enhanced a-helicity. Most
recently, T290676, a 38 amino acid peptide, has been reported
to suppress various fusion inhibitor-resistant strains of HIV-1
(Dwyer et al., 2007). Like SC34EK, T290676 is substituted with the
charged and hydrophilic amino acids, glutamic acid (E) and argi-
nine (R), at the solvent accessible site and shows potent anti-HIV-1
activity.

In conclusion, we have demonstrated that SC34EK selectively
inhibits various HIV-1 strains, including T-20 resistant clones,
through increased stability of the a-helix. The sequence of the
solvent accessible site of a-helical peptides is replaceable and
modifications of this sequence can regulate a-helicity with target
specificity. Therefore, our approach of introducing the EK motif in
the a-helical structure of the peptide inhibitor will help to generate
future peptide inhibitors with high anti-HIV efficacy and potentially
fewer adverse effects,
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Statistical Validation of the Relationships of Cancer Pain
Relief With Various Factors Using Ordered Logistic
Regression Analysis
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Objective: To clarify the relationships of cancer pain with various
factors that prevent pain control statistically

Methods: The participants were 71 terminal cancer patients
admitted to the Department of Hematology/Oncology or Depart-
ment of Gastroenterology/Hepatology, University Hospital, Kyoto
Prefectural University of Medicine in whose pain control a
pharmacist was involved as part of her clinical duties from January
2004 to November 2006. The effectiveness of pain control was
evaluated using a S-point verbal rating scale (0 = excellent,
| = good, 2 = moderate, 3 = poor, and 4 = very poor) by inter-
viewing the patients. As pain was rated using a graded scale and as
many factors were involved in pain. analysis was performed using
ordered logistic regression analysis. Morcover, prediction of an
optimal model was performed by leave-one-out cross-validation to
eliminate unnecessary vaniables. A program to perform leave-one-
out cross-validation by ordered logistic regression analysis was
prepared, independent vanables used in the model were increased
onc by one, and calculation was performed in all combinations.
Then, the optimal model was predicted by calculating the percent
accuracy of predictions and Spearman rank correlation coefficient.

Results: Nausea [odds ratio (OR)= 1948, P = 0.0232], sex
(OR = 2322, P=00030), and bone metastasis (OR = 2.367,
P =00017) remained as variables significantly correlated with
pain when the number of independent variables was 5, and sex
(OR = 2,167, P=10006) and bone metastasis (OR = 2.093,
P = 0.005) remained when the number of variables was 6.

Discussion: The statistical identification of factors preventing pain
control is considered to contribute to the establishment of an
evidence-based approach to cancer pain relief,
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oth pain treatment and palliative care have been arcas

farthest from evidence-based medicine (EBM), and
many treatments in these fields have been performed on
the basis of experience. EBM must also be established in
pain relief by performing clinical studies on problems
including pain assessment, effective use of drugs, and
methods for the management of adverse effects.

Cancer pain is one of the major physical symptoms of
cancer patients and the symptom that appears earliest
among them, being reportedly observed in 30% to 40% of
patients at the diagnosis of cancer and in 65% to 85% of
patients with advanced cancer.'' Cancer pain can be
palliated by pain relief treatments of the World Health
Organization in 85% 1o 95% of patients,*” but pain
control is still insufficient in some patients despite the
administration of analgesics at sufficient doses. In the year
2002, the World Health Organization emphasized that
“palliative care is an approach that improves the quality of
life of patients and their families facing the problem
associated with life-threatening illness, through the preven-
tion and relief of suffering by means of early identification
and impeccable assessment and treatment of pain and other
problems, physical, psychosocial, and spiritual.'” In the
year 1996, the American Society of Clinical Oncology also
declared in the mission statement, “it is the oncologists’
responsibility to care for their patients in a continuum that
extends from the moment of diagnosis throughout the
course of the illness. In addition to appropriate anticancer
treatment, this includes symptom control and psychosocial
support during all phases of care, including those during
the last phase of life.""”

Pain is nothing other than the report of “pain™ by
patients. However, pain is multifaceted, and Twycross'?
observed in his Symprom Management in Advanced Cancer
that pain is easier to understand when it is regarded as total
pain consisting of physical, psychologic, social, and
spiritual pain.

We performed this study to clarify the relationships of
cancer pain relief with various factors that prevent pain
control. The actual procedure used was ordered logistic
regression analysis, as pain was evaluated by a graded scale
and as multiple factors involved in pain must be evaluated
simultaneously.

PATIENTS AND METHODS

Study Term and Participants

The participants were 71 terminal cancer patients
admitted to the Department of Hematology/Oncology or
Department of Gastroenterology/Hepatology, University
Hospital, Kyoto Prefectural Umversity of Medicine from
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January 2004 to November 2006 in whose pain control a
pharmacist was involved as part of her clinical duties. This
study was performed with approval of the Ethical Review
Boards of Kyoto Prefectural University of Medicine and
Osaka University. Patients with whom no communication
was possible throughout the hospitalization period were
excluded from the participants. Opioids were administered
for the control of cancer pain Table 1 shows the
characteristics of the 71 patients.

TABLE 1. Patients Characteristics and Extracted Factors That
May Affect Pain When Pain State (After) was Evaluated
(n=71)

n (0/1)* Mean £ SD Range
Sex, female/male 24/47
Age (y) 65 £ 10 35-84
Infection 33/38
Previous chemotherapy 7/64
Married B/63
Bone metastasis 45/26
Outcome 47/24
Physical symptoms
Nausea 36/35
Vomiting 47/24
Constipation 33/38
Appetite 67/4
Dyspnea 48/23
Cough 48/23
Fever 29/42
Psychiatne symploms
Depression 47/24
Delirium 44/27
Malaise 16/55
Sleep disorders 46/25
Confusion 43/28
Hallucinatuon 4526
Sleepiness 39/32
Concomitant medications
NSAIDs 14/57
Steroids 39/32
Analgesic adjuvants 59/12
Daily dosage of opioid
Morphine 1V mg 16.6 £ §1.6  0-670
Log (morphine 1V mg) —0.18+1.51 =228
Fentanyl patch pg 3.13+47 0-20
Log (fentanyl patch pg) —055+1.34 -—-2-14
Oxycodone p.o. mg 38+£9.16 0-40
Log (oxycodone p.o. mg) —1.37+£ 129 —2-1.60
Liver function
AST, U/L 200.1 + 545 8-4410
ALT, U/L 102.3 £ 230 7-1856
ALP, U/L 903 £ 875 66-4690
v-GT, UL 187.6 £ 206,2 12-1018

Bilirubin, mg/dL 6.5+ 105 0.21-38.6
Kidney function
Serum creatinine, mg/dL

142 + 1.43 0.28-8.54
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TABLE 1. (continued)

0 (0/1)* Mean +SD  Range

Other laboratory test items
Total protein, mg/dL
Hemoglobin, g/dL
Platelet, x 10°/uL
Type of cancer
Gastric 10
Esophageal 10
Pancreas 17
Liver 11
Gall bladder 4
Cholangiocarcinoma 3
Lymphoma 7
5
7

593+ 1.29 33113
9.13£213 3.1-133
176 £ 119 3-468

Myeloma
Others

*The binary scales were female =0 and male = 1 for sex,
death = 0 and hospital change or discharge = | for outcome, and
absent = 0 and present = | for others.

ALP indicates alkaline phosphatase; ALT, alanine aminotrans-
ferase; AST, aspanate aminotransferase; y-GT, y-glutamyltrans-
ferase, NSAIDs, nonsteroidal anu-inflammatory drugs; PO,
peros.

Evaluation of the State of Pain

Three kinds of the states of pain were evalualed by
interviewing the patients using a 5-point verbal rating scale
(VRS; 0 = excellent, | = good, 2 = moderate, 3 = poor,
and 4 = very poor).

The dependent variable (Y = after) was defined as the
state of pain just before hospital discharge or the last
opportunity of communication. The dependent variable
(Y = before) was defined as the state of pain on admission
when pain control was poorest. The dependent variable
(¥ = before-after), improvement factor,

Statistical Analysis

Extraction of Variables

Variables were extracted in preparation for the
analysis of multiple factors concerning pain control by
regression analysis. The rating of pain on the VRS
(¥ = after) was 0 in 28 patients, 1in 29, 2 in 11, 3 in 3,
and 4 in none; the rating of pain on the VRS (¥ = before)
was 0 in 0 patients, 1in 2, 2in 12, 3 in 24, and 4 in 33; and
improvement factor (¥ = before-after) was 0 in 0 patients,
lin 8, 2in 31, 3in 28, and 4 in 4 (Table 2).

The minimum number of patients necessary to form a
category of the dependent variable was 4 in the ordered
logistic regression analysis used in this study and fewer
patients were rated as 3 or 4 (Y = after). Therefore,
Y = after was recategorized into 3 levels: new level 0
indicates the original levels 0, new level | indicates the
original levels 1, and new level 2 indicates the original levels
2, 3, and 4 (Table 3). Similarly, improvement factor
(¥ = before-after) was recategorized into 3 levels: new level
1 indicates the original levels 0 and 1, new level 2 indicates
the original levels 2, and new level 3 indicates the original
levels 3 and 4 (Table 4).

© 2008 Lippincotr Williams & Wilkins
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TABLE 2. The Rating of Pain on the VRS (After, Before) and
Improvement Factor (n=71)

TABLE 4. Dependent Variable (¥=Improvement Factor):
Categorization of Data

After Male Before Factor
VRS (Female) (Male, Female) (Male, Female)
0 28 (14) 0 0
1 29 (20) 2( 8(7)
2 11 (10) 12(9) 31 (23)
3 3(3) 24 (12) 28 (15)
4 0 33(2%5 4(2)

VRS indicates verbal rating scale.

Table 1 shows the independent variables (X) extracted
from clinical records (retrospective survey). Binary scales
were female = 0 and male = | for sex, death =0 and
hospital change/discharge = | for outcome, and no =0
and yes = | for other factors.

Analytical Procedure

Ordered Logistic Regression Analysis
(JMP 6: SAS Institute)

Ordered logistic regression analysis examines whether
changes in variable ¥ (dependent variable) can be explained
by changes in m variables (X,, X5...., X,,) (independent
variables), For example, changes in the dependent vanable
Y are represented by the model: ¥ = b+ b X+ b X0+ ... +
b, X, in multiple regression analysis and by the model:
log{ Y/(1-Y)} = by+ b X + b X5+ ... + b, X, In logistic re-
gression analysis, In these models, by 1s a constant member
in the equation and by, b,,.... b,. which represent the
relationship between Y and X, after elimination of the
effects among the independent vanables, are called partial
regression coefficients. Regression analysis allows predic-
tion concerning unknown data by constructing a model
representing the phenomenon defined as the dependent
variable on the basis of available data. Also. by evaluating
the degree of the effect of each independent variable on the
dependent variable according to the partial regression
coeflicient, it allows the analysis of factors (independent
variables) that affect the dependent variable. In multiple
regression analysis, dependent vanables are continuous
data, such as the concentration of a substance in blood, that
are assumed to be linearly related to the independent
variable. This concept of multiple regression can also be
used to simultaneously examine the relationships among 2
or more categorical variables. However, the relationships
among categorical variables are not simply linear, because
the ranges of their values are fimte. Therefore, generahzed

TABLE 3. Dependent Variable (¥ =After): Categorization of
Data

Dependent Variable (1Y) VRS No. Patients (71)
0 0 28
1 1 29
2 2,3, 4 14

VRS indicates verbal rating scale.

¢ 2008 Lippincotr Williams & Wilkins

Dependent Variable (1) Before-After No. Patients (71)
1 0.1 8
2 2 31
3 3.4 32

linear models are used. If quantitative variables are
included in independent variables, and if the dependent
variable 1s a categorical variable, logistic regression analysis
can be performed by applying a generalized linear model
through converting the probability that the value of a
categorical variable falls in a particular category (p) into log
{p/(1-p)}, which can take infinitely small to infinitely large
values (logit conversion). A logistic regression analysis can
be used for binary variables such as pain (present or
absent). If there are 3 or more categorical variables in this
study, ordered logistic regression analysis can be used.
Ordered logistical regression analysis was performed in this
study to efficiently use the variables (Y = after, before, or
improvement factor) extracted by means of a S-point scale
and because a large number of factors (X in Table 1) are
involved in pain.

Leave-one-out Cross-validation (LOOCY)

The ultimate objective of many multivariate analysis
procedures is to construct a model for the prediction of
related factors. In regression analysis, the relationships
between the quantitative properties of samples of a variable
(dependent variable) with those of 1 or more independent
variables are established as a model. A common phenom-
enon that requires caution in all regression analysis
procedures is that if the number of variables simultaneously
considered in the model (m) is excessively large, results that
“overfit”" the data may be obtained to reduce the predictive
ability of the model. Also, if the number of samples of each
variable is insufficient, the reliability of the model 1s
impaired. Usually, the necessary number of samples (n) is
reported to be 5 to 10 times the number of variables (m).
After the construction of a model by applying muluvariate
analysis, the appropriateness of the model must be
confirmed by checking, for example. whether overfitting,
which was described above. has occurred.

Overfitting 1s a loss in the applicability of the model to
data other than training data (data used for the preparation
of a model) owing to overadjustment of the estimated
values of the parameter to training data in the learning
process of a categorization model using many parameters.
To avoid overfitting, parameters must be selected using
cross-validation, according to the precision of categoriza-
tion of the test data prepared for the measurement of the
predictive ability using data other than the training data.

Cross-validation means dividing data into 2 parts,
preparing a model using one of them as training data, and
examining the predictive ability of the model using
the other part as test data. It is a techmque to evaluate
the number of variables used and predictive ability of the
model equation itself. The procedure of LOOCV used in
this study was as follows. First, 1 sample is temporarily
excluded from the training data and a model is constructed
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using the remaining training data. By employing this model,
the dependent variable of the excluded sample is predicted,
and the difference between the actual and predicted values
of the dependent variable is recorded. Thereafler, the
excluded sample is returned to the training data, another
sample is excluded, a new model is constructed, and a new
predicted value and its difference compared with the actual
value are obtained. This process is repeated unul all
samples have been excluded once each. The optimal model
can, thus, be selected from multiple models by comparison
of the predictive ability.
Statistics and criteria used for this comparison are
described as follows.
I. The percent accuracies of the model using test data by
LOOCV.
2. Spearman rank correlation coefficients calculated
according to the following expressions.

(RY) =1 — O‘Z d
n*—n
d = the difference between each rank of corresponding
values of x ( = observed value) and y ( = the predicted
value), and n = the number of pairs of values.

RESULTS

Course of Analysis and Results

First, to accurately preserve the model, independent
variables unnecessary for expressing the data as a model
were excluded by calculating the percent accuracy. In-
dependent variables were further screened by examining the
multicolinearity, which occurs when there are correlations
among independent varables and leads to the preparation
of inappropriate models. As a result, 23 independent
variables could be selected (Table 5) and the accuracy was
53/71.

Independent variables were further eliminated by
estimating the optimal model on the basis of the evaluation
of the predictive ability by LOOCYV. A program to perform
LOOCYV by ordered logistic regression analysis was coded

by us, and the optimal model was predicted by calculating
the percent accuracy of the prediction results and Spearman
rank correlation coefficients between the actual dependent
variable and prediction results,

In the process of reducing independent variables one
at a time from the 23, the calculation program stopped
when all variables had been applied. Therefore, we divided
the 23 independent variables into 4 categories consisting of
6, 6, 6, and 5 variables and further eliminated them. The 4
categories were established by combining independent
variables considered to be most closely interrelated and
distributing independent variables considered to affect pain
control among these categories markedly.'? For example,
category A includes characteristics of patients (eg, sex), B
includes physical factors (eg, nausea), C includes psycho-
social factors (eg, depression), and D includes laboratory
test values (eg. bilirubin). Eliminated independent variables
varied according to how they were categorized and the
results were unreliable. Therefore, we decided to extract
necessary independent variables rather than eliminate
unnecessary ones. The predictive ability was calculated first
in all models in which only 1 variable was used and by
adding 1 variable to the models in all possible combina-
tions. As a result, independent variables that always
remained (sex. bone metastasis, and nausea) could be
determined when the number of independent variables used
in the models was increased to 3-6. The results are shown
below.

Procedure 1 [Y=After, Selection of Variables (X)
When the Number of Variables was Increased to 5]

Among the combinations of 5 independent variables
that gave the highest accuracy (41/71), Spearman rank
correlation coefficient was highest (0.516) for the combina-
tion of sex, bone metastasis, nausea, sleep disorders, and
cough. Ordered logistic regression analysis was performed
using these independent variables. As a result, nausea, sex,
and bone metastasis were significant (Table 6).

Spearman rank correlation coefficient was highest
(0.538) for 8§ combinations, all of which included sex, bone

TABLE 5. 23 Independent Variables that Remained After Elimination

Scale of
Variable Selected (23 Variables) Eliminated (15 Variables)
Binary Previous chemotherapy, sex, marnage, bone metastasis, Infection
outcome
Physical symptoms: nausea, appetite, cough, fever Physical symptoms: nausea, constipation, dyspnea
Psychiatric symptoms: depression, sleep disorders, Psychiatnic symptoms: delirium, malaise, confusion,
sleepiness and hallucination
Concomitant medications: NSAIDs, steroids, analgesic
adjuvants
Continuous Age Opioid: daily dosage of morphine, fentanyl and

Opioid: log (daily dosage of fentanyl and oxycodone)

Liver function: ALT, bihrubin
Kidney function: Serum creatinine

oxycodone, log (daily dosage of morphine)
Liver function: AST, ALP, yv-GT
Other laboratory test items: platelet

Other laboratory test items: total protein, hemoglobin

ALP indicates alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; y-GT. y-glutamyltransferase;

NSAIDs, nonsteroidal anti-inflammatory drugs.
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TABLE 6. Result of Procedure 1-1 (¥ = After, Selected Variables When the Number of Variables was Increased to 5 on the Basis of
the Percent Accuracy (Accuracy: 41/71, Spearman Rank Correlation Coefficient: 0.516)

Confidence Interval of Odds Ratio

Item Estimated Value Standard Error  y*Value P Odds Ratio Lower 95% Upper 95%

Sex 0.749 0.273 7491 0.0061* 2116 1.262 3.691

Bone metastasis 0.787 0.267 8.678  0.0032% 2,198 1.314 3.797

Nausea 0.553 0.259 4.561 0.0326* 1.738 1.054 2947

Sleep disorders 0.297 0.262 1.284  0.2571 1.346 0.806 2259

Cough =0.123 0.273 0204  0.6507 0.883 0.510 1.498
“P<005

metastasis, and nausea (total protein, fever, depression,
cough, sleepiness. nonsteroidal anti-inflammatory drugs,
and steroids were also included in some of them), and the
accuracy was 39/71. As a result of ordered logistic
regression analysis using these independent variables,
nausea, sex, and bone metastasis were also significant
(Table 7).

Procedure 2 [Y=After, Selection of Variables (X)
When the Number of Variables was Increased to 6]

Spearman’s rank correlation coefficient was highest
(0.545) for the combination consisting of sex, bone
metastasis, nausea, alkaline phosphatase, outcome, con-
stipation, and appetite, and the accuracy was 39/71
Ordered logistic regression analysis was performed using
these independent variables. As a result, sex and bone
metastasis were significant (Table 8).

Procedure 3 (Y=Improvement Factor)
Improvement factor (¥ = before-after) was also eval-
uated. Similarly to the process performed when the final
state of pain (Y = after) was selected as the dependent
variable, the percent accuracy and multicolinearity were
examined and variables were eliminated by LOOCV. As a
result, sex, nausea, steroids. and log (dailly dosage of
morphine) (accuracy, 40/71; Spearman rank correlation
coefficient, 0.328) were selected when the number of

variables was increased to 4 When ordered logistic
regression analysis was performed using these variables as
independent variables, only sex was significant (Table 9).

DISCUSSION

The result of ordered logistic regression analysis
revealed cancer pain to be significantly correlated with
nausea, sex, and bone metastasis. As shown in Tables 6 to
8, the odds ratio (OR) indicated that pain is exacerbated
when the patient is male and has nausea and bone
metastasis. The data distribution of these 3 independent
variables was 47:24 (male:female) for sex, 35:36 (presen-
L:absent) for nausea, and 26:45 (present:absent) for bone
metastasis, showing no marked disparity between the
categones.

Bone metastasis was significantly correlated with
cancer pain. There has been no previous study in which
the relationship between bone metastasis and cancer pain
was statistically analyzed, but bone metastasis is widely
perceived in palliative medicine as the greatest factor that
impairs the quality of life.'*"" External irradiation is a
standard pain control treatment for bone metastasis, but
internal radiotherapy is also considered in patients with
multiple bone metastases to reduce their burden.'®!
Recently, a report that bisphosphonate is also effective
for pain relief has attracted attention, but the evidence is

TABLE 7. Result of Procedure 1-2 (Y= After, Selected Variables When the Number of Variables was Increased to 5 on the Basis of
Spearman Rank Correlation Coefficient (Accuracy: 39/71, Spearman Rank Correlation Coefficient: 0.538)

Confidence Interval of Odds Ratio

Item Estimated Value  Standard Error  z*Value L Odds Ratio Lower 95% Upper 95%
Sex 0.842 0.283 8805 0.0030* 2322 1.367 4.144
Bone metastasis 0.861 0.275 9.769 0.0017* 2367 1.392 4.187
Nausea 0.666 0.293 5.147  0.0232* 1.948 1.088 3615
Total protein —0.026 0.051 0255 0.6129 0974 0.886 1.081
Fever 0.107 0.318 0.112 0.7372 1.112 0.589 2.102
Depression -0.232 0,301 0.595  0.4401 0,792 0.425 1.443
Cough —0.125 0.329 0.145 0.7027 0.881 0.446 1.699
Sleepiness 0.076 0.283 0.072 0.7875 1.079 0.617 1.882
NSAIDs 0.012 0.322 0.001 0.9679 1.013 0.522 2013
Steroids 0.040 0.256 0.024 0.8752 1.041 0.624 1.738

*P < 0.05.

NSAIDs indicates nonsteroidal anu-inflammatory drugs,
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