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Figure 5. Possible occurrence of HSP of CD4" T Cells in hNOJ mice. (A) Association between the percentage of hCD45" cells within the PBMC
population and that of CD34" cells in the BM cells from hNOJ (IR+) and hNOJ (IR—) mice at =16 wk post-transplantation (n=12 and n=8,
respectively). Spearman’s rank correlation coefficient was used for statistical analysis. (B) Percentage of Ki-67" cells among naive, CM, EM¢,qy, and
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human PBMCs (n=10). Data are expressed as the mean * SD. Significant differences ("P<0.05, “"P<0.01, ""P<<0.001) were determined by Tukey's
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multiple comparison test. (C and D) Ex vivo IFN-y production by CD4" T cells after stimulation with PMA/ionomycin. CD4* T cells were prepared from
the spleens of hNOJ (IR+) and hNOJ (IR—) mice at =16 wk post-transplantation or from human PBMCs. (C) Representative flow cytometry profiles
showing the proportion of IFN-y* cells within each of the CD4" T cell subsets from a hNOJ (IR+) mouse at 16 wk post-transplantation. (D) Cumulative
data showing the percentage of IFN-y* cells within each of the CD4" T cell subsets from hNOJ (IR+) and hNOJ (IR—) mice and humans (n=3,n=3, and
n=4, respectively). Data are expressed as the mean * SD. Significant differences ("P<0.05, “P<0.01, ""P<0.001) were determined by Tukey's

multiple comparison test.
doi:10.1371/journal.pone.0053495.9005

12 wk post-transplantation, and the difference was statistically
significant (P<<0.0001 and P<0.0313). Also, this increase was
maintained at about 50—60% beyond 16 wk post-transplantation
in hNOJ (IR—) mice (Figure 4A, lower panel). To assess the
activation status of CD4" T cells in other organs, such as the
spleen and BM, we next performed an experiment using hNOJ
(IR4) mice at 8 wk post-transplantation and hNOJ (IR —) mice at
=20 wk post-transplantation as representative examples of early-
and late-phase, respectively, CD4" T cell development. We found
that the expression of HLA-DR by peripheral blood CD4" T cells
isolated from hNOJ mice was consistent with that by cells isolated
from the spleen and BM: lower expression of HLA-DR (7.7% and
17.1% in two hNOJ (IR+) mice) during the early phase (8 wk)
post-transplantation, which is also equivalent to that in human
PBMCs, and higher expression (68.7—93.8% in four hNOJ (IR—)
mice) during the later phase (=20 wk) post-transplantation
(Figure 4B). To address whether HLA-DR expression actually
reflects the activation status of reconstituted CD4" T cells, we
examined the expression of other activation markers: CDlla,
CD38, and CD150. Figure 4C shows representative flow
cytometry profiles obtained using peripheral blood CD4" T cells
isolated from one of four hNOJ (IR+) mice at 16 wk post-
transplantation. HLA-DR*CD4™ T cells also expressed these
markers, confirming the highly activated status of the HLA-
DR*CD4" T cells reconstituted in hNOJ mice.

We further investigated whether the activation status of CD4" T
cells was associated with their differentiation stage. When the total
percentage of HLA-DR™ cells within the peripheral blood CD4" T
cell subset populations was examined, we found that the memory
CD4* T cell subsets, particularly the EM;, /10, subset, made up
a significantly higher proportion of this percentage than the naive
subset (n=4; two hNOJ (IR+) and two hNOJ (IR—) mice;
Figure 4D). The different HLA-DR expression patterns between
the CD4" T cell subsets were similar in human PBMCs (n=3),
although the expression levels were much lower than those in
hNQOJ mice (Figure 4D). To further address this differentiation
stage-dependent level of HLA-DR expression by CD4" T cells, we
compared the percentage of each CD4* T cell subset with the
percentage of HLA-DR" cells within the total CD4" T cell
population using data obtained from peripheral blood samples
routinely collected from hNOJ (IR+) and hNOJ (IR—) mice
(n=25 and n=21, respectively) within 25 wk and 28 wk post-
transplantation, respectively. We found that the percentage of
HLA-DR™ cells positively correlated with that of the EMcpy and
EMini/1ate Subsets, and inversely correlated with that of the naive
subset, in both hNOJ (IR+) and hNOJ (IR—) mice (Figure 4E).
However, there was no significant correlation between the
percentage of HLA-DR" cells and that of the CM subset in either
hNQOJ (IR+) or hNOJ (IR —) mice, indicating an intermediate stage
at which cells are acquiring the activation phenotype (Figure 4E).
Taken together, reconstituted CD4" T cells in hNOJ mice express
a unique phenotype compared with human peripheral blood
CD4* T cells: activated EM subsets predominate with time after
transplantation.

PLOS ONE | www.plosone.org

10

Homeostatic Peripheral Expansion of CD4" T Cells May

Occur in hNOJ Mice

When the percentage of hCD45" leukocytes within the total
PBMC population was compared with that of CD34" cells within
the total BM cell population during the later phase (=16 wk) post-
transplantation, no significant correlation was observed in either
hNOJ (IR+) or hNOJ (IR—) mice (n= 12 and n=8, respectively)
(Figure 5A). These results prompted us to assume that CD4™ T cell
proliferation/expansion was predominant in hNQOJ mice during
the late phase post-transplantation. Therefore, we next examined
the expression of a proliferation marker, Ki-67, by reconstituted
CD4* T cells using flow cytometry to assess the proliferative
capacity at different differentiation stages. CD4" T cells were
prepared from the spleens of hNOJ (IR+) and hNOJ (IR—) mice
during the later phase (=16 wk) post-transplantation (n=6 and
n=6, respectively). CD4" T cells isolated from human PBMCs
(n=10) were used as a control. The results showed that Ki-67°
cells were present within the memory CD4" T cell subsets (CM,
EM_any and EMip/1are) 2t higher percentages than within the naive
subset (Figure 5B, upper two panels). A higher percentage of Ki-
67" cells was also observed in the memory subsets within the
human PBMC population than in the naive subset; however, the
levels were much lower than those observed in the hNOJ mice
(Figure 5B, lower panel). These results support the notion that
increased CD4™ T cell proliferation/expansion occurs in hNOJ
mice during the later phase post-transplantation.

HSP of CD4" T cells involves both slow and rapid proliferation
pathways. The slow pathway is IL-7-dependent and results in
limited cell activation and differentiation, whereas the latter is T
cell receptor (TCR)-dependent and IL-7-independent and results
in robust cell activation and differentiation into a memory
phenotype with the capacity to produce IFN-y [25,26]. The term
“HSP” is generally used to indicate the former; the latter is often
referred to as “spontaneous HSP” [25] or “homeostatic peripheral
expansion (HPE)” [26]. It was assumed that HPE-type HSP might
occur in hNOJ mice, as described elsewhere [27,28]; therefore, we
examined the IFN-y-producing capacity of CD4* T cells isolated
from the spleens of hNOJ (IR+) and hNOJ (IR—) mice (=3 and
n=23, respectively) during the later phase (16 and 26 wk,
respectively) post-transplantation by stimulating them with or
without PMA plus ionomycin. Flow cytometric analysis of
intracellular IFN-y staining showed substantial numbers of IFN-
v-producing cells within the EM;/jae subset after PMA/
ionomycin stimulation; the data were similar when CD4™ T cells
from human PBMUCs were used in the experiment (n=4)
(Figure 5C and 5D). No IFN-y-producing cells were detectable
in any of the CD4* T cell subsets from hNQJ (IR+) and hNOJ
(IR—) mice, or in human PBMCs without PMA/ionomycin
stimulation (Figure 5C and data not shown).

Next, we measured the concentrations of cytokines (IL-2, IL-7,
and IL-15, all of which are involved in CD4" T cell proliferation
[24,42]), in plasma prepared from peripheral blood samples taken
from hNOJ (IR+) and hNOJ (IR—) mice (n=9 and n=13,
respectively) at 12, 16, and (occasionally) 20 wk post-transplanta-
tion. However, none of these cytokines were present at detectable
levels (limit of detection = <3.2 pg/ml).
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Figure 6. HIV-1 co-receptors, CCR5 and CXCR4, expression profiles and ex vivo R5 HIV-1 infectivity of CD4" T Cells in hNOJ mice. (A)
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way factorial ANOVA with the Bonferroni multiple comparison test. (C, D, E) Fusion assay using R5 HIV-1 and CD4" T cells. Splenic CD4" T cells from
hNOJ mice at =17 wk post-transplantation (n=4; three hNOJ (IR+) mice and one hNOJ (IR—) mouse) or peripheral blood CD4" T cells from humans
(n=5) were infected ex vivo with HIV-1yaps-p-siamvpr (C) Naive, CM, and EM subsets of CD4" T cells (gated on CD3"CD4"CD8™) were defined as
CD45RATCCR7*, CD45RA™CCR7", and CD45RA™CCR7 ™, respectively, by flow cytometry. (D) Percentage of R5 HIV-1 fusion cells within the total CD4* T
cell population and within the naive, CM, and EM subsets in hNOJ mice and humans. Individual data points are plotted. The black lines represent the
mean. Significant differences ("P<0.05, "P<0.01) were determined by the unpaired t test. (E) Relative ratio of R5 HIV-1 fusion among the naive, CM,
and EM subsets from hNOJ mice and humans. The level of R5 HIV-1 fusion in each of the CD4" T cell subsets relative to that in the corresponding CM
subset. Data are expressed as the mean = SD. Significant differences (" P<0.001) were determined by Tukey's multiple comparison test.

doi:10.1371/journal.pone.0053495.9006

Taken together, these results support the notion that the time-
dependent appearance of the activated memory CD4" T cell
subset in hNOJ mice is due to HPE-type HSP.

Expression Profiles of CCR5 and CXCR4 in CD4™ T Cells in

hNOJ Mice

The expression profiles of the HIV-1 co-receptors, GCR5 and
CXCR4, on CD4" T cells within the PBMC. populations in hNOJ
mice and humans were compared by flow cytometry. The
percentage of CCR5"CD4" T cells gradually increased over time
in both hNOJ (IR+) and hNOJ (JR—) mice (=18 and n=6,
respectively) (Figure 6A, left panel). Consistent with this, a sub-
stantial percentage of CCR5" cells was observed in both hNOJ
(IR+) and hNOJ (IR—) mice (n=18 and n=6, respectively) and
humans (z=5), depending on the differentiation status of the
CD4" T cells (Figure 6B, left panel). However, clear differences
between hNOJ mice and humans were observed. For example,
more CCR5" cells were present within the CD4" T cell population
in hNOJ mice than in humans, and the CM subset in hNOJ mice
comprised 30—40% CCR5™ cells, whereas in humans it comprised
significantly fewer CCR5" cells (Figure 6B, left panel). In contrast
to GCR5, CXCR4 expression was consistently observed on
approximately 80% of CD4" T cells in both hNOJ (IR+) and
hNOJ (IR—) mice (»= 18 and n=6, respectively) throughout the
course of the experiment (Figure 6A, right panel), although the
percentage of CXCR4-expressing cells at an advanced differen-
tiation stage tended to be slightly lower in both hNOJ (IR+) and
hNOJ (IR —) mice (n= 18 and n =6, respectively) (Figure 6B, right
panel).

Ex vivo R5 HIV-1 Infectivity of Reconstituted CD4" T Cells

We next performed ex vivo experiments based on fusion assays
using reconstituted CD4" T cells to examine the susceptibility to
R5 HIV-1 infection. CD4" T cells were prepared from the spleens
of hNOJ mice during the later phase (=17 wk) post-trans-
plantation (z=4; one hNOJ (IR+) and three hNOJ (IR—) mice)
or from human PBMCs (n=35), and infected with R5 HIV-1
containing a Vpr/B-lactamase fusion protein (HIV-In1.aps.n-
BlaM-Vpr)- Because of the limited number of detector channels on
the flow cytometer, each CD4" T cell subset was defined as naive
(CD45RA'CCR7%), CM (CD45RATCCR7"), or EM
(CD45RATCCR77) in this experiment, and R5 HIV-1 fusion
cells were detected within each subset (Figure 6C). In parallel with
the low percentage of CCR5 expression, R5 HIV-1 fusion was
rarely observed in the naive subsets from both hNOJ mice and
humans, confirming the CCR5-dependent infection of reconsti-
tuted CD4™ T cells by R5 HIV-1.

As shown in Figure 6D, the CM and EM subsets from hNQO]J
mice contained significantly more R5 HIV-1 fusion cells than
those derived from humans. When the amount of R5 HIV-1
fusion within each CD4" T cell subset was expressed as a value
relative to that of the corresponding CM subset (which was set at
1), we found that the CM and EM subsets in both hNOJ mice and
humans were highly susceptible to R5 HIV-1 compared with the
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naive subset, indicating that the susceptibility to RS HIV-1 among
the CD4" T cell subsets was similar in hNOJ mice and humans
(Figure 6E). Notably, despite the finding that the percentage of
CCR5-expressing cells in the CM subset was nearly half that in the
EM subsets (Figure 6B, left panel), RS HIV-1 fused efficiently to
both the CM and EM subsets (Figure 6D and 6E). This result is
not surprising, as similar observations were also made in a simian
immunodeficiency virus infection model [43]. Furthermore, the
CCR5™ CM subset expresses CCR5 mRNA and is very
susceptible to R5 virus [44].

In vivo R5 HIV-1 Infection in hNOJ Mice

To investigate whether the different constitution of CD4* T cell
subsets, i.e., naive- or memory subset-rich, affected HIV-1
infectivity i vive, we used hNOJ (IR+) mice at 10 wk post-
transplantation (n=7) as the naive-rich group and hNOJ (IR—)
mice at =12 wk post-transplantation (z=8) as the memory-rich
group. After the hNQJ mice were challenged intravenously with
R5 HIV-1 (HIV-1NL-ADs-D), the plasma viral load was monitored
weekly by quantitative real-time RT-PCR up until 5 wk post-
challenge.

Viral RNA was detected in the plasma of all naive-rich hNOJ
(IR+) mice at 1 wk post-challenge, and was maintained at around
1x10° copies/ml over time (Figure 7A, left panel). On the other
hand, memory-rich hNOJ (IR—) mice showed a blunted plasma
viral load during the early phase post-challenge; however, the viral
load reached peak values that were approximately 1-log higher
than those in naive-rich hNOJ (IR+) mice by 5 wk post-challenge
(Figure 7A, right panel). Of note, the viral load was undetectable
in the plasma of two (G122-2 and G122-5) of the eight memory-
rich hNOJ (IR —) mice by 1 and 2 wk post-challenge, respectively,
and the mean value for the plasma viral load at 1 wk post-
challenge in memory-rich hNOJ (IR—) mice was significantly
lower than that in naive-rich hNOJ (IR+) mice (Figure 7B).
Surprisingly, when we compared the absolute number of
peripheral blood CD4" T cells between naive-rich hNOJ (IR+)
and memory-rich hNOJ (IR—) mice just before challenge, we
found that memory-rich hNQOJ (IR—) mice had significantly more
CD4" T cells (apart from for the naive subset) than naive-rich
hNOJ (IR+) mice (Figure 7C), indicating that the absolute number
of peripheral blood CD4" T cells at pre-challenge is not associated
with the timing and level of the initial plasma viral load. However,
the CD4" T cell constitution in memory-rich hNQJ (IR—) mice
may contribute to subsequent virus replication, because the peak
value for the plasma viral load during 5 wk post-challenge was
significantly higher in memory-rich hNOJ (IR—) mice than in
naive-rich hNOJ (IR+) mice (=6 and n=7, respectively; one
hNOJ (IR+) and one hNOJ (IR—) mice were excluded from this
analysis as the experiment was interrupted before 5 wk post-
challenge) (Figure 7D).

To characterize the HIV-1-infected CD4" T cells further, three
additional hNOJ (IR —) mice were analyzed at 2 wk post-challenge
with R5 HIV-1 (Figure 8). HIV-1 infected cells were detected
according to their expression of the fluorescent reporter, DsRed,
by flow cytometry as described previously [29,45], and CD4" T
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load was detectable (>5000 VL, n=6) or all hNOJ (IR—) mice (n = 8) were determined by the Mann-Whitney U test. (C) The absolute number of CD4* T
cells in the peripheral blood at pre-challenge [hNOJ (IR+) mice; n=7 and hNOJ (IR—) mice; n=8). Each CD4" T cell subset (Naive, CM, and EM) was
defined as outlined in the legend to Figure 6. Data are plotted individually along with the mean (black lines). Significant differences (*"P<<0.01,
"p<0.001) were determined by the Mann-Whitney U test. (D) The peak plasma viral load during 5 wk post-challenge [hNOJ (IR+) mice; n=6 and
hNOJ (IR—) mice; n=7]. Data are plotted individually along with the mean (black lines). Significant differences ("P<0.01) were determined by the
Mann-Whitney U test.

doi:10.1371/journal.pone.0053495.g007
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cells were rendered CD3"CD8™ cells in order to include CD4-
downmodulated HIV-1-infected cells. When analyzing the spleens
and BM, we detected infected cells within the CM and EM
subsets, but not within the naive subset. The majority of the
infected cells were within the EM subset, mainly because the EM
subset was the most numerous among the CD4" T cells
(CD3"CD8™ cells) in both the spleens and BM at 2 wk post-
challenge. However, the percentage of infected cells within the
CM and EM subsets was identical. These results indicate that both
the CM and EM subsets are a target of R5 HIV-1 in vivo.

Discussion

NOJ mice were recently developed as an alternative recipient
mouse strain for the construction of humanized mice [18]. This
novel strain was used in the present study. Since the Janus family
tyrosine kinase, Jak3, mediates downstream signaling from the
common Y chain, and is responsible for lymphocytes development
[46], the phenotype of NOJ mice, which lack the Jak3 gene, is the
same as that of NOG/NSG mice [18]. Various methods are used
to construct conventional humanized mouse models; however, the
different methods may result in different outcomes in terms of
hematopoietic cell development. Therefore, to make the experi-
ment easier and more effective as previously suggested [9], we
constructed humanized NOJ mice by transplanting CD34" HSCs
isolated from umbilical cord blood into the liver of newborn mice.
The present study used hNOJ mice that were not irradiated prior
to HSC transplantation (i.e., hNOJ (IR—) mice), in comparison
with irradiation-treated hNOJ mice (i.e., hNOJ (IR+) mice) that
have been already established [18,47,48]. Each hematopoietic cell
population, such as T cells, B cells, monocytes, and dendritic cells
in irradiation-treated hNOJ mice show the same developmental
characteristics [18,47,48] as those in other conventional human-
ized mouse models constructed with different strains using the
same method (newborn mice were irradiated prior to intrahepatic
transplantation of umbilical cord blood-derived HSCs) [16,17,49].
Therefore, hNOJ mice may be an alternative humanized mouse
model, and experimental data pertaining to these hNOJ mice may
be shared with other conventional humanized mouse models.
However, an obvious difference between NOJ mice and other
strains is their susceptibility to irradiation, which means that they
have a limited life-span.

To evaluate hNOJ mice as an experimental animal model of
HIV-1 infection, we first investigated how the degree of
reconstitution affects the cellularity and development of CD4* T
cells using hNOJ (IR+) and (IR —) mice, which represent high and
low chimerism groups, respectively. However, we found that
qualitative differences in the characteristics of the reconstituted
CD4" T cells, such as the process of differentiation, the degree of
activation, and CCR5/CXCR4 expression, were similar between
hNOJ (IR+) and hNOJ (IR ) mice at least during the first 16 wk
post-transplantation. In hNOJ mice, the cellularity of CD4" T cells
and proportion of each GD4" T cell subset within the peripheral
blood were similar to those in other organs, such as the spleen and
BM (Figure 4B and data not shown), suggesting that the peripheral
blood CD4* T cell population may be representative of the CD4*
T cell distribution throughout other systemic compartments in
these mice. In humans, the CD45RA*CCR7" naive and
CD45RA™CCR7™ EM subsets of CD4" T cells constitute the
major subset within the peripheral blood and spleen, respectively
[50]. The most striking difference in the CD4" T cells between
hNOJ mice and humans noted here was that hNOJ mice showed
a higher percentage of CD4" T cells expressing HLA-DR, Ki-67,
and CCRS5 during the later phase post-transplantation.
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The memory subset (either CD45RA-negative or CD45RO-
positive) tends to increase with time in conventional humanized
mice [28,51,52]. We found that the expansion of the
CD45RA™CCR7 CD27* EMay and
CD45RA™CCR7 CD27" EMj,/1a subsets, but not that of the
CD45RA™CCR7"CD27" CM subset, was associated with an
activated phenotype. As suggested elsewhere [27,28], this is
probably due to the occurrence of HSP, particularly HPE-type
HSP, because (1) memory subsets, particularly the EMi, /iaee
subset, expressed the proliferation marker, Ki-67, at higher levels
than the naive subset, and the levels were much higher than those
expressed by the EMjn/1a subset within human PBMC popula-
tion; (2) the EMjy /10 Subset showed the greatest IFN-y-producing
capacity; and (3) IL-2, IL-7, and IL-15 were undetectable in the
plasma when CD4" T cells converted to an activated memory
phenotype.

HPE-type HSP requires TCR-dependent antigen recognition,
which is independent of IL-7 [25,26]. In line with this, Onoe et al.
demonstrated that HPE-type HSP of CD4™ T cells correlated with
the percentage of CDI14" monocytes in the periphery when
autologous T cells reconstituted in BLT mice were adoptively
transferred into T cell-deficient humanized NOD/SCID mice and
suggested that CD4" T cells need to interact with self MHC-II
molecules expressed by autologous myeloid-derived antigen-
presenting cells (APCs) to drive their expansion [26]. Furthermore,
Suzuki ¢t al. used a humanized mouse model based upon HLA-
DR-transgenic NOG sub-strain mice to show that expansion of
the EM subset of CD4" T cells occurs in an MHC-II (HLA-DR)-
dependent manner [28]. In the present study, hNOJ (IR+) mice
showed a significantly higher proportion of CD14" monocytes
within the PBMC population, and developed more CD4" T cells
than hNOJ (IR—) mice. Although we did not examine the
proportion of APCs in hNO]J (IR+) or hNOJ (IR—) mice in the
present study, it is conceivable that hNO]J (IR+) mice have more
APCs due to the higher level of chimerism. Therefore, TCR-
dependent antigen recognition via myeloid-derived APCs may
enhance HPE-type HSP of reconstituted CD4" T cells in hNQOJ
(IR+) mice.

The main aim of this study was to examine whether, and how,
HIV-1 infectivity is affected in different humanized mouse models
in which the CD4" T cell composition is qualitatively and/or
quantitatively different, e.g., naive- or memory-rich phenotypes.
The results showed that the infectivity of RS HIV-1 was different
between the naive-rich and memory-rich mouse groups. One of
the most noticeable differences between the two mouse groups was
that the plasma viral load at 1 wk post-challenge was significantly
higher in naive-rich hNO]J (IR+) mice than it was in memory-rich
hNQJ (IR —) mice. Although robust plasma viral loads have been
reported in other conventional humanized mouse models of R5
HIV-1 infection even at 1 wk post-challenge [17,53,54], our result
may be curious because the R5 HIV-1 infectivity of naive CD4* T
cells is very low, and because naive-rich hNOJ (IR+) mice would
have few memory CD4" T cells compared with memory-rich
hNOJ (IR—) mice. In the present study, we could not determine
which cellular parameters pertaining to CD4" T cells at pre-
challenge were associated with the initial plasma viral load;
therefore, the reason for the difference in viral load remains
unclear. One possibility may be the different proportions of
dendritic cells present in hNOJ (IR+) and hNOJ (IR —) mice, since
HIV-1 transmission/dissemination efficiently occurs via dendritic
cell-CD4™ T cell contact [3,55,56,57]. This needs to be clarified in
future studies.

Another noticeable difference between naive-rich hNOJ (IR+)
and memory-rich hNOJ (IR—) mice in terms of the viral infection
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was the peak level of the plasma viral load. Memory-rich hNOJ
(IR~) mice showed a markedly higher peak level of the plasma
viral load during 5 wk post-challenge, suggesting the contribution
of the memory CD4" T cell subset in this seiting. Notably, Nie
et al. showed massive infection of the CD45RA™C-
D45RO*CCR7™ EM subset by R5 HIV-1 in NOG-background
humanized mice [51]. Likewise, when we analyzed the spleens and
BM from hNOJ (IR —) mice at 2 wk post-challenge with R5 HIV-
1, the majority of infected cells were present in the EM subset,
most likely because the EM subset was the most numerous at that
time. However, when individual subsets were analyzed carefully,
the percentage of infected cells in the GCM and EM subsets was
similar. This is explained by the fact that the fusion efficiency of
R5 HIV-1 was comparable between the two subsets (Figure 6E).
Taken together, the data obtained in the present study suggest that
the CM subset plays a role as both a target and a reservoir for RS
HIV-1 in an HIV-1 infected humanized NOJ mouse model.
hNQJ (IR+) and hNOJ (IR—) mice were highly permissive for
infection with both CCR5-tropic HIV-1 (Figures 7 and 8) and
CXCR4-tropic HIV-1 (data not shown). However, because hNOJ
(IR+) mice have such a short life-span due to irradiation, their use
is restricted to the early phase post-transplantation; their use,
therefore, is restricted to the study of short-term of HIV-1
infection. By contrast, hNOJ (IR—) mice would be useful for
longitudinal analyses of HIV-1 infection, as shown by other studies
that used other conventional humanized mouse models
[22,53,58]. However, it should be noted that level of HIV-1
infectivity would change, depending on the cellularity of the
reconstituted CD4* T cells in hNOJ mice. Therefore, the selective
use of humanized mice according to the disease model is
important. For instance, hNOJ mice at the early phase post-
transplantation would be a useful model for healthy young
humans, in which the naive CD4" T cell subset is relatively rich
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