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Crawley, UK). Quantitative PCR (qPCR) and quantitative nested PCR (nPCR)
detection for HTLV-1 were performed as described previously.[*'~*?! Briefly,
primers were set in the pX region, and the density of the template was
30ng per reaction. The PVL was normalized using pf-globin and
represented as a percentage. The detection density level was in a linear
range of ~0.5% and the lowest sensitivity was 0.1%. Furthermore, when
presenting 0.1% or less, we conducted nPCR!*) and sub-classified these
samples into two types of gPCR (—) and nPCR (-+), and both were negative
in un-infected cases.

Statistics

To evaluate the test and diagnostic performance for the qualita-
tive detection of anti-HTLV-1, Cohen’s kappa-statistics were used. This is
a more robust measure than a simple % agreement calculation.

RESULTS
Various Results with the Four Methods

The positive rates by PA, CLEIA, CLIA, and WB were significantly
different between the former three methods and WB (Table 1) using
pregnant blood samples. The cause of the low positive rate in WB was
likely high indeterminates (14.3%). The band patterns of WB and
serological and molecular status for HTLV-1 positivity are compared in
Table 2. The 15 indeterminate samples consisted of 6 with no only
gp46 band pattern (group A) and 9 with no gp46 and gag band (p53,
p24 or pl9) pattern (group B). Samples of Group A were seropositive
in all but case no 21. In addition, all 3 samples (case no. 62, 60, and
100) available for molecular testing showed either a qPCR or nPCR
positive reaction (Figure 1). When no amplicon was observed, the sample
was re-evaluated using an increased dose of template (60ng). The ampli-
con curve in case 62 of Figure la emerged as a consequence of an

TABLE 1 The HTLV-1 Serological Results of 105 Pregnant Sera by Each Method

PA CLEIA CLIA WB (WHO)
Positive 99 (94.3%) 98 (93.3%) 97 (92.4%) 86 (81.9%)
Indeterminate 0 0 0 15 (14.3%)
Negative 6 (5.7%) 7 (6.7%) 8 (7.6%) 4 (3.89%)

The positive rate was significantly lower in WB compared to other 3 methods (<.05) with high inde-
terminates in 15 sera.
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TABLE 2 Comparison of Results between Three Sets of Serological Data for the CLEIA, CLIA and PA;
and 19 Cases Showing Four Negative and 15 Indeterminate WB

Band Pattern gag

Molecular Test

Case No. CLEIA CLIA PA WB Results envgp46 p53 p24 P19 gPCR  nPCR
group A 21 0.5 0.12 + Indeterminate - -+ + +
60 259 44.15 + Indeterminate - + + 4+ 0.01% (4+) (+)
50 143 90.7 + Indeterminate - + + +
35 24 398 -+ Indeterminate - -+ + +
100 8.3 53.12 4 Indeterminate - + + 4+ 0.02% (+) (+)
3 34 90.4 + Indeterminate - + + +
group B 92 0.2 0.14 — Indeterminate - — + -
64 0.1 0.27 — Indeterminate — - + -
18 6.3 53.44 Indeterminate - + -
58 0.1 0.13 — Indeterminate - - - +
32 1.7 1.54 + Indeterminate - - - +
65 1.2 7.55 — Indeterminate - - — +
62 14.7 40.17 4 Indeterminate - — - 4 +) (+)
15 5.5 495 + Indeterminate - + - +
33 8.7 24.45 + Indeterminate — + - -+
group C 29 33 01 - - — - - -
67 01 012 - - - - - -
94 0.2 012 — - - — - -
40 01 049 + - - - - -

The cut of value for CLEIA and CLIA is 1.0. gPCR and nested PCR gave a positive amplicon in all

cases tested.
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FIGURE 1 (a) Amplicon curve in Realtime qPCR in- 3 samples with indeterminate WB pattern. The
amplicon curve incompletely elevated out of the dynamic range using 100 ng templates. (b) Western blot pat-
tern of three sampled and that were not observed gp 46 band, where PC* is weak positive control. In order to
determine sero-positive, both gp46 and one or more gag band (p53, p24, or p19) were positive. (c) The
results of triplicate nested PCR in case no. 60 were showed three images in left panel. PCR was two times
positive amplification reaction detecting agarose gel analysis, where PC means positive control and NC
means negative control. PC has two different concentrations 30 pg and 3 pg (color figure available online).
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TABLE 3 The Proportional Agreement and Kappa-Statistic between the Two Methods

Proportion of Agreement Kappa-Statistics
PA-WB 0.88 0.488
CLEIA-WB 0.87 0.428
CLIA-WB 0.89 0.542
PA-CLEIA 0.96 0.693
PA-CLIA 0.96 0.846
CLEIA-CLIA 0.99 0.928

The values of kappa-statistics were evaluated to be poor in less than 0.4, moderate in 0.4-0.59, good in
0.6-0.79, and excellent in 0.89-1.0.

increased template dose. These findings indicate that most samples with
indeterminate WB patterns contain a very small number of HTLV-1 pro-
virus-integrated cells (Table 2). Thus, the condition of gp46 positivity in
the WHO criteria may not be ideal.

The value of kappa-statistics concerning the validation of test perfor-
mance in a combination of the two methods is summarized in Table 3.
The two chemi-luminescent immune assays (CLEIA and CLIA) kits were
evaluated to be excellent.

The Role of PCR in the Serological Diagnostic Strategy
of HTLV-1 Infection

About half the cases with sero-indeterminate WB patterns had negative
or low titers in other assays. Accordingly, we examined whether the HTLV-1
provirus could be detected in low titer samples or sero-negative converted
samples selected from 350 ATL patients who underwent bone marrow
transplantation (BMT) and/or chemotherapy. As shown in Table 4, PVL
was 0 to 0.5% in 25 of the 350 samples, consisting of 14 sero and molecular
positive samples (group I), 7 negative qPCR samples with or without
sero-positivity (group II), and 4 sero-negative and qPCR (—) nPCR (+)
or (—) samples (group III). This means that serological detection of
HTLV-1 infection is better than qPCR for blood samples with a PVL of less
than around 0.4%. However, if the detection sensitivity of qPCR was supple-
mented with nPCR, such molecular methods gave high detection rates. No
sample was nPCR (—) and sero-positive. The value of kappa-statistics in the
combination of qPCR and CLEIA was 0.545 and the combination of gPCR
or nPCR and CLEIA was 0.744, respectively. These findings indicate we
should use gPCR or nPCR and CLEIA when we test unnatural samples col-
lected in the complete remission state after BMT and/or chemotherapy in
patients with ATL. The discrepancy between the provirus by qPCR and
anti-body by CLEIA seems to be related to the detection sensitivity.
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TABLE 4 Comparison of the Serological and Proviral Status in Hospitalized Patients with ATL Treated
by Either BMT or Intensive Chemotherapy

Case No PVL (%) nestedPCR Amplified Site of Standard Curve CLEIA

groupI  gPCR (+) 1 0.50% NT border 1.3
2 0.50% NT out of linear R 14.9

3 0.50% NT out of linear R 105

4 0.50% NT out of linear R ) 2.4

5 0.40% NT out of linear R 38.1

6 0.40% NT out of linear R 38.1

7 0.40% NT out of linear R over 1.0

8 0.40% NT out of linear R over 1.0

9 0.40% NT out of linear R 2.4

10 0.40% NT out of linear R over 1.0

11 0.40% NT out of linear R over 1.0

12 0.40% NT out of linear R 2.4

13 0.40% NT out of linear R 39.5

14 0.40% NT out of linear R 14.3

group II  gPCR (—) 15 0.00%  nPCR (+) no amplicon curve 1.2
nPCR (+) 16 0.00% nPCR (+) no amplicon curve 5.4

17 0.00%  nPCR (+) no amplicon curve 6.3

18 0.00%  nPCR (+) no amplicon curve 9.8

19 0.00%  nPCR (+) no amplicon curve 18.9

qPCR (—) 20 0.00%  nPCR (+) no amplicon curve 0.1

nPCR (+) 21 0.00% nPCR (4+) no amplicon curve 0.9

group III gqPCR (—) 22 0.00% nPCR (—-) no amplicon curve 0.5
nPCR (—) 23 0.00%  nPCR (—) no amplicon curve 0.8

24 0.00%  nPCR (—) no amplicon curve 0.8

25 0.00%  nPCR (—=) no amplicon curve 0.2

The cut off value of CLEIA is 1.0. (+): positive, but no number data.
NT =not tested.

DISCUSSION

Since the discovery that HTLV-1 is causative for ATL as well as HAM/
TSP, about 80 years have passed. However, the number of HTLV-1
carriers and annual morbidity number of ATL patients are about 1 million
and about 1,000 respectively in Japan.['”) Furthermore, there has been
little advance in the treatment for ATL. If people are not infected with
HTLV-1, no ATL develops, indicating that prevention of HTLV-1 trans-
mission is important. The natural transmission route is known mainly to
be mother to child via breastfeeding.!"®**" The preventive effect of refrain-
ing from breast-milk has been demonstrated through the ATL Prevention
Program in Nagasaki (APP), which started in 1986.1%221 Op the other
hand, a nationwide prevention program similar to APP only started in
Japan from 2011, including non endemic areas for HTLV-1. The low preva-
lence of infection leads to a greater frequency of indeterminate or false
positive results. In general, PA and CLEIA (or CLIA) methods are applied
as the screening test. If HTLV-1 is positive, the result is confirmed by WB, as
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a confirmatory test. Therefore, the final indeterminate judgment may be
undesirable for mental health of the mother. In fact, this strategy yields
a high rate of inconclusive or equivalent results. Accordingly, it is now
controversial as to whether or not real-time qPCR can be substituted for WB.

The present article reveals that although the positive rates of PA,
CLEIA, and CLIA were equally high, the values of kappa-statistics gave
a more robust evaluation in terms of test performance. Both CLEIA and
CLIA showed high proportional agreement, while WB was the worst
performer; no validity as a confirmatory test was found. The reason for this
appears to result be presence of many sero-indeterminates (14.3%) in
endemic erea (Nagasaki). Additionally, the present study indicated that
60-70% of WB indeterminates were probably positive, in particular in cases
with no gp46 band. Taken together, the CLEIA (and/or CLIA) is probably
suitable for the first screening, but there seems to be no appropriate
serological test as a confirmatory test.

Moreover, when serological assays yield discrepant results, no one knows
which result is correct. From biological and confirmatory points of view, the
genetic approach is promising and attractive. Thus, we compared test and diag-
nostic performance of PCR and serological assays. Although the benefits of
real-time qPCR are well understood, as summarized schematically in
Figure 2, the detection limit of 0.01% is a disadvantage of this technology. How-
ever, since a combination with nPCR became sensitive at 0.001%, nPCR ()
may be thought of as un-infected. Currently, the pathological significance in

PVL(%) PCR CLEA
100%
b=}
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FIGURE 2 The relationship between the HTLV-1 molecular proviral detection status by PCR
methodology and the HTLV-1 sero-positive status measured with the CLEIA method.
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such a very low number of infected cells remains to be elucidated. In general,
the limit of detection of gqPCR is thought to be 0.01-0.5%.1'%%327] the same as
with our method. If we convert 0.01% of PVL into total infected cells per body,
a total of 3 x 107*"7% infected cells exist within the whole body, indicating
that such an infected cell burden seems to be natural in the production of
anti-HTLV-1 antibodies. Since even some samples with qPCR (—) and
nPCR (+) were positive for the antibody, real-time gPCR may yield seropositive
individuals carrying a small number of infected cells detected by only nPCR.
This suggests that a combination of qPCR and nPCR is a better algorithm
as a confirmatory test.

In conclusion, the high values of kappa-statistics are expected to deliver
high quality in CLEIA (or CLIA), while the problems with WB assays remain
to be elucidated. As an alternative to WB, a combination of real-time gPCR
and nested PCR is proposed as a suitable confirmatory test.
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ABSTRACT

BACKGROUND
Eculizumab is a humanized monoclonal antibody that targets complement protein
C5 and inhibits terminal complement-mediated hemolysis associated with paroxys-
mal nocturnal hemoglobinuria (PNH). The molecular basis for the poor response
to eculizumab in a small population of Japanese patients is unclear.

METHODS

We assessed the sequences of the gene encoding C5 in patients with PNH who had
either a good or poor response to eculizumab. We also evaluated the functional
properties of C5 as it was encoded in these patients.

RESULTS

Of 345 Japanese patients with PNH who received eculizumab, 11 patients had a
poor response. All 11 had a single missense C5 heterozygous mutation, ¢.2654G—A,
which predicts the polymorphism p.Arg885His. The prevalence of this mutation
among the patients with PNH (3.2%) was similar to that among healthy Japanese
persons (3.5%). This polymorphism was also identified in a Han Chinese popula-
tion. A patient in Argentina of Asian ancestry who had a poor response had a very
similar mutation, ¢.2653C-T, which predicts p.Arg885Cys. Nonmutant and mu-
tant C5 both caused hemolysis in vitro, but only nonmutant C5 bound to and was
blocked by eculizumab. In vitro hemolysis due to nonmutant and mutant C5 was
completely blocked with the use of N19-8, a monoclonal antibody that binds to a
different site on C5 than does eculizumab.

CONCLUSIONS

The functional capacity of C5 variants with mutations at Arg885, together with
their failure to undergo blockade by eculizumab, account for the poor response to
this agent in patients who carry these mutations. (Funded by Alexion Pharmaceuticals
and the Ministry of Health, Labor, and Welfare of Japan.)
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VARIANTS IN C5 AND POOR RESPONSE TO ECULIZUMAB

AROXYSMAL NOCTURNAL HEMOGLOBIN-
uria (PNH) arises as a consequence of clon-
e al expansion of hematopoietic stem cells
that have acquired a somatic mutation in the gene
encoding phosphatidylinositol glycan anchor bio-
synthesis class A (PIGA).* The resulting hemato-
poietic cells are deficient in glycosylphosphati-
dylinositol-anchored proteins, including the
complement regulatory proteins CD55 and CD59;
this accounts for the intravascular hemolysis that
is the primary clinical manifestation of PNH.**¢
PNH frequently develops in association with dis-
orders involving bone marrow failure, particularly
aplastic anemia. Thrombosis is a major cause of
PNH-associated morbidity and mortality, partic-
ularly among white patients.”®

Eculizumab (Soliris, Alexion Pharmaceuticals)
is a humanized monoclonal antibody that spe-
cifically binds to the terminal complement pro-
tein C5, inhibiting its cleavage into C5a and C5b by
C5 convertases and thereby preventing the release
of the inflammatory mediator C5a and the for-
mation of the cytolytic pore C5b-9.1911 C5 block-
ade preserves the critical immune-protective and
immune-regulatory functions of upstream compo-
nents that culminate in C3b-mediated opsoniza-
tion and immune clearance. Eculizumab is highly
effective in reducing intravascular hemolysis in
PNH; it decreases or eliminates the need for
blood transfusion, improves quality of life, and
reduces the risk of thrombosis among both pa-
tients with classic PNH and those in whom PNH
develops secondary to aplastic anemia.*21¢

Since the approval of eculizumab by regula-
tory authorities outside Japan, more than 99% of
patients in whom it has been administered have
had a good response with respect to decreases in
intravascular hemolysis.?>1® However, in the
Japanese AEGIS study of eculizumab in patients
with PNH, 2 of 29 patients had a poor re-
sponse.’” In those 2 patients, the level of lactate
dehydrogenase (LDH) remained markedly high
during treatment with eculizumab. As of this
writing, 345 Japanese patients have received
eculizumab, and 11 patients who share the same
single polymorphism and who have had a poor
response (3.2%) have been identified. In this
study (C07-001: Safety and Efficacy Study of
Eculizumab in Paroxysmal Nocturnal Hemoglobin-
uria Patients), we sought to elucidate the molecular
basis for the poor response in this small sub-
group of Japanese patients with PNH.

METHODS

STUDY OVERSIGHT
The study was sponsored by Alexion Pharma-
ceuticals and the Ministry of Health, Labor, and
Welfare of Japan. The first and last authors had
final responsibility for the study design, over-
sight, and data verification and analyses.
Written informed consent was obtained from
all patients according to the Declaration of Hel-
sinki. Approval for the study was obtained from
the institutional review board at each study site.
All the authors collected and maintained the
data. Members of the academic steering com-
mittee in conjunction with the sponsor contrib-
uted to the interpretation of the results, wrote
the first version of the manuscript and approved
all versions, made the decision to submit the
manuscript for publication, and vouch for the
accuracy and completeness of the data reported
and the fidelity of this article to the study
protocol, which is available with the full text of
this article at NEJM.org. Alexion Pharmaceuticals
and Infusion Communications provided medical-
writing support.

PATIENTS

Blood samples were obtained from 12 patients
(11 Japanese patients and 1 Argentinian patient
of Asian ancestry) identified as having a poor
response to eculizumab. A poor response was
defined as markedly high levels of LDH during
treatment, indicating that intravascular hemoly-
sis remained unaffected, regardless of whether
there were improvements in other laboratory
findings or clinical symptoms. This condition
is distinct from mechanisms of extravascular
hemolysis that occur in some patients during
treatment with eculizumab, as reported by an-
other group.*® Control samples from 1 healthy
person and 7 patients with PNH who had a
good response to eculizumab were also obtained.
All blood samples were collected by means of
venipuncture.

HEMOLYTIC ASSAYS
We determined the pharmacodynamic response
to eculizumab by measuring the capacity of the
patients’ serum to lyse antibody-sensitized chicken
erythrocytes in a human serum-complement he-
molytic assay.?? Less than 20% residual hemoly-
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Figure 1. Pharmacodynamic Analysis of Eculizumab in 2 Patients with a Poor
Response and in 27 Patients with a Good Response in the AEGIS Study.

Panel A shows levels of lactate dehydrogenase (LDH), which remained
elevated during the 12-week treatment period in the 2 patients with a poor
response to eculizumab, whereas they returned to almost normal values in
27 patients with a good response. Panel B shows in vitro hemolytic activity
in serum samples obtained from the patients. In the 2 patients with a poor
response, the level of hemolysis, like the LDH level, was unaffected by
treatment with eculizumab, whereas in patients with a good response,
hemolytic activity was completely suppressed throughout the treatment
period.

sis is indicative of complete blockade of hemolysis
in this assay system. N19-8, an anti-C5 monoclo-
nal antibody that binds to a different site on C5
than eculizumab, was used instead of eculizu-
mab in some hemolytic assays.
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C5 GENE SEQUENCING

Genomic DNA was isolated from peripheral-
blood mononuclear cells with the use of the
DNeasy Blood and Tissue Kit (Qiagen), and mes-
senger RNA (mRNA) was isolated from peripheral-
blood mononuclear cells with the use of the
QIAamp RNA Blood Mini Kit (Qiagen). We syn-
thesized complementary DNA (cDNA) from the
mRNA using high-capacity cDNA reverse-tran-
scription kits (Applied Biosystems).

The C5 gene consists of 41 exons that con-
tain a total of 97,942 bp. To cover each exon, we
designed 41 specific primer sets at introns
flanking each of the 41 exons according to the
C5 gene sequences reported in the GenBank data-
base (GenBank accession number, NG_007364.1).
Primer sequences for exon 21, which contains
the identified mutations, are shown in Figure S1
in the Supplementary Appendix (available at
NEJM.org). Total genomic DNA was used as a
template and was amplified with the use of
a polymerase-chain-reaction (PCR) assay. We
sequenced the amplified fragments with the
same primer pair, using the BigDye Terminator,
version 1.1, cycle sequencing kit (Applied Bio-
systems).

SCREENING FOR MUTATIONS IN C5
To determine the prevalence of a heterozygous
point mutation, ¢.2654G—4, in the healthy Japa-
nese population, the PCR product (185 bp) derived
from peripheral blood for the nucleotide sequences
at exon 21 was digested with the use of the ApaLl
restriction enzyme, and digested samples were sep-
arated by means of electrophoresis in 2% agarose
gel. To analyze the distribution of the identified
variants, ¢.2654G—A and ¢.2653C-=T, in various
populations, we sequenced the PCR product using
the Sanger method. DNA panels containing sam-
ples obtained from 100 persons from England and
Scotland (panel MGP00003), 120 Han Chinese
persons (panel MGP00017), and 90 persons in Los
Angeles who were of Mexican ancestry (HapMap
[release 13]) were purchased (Coriell Institute for
Medical Research).

GENERATION OF RECOMBINANT C5

Recombinant nonmutant human C5 (rC5) was
derived from the nonmutant gene cloned into
an expression vector, pEE12.4. Recombinant
mutant C5 (rC5m) was created from rC5 by
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means of site-directed mutagenesis (Stratagene
QuikChange Lightning kit, Agilent Technologies).
Both rC5 and rC5m were expressed in 293 cells
with the use of the transient Expi293 expression
system (Invitrogen) and were purified from the
tissue-culture expression medium according to a
modification of a previously described method.?®
Recombinant C5 was quantified with the use
of a bicinchoninic assay (Pierce Biotechnology),
evaluated by means of sodium dodecyl sulfate—
polyacrylamide gel electrophoresis and a laboratory-
on-a-chip capillary electrophoresis (Protein 230 kit,
Agilent), and stored at ~80°C. Final preparations
of both rC5 and rC5m were more than 95% pure.

BINDING AFFINITY ASSAY
Surface-plasmon-resonance analysis (Biacore 3000)
was used to assess the binding of eculizumab to
C5 with the use of an antihuman IgG (Fc) cap-
ture method. Antihuman IgG (Fc¢) (KPL 01-10-20)
diluted to 0.1 mg per milliliter in 10-mM sodium
acetate (pH 5.0) was immobilized on two flow
cells of a CM5 sensor chip for 8 minutes by
means of amine coupling. Eculizumab was di-
luted to 0.25 pg per milliliter in running buffer
(10 mM HEPES buffer, 150 mM sodium chloride,
3 mM EDTA, and 0.005% polysorbate 20, pH 7.4).
One flow cell was used as a reference. Diluted
antibody was then injected onto the other flow
cell, followed by injection of rC5 or rC5m at con-
centrations ranging from 4 nM to 1 uM. The sur-
face was regenerated each time with 20 mM hy-
drochloric acid and 0.01% polysorbate 20 (100 ul
per minute, 200-ul injection).

RESULTS

PATIENTS WITH A POOR RESPONSE IN THE AEGIS
STUDY

During the 12-week period of eculizumab treat-
ment in the AEGIS study, two patients with PNH
had markedly elevated levels of LDH that did not
decrease, suggesting that eculizumab did not
protect the erythrocytes in these two patients
from uncontrolled complement activation (Fig.
1A, and Table S1 in the Supplementary Appendix).
This was confirmed in a subsequent analysis of
pharmacokinetics and pharmacodynamics. Thus,
despite the fact that peak and trough levels of
eculizumab during the study remained well
above the minimal level required to completely
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the same four persons.

Figure 2. Effect of Exogenous Eculizumab and a Different Anti-C5 Antibody
(N19-8) on Hemolytic Activity in Serum Samples Obtained from Patients

Panel A shows the effect of the addition of exogenous eculizumab on in vitro
hemolysis. Exogenous eculizumab, up to a final concentration of 2000 ug
per milliliter, did not inhibit in vitro hemolysis in the serum samples ob-
tained before administration of the drug in two patients with a poor re-
sponse, whereas inhibition was seen in serum samples obtained from a
patient with a good response and a healthy person. In contrast, as shown
in Panel B, an anti-C5 antibody to a different epitope (N19-8) suppressed
complement-mediated in vitro hemolysis in all the samples obtained from

inhibit complement-mediated hemolysis in pa-
tients with PNH (>35 wg per milliliter) (Fig. S2 in
the Supplementary Appendix), rates of hemolysis
in the two patients with a poor response were
unaffected under conditions in which hemolytic
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Figure 3. Genetic Variants of C5.

Panel A shows the sequence of the C5 variants detected in Japanese pa-
tients and an Argentinian patient with a poor response to eculizumab, as
compared with the more frequently observed sequence in patients who had
a good response to the drug. A heterozygous missense mutation in exon 21,
€.2654G-A, predicting p.Arg885His, was identified in all Japanese patients
with a poor response but not in those who had a good response. A very
similar mutation, c.2653C=T, which predicts p.Arg885Cys, was identified
in an Argentinian patient of Asian ancestry who had a poor response.
Panel B shows a typical 2% agarose gel analysis to detect the presence of
the c.2654G~A mutation. This mutation creates an Apall recognition site,
which, when digested with Apall, generates the 185-bp polymerase-chain-
reaction (PCR) product and two additional DNA fragments of 103 bp and
82 bp in length in heterozygous persons (lanes 1, 2, and 3). Lane 4 shows
a PCR product from a homozygous sample without the mutation. The PCR
product derived from a plasmid inserted with the mutant sequence was
used as a positive control.

activity was completely suppressed in the pa-
tients with a good response (Fig. 1B).

These observations were corroborated through
further study of the effect of exogenous eculiz-
umab on the hemolytic activity in a serum
sample obtained from a patient before adminis-
tration of the drug. Although in vitro hemolytic
activity in serum samples obtained from a
healthy person and from a patient who had a
good response to eculizumab was completely
inhibited by eculizumab at serum concentrations
of 6.25 pg per milliliter and 12.5 ug per milli-
liter, respectively, levels as high as 2000 ug of
eculizumab per milliliter did not inhibit in vitro
hemolysis in the serum samples obtained from
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the two patients who had a poor response
(Fig. 2A). In contrast, results with N19-8, an anti-
body that binds a site on C5 that is distinct from
the eculizumab binding site, showed that sup-
pression of complement-mediated hemolysis was
similar in the healthy person, the patient who
had a good response to eculizumab, and the two
patients who had a poor response (Fig. 2B).

€5 MUTATION IN JAPANESE PATIENTS WITH A POOR
RESPONSE

We amplified all 41 exons of the C5 gene with
primer sets specifically designed for each exon,
using as a template genomic DNA prepared from
mononuclear cells obtained from patients who
had a poor response, and we directly sequenced
all the PCR products from each exon (Fig. S1 in
the Supplementary Appendix). We identified a
single missense C5 heterozygous mutation at exon
21, ¢.2654G—~A (DNA Data Bank of Japan acces-
sion number, AB860298), which predicts the
polymorphism p.Arg885His, in both patients
who had a poor response. This mutation was not
seen in 7 patients who had a good response to
eculizumab (Fig. 3A). In addition, we confirmed
that 9 other Japanese patients who received treat-
ment after completion of the AEGIS study and
who had a poor response to eculizumab had
the same C5 gene mutation (Table S1 in the Sup-
plementary Appendix). The 11 patients with a
poor response who had this mutation were iden-
tified among 345 Japanese patients who received
eculizumab (rate of a poor response, 3.2%).

The ¢.2654G—A mutation generates a new
Apall recognition site (Fig. S3 in the Supple-
mentary Appendix); therefore, when digested
with Apall, the 185-bp PCR product of exon 21
associated with nonmutant C5 generates two
DNA fragments of 103 bp and 82 bp in length
(Fig. 3B). However, the Apall digestion products
from all 11 patients who had a poor response
contained a mixture of the 185-, 103-, and 82-bp
fragments; this confirms that each of these pa-
tients was heterozygous, with ¢.2654G-A in one
allele and a nonmutant sequence in the other
allele.

Next, we analyzed the prevalence of this mu-
tation in the healthy Japanese population, using
the gel-based assay in conjunction with DNA
samples. We found that 10 of 288 healthy per-
sons in Japan had the same heterozygous muta-
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tion (3.5%), which is consistent with the preva-
lence we observed in the population of Japanese
patients with PNH.

To determine the distribution of this poly-
morphism in other racial and ethnic popula-
tions, we screened several DNA panels. The
€.2654G-A polymorphism was identified in 1 of
120 Han Chinese persons but was not seen in
samples obtained from 100 persons of British
ancestry and from 90 persons of Mexican an-
cestry.

MUTANT C5 IN JAPANESE PATIENTS WITH A POOR
RESPONSE

To assess the influence of the genetic change on
C5 function, electrophoretically pure rC5 and
rCSm containing ¢.2654G—A were generated and
functionally compared in various in vitro experi-
ments. As a preliminary experiment, we con-
firmed that natural C5 (nC5), rC5, and rC5m re-
stored classical-pathway lysis equivalently when
added to C5-depleted serum (data not shown).
Eculizumab did not block classical-pathway lysis
in serum reconstituted with rC5m but did block
rC5-dependent and nC5-dependent lysis (Fig. S4A
in the Supplementary Appendix). By contrast, as
observed with serum samples obtained from pa-
tients, N19-8 inhibited lysis in C5-depleted se-
rum reconstituted with nC5, rC5, and rC5m (Fig.
S4B in the Supplementary Appendix). Finally, al-
though eculizumab bound nanomolar concen-
trations of rC5 on surface-plasmon-resonance
analysis, with clear association and dissociation
phases, there was no detectable binding with
rC5m in the same assay up to the highest concen-
tration of eculizumab (1 uM) examined (Fig. 4).

C5 MUTATION IN AN ARGENTINIAN PATIENT
WITH A POOR RESPONSE

One patient with a poor response to eculizumab
in whom the level of LDH remained markedly
high during treatment with eculizumab was re-
ferred to us from Argentina. Although the known
C5 polymorphism, ¢.2654G—A, was not identi-
fied in this patient, a new mutation, ¢.2653C~T,
which predicts p.Arg885Cys, was detected in the
base next to the known polymorphism (Fig. 3A).

To determine the prevalence and the distribu-
tion of this new variant, the same DNA panels
described above were screened, but no mutation
was identified in the 120 Han Chinese persons,
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Figure 4. Effect of the Japanese C5 Polymorphism on the Functional

Binding of eculizumab to recombinant C5 (rC5) with and without the muta-
tion, as assessed by means of surface plasmon resonance, is shown. Eculizu-
mab bound rC5 but did not bind mutant rC5 (rC5m) at concentrations below
5 nM. Increasing the concentration of eculizumab up to 1 yM did not elicit
detectable binding to rC5m. A response unit (RU) is 1 pg of protein per
square millimeter on a sensor surface. The vertical line at 650 seconds
separates the on and off phases of the kinetics experiment (association of

the 100 persons of British ancestry, or the 90
persons of Mexican ancestry, suggesting that the
prevalence of this variant might be too low to be
detected in a sample of this size.

DISCUSSION

We identified a C5 mutation in Japanese patients
with PNH. This mutation prevents binding and
blockade by eculizumab while retaining the
functional capacity of the mutant C5 to cause
hemolysis.

Two patients with PNH enrolled in the AEGIS
clinical trial did not have the characteristic re-
sponse to eculizumab treatment, as shown by
the lack of change in hemolytic markers such as
levels of LDH. Serum samples obtained from
these patients showed hemolytic activity even in
the presence of high concentrations of exoge-
nously added eculizumab. However, hemolytic
activity was completely blocked by another anti-
C5 monoclonal antibody (N19-8), which binds to
a different site from that of eculizumab. A single
missense C5 heterozygous mutation, ¢.2654G—A,
was consistently detected in all 11 Japanese pa-
tients with a poor response and in none of the
patients who had a good response. The preva-
lence of this polymorphism among patients with
PNH (3.2%) was very similar to the prevalence
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in healthy Japanese persons (3.5%), and the poly-
morphism has been identified in 1 of 120 Han
Chinese persons. We then showed that the hemo-
lytic activity supported by this structural variant
in vitro was not blocked by eculizumab but was
fully blocked by N19-8 and that the variant was
incapable of binding eculizumab. Collectively,
these data provide support for the hypothesis
that the functional capacity of the mutant C5,
together with its inability to bind to eculizu-
mab, account for the poor response in patients
who carry this mutation.

A new variant, ¢.2653C—T, which predicts
p-Arg885Cys, was independently identified in an
Argentinian patient of Asian ancestry, suggest-
ing the importance of this site in C5 recognition
by eculizumab and the racial and ethnic factors
associated with this phenomenon. The Arg885His/
Cys mutations are proximal to the C5 MG7 do-
main, close to the known epitope for binding of
eculizumab?* and within the contact region be-
tween the C5 convertase and bound C5 sub-
strate, as inferred by Laursen et al.?? Evidently,

specificity of monoclonal antibody binding, dis-
rupt the eculizumab epitope but maintain the
capacity of C5m to undergo cleavage by the C5
convertase. Therefore, we conclude that the poor
response to eculizumab in a subgroup of
Japanese patients is explained by the inability of
a subset of lysis-competent CS in these patients
to bind and undergo blockade by the drug. The
polymorphism in the target protein might be
important to consider in patients with a poor
response to other antibody-based treatments for

various diseases.?325
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INTRODUCTION

Poly-proline motif in HIV-2 Vpx is critical for its
efficient translation
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Human immunodeficiency virus type 2 (HIV-2) carries an accessory protein Vpx that is important
for viral replication in natural target cells. In its C-terminal region, there is a highly conserved poly-
proline motif (PPM) consisting of seven consecutive prolines, encoded in a poly-pyrimidine tract.
We have previously shown that PPM is critical for Vpx expression and viral infectivity. To elucidate
the molecular basis underlying this observation, we analysed the expression of Vpx proteins with
various PPM mutations by in vivo and in vitro systems. We found that the number and position of
consecutive prolines in PPM are important for Vpx expression, and demonstrated that PPM is
essential for efficient Vpx translation. Furthermore, mutational analysis to synonymously disrupt the
poly-pyrimidine tract suggested that the context of PPM amino acid sequences is required for
efficient translation of Vpx. We similarly analysed HIV-1 and HIV-2 Vpr proteins structurally related
to HIV-2 Vpx. Expression level of the two Vpr proteins lacking PPM was shown to be much lower
relative to that of Vpx, and not meaningfully enhanced by introduction of PPM at the C terminus.
Finally, we examined the Vpx of simian immunodeficiency virus from rhesus monkeys (SIVmac),
which also has seven consecutive prolines, for PPM-dependent expression. A multi-substitution
mutation in the PPM markedly reduced the expression level of SIVmac Vpx. Taken together, it can
be concluded that the notable PPM sequence enhances the expression of Vpx proteins from
viruses of the HIV-2/SIVmac group at the translational level.

protein, Vpx, is highly conserved among viruses of the

human immunodeficiency virus type 2 (HIV-2) group, and

Primate immunodeficiency viruses carry a set of accessory
proteins necessary for their optimal growth in host
individuals (Blanco-Melo et al, 2012; Harris et al, 2012;
Malim & Bieniasz, 2012; Zheng et al, 2012). Extensive
virological and molecular biological studies carried out so
far have revealed that these auxiliary proteins profit the
viruses mostly by antagonizing cellular antiviral restriction
factors (Blanco-Melo et al., 2012; Harris et al., 2012; Malim
& Bieniasz, 2012; Zheng et al, 2012). One such viral
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plays a critical role in viral replication in different cell types
(Fujita et al., 2010). Vpx produced in cells is subsequently
incorporated into progeny virions through a specific
interaction of the putative third a-helix region (Jin et al.,
2001; Park & Sodroski, 1995) with the p6 domain of Gag
(Accola et al., 1999; Pancio & Ratner, 1998). The packaged
Vpx then confers optimal infectivity on the virions in
specific target cells such as macrophages and primary T-
cells. Recently, it has been demonstrated that Vpx induces
proteasomal degradation of host factors SAMHD1 (Hrecka
et al., 2011; Laguette et al, 2011) and APOBEC3A (Berger
et al., 2011), relieving the restriction of virus infection.
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Vpx presumably has three major «-helices and unstruc-
tured amino/carboxy termini like its paralogue Vpr
(Khamsri et al., 2006; Mahnke et al, 2006), another
accessory protein known to be abundantly virion-asso-
ciated. Despite this similarity, there is a notable poly-
proline motif (PPM) near the C terminus of Vpx (seven
consecutive prolines in the Vpx proteins of HIV-2; simian
immunodeficiency virus from rhesus monkeys, SIVmac;
and SIV from sooty mangabey monkeys, SIVsmm), which
is not present in Vpr. We have previously generated a
series of proviral HIV-2 mutant clones and performed
systemic virological studies on Vpx using primary
macrophage cultures and a T-lymphocyte cell line as
infection targets (Fujita et al., 2008a, b, 2010; Ueno et al.,
2003). Although all 19 point mutants, with mutations
scattered throughout the vpx gene, produced virions
containing Vpx at a comparable level to a WT clone
upon transfection, many of them were found to be
defective for virus growth in macrophages and/or T-cells.
The defective replication step of these mutants was shown
to be in the early phase (before/during viral DNA synthesis
and/or its nuclear import) by extensive virological and
molecular analyses (Fujita et al., 2008a, b, 2010; Ueno
et al, 2003). In contrast to above, the other two multi-
substitution mutants of the proline stretch designated 103/
4A and 106/4A (Fig. la) failed to express Vpx upon
transfection and produced progeny virions without
detectable Vpx (Fujita et al., 2008a, b). Consistently, the
two mutant viruses were growth-defective both in
macrophages and T-cells (Fujita et al, 2008b). In
particular, the 106/4A mutant virus behaved exactly like
a AVpx virus in infection experiments (Table 1). Although
severely impeded, the 103/4A mutant virus was still
infectious for macrophages and T-cells (Table 1).
Because the expression of 103/4A and 106/4A Vpx
proteins was below the detection level of the system used
(Table 1), the reason for the different growth abilities of
the two viruses remained to be determined. Notably, it has
been shown that a PPM-deletion mutant, if expressed to
some extent, retains Vpx functionality in single-round
infection experiments (Goujon et al, 2008; Gramberg
et al., 2010).

In this study, we have focused on the role of the PPM in
Vpx expression and analysed the underlying molecular
basis. Expression plasmids of HIV-2 Vpx with the PPM
mutations were constructed for quantitative comparison
and utilized for protein expression analysis using various
cellular and in vitro cell-free translation systems. Qur
results demonstrated that the PPM in HIV-2 Vpx is critical
for its efficient expression in the eukaryotic as well as
prokaryotic translation machineries. In addition, we found
that this effect is determined by the context of PPM amino
acid sequences, but not the nucleotide sequences. These
data support the notion that the PPM plays an important
role in enhancing the translational level of HIV-2 Vpx in
infected cells, thereby conferring optimal replication ability
on the virus in target cells.

RESULTS

PPM in Vpx is critical for its efficient expression in
cells

We have previously shown that the expression of Vpx in
PPM mutants carrying P103/4A or P106/4A is at an
undetectable level both in cells and in progeny virions
produced from transiently transfected cells (Table 1).
However, while the 106/4A mutant virus exhibited a AVpx
growth-like phenotype in lymphocytic HSC-F cells and no
viral growth in macrophages, the 103/4A mutant virus
grew better in both cell types than the AVpx virus (Table
1). These results led us to assume that the expression
plasmid, pME18Neo-Fvpx, used in the study (Fujita et al,,
2008b) was unable to efficiently express the protein.
Therefore, we have constructed a new expression plasmid
based on pEFl/myc-HisA (pEF-Fvpx in Fig. 1b), and
compared its ability with the old version (pME18Neo-Fvpx
in Fig. 1b). As clearly observed in Fig. 1(b), pEF-Fvpx was
much more efficient at producing Vpx than pME18Neo-
Fvpx upon transfection.

A series of mutants based on pEF-Fvpx were then
constructed (Fig. 1la, ¢, e) and examined for their
expression. First, we monitored the expression level of
the 103/4A and 106/4A mutants to see if there is a
significant difference that can account for the distinct
growth phenotype of viruses carrying these mutations
(Table 1). As shown in Fig. 1(c), only a faint amount of
Vpx was detected for the 106/4A mutant and a deletion
mutant lacking the entire PPM-coding region (d7P).
Although considerably reduced relative to the WT clone,
the 103/4A mutant clearly generated more Vpx than the
106/4A mutant. This result correlated well with the growth
potentials of the WT, 103/4A, and 106/4A viruses (Table
1). Next, we determined the effect of the number and
position of the alanine substitutions in PPM on Vpx
expression (Fig. 1d). A single substitution of proline with
alanine did not cause major reductions except for P106A
(approximately 50 % of the WT level). Double and triple
alanine substitutions gave distinct results. While the P104/
2A, P103/3A and P105/3A mutations did not have a
significant effect, the expression level of P107/3A relative to
that of WT markedly decreased (similar to the P103/4A
level). The P106/2A and P108/2A mutants expressed Vpx at
a slightly reduced level as observed for P106A. The results
in Fig. 1(c, d) showed that the number and position of
consecutive prolines in PPM are important for Vpx
expression. In addition to the PPM mutations, we analysed
the mutational effect of the glycine-rich domain (GRD),
which is a presumably flexible region just upstream of PPM
(Fig. 1a). In general, poly-proline sequences form a rigid
structure whereas glycine repeats provide flexibility.
Therefore, we speculated that the GRD may affect the
ability of PPM to enhance Vpx expression. However, the
introduction of alanine substitutions into the GRD showed
no appreciable effects (Fig. le).
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Fig. 1. Expression profiles of various Vpx—PPM mutants in transfected 293T cells. (a) A scheme of the domain structure and
sequences of HIV-2 GL-AN Vpx (112 amino acids) and its mutants. Expression plasmids with N-terminal (pEF-Fvpx series)/C-
terminal (pEF-vpxF series) FLAG were constructed in this study. Numbers indicate the positions of amino acid residues in the
HIV-2 Vpx. GRD, glycine-rich domain; PPM, poly-proline motif. (b) Expression of Vpx from two expression plasmids designated
pEF-Fvpx (this study) and pME18Neo-Fvpx (Fujita et al., 2008a, b; Khamsri et al., 2006). Relative amount of cell lysates used for
Western blotting is indicated. (c) Expression of Vpx—PPM mutants carrying four successive alanine substitutions or a deletion.
Short, short exposure; long, long exposure. (d) Expression of Vpx—PPM mutants carrying a single alanine substitution (upper) or
two/three alanine substitutions (lower). (e) Expression of Vpx—GRD mutants with or without the 106/4A mutation. (f) Expression
of Vpx-PPM mutants with a C-terminal FLAG tag. (-), pEF1/myc-HisA; WT, pEF-Fvpx or pEF-vpxF; AVpx, pEF-FxSt.
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Table 1. Effect of mutations in HIV-2 GL-AN Vpx on its
expression level and viral replication ability

Results obtained in 293T cells, lymphocytic HSC-F cells, and
monocyte-derived macrophage (MDM) cultures (Fujita et al,
2008a, b) are summarized.

Clone Mutation* Vpx Viral
expressiont replicationt

Cells Virions HSC-F MDM

GL-AN None (WT) WT WT WT WT
GL-St AVpx UD UD AVpx UD
GL-xP103A  P103A WT ND WT WT
GL-x103/4A  P103/4A UD UD M M
GL-x106/4A  P106/4A UD UD AVpx UD
GL-xP109A  P109A WT ND WT M

*AVpx, a frame-shift mutation in the vpx gene (Kawamura et al,
1994); see Fig. 1 for P103A, P103/4A, P106/4A and P109A mutations.
TWT, wt level expression; UD, undetectable; ND, not done. Vpx
proteins in transfected 293T cells (cells) and in virions prepared from
transfected 293T cells (virions) were monitored. Vpx in cells was
examined by using proviral clones and/or FLAG-tagged Vpx-
expression vectors.

$WT, similar replication to wt virus; AVpx, similar replication to GL-
St virus; UD, undetectable; M, medium replication phenotype
between WT and GL-St viruses.

Although our data here on the 103/4A and 106/4A mutants
were consistent with the viral growth properties (Table 1),
we asked whether there is a positional effect of the FLAG
tag on the Vpx expression. Expression plasmids with a C-
terminal FLAG tag based on pEFl/myc-HisA (pEF-vpxF
constructs: WT, 103/4A, 106/4A and d7P) were con-
structed, and their ability to express Vpx upon transfection
was analysed. As shown in Fig. 1(f), the data obtained were
quite similar to those in N-terminal FLAG-tagged vectors.
However, the difference in the expression level between
clones appeared to be smaller (Fig. 1c, f). This might result
from the adjacent effect of the C-terminal FLAG tag on
PPM. We used N-terminal tagged versions (pEF-Fvpx
clones) thereafter.

PPM facilitates translation of Vpx in a nucleotide
sequence-independent manner

The results presented so far indicated that PPM is
important for Vpx expression in cells. To further
understand the mechanism underlying this observation,
we compared the transcription and translation efficiencies
of WT and PPM mutants (Fig. 2). We firstly measured
mRNA levels in cells transfected with WT or three PPM
mutants (103/4A, 106/4A and d7P). Total RNA was
extracted from cells and relative vpx mRNA level was
quantified by the real-time reverse-transcription-PCR (RT-
PCR) method. As shown in Fig. 2(a), mutations in PPM

did not significantly change the steady-state level of each
mRNA in transfected cells. In agreement with this
observation, the in vitro transcription assay gave similar
results (Fig. 2a). However, when the Vpx proteins were
synthesized by an in vitro transcription/translation system
using rabbit reticulocyte lysates, the three PPM mutants
were scarcely produced (Fig. 2b). In parallel with the data
obtained in transfected cells, the amount of synthesized
103/4A was confirmed to be higher than that of 106/4A in
independently repeated experiments (data not shown).
Furthermore, we compared the translation efficiency of
WT and 106/4A clones by an in vitro transcription/
translation system using Escherichia coli S30 lysates. As seen
in Fig. 2(b), the PPM mutation almost abrogated the
translation of Vpx even in the bacterial system.

Then, we asked whether the effect of PPM on Vpx
translation is linked to the unique secondary structure and/
or poly-pyrimidine tract of mRNA around the PPM-
coding region (Fig. 3a). At first, mutant plasmids carrying a
stop codon just upstream of PPM (G102St and + 103St)
were constructed (Fig. 3a), and the expression of these
mutant proteins was examined in transfected cells as well as
in the cell-free system using rabbit reticulocyte lysates. The
truncated mutants, G102St and +103St, migrated faster
than WT Vpx and were expressed at a much lower level
(Fig. 3b). This was also observed in the cell-free system
(Fig. 3b). These results suggested that the amino acid
sequences of PPM, but not the context of the RNA
sequence, are essential for efficient translation of Vpx.
Moreover, we constructed various clones with synonymous
mutations (106/3ccg, 106/3cca, 105¢ccg, 106ccg, 107ccg and
104,106ccg) that potentially disrupt the poly-pyrimidine
tract (Fig. 3a), and examined their expression levels in
transfected cells and in the cell-free system. As shown in
Fig. 3(c), the synonymous mutants were expressed as
efficiently as WT Vpx. These data also indicated that the
role of Vpx PPM is primarily determined by the context of
the amino acid sequences, but not by that of nucleotide
sequences. Taken together (Figs 2 and 3), our findings
showed that the consecutive proline residues of PPM play
an essential role in efficient translation of HIV-2 Vpx both
in the eukaryotic and prokaryotic systems.

PPM of HIV-2 Vpx does not have a major effect on
the expression level of HIV Vpr proteins

Vpx shares many properties with Vpr including virion-
association, putative three-dimensional structure, and bio-
logical activities (Fujita et al., 2010). However, no PPM is
present in HIV-1 and HIV-2 Vpr proteins (Khamsri et al,
2006). In addition, the stoichiometry of Vpx in the virion is
much higher than that of Vpr (Singh et al, 2000).
Approximately 4000 Vpx are estimated to be packaged in
one virion, while only 14-18 HIV-1 Vpr are encapsidated. In
accordance with this observation, it has been previously
reported that the expression level of HIV Vpr proteins in cells
is low relative to that of HIV-2 Vpx as monitored by tagged
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expression plasmids/tagged proviral clones (Goujon et al,
2008; Gramberg et al., 2010; Khamsri et al., 2006). Based on
these results, we speculated that the addition of the HIV-2 Vpx
PPM onto HIV-1/HIV-2 Vpr might enhance their expression.

We firstly compared expression levels of mRNA and protein
for Vpx and Vpr. The mRNA levels for HIV-1 and HIV-2 Vpr
proteins relative to that for HIV-2 Vpx in transiently
transfected cells were measured by quantitative RT-PCR. As
shown in Fig. 4(a), both Vpr mRNAs, HIV-1 Vpr in particular,
were expressed to a lesser extent relative to Vpx mRNA.
However, no major difference was noticed for Vpx and Vpr
RNAs synthesized in vitro (Fig. 4a), probably due to T7 RNA
polymerase in the reaction. When the protein expression levels
were compared, more drastic results were obtained. HIV-1 and
HIV-2 Vpr proteins were scarcely detectable in transfected cells
and in the cell-free system (Fig. 4b), in contrast to Vpx. These
results suggested that both transcription and translation
processes are inefficient for Vpr expression. We then tested
whether the PPM augments expression levels of HIV-1 and
HIV-2 Vpr proteins by addition of the C-terminal flexible
region of HIV-2 Vpx containing the PPM (Vprl/Vpx and
Vpr2/Vpx in Fig. 4c). In transfected cells, both Vprl/Vpx
and Vpr2/Vpx exhibited slightly higher expression relative to
parental Vprl and Vpr2 clones, respectively (Fig. 4c). However,
their expression levels obtained by adding the PPM were still
much lower than that of Vpx. In addition, the in wvitro
transcription/translation analysis by rabbit reticulocyte lysates
also gave little effect of the substitution with C-terminal flexible
region on the translation efficiency (data not shown). These
results showed that the addition of the Vpx PPM does not
cause a major effect on the expression level of HIV Vpr
proteins i1 vivo and in vitro.

SlVmac Vpx has PPM consisting of a
hepta-proline stretch and its expression is
PPM-dependent

For detailed analysis of Vpx and PPM-containing Vpr
proteins, we generated a phylogenetic tree of various Vpx/

Vpr proteins using SIVsyk (SIV from Sykes’ monkeys) Vpr
(without PPM) as a reference (Fig. 5). The Vpr of SIV from
African green monkeys (SIVagm) has been suggested as an
origin of Vpx (Sharp et al, 1996). Notably, the Vpr of STVagm
clone GRI1677 has a PPM composed of five consecutive
prolines, and its expression level is markedly reduced as a
result of PPM-deletion (data not shown). The PPM (four
consecutive prolines) of SIVmnd2 Vpx is located at a
relatively similar position (106th to 109th proline) to our
Vpx clone (HIV2 GL-AN in Fig. 5). Substitution mutations in
this region (P106/4A) almost abolished Vpx expression (Fig.
1). Among various Vpr/Vpx proteins in Fig. 5, other than
HIV-2 Vpx, Vpx proteins of SIV from drills (SIVdrl),
SIVsmm and SIVmac have seven consecutive prolines.

Based on the results summarized above, we asked whether
the P106/4A mutation in the Vpx—PPM of SIVmac gives an
effect similar to that observed for HIV-2 Vpx (Fig. 1). As
shown in Fig. 6(a), the sequence homology between the
two proteins is quite high, the N-terminal half in
particular, and the PPM is conserved as described above.
Unexpectedly, the amount of SIVmac Vpx produced upon
transfection was found to be significantly lower relative to
that of HIV-2 Vpx (Fig. 6b). However, as clearly observed,
the PPM mutant protein of SIVmac Vpx (106/4A) was
expressed at a very reduced level relative to WT Vpx (Fig.
6b), indicating the presence of PPM-dependent regulation.
We were interested in mapping the determinant(s)
responsible for the different expression levels seen for
HIV-2 and SIVmac Vpx proteins. Three chimeric expres-
sion plasmids were constructed, and monitored for their
expression upon transfection (Fig. 6c). Since the three
chimeric constructs expressed Vpx at a similarly low level
to the WT SIVmac clone, the putative helix 1 in Vpx was
considered to be the determinant. We substituted four
amino acids in HIV-2 Vpx helix 1 with corresponding
residues in the helix 1 of SIVmac Vpx (Fig. 6a, c).
Expectedly, as is clear in Fig. 6(c), the mutant with the four
substitutions (GL-D26N/I29V/A31E/L32I) and the WT
SIVmac clone produced Vpx at a similarly low level upon
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