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are very short in vive (IL-4 mutant: t;,, = 083 h; sIL-4R:
ty, = 46 11),35'36 huge amounts of these molecules are
required in plasma to maintain a long period of inhibitory
action on allergic inflammation. In fact, administration of
these molecules was required many times in high doses from

the sensitization to the challenge periods.**™*’

In the present
study, we demonstrated a remarkable antagonistic effect of
IL-4 mutant DNA applied in a form of vaccination, as a potent
new type of immunogene therapy for AD. In previous studies
in which gene therapy and DNA vaccines were used in com-
bination with a cytokine gene for tumours or pathogens,
effective immune responses to antigen were recognized even
in the absence of detectable plasma levels of cytokines.
Recently, we also reported that administration of plasmid
DNA coding IL-4 ¢DNA completely inhibited the development
of insulitis, which is one of the Thl-type autoimmune dis-
eases, although no 1L-4 was detected in plasma.38 These
results suggest that genes applied as a DNA vaccine express
and supply products to the host continuously. To occupy the
IL-4/IL-13 receptors, a continuous supply of IL-4DM is
needed but not bolus application. Therefore, IL-4DM applied
as a DNA vaccine might inhibit the allergic inflammation by
persistent secretion of mutant 1L-4 over a long period in a
limited amount.

As we had expected, IL-4DM mitigated phenotypical and
histological changes such as severe oedema, inflarmmatory
cell infilration and epidermal hyperplasia. IL-4DM also sig-
nificantly decreased the number of dermal mast cells. IL-4 is
known lo be a potent activator of mast cells. Mast cells,
which participate in the inflammatory cascade, serve as an
abundant source of Th2 cytokines as well as inflarmmatory

1 - alires .
3941 Therefore, inhibition of mast cell activa-

mediators.
don is another possible mechanism through which TL-4DM
ameliorates inflammatory responses in the present model of
dermatitis. Eosinophil infiltration into the dermis has been
well documented in AD.** In this study, an increased num-
ber of eosinophils was observed in contact hypersensitivity
skin lesions, and was dramatically inhibited by IL-4DM treat-
ment. Inhibition of cellular infiltration in IL-4DM mice may
be due to suppression of IL-4-mediated immunological
events such as a decreased expression of cellular adhesion
molecules on endothelial cells.*?

Injected IL-4DM and IL-4 DNA are trapped by mono-
cytes/macrophages by phagocytosis. They may migrate to
lymph nodes or spleen and show systemic effects. In fact,
we could observe a high concentration of IL-4 in cultured
splenocytes from IL-4DM DNA injected mice by ELISA, Unfor-
tunately, there is no specific anti-IL-4DM antibody or anti-IL-
4DM ELISA. The standard ELISA used in this study could not
differentiate the natural mouse IL-4 and mutant IL-4 protein;
these findings are consistent with the previous report.”® The
plasma IL-4 levels in the agonistic IL-4DNA-treated mice were
consistent with those of the IL-4DM DNA-treated mice. There-
fore, we speculate that exogenously applied IL-4DM DNAs
were expressed the same as IL-4 DNAs, and showed systemic
immunological effects.

IFN-y production increased systemically and locally in
mice treated with IL-4DM DNA. Repeated OX treatments
cause expansion both of Thl and Th2 cells. IL-4DM DNA
therapy interfered with the development of the Th2 milieu.
Subsequently, IFN-y production and mRNA expression might
become abundant locally and systemically.

Tissue-specific gene transfer could be achieved naturally and
effectively through the cell specificity of virus receptors.**
However, there may be a risk of vector toxicity through viral
infection of host cells. Also, the limited size of transgenes is
often a serious obstacle. Moreover, immune responses (o viral
vectors are also induced, and the effects of transgenes are
eliminated by immune responses to the vectors. For human
applications, the efficacy and safety of any delivery system for
gene transfer are always of major concern. Nonviral
approaches are advantageous in immunogene therapy. DNA
vaccines are capable of inducing potent biological effects in a
variety of experimental systems.*® One of the characteristic
features of DNA vaccines is their ability to induce long-lasting
immunity. The animals that had been treated with IL-4DM
DNA did not develop severe allergic inflammation even before
or after antigen sensitization.

In the present study, we showed the beneficial effects of
immunogene therapy with IL-4 mutant DNA in an experimen-
tal model for AD. An IL-4 mutant DNA vaccination is a potent
new tool for the systemic treatment of AD.
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Abstract Two simian Entamoeba histolytica-like strains,
EHMfas! and P19-061405, have been suggested to
represent a new species based on genetic characterization.
Sequence analyses of the hexokinase, glucose phosphate
isomerase, and phosphoglucomutase genes supported the
previous findings of isoenzyme analyses demonstrating a
new zymodeme pattern. Phylogenetic studies of 18S
DNA, 5.8S rDNA, the chaperonin 60 gene, and the
pyridine nucleotide transhydrogenase gene showed orig-
inal clusters of simian E. histolytica-like strains below or
near E. histolytica, respectively. Comparative studies of the
chitinase and the serine-rich E. histolytica protein genes and
locus 1-2 region revealed that most mutated units were
shared among the simian E. histolytica-like strains. The
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similarities of each of the repeating units within the simian
E. histolytica-like strains or E. histolytica and the differ-
ences of those between the both might be generated by
concerted evolution. Our results indicate that EHMfas1 and
P19-061405 should be considered to be the same species,
despite that they were isolated from different monkey
species and different habitats. Simian E. histolytica-like
amebas may be endemic to macaque monkeys, as a
counterpart to E. histolytica in humans, and should be
differentiated from E. histolytica by the revival name
Entamoeba nuttalli, as proposed for P19-061405.

Introduction

Entamoeba histolytica causes amoebic colitis and liver
abscess, and amoebiasis is one of the most important
parasitic diseases in humans. In non-human primates, several
cases of E. histolytica or E. histolytica-like organism
infections have been identified by isoenzyme analysis,
monoclonal antibody test, or PCR (Tachibana et al. 1990;
Verweij et al. 2003; Takano et al. 2005; Tachibana et al.
2007; Suzuki et al. 2007). One of the simian E. histolytica-
like strains, EHMfas1, has been isolated from a healthy
cynomolgus monkey (Macaca fascicularis) and identified
using species-specific PCR for E. histolytica and antigen-
capture ELISA (Takano et al. 2005). Another simian E.
histolytica-like strain, P19-061405, has been isolated from a
rhesus monkey (Macaca mulatia). Furthermore, the viru-
lence of P19-061405 has also been confirmed by experi-
mental infection of hamsters (Tachibana et al. 2007).
These two simian E. histolytica-like strains were
suggested to be a new species, because EHMfas1 exhibits
differences in the 16S-like smadll subunit ribosomal RNA

@_ Springer



930

Parasitol Res (2009) 105:929-937

(18S rDNA), chitinase and SREHP genes, and P19-061405
exhibits differences in several DNA sequences, including
the 18S rDNA and SREHP genes (Takano et al. 2007,
Tachibana et al. 2007). It has been proposed that P19-
061405 should be distinguished from E. histolytica by
revival of the name Entamoeba nuttalli (Castellani 1908)
that was the first reported E. histolytica-like species found
in a liver abscess of a monkey (Tachibana et al. 2007).
Isoenzyme analyses of these two simian E. histolytica-like
strains have demonstrated a new and similar zymodeme
pattern.

In this study, we compared these two simian E.
histolytica-like strains based on DNA loci that were used
for isoenzyme analysis, phylogenetic investigation, and
genotyping to determine the similarity between the simian
E. histolytica-like strains and the differences between
simian E. histolytica-like amebas and E. histolytica.

Materials and methods
Simian E. histolytica-like strains

Trophozoites of the EHMfasl strain were cultured mon-
oxenically with Crithidia fasciculata and axenically in BI-
$-33 medium supplemented with 15% adult bovine serum
at 37°C (Diamond et al. 1978) and then cloned by limiting
dilution, followed by examination using microscopy.
Trophozoites of the cloned P19-061405 strain were also
axenically cultured in BI-S-33 medium (Tachibana et al.
2007).

Hepatic inoculation of hamsters

Hamsters were inoculated with trophozoites of the EHM-
fasl that had been cultured monoxenically with C.
fasciculata as described by Tachibana et al. (2007).

DNA preparation and sequencing

Total genomic DNA from each cloned trophozoite was
extracted using a QlAamp DNA Stool Mini Kit (Qiagen) or
a DNeasy tissue kit (Qiagen) according to the manufac-
turer’s instructions.

The genomic DNA from cloned trophozoites was
amplified using the primers listed in Table 1. PCR was
conducted in a 50 pl reaction mixture containing 2 pl of
extracted DNA and 0.1 pg/pl bovine serum albumin using
PrimeSTAR Max DNA polymerase (Takara). A total of 35
cycles of PCR were performed, as follows: denaturation at
98°C for 10 s, annealing at 62°C (for pyridine nucleotide
transhydrogenase (PNT)) or 56°C (for other genes) for 5 s,
and extension at 72°C for 15 s.

@ Springer

Amplified genes for hexokinase (HXK), glucose-6-
phosphate isomerase (GPI), and phosphoglucomutase
(PGM) from EHMfasl and chaperonin 60 (Cpn60) were
cloned from P19-061405 using a Zero Blunt TOPO PCR
cloning kit for sequencing (Invitrogen). Each clone was
subjected to sequencing using a BigDye Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems) on an ABI
PRISM 3100-Avant Genetic Analyzer (Applied Biosys-
tems), according to the manufacturer’s instructions. PCR
products for 5.8S rDNA with internal-transcribed spacer
(TS) 1 and ITS 2, Cpn60, and PNT, locus 1-2 from
EHMfas1 and PNT, and chitinase and locus 1-2 from P19-
061504 were sequenced directly. Sequence data were
analyzed using DNASIS Pro ver. 2.08 (Hitachi software).
The GenBank accession numbers of the sequences used for
comparison with each gene are shown in Figs. 1, 2, 3, and 4.

Phylogenetic analysis

Analysis and multiple alignments of DNA sequences of
18S rDNA, 5.8S rDNA with ITS 1 and ITS 2, Cpn60, and
PNT were performed with ClustalX (Thompson et al.
1997), and the phylogenetic trees were constructed using
the neighbor-joining method (Saitou and Nei 1987).

Nucleotide sequence accession numbers

The nucleotide sequence data reported here have been
submitted to the GenBank/EMBL/DDBJ databases under
accession numbers AB454548 to AB454559 and
AB480745.

Results
Virulency of EHMfas1 in hamster

EHMfas] was monoxenically cultured with C. fasciculata
and inoculated into the livers of hamsters. Liver abscesses
were observed in all hamsters at 7 days after inoculation.
The presence of trophozoites in the peripheral regions of
abscesses in the livers was confirmed in PAS stained tissue
slides. No abscesses were observed in the control hamsters,
inoculated with C. fasciculata alone.

Analysis of zymodeme-related genes

Two HXK genes of EHMfas! were amplified from the
cloned EHMfas] trophozoites and sequenced after molec-
ular cloning. The calculated molecular masses and isoelec-
tric points (p/) were 49.7 kDa and 5.38 in HXK 1 and
49.4 kDa and 4.99 in HXK 2. The deduced amino-acid
sequences were compared with those of P19-061405
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Table 1 Primers used in this study

Locus Direction Sequence (5'-3") Reference
(name of primer)
HXK S ATG CAA GAA ATC ATT GAT CAATIT Tachibana et al. 2007
HXK1 AS TTA GTG TTT ACATGC AAC AGC A
HXK2 AS TTATTG TTT GCA TGC AAC AGC A
GPI S ATG TTA CCA ACT CTT CCT GAAT Tachibana et al. 2007
AS TTA GTT TTT TCT CAT ATC TTT AAC A
PGM S (PGMoutS) TCG TTG AAC CAG ATC AGT GC Genome database region on scaffold 00005*
AS (PGMoutAS) AAG CTT CTC TGG ATG GTG TTG
ITS1, 5.88 S (P AGG TGA ACC TGC GGA AGG ATC ATT A Som et al. 2000
ITS2 AS (P2) TCA TTC GCC ATT ACT TAA GAA ATC ATT GTT
Cpn60 S (CpnOfl1) GTT GAA CTT TTC ATA AGG TTG TTT GA Genome database region on scaffold 00015*
AS (CpnOrl) CAA AAATGG GCA GAT GAA CA
PNT S (PNT-A) GTA GGA CTT GCA GCA GTATT Bakatselou et al. 2003
AS (PNT-B) GGT AAT CTT CCT GCA ACT GG
Chitinase S GGA ACA CCA GGT AAATGT ATA Ghosh et al. 2000
AS TCT GTA TTG TGC CCA ATT
Locus 1-2 S (R CTG GTT AGT ATC TTC GCC TGT Zaki et al. 2002
AS R2) CTT ACA CCC CCA TTA ACA AT

S sense, AS anti-sense
# Present study

(GenBank accession numbers: AB282663 for HXK 1 and
AB282664 for HXK 2). Glu'® and Asn®? in HXK 1 of P19-
061405 were changed to Gly and Asp, respectively, in
HXXK 1 of EHMfasl. HXK 2 of EHMfaslwas identical to
that of P19-061405. The p/s for HXK 1 and HXK 2 of
EHMfasl were consistent with those of P19-061405
(Tachibana et al. 2007).

The GPI gene of EHMfasl was also amplified and
sequenced after molecular cloning, and only one GPI gene
was obtained from 16 clones. The calculated molecular
mass and p/ for GPI of EHMfasl1, 61.4 kDa and 6.60, were
also consistent with those of P19-061405. In the deduced
amino-acid sequence, Val**2 in GPI 1 of P19-061405
(GenBank accession number: AB282665) was changed to
Ile, and Val®® in the GPI 2 of P19-061405 (GenBank
accession number: AB282666) was changed to Ala in
EHMfas].

One PGM gene from EHMfasl was detected in clones
from EHMfas1. The calculated molecular mass and p/ for
PGM were 60.8 kDa and 5.99, respectively. In the
deduced amino-acid sequence of PGM from EHMfasl,
there were four and 13 differences compared with E.
histolytica (GenBank accession number: Y14444) and
Entamoeba dispar (GenBank accession number:
Y 14445), respectively. Although the isoenzyme pattern
of PGM in EHMfasl was identical to E. dispar, the
amino-acid sequences of PGM in EHMfas] were more
similar to E. histolytica than E. dispar.

Analyses and phylogenic studies of ribosomal RNA genes
and mitosome genes

Comparison of the 185 rDNA sequences reported for
EHMfasl (Takano et al. 2007) and P19-061405
(Tachibana et al. 2007) showed a difference of 0.1%
(two of 1,945). A reconstructed phylogenetic tree showed
the original cluster of simian E. histolytica-like strains
beside the E. histolytica branch (Fig. 1a). The 5.8S tDNA,
with ITS 1 and 2 regions of EHMfasl, was sequenced
directty. Comparison of this region of EHMfas! and P19-
061405 (Tachibana et al. 2007) showed no differences
throughout the length. The constructed phylogenetic tree
of this region also showed that the simian isolates were
located beside the E. histolytica branch (Fig. 1b). The
Cpn60 and PNT genes of EHMfasi and P19-061405 were
directly sequenced. Although DNAs were extracted from
cloned trophozoites, obvious mixed sequences were
confirmed by direct sequencing of Cpn60 gene from
P19-061405. The Cpn60 gene from P19-061405 was
cloned, and we obtained two Cpn60 gene alleles from
six clones. In the nucleotide sequence of Cpn60 from
EHMfasl, five and four differences were present com-
pared with P19-061405 alleles 1 and 2, respectively. In the
deduced amino-acid sequence, all Cpn60 from EHMfasl
and P19-061405 were consistent with E. histolytica. The
phylogenetic relationship of the Cpn60 genes among
Entamoeba species was also reconstructed (Fig. 1c). In
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Fig. 1 Phylogenetic relation-
ships among simian E. histoly-
tica-like strains and other
Entamoeba species. 18S tDNA
sequences (a), 5.8S rDNA with
ITS1 and ITS2 sequences (b),
the Cpné60 gene sequences (c),
and the PNT gene sequences
(d). Branch lengths are propor-
tional to estimated number of
substitutions per site, which
represent the evolutional
distance
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E. histolytica (X64142)
EHMifas1 (AB19793)
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the reconstructed phylogenetic tree of the Cpn60 genes,
the cluster of simian E. histolytica-like strains was located
under the E. histolytica branch. PNT gene sequences were
also compared between EHMfasl and P19-061405, and a
difference of 0.23% (one of 432) was evident. E.
histolytica, EHMfas1 and P19-061405, was categorized
in the same cluster (Fig. 1d).

Comparison of polymorphic loci: the chitinase gene,
SREHP gene, and locus 1-2

The chitinase gene of P19-061405 was directly sequenced
and compared with the reported sequences of EHMfasl,

KU3 (genotype A) and KU15 (genotype D) of E.-

histolytica (Fig. 2; de la Vega et al. 1997; Ghosh et al.
2000; Haghighi et al. 2002, 2003). Each unit of the
nucleotide and deduced amino-acid sequences was tenta-
tively given a number, as in a previous study (Takano et
al. 2007). All known EHMfas1-specific units, CN3, CN35,
CN7, and CN3'C2, were also observed in P19-061405;
however, the combination pattern of the repeating unit
was different. Although P19-061405 was not classified
into any known genotype, based on the nucleotide
sequence, it was classified into genotype D based on
the deduced amino-acid sequence in the polymorphic
region.

Many SREHP genes of E. histolytica have been
sequenced for genotyping (Li et al. 1992; Clark and
Diamond 1993; Kohler and Tannich 1993; Stanley et al.
1990; Ayeh-Kumi et al. 2001; Haghighi et al. 2002, 2003).
The reported SREHP gene sequences of EHMfasl, P19-
061405 and E. histolytica KU27 (genotype I), were
compared (Fig. 3). Each unit of the nucleotide and deduced
amino-acid sequences was tentatively given a number, as in
a previous study (Takano et al. 2007). All known
EHMfas1-specific units, SN2, SNS5, SN9, SN17, SN20,
and SN3'C2, were also observed in P19-061405, but the
combination pattern was different. The SN16 and DEE
insertion, i.e., the second EHMfas1-specific insertion, were
not observed in P19-061405. The nucleotide and deduced
amino-acid sequences of P19-061405 were not classified
into any of the known genotypes.

Locus 1-2 (also known as a non-coding short tandem
repeat, D-A; Ali et al. 2005) of EHMfasl and P19-
061405 was directly sequenced and compared with the
reported genotypes of E. histolytica (Zaki and Clark 2001;
Haghighi et al. 2002, 2003). A number was tentatively
assigned to each unit of the nucleotide sequences (Fig. 4).
The nucleotide sequences of locus 1-2 were constructed
from combinations of the 5'-conserved region, an 8 bp-
repeating polymorphic region (8L1, 8L2, 8L3, and 8L4),
intra-conserved region 1 (CL1, CL2, CL3, CL4, CLS,
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Fig. 2 Schematic representation of polymorphism in the repeat-
containing region of the chitinase gene among simian E. histolytica-
like strains and genotype A and D of E. histolytica. Nucleotide
sequences pattern was shown. Each of nucleotide and deduced amino-
acid sequences of unit was tentatively given a number. Nucleotide and

Yy P

K K
GAGCCAGAAGTTAGTATCCCAAAGAAAACAGTTGCTTATTATACTAATTGGGCACAATACAGA

K K
GAGCCAGAAGTTAGT GTCCCAAAGAAAACAGTTGCTTATTATACTAATTGGGCACAATACAGA®

P DCE K K P G D F F

[cA33 E I K P D S S
cNa [l GAAATTAAACCAGATTCTTCT
CN5 [i] GAAATTAAACCAGACICTTCT®

cAd B V K P D S S
cN6 B GAAGTTAAACCAGATICITCT
CN7 GAAGTTAAACCAGACTCTTCT *

T VA Y Y T N W A Q Y R

TV AY YTNW AQ Y R®

deduced amino-acid sequences of these units are also shown. Enclosed
units with bold line were simian E. histolytica-like strain-specific
units. Simian E. histolytica-like strain-specific mutations in nucleotide
and deduced amino-acid sequences are underlined. a Simian E.
histolytica-like strain-specific unit sequences
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Fig. 3 Schematic representation of polymorphism in the repeat- were simian E. histolytica-like strain-specific units. Simian E,
containing region of the SREHP gene among simian E. histolytica-like histolytica-like strain-specific mutations in nucleotide and deduced
strains and genotype I of E. histolytica. Nucleotide sequences pattern amino-acid sequences are underlined. a Simian E. histolytica-like
was shown. Each nucleotide and deduced amino-acid sequence of unit strain-specific unit sequences. b Simian E. histolytica-like strain-
was tentatively given a number. Nucleotide and deduced amino-acid specific block insertions. ¢ EHMfas1-specific block insertion
sequences of these units are also shown. Enclosed units with bold line

CL6, and CL7), a 9-bp-repeating polymorphic region  Discussion

(9L1, 9L2, 9L3, 9L4, 9L5, and 9L6), intra-conserved

region 2 (CL6, CL9, CL10, and CL11), a 12-bp-repeating . In this study, genetic similarities between EHMfas1 and P19-
polymorphic region (12L1, 1212, 12L3, and 121.4), and 061405 and differences between simian E. histolytica-like
the 3'-conserved region. The 8L1, 8L3, CL1, CL5, CL6, strains and E. histolytica were revealed. EHMfasl was also a
9L1, 912, 914, and 1213 units were common to simian E. virulent strain as P19-061405. The similar zymodeme
histolytica-like strains and E. histolytica. On the other  patterns of EHMfasl and P19-061405 have not been
hand, 814, CL2, CL4, 9L3, 9L5, CL11, 1212, and 1214, classified into any known patterns (Takano et al. 2007;
were simian E. histolytica-like strain-specific mutated  Tachibana et al. 2007). Although some deduced amino acids
units. These mutated units corresponded to the 8L3,  were changed, the genetic similarities of HXK, GPI, and
CL1, CL3, 912, 914, CL10, 1211, and 12L3 units, with PGM supported the results of the isoenzyme analyses. HXK,
a single-nucleotide substitution in each unit, respectively.  GPI, and PGM of the simian E. histolytica-like strains were
The CL8 was also a simian E. histolytica-like strain-  obviously more similar to E. histolytica than E. dispar. It is
specific unit that corresponded to CL7 with a four-  considered that EHMfasl and P19-061405 are the same
nucleotide deletion (CCCT). Most units observed in E. species, despite the fact that these strains were isolated from
histolytica were also observed in simian E. histolytica-like  different host monkey species and a different habitat. Thus,
strains; however, all 12L1 were changed to 1212 in the  simian E. histolytica-like amebas likely naturally infect
simian E. histolytica-like strains, and the CL9 was missing macaques as a counterpart to E. histolytica in human.

in the simian E. histolytica-like strains. Furthermore, 8L2 Phylogenetic studies also indicated that EHMfas! and
was observed only in EHMfas] and corresponded to 8L1  P19-061405 are the same species and are closely related
with a double-nucleotide substitution. to E. histolytica. Nucleotide sequences of the 188 rDNA
@ Springer
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Fig. 4 Schematic representation of polymorphism in the repeat-
containing region of the locus 1-2 region among simian E. histolytica-
like strains and available E. histolytica. Nucleotide sequences pattern
was shown. Each nucleotide sequence of unit was tentatively given a
number. Nucleotide sequences of these units are also shown. Enclosed
units with bold line were EHMfas1-specific or simian E. histolytica-

and 5.8S rDNA with ITS 1 and ITS 2 and Cpn60 and PNT
genes of EHMfasl and P19-061405 have been used for
previous phylogenetic studies of the genus Entamoeba
(Clark and Diamond 1997; Silberman et al. 1999; Som et
al. 2000; Bakatselou et al. 2003; Clark et al. 2006). All
phylogenetic studies indicated that EHMfasl and P19-

like strain-specific units. EHMfas1-specific or simian E. histolytica-
like strain-specific mutations in nucleotide sequences are underlined.
Simian E. histolytica-like strain-specific deletion from human isolates
is underlined at comparative sequence. a EHMfasl-specific unit
sequence. b Simian E. histolytica-like strain-specific unit sequences

061405 generated an original cluster beside or under E.
histolytica, including the PNT gene, which is known to
contribute to an anomalous-shaped phylogenetic tree
(Bakatselou et al. 2003).

Comparisons of polymorphic loci used for genotyping
revealed notable differences from E. histolytica and
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similarities between simian E. histolytica-like strains in
sequence variation of the constructing units (Figs. 2, 3, and
4). The chitinase genes, the SREHP genes, and the locus 1-
2 sequences of E. histolytica have been categorized into
seven, 37, and 13 genotypes, respectively, from 79 strains,
based on the combination pattern of constructing units in
the polymorphic regions, respectively (Haghighi et al.
2002, 2003). The most kinds of mutation units were
observed in locus 1-2, although the most kinds of genotype
have been reported in the SREHP gene. In all polymorphic
loci, most mutated units that were observed in EHMfasl
and P19-061405 were shared as simian E. histolytica-like
strain-specific units, including deletions, among EHMfas1
and P19-061405. These mutated units had single-nucleotide
substitutions relative to the corresponding units in E.
histolytica. On the other hand, unshared mutated units were
also observed. In the SREHP gene, SN16 was not observed
in P19-061405, and the second insertion unit (GATGAA-
GAA,; DEE) was only observed in EHMfas1. In locus 1-2,
8L2 was specific for EHMfasl. The EHMfasl-specific
insertion unit was likely derived from the non-repeating
SN3 (GATGAAGAT; DED), with a single-nucleotide
substitution. These slight disparities may reflect the differ-
ences between the host monkey species or the habitats of
EHMfas]l and P19-061405; however, not enough strains
have been studied to date. Analyses of these polymorphic
loci also indicated that simian E. histolytica-like strains can
also be classified by genotyping with original mutated units
as E. histolytica.

It is interesting that E. dispar exhibit the same repetitive
units as E. histolytica in the chitinase (CN2, CN4, and
CN6) and the SREHP (SN8 and SN16) genes (Ghosh et al.
2000). Although E. dispar exhibits E. dispar-specific units,
most of those mutated units were not repetitive. On the
other hand, EHMfasl and P19-061405 exhibited many
repetitive mutated units, CN3, CN5, CN7, SN9, and SN17.
EHMfas1 and P19-061405 exhibited not only mutated CN3
and SN17 but also the corresponding CN2 and SNI6.
However, all CN4, CN6, and SN8 were changed to CNS5,
CN7, and SN9. These findings indicate that E. histolytica is
more closely related to E. dispar than the simian E.
histolytica-like strains, in contrast to the results of other
sequence analyses. It is considered that these contradictory
findings are probably caused by specific effects, other than
general evolution, because SREHP, in particular, is known
to be a trophozoite surface antigen (Stanley et al. 1995). In
other words, these contradictory findings may indicate
differences in the manner of immune escape between
different host species. On the other hand, locus 1-2 is a
non-coding region and has the most kinds of mutation
units. These polymorphic loci must be exposed to other
evolutionary effects. This specific contradictory finding is
likely a consequence of “concerted evolution” (Dover 1982,
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1993; Dover and Tautz 1986; Wilkinson and Chapman
1991; Jinks-Robertson and Petes 1993; Liao 1999).

Concerted evolution is a universal biological phenome-
non for repetition of DNA elements and has been observed
in many repetitive DNA sequences and multi-gene families.
Concerted evolution is thought to result from various
mechanisms of DNA turnover, including unequal
crossing-over, DNA amplification, gene conversion, and
replication slippage. In Entamoeba species, concerted
evolution has been discussed as it relates to the 5.8S tRNA
gene and rRNA-linked E. histolytica short tandem repeats
(Som et al. 2000; Tawari et al. 2008). It is suggested that
diversification of the chitinase gene, the SREHP gene, and
locus 1-2 can be caused by replication slippage (Ghosh et
al. 2000; Bhattacharya et al. 2005). The repetitive units
developing by concerted evolution are homogeneous within
species, but differ somewhat between species. The similar-
ities of each kind of unit in the chitinase and SREHP genes,
locus 1-2 within simian E. histolytica-like strains or E.
histolytica, and the differences of those between the both
are accountable by concerted evolution. Concerted evolu-
tion of these polymorphic loci indicates that the repetitive
simian E. histolytica-like strain-specific units had been
amplified and conserved according to speciation as opposed
to general DNA evolution, whereas some of these units had
been eliminated or were not apparent in E. histolytica and
E. dispar.

Tachibana et al. (2007) proposed that P19-061405
should be distinguished from E. histolytica by revival of
the named E. nuttalli (Castellani 1908). Because EHMfasi
exhibited slight differences but had the same genetic
characteristics as P19-061405, EHMfasl also should be
identified as E. nuttalli. This study indicates that E. nuttalli
is endemic to monkey but we cannot exclude the possibility
of zoonotic infection from monkey to human. We believe
that further comparative study of E. nuttalli will contribute
to more insights into the phylogeny and pathogenicity of
Entamoeba species because E. nuttalli is very closely
related to E. histolytica and E. nutialli is the only
pathogenic species other than E. histolytica among the
Entamoeba species.
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Abstract The availability of highly active anti-retroviral
therapy (HAART) has greatly improved the outcome of
human immunodeficiency virus type-1 (HIV-1) infection
and disease. We report here on a case of an HIV-1-sero-
positive patient with acute myelogenous leukemia who
underwent a successful allogeneic unrelated bone marrow
transplantation following HAART. A 40-year-old Japanese
HIV-seropositive man underwent allogeneic unrelated
bone marrow transplantation using a myeloablative pre-
transplant-conditioning regimen. Neutrophil engraftment
occurred on day +18, and donor chimerism was achieved
on day +27. During pre- and post- transplantation, the
HAART was not interrupted. Over 1 year after transplan-
tation, the patient is alive and in continuous complete
remission with undetectable levels of HIV-1 RNA. HAART
can lead to a successful hematopoietic stem cell trans-
plantation without severe opportunistic infections.
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1 Introduction

Highly active anti-retroviral therapy (HAART) has
greatly improved the outcome of human immunodefi-
ciency virus type-1 (HIV-1) infection and disease [1].
Before the introduction of HAART, a high rate of
unsuccessful autologous and allogeneic hematopoietic
stem cell transplantation (HSCT) for HIV-1-seropositive
patients was reported [2-5]. Thus, HIV-l-seropositive
patients had been generally excluded from HSCT, even
if they had hematological malignancies that would have
been treated with HSCT in HIV-1-negative patients.
However, successful autologous HSCT for hematological
malignancies following HAART with a reduction in
HIV-1 load and control of the CD4+ cell count has been
reported, especially for HIV-l-associated lymphoma
[6, 71. On the other hand, allogeneic HSCT is an
established therapy for some kinds of hematological
disorders with curative potential; however, only a few
cases of allogeneic HSCT for HIV-1-seropositive patients
have been described since HAART became available
[8-12].

HIV-1-seropositive patients have an increased risk of
developing various kinds of malignancies, including non-
Hodgkin’s lymphoma and Kaposi’s sarcoma [13, 14].
There are a few reports on the relationship between acute
myeloid leukemia (AML) and HIV-1 infection. Sutton
et al. [15] reported that the estimated risk of AML among
HIV-1-infected adults was twice as that in the general
population. We report here on an AML patient infected
with HIV-1, who underwent unrelated bone marrow
transplantation and is alive and well over one year after the
transplant. To our knowledge, this is the first report on
unrelated bone marrow transplantation for an AML patient
with HIV-1.
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2 Case report

In December 2006, a 39-year-old Japanese man was
diagnosed with AML (FAB classification: M4). The white
blood cell count of the patient was 131,000/ul. Bone
marrow examination revealed that myelomonoblasts were
expanded to 94%, which expressed CD13, CD33, CD34,
and HLA-DR. Chromosomal analysis showed a normal
karyotype. Screening for HIV-1 antibody by enzyme-
linked immunosorbent assay (ELISA) was not performed at
diagnosis. The patient underwent induction and consoli-
dation chemotherapy in accordance with the JALSG AML
97 protocol [16] and achieved complete remission (CR).
Because FLT3 internal tandem duplication of the bone
marrow sample at the onset was positive, and it had con-
tinued to be detected, we planned an allogeneic bone
marrow transplantation (BMT) during the first CR [17].
The patient had no HLA-identical sibling donor, so was
registered for the Japan marrow donor program (JMDP)
and underwent a screening test for HSCT. In October 2007,
we found out that the patient was seropositive for HIV-1 by
ELISA using his blood after obtaining informed consent.
He described that he was a gay. We confirmed the presence
of HIV-1 antibody by Western blot analysis, which
detected bands against HIV-1 gp160, gp110/120, p68, p55,
p52, gp 41, p34, and p24/25. At that time, the patient’s
HIV-1 load and CD4+ cell count were 2.9 x 10" copies/
ml and 374/, respectively. The patient did not have any
opportunistic infections. We started HAART consisting of
emtricitabine (FTC) 200 mg, tenofovir (TDF) 300 mg, and
efavirenz (EFV) 600 mg, which was determined with
antiviral effects. The HIV-1 RNA load rapidly decreased to
61 copies/ml by December 2007. Retrospective analysis of
the bone marrow sample showed that the patient had been
infected with HIV-1 since he was diagnosed with AML
(Fig. 1) [18, 19]; however, during standard chemotherapies
before transplantation no severe infections were
complicated.

In January 2008, an allogeneic BMT was performed
during the first CR, using an unrelated HLA-matched male
donor (Fig. 2). The number of transplanted nucleated cells
was 3.1 x 10%kg. The patient was conditioned with a
myeloablative regimen consisting of 12 Gy total body
irradiation, 30 mg/kg intravenous etoposide, and 120 mg/
kg intravenous cyclophosphamide. As prophylaxis for
acute graft-versus-host disease (GVHD), administration of
3 mg/kg of cyclosporine A (CSP) was started on day —1,
and short-term methotrexate was given on days +1, 43,
+6, and +11. On HAART it was concerned that the patient
could not take medication due to the pretransplant regimen-
related toxicity. EFV shows a slow turnover (half time over
50 h); thus, in such a case only EFV was remaining in
blood, which might lead to an induction of drug-refractory

Fig. 1 Genomic PCR analysis. Total genomic DNA was isolated
using Qiagen DNA blood mini kit (Qiagen Inc., Valencia, CA), and
was subjected to PCR amplification. HIV-1 proviral gene sequence
was amplified using nested PCR to generate gag products [18, 19].
Hot start was employed for the first and second PCR by incubating the
reaction mixtures at 95°C for 2 min. Then, 35 cycles of amplification
(94°C for 30 s, 60°C for 30 s, 72°C for 30 s) followed by a final
incubation at 72°C for 2 min was applied for the first PCR. The
second PCR involved the same conditions except for the amplification
temperature (62°C). The primer pairs were: outer forward primer (5'-
AAATCTCTA GCAGTGGCGCCCGAACAG-3'; positions 623-649
on HXB2); and reverse (5-TAACCCTGCGGGATGTGGTATTCC-3';
positions 2849-2826); and inner forward primer (5-GCGGCG
ACTGGTGAGTA CGCC-3', positions 734-754 on HXB2); and
reverse (5'-TCCTTTAG TTGCCCCCCTATC-3', positions 2314-
2294 on HXB2). Lane I MW marker, Lane 2 bone marrow samples
taken at diagnosis of the patient, Lane 3 bone marrow samples at first
CR and soon after the start of HAART (Dec. 2007), and Lane 4
negative control. PCR products were analyzed by 2.5% TBE gel
electrophoresis

HIV-1. We exchanged EFV for lopinavir (LPV) and riton-
avir (RPV) referred to a half time.

Polymyxin-B sulfate was administered orally as pro-
phylaxis for bacterial infection when the pretransplant
conditioning started. 200 mg Fluconazole was given as
prophylaxis against fungal infection. Acyclovir was used
against herpes simplex virus infection until day +4-35. For
the prophylaxis of Preumocystis Jiroveci, trimethoprim-
sulfamethoxazole was used. Cytomegalovirus (CMV)
prophylaxis was started with 5000 mg of globulin every
week from day —1. Ganciclovir as prophylaxis was not
administered. Surveillance for CMV was performed by
taking blood samples every week. The patient was received
5 pg/kg of granulocyte colony-stimulating factor (G-CSF)
by continuous drip injection from day +1.

Febrile neutropenia developed requiring antibiotic ther-
apy on day +6. Neutrophil, reticulocyte, and platelet
engraftment was achieved on days +18, +18, and +22,
respectively. Donor chimerism was achieved on day 427 in
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Fig. 2 Counts of HIV-1 viral load, CD4+ T-cells, and total white
blood cells observed in the patient pre- and post-transplantation. FTC
emtricitabine, TDF tenofovir, EFV efavirenz, LPV lopinavir, RPV

whole blood. Mild impairment of renal function developed
{(serum creatinine (Cr) level of 0.73 mg/dl on day 10, and
0.93 mg/dl on day 18). Owing to the rapid elevation of the
serum level of CSP (971 ng/ml on day 10), which was
probably due to interaction between CSP, LPV, RPV, and
TDF, the administered dose of CSP was reduced. However,
the patient’s renal function worsened (Cr 1.14 mg/dl on day
20), and administration of CSP was stopped on day +21.
Serum Cr level was 1.66 mg/d! on day 31, and the level was
decreased thereafter. On day +53, CMV viremia developed
without any evidence of CMV disease. We started intrave-
nous administration of 10 mg/kg of ganciclovir, which
promptly resolved the CMV viremia. On day +37, the
patient developed acute skin GVHD (stage 2) and high fever
without evidence of infection, and 0.5 mg/kg of predon-
isolone (PSL) was administered. After PSL treatment, the
patient gradually recovered and was discharged on day +84.

Despite severe nausea, the patient could take all anti-
HIV-1 drugs orally during pre- and post-transplantation.
HIV-1 has not been detectable from day <31 until day
+650. Although CD4+ cell count decreased to 114/pl on
day 431, CD4+ cell count remained above 200/ul from
day +4202. Immunoglobulin level was sustained at the
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ritonavir, CSP cyclosporine A, PSL predonisolone, U-BMT unrelated
bone marrow transplantation

lower level (600-700 mg/dl after 6 months to 21 months
after the transplantation). After 6 months from the trans-
plantation, chronic extensive GVHD was observed, and
PSL (I mg/kg) with CSP was continued to be adminis-
tered; however, no severe opportunistic infections were
observed. At 21 months post-transplantation, the patient is
alive and in continuous CR with undetectable levels of
plasma HIV-1 RNA.

3 Discussion

In the HAART era, high-dose chemotherapy and autolo-
gous HSCT for HIV-1-seropositive patients can be suc-
cessful [5-7]. Krishnan et al. [20] reviewed autologous
transplantation for HIV-1-positive patients with lym-
phoma, and concluded that high-dose therapy with autol-
ogous stem cell rescue is feasible in HIV-l-infected
patients with lymphoma following HAART. During che-
motherapy, in combination with HAART, prompt reduc-
tion of HIV-1 load was reported [21, 22]. In our case, when
HAART was introduced, prompt disappearance of HIV-1
was observed at PCR level (lane 3 of Fig. 1).



u-BMT for AML with HIV

143

There are a few reports about allogeneic HSCT for
HIV-1 carrier patients [8-12], and a brief summary is
shown in Table 1. Recently, the Center for International
Blood and Marrow Transplant Research (CIBMTR)
reported allogeneic hematopoietic cell transplantation in
human immunodeficiency virus-positive patients with
hematological disorders [23]. Some problems are unre-
solved in allogeneic HSCT for HIV-1-seropositive patients
treated with HAART, such as engraftment, GVHD pro-
phylaxis and drug interaction, and opportunistic infection,
in which the most important point is to check HIV-1 when
a new patient suffering from a hematological malignancy is
administered. In our case we fortunately found out his
HIV-1 infection. CIBMTR reports that 31% of the HIV-
I-infected patients with hematological malignancy who
underwent HSCT were diagnosed before or at the onset of
hematological malignancy. After this case we check HIV-1
antibody in all the new patients with hematological
malignancies.

Among HIV-1-negative allogeneic BMT patients at our
institute, the median time of myeloid, erythroid, and
platelet engraftment is day +17.5, +21, and 423, respec-
tively (unpublished). In this HIV-1-seropositive case,
myeloid, erythroid, and platelet engraftments were similar
to those of HIV-1-negative allogeneic BMT recipients.
Tomonari et al. described a successful second unrelated
cord blood transplantation for an HIV-1-seropositive
patient using HAART, although the first cord blood

transplantation showed prolonged bone marrow suppres-
sion and probable engraftment failure [10], in which
HAART might have influenced the engraftment. Other
reports describe similar engraftment periods for HIV-1-
positive and negative patients who received allogeneic
HSCT [8-12, 23, 24].

Previously, before the HAART era, some reports
describing life-threatening opportunistic infections that
often occur upon HSCT were published [2, 3]. Nowadays,
HAART can lead to successful HSCT without severe
opportunistic infections, control of the CD4+ cell count,
and a decreased HIV-1 load. In our patient, cytomegalo-
virus reactivation was observed, which was promptly
resolved by the administration of ganciclovir without CMV
disease; other opportunistic infections did not occur. Sutton
et al. [15] reported that a CD4+ cell count above 200/ul at
the onset of AML was predictive of longer survival. Also,
there are reported that before HAART era CD4 recovered
very slowly after chemotherapy, and autologous and allo-
geneic transplantation [2-5, 23]. In HSCT, it seems likely
that CD4+ cell count is as an important predictor of
survival.

The optimum conditions for HAART before and during
transplantation have not been established. Referred to the
previous treatment-guidelines, no indication of HAART
was determined to our case if he was not suffering from
AML, because CD4+ cell count was above 350/ul; how-
ever, for the treatment of AML we used chemotherapy,

Table 1 Reported allogeneic HSCT cases for HIV-1-seropositive patients following HAART

Diagnosis Disease status HAART Transplant  Pretransplant Engraftment  Outcome
graft conditioning
Kang et al. [8] t-AML CR LS L Sibling PB  CY/Flu Alive in CR: 2 years
Kang et al. [8] HD Primary Nf, ABC, L Sibling PB CY/Flu Death: day +180 due to
refractory relapse
Sora et al. [9] AML CR S, L, I-L, AZT, R Sibling PB  BU/CY Day +9 Alive in CR: 39 months
Tomonari Ph ALL CR S,L,E Unrelated TBUCY Engraftment To second CBT
et al. [10] CB failure
Tornonari Engraftment  (-) Unrelated  Flu Day +27 Alive in CR: 15 months
et al. [10}] failure CB
Wolf et al. AA ABC, L, SQV, Unrelated  CY/Flu Day +18 Alive: 8 months
{11} R — paused PB
Woolfrey et al. AML N/A E, ABC, T Unrelated TBI/Flu Death: day 4301 due to
[12] PB GVHD/BO
Woolfrey et al. AML N/A E, ABC, L Sibling PB TBI/Flu Alive: day +180
[12]
Our case AML CR FTC/TDF, LPV/R  Unrelated  TBIETP/CY Day +18 Alive in CR: 12 months
BM

I inducates indinavir, S stavudine, L lamivudine, Nf nelfinavir, ABC abacavir, AZT zidovudine, R ritonavir, E efavirenz, SQV saquinavir, T
tenofovir, ALL acute lymphocytic leukemia, Ph Philadelphia, AA aplastic anemia, AML acute myelogenous leukemia, +-AML treatment-related
AML, HD Hodgkin’s lymphoma, CR complete remission, N/A not described, CB umbilical cord blood, PB peripheral blood stem cell, TB/ total
body irradiation, CY cyclophosphamide, Flu fludarabine, ETP etoposide, BU busulfan, GVHD graft-versus-host disease, BO bronchiolitis

obliterance
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which induced CD4+4 cells to decrease below 50/ul. To
prevent opportunistic infections we started HAART when
his HIV-1 infection was documented.

On GVHD prophylaxis, the interaction between HAART
and CSP or tacrolimus makes control of the serum con-
centration of CSP or tacrolimus difficult. Owing to the
interruption of HAART due to regimen-related toxicity, it
should be adjusted cautiously by monitoring the concen-
tration of CSP or tacrolimus; however, in the present case,
we could not prevent renal dysfunction in the patient which
was possibly induced by the administration of TDF and
CSP. The patient’s acute GVHD was controlled by
0.5 mg/kg PSL without CSP.

During transplantation, our patient was able to undergo
HAART fortunately; however, it is reported that most HIV-
1-positive patients who undergo allogeneic transplantation
discontinue HAART due to nausea and vomiting. Some
cases in which HAART was interrupted during transplan-
tation resulted in an increase in HIV-1 load after trans-
plantation and the development of acute HIV infection
[8, 11]. These observations reveal the importance of con-
tinuous HAART following transplantation.

Allogeneic unrelated BMT may be feasible for HIV-
1-seropositive patients with hematological malignancies,
even in the absence of related donors. Recently Hiitter et al.
[25] reported that after allogeneic stem cell transplantation,
HIV-1 was cleared in the long term. In their study, a
polymorphism in the chemokine receptor 5 gene between
the recipient and the donor plays an important role in the
clearance of HIV-1. Thus, post-engrafted anti-HIV-1 effect
may be possible on allogeneic transplantation for HIV-
1-positive hematological malignancy. Further investigation
on the selection of antiretroviral drugs and their interaction
with other drugs is required, which will lead to achieving
more feasible transplantation.
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Persistent Low-Level Viremia in HIV-1 Elite
Controllers and Relationship to Immunologic
Parameters
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Background. Human immunodeficiency virus type 1 (HIV-1) elite controllers are able to control virus rep-
lication to levels below the limits of detection by commercial assays, but the actual level of viremia in these
individuals is not well defined. Here, we quantify plasma HIV-1 RNA in elite controllers and correlate this with
specific immunologic parameters.

Methods. Plasma HIV-1 RNA levels were quantified in 90 elite controllers with use of a real time reverse-
transcriptase polymerase chain reaction assay with a sensitivity of 0.2 copies/mL. HIV-1-specific inmune responses
and longitudinal CD4* T cell counts were examined.

Results. The median plasma HIV-1 RNA level was 2 copies/mL (interquartile range, 0.2-14 copies/mL). A
longitudinal analysis of 31 elite controllers demonstrated 2-5-fold fluctuations in viremia in the majority of
individuals; 6 had persistent levels below 1 copy/mL. Viremia correlated directly with HIV-1-specific neutralizing
antibodies and Western blot reactivity but not with CD8" T cell responses. Absolute CD4* T cell decrease was
more common among individuals with detectable viremia (P = .04).

Conclusions, Low-level viremia is present in the majority of elite controllers and is associated with higher
HIV-1-specific antibody responses. Absolute CD4" T cell loss is more common among viremic individuals, sug-

gesting that even very low-level viremia has negative consequences over time.

In light of the recent failure of a prophylactic human
immunodeficiency virus type 1 (HIV-1) vaccine trial
{11, the rationale for current T cell-based HIV-1 vaccine
approaches has been questioned. Understanding the re-
lationships between low-level viremia, adaptive im-
mune responses, and disease progression is of im-
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portance, particularly in situations of natural HIV-1
control that are relevant to vaccine approaches based
on protection from disease progression. Such situations
of control of HIV-1 are seen in elite controllers, indi-
viduals who spontaneously control virus replication
without antiretroviral drugs, to levels below the limits
of detection by commercial assays [2]. Although some
recent studies have indicated low-level viremia in these
persons, the relationship to immunologic parameters,
including CD4" T cell decrease remains to be deter-
mined [3-5].

We previously reported that low-level viremia can
be detected by ultrasensitive quantitative polymerase
chain reaction (PCR) in elite controllers and is associat-
ed with the expression of immunoregulatory receptors
that affect CD4* T cell function [6]. In that study,
the relationship between low-level viremia and other
immunologic parameters was not examined. Low-lev-
el viremia and its relationship to HIV-1 antibody lev-
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els have recently been described in elite controllers, but se-
miquantitative methods were used to measure both HIV-1 RNA
and HIV-1 antibody levels, so the number of copies per mL of
plasma was not defined [4]. Furthermore, the relationship be-
tween residual low-level viremia and Western blot reactivity,
HIV-1-specific neutralizing antibodies, and CD8" T cell re-
sponses remains unknown.

Here, we used an assay described elsewhere [7] for the de-
tection of HIV-1 RNA with single-copy sensitivity to quanti-
tatively characterize the level of viral RNA in plasma of elite
controllers. We examined the relationship between virus load,
absolute CD4* T cell counts, and HIV-1-specific immune re-
sponses. We find that the majority of elite controllers maintain
detectable levels of plasma viremia, with a median virus load
of 2 copies/mL. Moreover, we show that this extremely low
level of viremia correlates positively with HIV-1-specific neu-
tralizing antibodies and full Western blot reactivity. We also
show that CD4" T cell decrease over time is more common
among individuals with low-level viremia.

METHODS

Study subjects. HIV-1 elite controllers were randomly selected
from a local cohort [8]. These subjects maintained plasma HIV-
1 RNA levels below the limit of detection by commercial assays
(<50 copies, by ultrasensitive PCR) without antiretroviral ther-
apy. Definition of elite control was as described elsewhere [8].
The Massachusetts General Hospital Institutional Review Board
approved all studies, and written informed consent was ob-
tained from all participants prior to enrollment. Plasma and
peripheral blood mononuclear cells (PBMC) were obtained as
described elsewhere [8].

HIV-1 RNA determination. A single-copy assay for HIV-
1 RNA detection was performed as described elsewhere [7],
starting with 9 mL of plasma, which afforded a lower limit of
detection of 0.2 RNA copies/mL. PCR amplification and se-
quencing of the HIV-1 gag region was performed for each
subject from either plasma or PBMC samples, as described
elsewhere [9], to rule out inefficient amplification by single-
copy assay attributable to possible polymorphisms in the probe
and/or primer sequences. Further details of optimum ampli-
fication conditions and performance characteristics, as well as
quality control procedures to prevent artifactual amplification,
are described elsewhere [7].

Assessment of HIV-1-specific CD8" T cell responses. In 53
individuals with available fresh PBMCs, interferon (IFN)-y en-
zyme-linked immunospot (ELISPOT) assays were performed
as described elsewhere [10, 11]; the assays included 410 peptides
16-19 amino acids in length, overlapping by 10 amino acids,
spanning the entire HIV-1 proteome, The same time point was
used for ELISPOT and HIV-1 RNA detection. Positive re-
sponses were confirmed in a second assay after cell incubation

for 24 h. Responses were considered to be positive if experi-
mental wells had at least 3 times the mean number of spot
forming cells (SFCs) in the 6 negative control wells, there were
at least 5 spots present in the experimental well, and the number
of SFCs per 1 X 10° PBMCs was >55. Responses to peptides
were previously shown to be largely mediated by CD8" T cells
(11, 12).

Assessment of HIV-1-specific antibody responses. Western
blot was performed according to the manufacturer’s instruc-
tions (GS HIV 1 Western Blot; Bio-Rad) for qualitative detec-
tion of HIV-1 antibodies to specific viral proteins (gp160,
gpl120, p65, p55, pSl, gp4l, p40, p31, p24, and pl18). Neu-
tralizing antibody responses against HIV-1 Env-pseudoviruses
were measured as described elsewhere [4, 10]. Briefly, 3-fold
serial dilutions of plasma samples were performed in a 96-well
flat bottom plate, 200 median tissue culture infective doses
(TCID50) of the virus was added to each well, and the plates
were incubated for 1 h at 37°C. TZM.bl cells were then added.
Following a 48-h incubation at 37°C, 100 gL of Bright-Glo
luciferase reagent (Promega) was added. The cells were allowed
to lyse for 2 min, then the lysate was transferred to a 96-well
black solid plate, and luminescence was measured using a Vic-
tor 3 luminometer (Perkin Elmer). The 80% inhibitory dose
(ID80) titer was calculated as the serum dilution that caused
an 80% reduction in relative luminescence units, compared
with the virus control wells, after subtraction of cell control
relative luminescence units.

Statistical analysis,
sentations were performed using GraphPad Prism, version 5.0

Statistical analyses and graphical pre-

(GraphPad Software). A nonparametric Spearman test was used
to calculate correlations. Significance when comparing 2 groups
was determined with a 2-tailed nonparametric Mann Whitney
U test. Changes in absolute CD4" T cell count over time were
calculated using a linear regression model to calculate the value
of the slope.

RESULTS

Low-level plasma viremia is detectable in the majority of HIV-
1 elite controllers, HIV-1 RNA levels were measured at a
single time point in 90 HIV-1 elite controllers. Amplification
of gag sequences was successfully obtained in 62 individuals.
Polymorphisms in the primer and/or probe sequences that
could affect amplification were present in 7 (11%) of 62 per-
sons, which is consistent with our experience with this assay
in large datasets [13]. All individuals with confirmed primer
and/or probe mismatches were excluded, leaving 83 individuals
in the analysis. The level of plasma viremia varied over a wide
distribution (figure 1A), with a median of 2.3 copies/mL (in-
terquartile range, 0.2-14 copies/mL). In the majority of indi-
viduals (n = 79), the average HIV-1 RNA levels measured by
single-copy assay were consistent with results of previous ul-
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Figure 1. Plasma human immunodeficiency virus type 1 (HIV-1) RNA load

distribution among 83 elite controllers {4). The cut off level of 0.2 copies/
ml is represented by the dotted red line. The median values are indicated
with the black horizontal bar. The arithmetic mean HIV-1 RNA virus load
for each subject is shown. Open circles represent patients with longitudinal
HIV-1 RNA values; filled circles represent subjects with single time point
virus load determinations. B8, Longitudinal HIV-1 RNA virus load in 31 elite
controllers. Each line represents 1 study subject. Subjects with all HIV-1
RNA measurements <1 copy/mlL are shown with asterisks (n = 6).

trasensitive commercial assays, whereas 4 individuals had ap-
parent “blips” >50 RNA copies/mL at the time the plasma was
obtained for the single-copy assay. Thirty (36%) of 83 indi-
viduals had HIV-1 RNA levels of <1 copies/mL; in 25 (30%)
individuals, virus could not be detected with a single mea-
surement (<0.2 copies/mL).

We next used the single-copy assay to measure longitudinal
plasma samples from 31 of these individuals, including 11 in
whom the initial viral load measurement result was <0.2 copies/
mL. Follow-up ranged from 85 to 420 days (mean duration,
232 days) and included 2-8 measurements (mean, 3 measure-
ments) per subject (figure 1B). The majority of individuals
showed fluctuations in plasma HIV-1 RNA levels, 5 had tran-
sient viral “blips” >50 copies/mL, as described elsewhere in elite
controllers {8]. Of 11 persons with RNA levels below the limit

of detection by the single-copy assay who were studied lon-
gitudinally, 6 had levels <1 copy/mL at all time points measured.
For 4 of these, the values were all <0.2 copies/mL, whereas 2
subjects had arithmetic mean RNA values of 0.4 and 0.6 copies/
mL, respectively. Of the 4 with undetectable RNA levels in this
assay (<0.2 copies/mL), we were able to sequence virus from
2 and confirm that there were no primer mismatches. These
data show that viremia can be detected in the majority of elite
controllers, but there are rare individuals in whom the level of
plasma virus is persistently below the ability to measure, even
by an assay that is 250-fold more sensitive than current com-
mercial assays.

The breadth and potency of HIV-1 antibody responses in-
versely correlates with plasma viremia. 'We previously dem-
onstrated that elite controllers have very low levels of heter-
ologous neutralizing antibodies, compared with individuals
with higher virus loads, suggesting that HIV-1 replication drives
the production of heterologous neutralizing antibodies {14]. To
determine the effect of extremely low-level viremia on HIV-1-
specific antibody responses, Western blot was performed in all
individuals, and detection of antibodies to gp120, gp160, gp41,
P18, p24, p31, p40, p51, p55, and/or p65 was recorded. All elite
controllers had detectable responses to multiple proteins (range,
2 to 10 proteins), and the majority of individuals (77%) had
antibodies against all proteins tested. The most common an-
tibodies detected were gp120 and gp160, which were detected
in all individuals, followed by p24, p40, and gp41, which were
present in 98%, 96%, and 93% of individuals, respectively. The
least commonly detected antibodies were p18, p31, and pé65,
which were found in 80%, 84%, and 86% of individuals, re-
spectively. One individual had only 2 antibodies detected
(gp120 and gp160) in 2 tests performed over a 76-day period,
at a time when the individual’s level of plasma viremia was
<0.2 copies/mL. Analysis of all individuals together indicated
that the number of bands detected correlated directly with
plasma HIV-1 RNA levels and that full Western blot reactivity
was present in all persons with plasma viral loads of >13 copies/
mL (r = 0.38; P=< .01) (figure 24A).

Marked heterogeneity in neutralizing antibody responses
among elite controllers has also been described elsewhere, with
some individuals having broad responses and others having
minimal or no neutralizing antibodies [8]. To determine
whether the level of plasma HIV-1 RNA was associated with
differences in neutralizing antibodies, we tested plasma samples
from all subjects against a standard reference panel of 12 pri-
mary clade B HIV-1 viruses [15]. Despite high-level inhibition
of the neutralization-sensitive laboratory strain SF162 (data not
shown), elite controllers’ plasma exhibited limited cross-neu-
tralization against nearly all of the primary reference viruses.
ID80 titers against a MuLV-negative control pseudovirus were
below the cut off of <20 in all individuals. The average ID80
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