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Table 1. Primer sets used for RT-PCR and quantitative real-time RT-PCR

Gene Forward Reverse
Ccd3 5'-CGAATGTGCCAGRACTGTGT-3' 5'~AGTGTCAACAGCCCCAGAAA-3'
Fas ligand {(Fas)) 5'-GCCCGTGAATTACCCATGTC-3' 5'~TGGAGGAGCCCAAGGAGAA-3'
Gapdh 5'-ATGGGAGTTGCTGTTGAAGTCA-3' 5'~CCGAGGGCCCACTARAAGG-3'

Granzyme B (Gzmb)

5’~GGCCCACAACATCAARGARC-3'

5'~CGCTAGACCTCTTGGCCTTAC-3'

Iing 5'-GATCCAGCACARAGCTGTCA-3' 5'~-GACTCCTTTTCCGCTTCCTT-3!
4 5'-TGTACCTCCGTGCTTGAAGA-3’ 5'~GTGAGTTCAGACCGCTGACA-3'
na 5'-AGGTGCGTTCCTCGTAGAGA-3’ 5'-CCATTTGCTGCATGATGAAT-3'
s 5'~ACCGCAGTAATACGGAGCAT-3' 5'-GTTGGCTCTTCEGGTCGATA-3'

Nos2 5'-TCTGCAGCACTTGGATCAART-3’ 5'~AGCTGGAAGCCACTGACACT-3'

MCP-1 {Cci2)
MDC (Ccl22)

Nkrp2 5'-TGACATGGCTTGCTGTTTTC-3'
Perforin 1 {Prf1) 5'~TTGCGAGGAGAAGAAGRAACA-3'
RANTES (Ccl5) 5'-GTGCCCACGTGAAGGAGTAT-3'
Tolb1 5'~ATACGCCTGAGTGGCTGTCT-3'
Tnfa 5/~ GTGCCTCAGCCTCTTCTCAT-3'

5'-TGTCTCAGCCAGATGCAGTT-3’
5'-TGGCTCTCGTCCTTCTTGT -3’

5'~TGCTGCTGGTGATTCTCTTG-3!
5'~-TPCTTCCACATTGGCACCATA~3'
5'-TGGTTCCAGGCTTTGTTCTC-3'
5'-CGGTAGGTCTGGTGGARAGA-3'
5'-ACTGCAAGGTTGGAGCACTT-3'
5'~TGAAGCGARAGCCCTGTATT-3'
5'-CAATCACCCCGAAGTTCAGT-3'

(95°C for 30 s, 60°C for 30 s) after initial denaturation of 95°C for 15
minutes. The primer sequences for PCR are listed in Table 1.

Transfer of GFP-positive spleen cells into nontransgenic recipients

The EGFP transgenic rats and nontransgenic Wistar rats (all rats were 4
weeks old) were immunized with porcine myosin as described under
“Immunization of rats with porcine heart myosin and induction of
myocarditis.” Mononuclear cells were isolated from the spleen of EGFP
transgenic rats one week after immunization and transferred into Wistar rats
that had been immunized with myosin 2 weeks before (1 X 107/rat
intravenously). Five days later, the hearts of the recipients were extirpated,
and tissue-infiltrating macrophages were isolated.

Cytotoxic assay

Six-week-old Wistar rats were immunized with adjuvants containing killed
tuberculosis germs. One week later, mononuclear cells were separated from
the spleen and incubated in plastic dishes for 20 minutes at 37°C. Resultant
adherent cells were collected and then divided into CD8~ and CD8™ celis
using the MACS system. These cells were added to the culture of allogenic
epithelial thymoma cells (originated from F344 rats carrying the HTLV-1 pX
transgene'®) with effector-target (E/T) ratios of 30, 10, I, and 0.1 (4 X 104
target cells per well in 24-well plates). After incubation for 8 hours,
cytotoxicity was measured using the CytoTox 96 test kit (Promega,
Madison, WI).

Statistical analysis

Data were represented as mean * standard deviation (SD). Statistical
significance between any 2 groups was determined by 2-tailed Student 7
test. P values less than .05 were considered to be significant.

Resulis

Expansion of CD4+/CD8* cells in the peripheral blood of FW-pX
rats with chronic GVHD-like autoimmune diseases

In FW-pX rats, the HTLV-I pX transgene induced atrophy of the
thymus, resulting in lymphocytopenia, production of autoreactive
T cells, and subsequent development of chronic GVHD-like
autoimmune diseases.” These rats also displayed a compensatory
increase in the number of peripheral myeloid cells. To characterize
immunophenotypic alterations in their peripheral blood mono-
nuclear cells (PBMCs), we performed 2-color FCM analysis using
PBMCs isolated from 6-week-old FW-pX and age-matched control
FW-wt rats (Figure 1). The percentages of CD4*/CD8~ and

CD4-/CD8* T cells (6.1% and 9.9%, respectively) in FW-pX rats
were reduced in comparison with those of FW-wt rats (24.6% and
15.0%, respectively). The reduction of CD4* T cells was more
pronounced than that of CD8* T cells. On the other hand,
CD4*/CD8* cells were few in FW-wt rats (3.0%) but markedly
increased in number in FW-pX rats (21.0%). In FW-wt rats, CD4*
cells were made up of CD4medivm andg CD4Msh populations. By
contrast, the majority of CD4+/CD8% cells in FW-pX rats ex-
pressed CD4 at a medium level. Jefferies et al® reported that rat
CD4medivm and CD4Meh populations represented monocytes and T
cells, respectively, whereas Nascimbeni et al?° showed that some
CD4*/CD8* T cells expressed CD4 at a medium level. Thus, we
decided to examine whether CD4+/CD8* cells in FW-pX rats were
monocytes or T cells.

CD4+*/CD8* cells in the peripheral blood of FW-pX rats
are monocytes

Peripheral blood was obtained from 6-week-old FW-pX rats. At
first, we gated CD4*/CD8* DP cells and confirmed that these cells
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Figure 1. Expansion of CD4+/CD8* cells in the peripheral blood of FW-pX rats,
The top and botiom panels show the results of FCM analyses of peripheral blood from
6-week-old FW-wt (F1 generation of wild-type F344 and Wistar) and FW-pX (F1
generation of HTLV-| pX transgenic F344 and wild-type Wistar) rats, respectively.
Peripheral blood cells were stained with FITC-conjugated anti-CD3 (G4.18), FITC- or
PE-conjugated anti-CD4 (OX-35), and PE-conjugated anti-CD8 {OX-8) Abs, followed
by depletion of erythrocytes. At first, the cells were divided based on the forward
(FSC) and side scatter (SSC) patterns. Then, PBMCs in region 1 (R1) were gated to
analyze the expression of CD3, CD4, and CD8. In both groups, at least 3 rats were
examined. Representative dala are shown. The numbers in each panel represent the
percentage of CD4* T cells, CD8* T cells, and CD4+/CD8* cells, respectively.
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Figure 2. Characterization of CD4*/CDB8* cells in the peripheral blood of FW-pX rats. Peripheral blood from 6-week-old FW-pX rats was used. In each experiment, at least
3 rats were used. Representalive data are shown. (A) Peripheral blood cells were stained with FITC-conjugated anti-CD4 (OX-35) and PE-conjugated anti-CD8 (OX-8) Abs,
followed by depletion of erythrocytes. CD4/CD8 DP celis were gated to confirm that these cells were mononuclear cells. WBCs indicates white blood cells. (B} Peripheral blood
cells were stained with FITC- or PE-conjugated anti~CD4 (OX-35), PerCP-conjugated anti-CD8 (OX-8), and FITC- or PE-conjugated anti-CD3 (G4.18), CD11b/c (OX-42), or
NKR-P1A Ab (10/78), {ollowed by depletion of erythrocytes. Painted histograms represent the expression of CD3, CD11b/c, and NKR-P1A on CD4*/CD8* cells. Gray
histograms represent the expression of these molecules on total PBMCs. (C) Mononuclear cells separated from the spleen of FW-pX rats were cullured in chamber slides at
37°C for 1 hour. Resultant acherent cells were fixed using cold acetone for 5 minutes and then stained for CD68 (ED-1, green), CD4 (OX-85, red), and CD8 (OX-8, blue). The
merged image shows the cell stained with 3 colors {total magnification: X 600). (D) Peripheral blood cells were stained with FITC-conjugated ant-CD4 (OX-35) and
PE-conjugated anti-CD8 Abs for the «-chain hinge region (OX-8), a-chain Ig V-like region (G28), or p-chain (341) followed by depletion of erythrocytes. Histograms represent

reactivity with the anti-CD8 Abs gated on CD4medum cells,

were mononuclear but not aggregated cells (Figure 2A). Since rat
monocytes could not be separated from lymphocytes or NK cells
according to the light scatter pattern alone, we examined the
expression of surface markers specific for each type of cell.
Histograms were obtained by gating of CD4*/CD8* cells (Figure
2B). Most CD4*/CD8* cells in FW-pX rats were CD11b/cheh and
NKR-P1A"™ but did not express CD3. CD11b/c is expressed on
monocytes, granulocytes, and macrophages, thereby known as a
marker of myeloid cells.2? NKR-P1A is highly expressed on NK
cells and some T cells but expressed on monocytes at a low
level.2223 We additionally found that the CD4%/CD8 cells did not
express OX-62, a marker for DCs* (data not shown). These
observations suggest that these DP cells have a monocytic but not
T, NK, or DC phenotype. To further confirm this suggestion,
adherent splenocytes from 6-week-old FW-pX rats were stained for
0X-35 (anti-CD4), OX-8 (anti-CD8), and ED-1 (anti-CD6S8, as a
marker for monocytes/macrophages?*26) and then observed using a
confocal microscope. The 3-color merged image indicates that the
DP cells also express CD68 (Figure 2C). It is known that human
CD68 can be expressed in activated T and B cells at a low level 2728
However, there was no CD68* population that expressed CD3 or
the B-cell marker RLN-9D3 in our rat model. We therefore
designated these CD4*/CD8* cells as DP monocytes. In addition,
we noted that CD4 and CD8 were distributed not only on the cell
surface but also in the cytoplasm of DP monocytes. These findings
are consistent with the previous observation that CD4 is also
expressed in the cytoplasm of human monocytes.?

The majority of CD8 molecules are heterodimers composed of
- and B-chains. On the other hand, a subset of T cells and most NK
cells are known to express CD8 as homodimers of a-chains. ¥ Hirji
et al'3 showed that rat alveolar and peritoneal macrophages express
CD8 as aB heterodimers but these CD8 molecules do not react with
the anti-CD8 a-chain Ig V-like region Ab (G28). Since the
anti-CD8 a-chain hinge region Ab (OX-8) can recognize macro-
phage CD8, these authors suggested that the Ig V-like region of the
CD8 o-chain was masked or modified on rat alveolar and

peritoneal macrophages. To analyze the subunit organization of
CDS8 molecules expressed on the DP monocytes, we performed
2-color FCM analysis using the anti-CD4 (OX-35) and 3 kinds of
anti-CD8 Abs, including OX-8, G28, and anti~f3-chain Abs (341).
Histograms were obtained by gating of CD4medium cellg in PBMCs
isolated from 6-week-old FW-pX rats (Figure 2D). The percentage
of cells reactive with OX-8 (74.9%) was comparable to that stained
with G28 (73.5%). The CD8 B-chain was expressed in 64.7% of
CD4medium cells, Thus, CD8 molecules expressed on the surface of
DP monocytes in FW-pX rats are heterodimers composed of the
3-chain and the a-chain with the conserved Ig V-like region.

Induction of DP monocytes in nontransgenic FW-wtrats

To examine whether DP monocytes are induced exclusively in
FW-pX rats carrying the HTLV-I pX gene or also in other
inflammatory situations unrelated to the transgene, we inoculated
porcine myosin into the footpads of 3-week-old FW-wt rats along
with the adjuvant containing killed tuberculosis germs. It is known
that CD4"* T cells down-regulate their surface CD4 under certain
activating conditions.» However, we observed no significant
down-regulation of CD4 molecules in T cells of our myosin-
immunized rats (Figure 3A). The percentages of CD3™* T cells in
CD4medium cells were 5.9% and 5.5% in the FW-wt rats with and
without immunization, respectively. Thus, we concluded that
CD4mediom cells were monocytes. One week after immunization, the
percentage of CD8* population in CD4medvm cells reached
573% * 6.1% in myosin-immunized FW-wt rats, which was
comparable to the proportion observed in 4-week-old FW-pX rats
(63.5% = 6.5%; Figure 3B-C). Four weeks after immunization, the
percentage of CD8* population in CD4medivm cells declined to
40.6% * 7.3% in myosin-immunized FW-wt rats, whereas that in
7-week-old FW-pX rats was maintained at a high level
(61.4% = 4.8%). In 4- and 7-week-old FW-wt rats without immu-
nization, the size of CD8* population in CD4medivm cells was
smaller (26.1% * 14.6% and 23.5% * 16.3%, respectively). These
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Figure 3. induction of CD4/CDB DP monocyles in nontrans-
genic rats. (A) Myocarditis was induced in FW-wt rals by
immunization with porcine cardiac myosin and the adjuvant

containing killed tuberculosls germs at 3 weeks of age (immu-
nized FW-wi). Peripheral blood was obtained from the FW-wi rats
one week afierimmunization and age-matched controls and then

Control FW-wt 1>

4 weeks of age

PBMCs in region 1 (R1) were gated as in Figure 1. In both types of
. rats, the majority of CD4medium cells did not express CD3, thus

4 %

they were considered to be monocytes. In each group, at least 3
rats were examined. Representative data are shown. (B) The
expression of CD8 on peripheral monocyles (practically CD4medium
cells) was examined 1 week and 4 weeks after immunization (4

7 weeks of age

cDs

and 7 weeks of age, respectively). Data were compared with

immunized FW-wt

those of nonimmunized FW-wt (control FW-wi) and FW-pX rais. In
each group, at least 3 rats were examined. Representalive data
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findings indicate that DP monocytes can be induced in rats without
any influence of the pX transgene and suggest that they may be
induced in an acute inflammatory phase.

To investigate the induction mechanisims of DP monocytes, we next
immunized inbred F344 rats with various combinations of individual
components used for initial immunization. When rats were immunized
with the adjuvant containing killed tuberculosis germs, the percentage of
CD8* population in CD4medivm cells was increased in the largest scale,
though significant differences were observed by addition of any of the
components (incomplete adjuvant only, an increase of 7.7%; adjuvant
plus killed tuberculosis germs, an increase of 21.4%; myosin plus
adjuvant plus killed tuberculosis germs, an increase of 29.9%: Figure
3D). This suggested that immunization with tuberculosis germs might
be critical for the induction of DP monocytes. To test this hypothesis, we
examined whether the cytokines and chemokines known to be induced
by the recombinant Mycobacterium bovis bacillus Calmette-Guerin
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are shown. (C) The percentage of CD8* cells in monocytes 1
week and 4 weeks after immunization (4 and 7 weeks of age,
respectively) Is shown as mean = 8D, (D) inbred F344 rais (3
weeks of age) were immunized with various combinations of
components used for the induction of myosin-induced myocardi-
tis. The percentage of CD8* cells in monocyles was examined 1
week after immunization. In each experiment, at least 3 rals were
used. Data are represented as mean * SD. FlA indicates Freund
incomplete adjuvant; Killed G, killed tuberculosis germs. (E) PB-
MCs from F344 rats (3 weeks old) were incubated with IL-12,
RANTES, or GM-CSF under indicated concentrations. We chose
these cytokines because they are known to be induced by
BCG.3122 Twenty-four hours later, the percentage of CD8* cellsin
monocytes (practically CD4medum celis) was examined. Data are
represented as mean = SD of repeated experiments done in
triplicate. *P < .05.
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(BCG)** can induce DP monocytes in vitro. PBMCs from F344 rats
were stimulated with IL- 12, RANTES, or GM-CSF for 24 hours and
then the percentage of DP monocytes was measured. Among these
cytokines/chemokines, only GM-CSF could induce DP monocytes in a
dose-dependent manner (Figure 3E). We also observed that the percent-
age of DP monocytes (CD4™edvm CD8* population in PBMCs) was
increased from 7.8% to 11.0% by in vivo administration of GM-CSF.
However, stimulation of bone marrow cells by GM-CSF failed to induce
any significant expansion of CD4+/CD8* cells (data not shown).

Infiltration of CD4+/CD8* cells at the site of myocarditis

In myosin-immunized FW-wt rats, myocarditis occurred 3 to 4
weeks after immunization (Figure 4A). At the site of inflammation,
macrophages (reactive with ED-I, Figure 4B) infiltrated more
abundantly than CD3* T cells (Figure 4C). To determine if

Figure 4. Infiltration of DP macrophages at the site of myocarditis, Myocardilis was induced in FW-wi rats by immunization with porcine myosin and the adjuvant
containing kilied tubesculosis germs at 3 weeks of age. Three weeks later, the hearl was extirpated and used for histologic and immunocytochemical examinations.
Experiments were repeated twice. Representalive resulis are shown, (A} Hematoxylin and eosin staining. (B-C) Immunohistochemical staining for CD68 (ED-1) and CD3 (IF4),
respectively. The cardiac tissues were cut into small pieces and digested with 0.16% collagenase type Il After removal of tissue fragments, cell suspension was incubaledin a
plastic dish at 37°C. One hour later, adherent cells were harvesied and immunofluorescent triple staining was done for GD68 (ED-1, green; D), CD4 (OX-35, red; E), and CD8
(OX-8, blug; F). (G) The merged Image. Arrowheads indicale DP macrophages also stained for CD68. Total magnification: X 40 (A-C), x 80 (D-F), and X 200 {(G).
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infiltrating cells contained DP macrophages, adherent cells were
isolated from collagenase-digested cardiac tissues and subjected to
immunocytochemical analysis. Half of macrophages (reactive with
ED-1) expressed both CD4 and CD8 (Figure 4D-G). These DP
macrophages were not reactive with ED-2 (a marker for tissue-
resident macrophages®) or OX-62 (a marker for DCs; data not
shown). Thus, infiltrating DP macrophages are neither tissue-
resident macrophages nor DCs but are derived from the blood.

Cytokine/chemokine profiles and the cytotoxic phenotype
of CD4/CD8 DP macrophages

‘We isolated adherent cells from rat cardiac tissues affected with
myocarditis and separated DP macrophages from other, practically
CD8~ macrophages (hereafter referred to as CD8~ macrophages)
using the MACS system (Figure 5A). We then compared expres-
sion profiles of cytokines, chemokines, and cytotoxic factors by
quantitative real-time RT-PCR in DP and CD8~ macrophages. DP
macrophages showed higher expression of IL-18 (5.2-fold), IFN-y
(2.8-fold), and RANTES (4.8-fold) in comparison with CD8~
macrophages (Figure 5B). By contrast, the expression of MCP-1
was lower in DP macrophages than in CD8™ macrophages (1/4.7-
fold). There was no significant difference in the expression of IL-4,
1L-12, monocyte-derived chemokine (MDC), or TGF-B, or TNF-o
between DP and CD8~ macrophages (data not shown). When we
focused on cytotoxic factors, DP macrophages showed signifi-
cantly higher expression of Fas L (8.0-fold), perforin (9.2-fold),
and granzyme B (45.9-fold) compared with CD8~ macrophages
(Figure 5C). Expression of iNOS did not show a significant
difference between DP and CD8~ macrophages (data not shown).
‘When we examined the expression of Fas L and granzyme B in
tissue-infiltrating macrophages by immunohistochemistry, colocal-
ization of these molecules and ED-1 (CD68) was observed (Figure
5D left panels). To rule out the possibility that ED-I-positive
(CD687) cells are overlaid with scattered, secreted granzyme B, we
examined the expression of granzyme B in macrophages isolated
from the cardiac tissue (Figure 5D right panel). These experiments
confirmed that part of ED-l-positive (CD68*) macrophages did
express Fas L and granzyme B.

DP monocytes are precursors of DP macrophages

To determine if DP monocytes in the blood migrated into sites of
inflammation and differentiated to DP macrophages, transfer of
GFP-positive spleen cells was made into nontransgenic rats
immunized with myosin, GFP-positive macrophages were found in
cardiac tissues with myocarditis (Figure 6A), and some GFP-
positive macrophages expressed both CD4 and CD8 (Figure 6B).
Furthermore, when the profiles of DP monocytes and DP macro-
phages were compared by RT-PCR, the expression patterns of Fas
L, perforin, and granzyme B were similar (Figure 6C). On the other
hand, the expression of NKR-P2 (rat orthologue of human
NKG2D), known to play an important role in killing by NX cells
and cytotoxic T lymphocytes (CTLs),337 was higher only in DP
macrophages. These findings suggest that DP monocytes are
precursors of tissue-infiltrating DP macrophages with a cytotoxic
phenotype. In our experiments, evalnation of contaminated CD8*
CTLs was critical. As previously described, the purity of macro-
phages in the cells recovered from the cardiac tissues with
myocarditis was 94% (see “Isolation of macrophages from cardiac
tissues, with myocarditis”). We therefore used a mixed cDNA
sample (a mixture of CD8% T cells and fibroblasts in a ratio
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Figure 5. Expression profiles of cytokines/chemokines and cytotoxic factors in
DP macrophages. Inflltrating macrophages were isolated from the cardiac tissues by
collagenase digestion followed by adhesion to the plastic dish. DP macrophages
were separated from other macrophages by MACS based on the presence or
absence of CD8. Prior to the MACS sorting, we confirmed by light microscopy that
macrophages detached from the plastic dish were in a single-cell suspension (data
not shown). (A) Macrophages collected from the cardiac tissues were reacted with
FITC-conjugated anti-CD4 (OX-35) and PE-conjugated anti-CD8 (OX-8) Abs. MACS
was conducted using ant-PE microbeads. The cells selected positively and nega-
tively are shown in the 1op and bottom panels, respectively. Experiments were
repeated at least twice, and representative results are shown. {B) The expression of
cytokines/chemokines (IL-18, IFN-y, RANTES, and MCP-1) in DP macrophages was
analyzed by quantitative real-time RT-PCR. The data were compared with those of
CDB~ macrophages. Results are represented as a fold (mean * SD of repeated
experiments done in triplicate) against control macrophages. (C) The expression
patterns of cytotoxic factors (Fas L, perforin, and granzyme B) in DP macrophages
{right columns) were compared with those in CD8~ macrophages (left columns). Data
are represented as mean * SD of repeated experiments done in triplicate. (D)
Immunofluorescent double staining for CD68 (ED-1, green) and Fas L (N-20, red), or
CD68 (ED-1, green) and granzyme B (N-19, red) in the cardiac tissue section (left
panels). Infillrating macrophages isolated from the tissues were stained for CD68
(ED-1, green) and granzyme B (N-19, red; right panel). Total magnification: x 80,
*P < .05.

of 1:9) as a negative control. In this negative control, the expression
of CD3, NKR-P2, Fas L, perforin, and granzyme B was hardly
detectable, whereas the expression level of the Gapdh gene was
comparable to that of other samples. Although these experiments
do not provide information as to the identity of CD4+/CD8* DP
cells or assure the absence of contamination of T cells in the
samples, they indicate that NKR-P2, Fas L, perforin, and
granzyme B are produced by DP monocytes/macrophages.
Moreover, immunocylochemistry demonstrated the existence of
granzyme B-containing granules in CD8* CD68* adherent
splenocytes regarded as DP monocytes (Figure 6D).
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Figure 6. Origin of CD4/CD8 DP macrophages and function of CD4/CD8 DP monocytes. (A) GFP-positive spleen cells were transferred into GFP-negative recipients that
had been immunized with porcine myosin. EGFP transgenic rats and nontransgenic Wistar rats (all rats were 4 weeks old) were immunized with myosin as described in
“Immunization of rats with porcine heart myocin and induction of myocarditis.” Mononuclear cells were isolated from the spleen of EGFP transgenic rats 1 week after
immunization and transferred into Wistar rats intravenously 2 weeks afterimmunization (1 x 107 cells per animal). Five days later, the hearts of recipients were extirpated, and
then tissue-infiltrating macrophages were Isolated and used. Experiments were repeated twice, and representative resulls are shown. Arrowheads indicate cells expressing
both GFP and CD68 (ED-1, red). Total magnification: X 100. (B) The cells Isolated from the cardiac tissues were cultured in chamber slides at 37°C for 1 hour, Resultant
adherent cells were fixed using cold acetone for 5 minutes and then stained for CD4 (OX-35, red) and CD8 (OX-8, blue). The merged image shows that the cell expressing both
CD4 and CD8 is also positive for GFP. Total magnification: X 600. (C) FW-wt rats were Immunized with myosin and the adjuvant containing killed tuberculosis germs.
Mononuclear celis separated from the spleen or cardiac tissues 1 week or 3 weeks afterimmunization, respectively, were culured in plastic dishes at 37°C for 1 hour, and then
the adherent cells were divided into CD8~ and CD8* populations, using the MACS system. Expression profiles of CD3, NKR-P2, Fas L, perforin, and granzyme B were
compared by RT-PCR. The cDNA from CD8* T cells served as a positive control. The negative control was the cDNA derived from the 1:9 mixture of CD8* T cells and
fibroblasts. (D) Six-week-old Wistar rats were immunized with adjuvants containing killed tuberculosis germs. One week later, mononuclear cells were separated from the
spleen and then cultured in chamber slides at 37°C for 1 hour. Resultant adherent cells were fixed using cold acetone for 5 minutes, followed by staining for CD68 (ED-1,
green), granzyme B (red), and CD8 (OX-8, blue). The merged image shows the cells stained with 3 colors. Total magnification: X 200. (E) Cytotoxic assay in vitro. Six-week-old
Wistar rals were immunized with adjuvants containing killed tuberculosis germs. One week later, mononuclear cells were separated from the spleen and incubated in plastic
dishes for 20 minutes at 37°C. Resultant adherent cells were collected and divided into CD8~ and CD8* cells using the MACS system. These cells were added to the culture of
allogenic epithelial thymoma cells with E/T ratios of 30, 10, 1, and 0.1 (4 X 10* target cells per well in 24-well plates). After incubation for 18 hours, cytotoxicity was measured
using the CytoTox 96 test kit. Data are represented as mean = SD of experiments done in triplicate. * P < .05. (F) Phagocylosis assay. Yellow-green carboxylate-modified 1.0
num latex beads were mixed with peripheral blood from Wistar rats that had been immunized with adjuvants containing killed tuberculosis germs one week before (1.5 X 107
beads/300 1L blood). Afler incubation for 2 hours at 37°C, PE-conjugated anti-CD4 {(OX-35) and PerCP-conjugated anti-CD8 (OX-8) Abs were added to the mixture, followed
by depletion of erythrocytes. After 3 times wash with cold PBS, CD4+/CD8* cells were gated to determine uptake of the fluorescence-labeled beads using FACScan.
Experiments were done in triplicate. Representative results are shown. The filled and gray histograms represent the profiles of CD4*/CD8* and CD4*/CD8~ monocytes,
respectively.

Cytotoxic function of DP monocytes peripheral blood from Wistar rats that had been immunized with

adjuvants containing killed tuberculosis germs one week before
(1.5 X 107 beads/300 uL blood). After incubation for 2 hours at
37°C, uptake of fluorescence-labeled beads in DP monocytes was

In order 1o evaluate the function of DP monocytes, we carried
out in vitro cytotoxic assays against allogenic tumor cells. As a
source of DP monocytes, we used CD8* adherent splenocytes

obtained from Wistar rats that had been immunized with
adjuvants containing killed tuberculosis germs. These cells
effectively killed epithelial thymoma cells originated from F344
rats carrying the HTLV-I pX transgene'® in a dose-dependent
manner (Figure 6E). When the E/T ratio was 30, percent specific
lysis was 70.8 == 6.8. By contrast, CD8~ monocytes hardly
killed the tumor cells. These findings clearly indicate that DP
monocytes possess a cytotoxic function and that these cells can
kill tumor cells without major histocompatibility complex
(MHC) restriction.

Phagocytic ability of DP monocyles

To determine the phagocytic ability of DP monocytes, yellow-
green carboxylate-modified 1.0-pwm latex beads were mixed with

assayed using FACScan (Figure 6F). The black histogram indicates
that the majority of DP monocytes (71.1% = 4.4%) engulfed the
beads during the experimental period. Phagocytic efficiency of DP
monocytes was almost equivalent to that of CD4*/CD8~ mono-
cytes (67.4% * 8.8%; Figure 6F gray histogram),

DP monocytes in the human peripheral blood

To examine whether humans also have DP monocytes, we analyzed
PBMCs from 12 healthy volunteers by 3-color FCM. CD4+/CD8*
cells were identified in CD14% monocytes in all samples examined
(Figure 7). The percentage of CD4*/CD8* cells in CDI4*
monocytes showed considerable individual variations ranging from
17.3% 10 1.0%.
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Figure 7. CD4/CD8 DP monocytes in human peripheral blood, Human peripheral
blood was obtained from 12 healthy volunteers. The cells were stalned with
FITC-conjugated anti-CD4 (M-T466), PE-conjugated anti-CD8 (HIT8a), and PerCP-
conjugated anti-CD14 (MpP9) Abs, followed by depletion of erythrocytes, and then
monocyles in region 1 (R1) were gated. The bottom panels show expression of CD4
and CD8 on CD14* cells in reglon 2 (A2). The percentage of CD4+/CD8* cells in
CD14* monocyles is shown in each panel.

Discussion

In the present study, we have identified a population of monocytes/
macrophages characterized by coexpression of CD4 and CD8. This
population was originally identified in FW-pX rats carrying the
HTLV-I pX transgene (Figures 1-2) but later found to be present in
wild-type rats (Figure 3). The number of DP monocytes showed a
dramatic increase in rats with myosin-induced myocarditis (Figure
3), and the DP macrophages were predominant infiltrating cells at
the cardiac lesion (Figure 4). The most notable feature characteriz-
ing this population of macrophages is that they express high levels
of Fas L, perforin, granzyme B (Figure 5C-D), and NKR-P2
(Figure 6C). In particular, granzyme B was expressed at an
extremely high level (45.9-fold) in DP macrophages compared
with CD8~ macrophages (Figure 5C). NKG2D is the receptor
previously shown to be expressed on NK cells, CTLs, and activated
macrophages.™ It binds to stress-inducible MHC class I molecules,
MICA/B, and ULBP/RAET! in humans and RAE-] (retinoic acid
early inducible-1) in mice.*637 NK cells and CTLs bind to the target
cells through NKG2D and destroy them through coordinated
actions of perforin and cytotoxic factors such as granzyme B. Thus,
the collective evidence clearly indicates that tissue-infiltrating DP
macrophages exhibit a cytotoxic phenotype. They may therefore
contribute 1o tissue damage by adhering to target cells via their
NKR-P2 and secreting perforin and granzyme B.

Another notable feature of CD4/CD8 DP macrophages is that
they express IL-18, IFN-y, and RANTES at higher levels and
MCP-1 at a lower level than CD8~ macrophages (Figure 5B).
IL-18, IFN-y, and RANTES induce the T-helper | (Thl)-type
immune response,?3**%0 whereas MCP-1 induces the Th2-type
immune response.*! Although we were unable to detect Cd3
mRNA by RT-PCR ih our macrophage samples (Figure 6C),

CD4+/CD8* DP MONOCYTE/MACROPHAGE 2011

contamination of a small number of T/NK cells cannot be ruled out.
Therefore, we should keep in mind the possibility that the cytokine
production profiles (Figure 5B) may have been affected by
contaminating T/NK cells; this reservation applies especially to
IFN-v, a cytokine typically produced by T/NK cells. However, we
can say that tissue-infiltrating DP macrophages are prone to induce
1L-18 and Thl-type immune responses at the site of inflammation.
Okura et al2 reported that Th cytokines were the major cytokines
detected in the early phase of myosin-induced experimental
myocarditis in rats. Our present study indicates that DP macro-
phages infiltrating in the cardiac lesion may enhance the Thl-type
imnine response observed in the early phase of myosin-induced
myocarditis.

The number of DP monocytes showed a dramatic increase by
immunization with myosin (Figure 3B-C). When we examined
which component in the immunogen was critical for increasing
the population of DP monocytes, we found that the killed
tuberculosis germs were the most effective factors (Figure 3D).
BCG containing killed tuberculosis germs works synergistically
with IL-18 for'induction of IFN-y and GM-CSF and induces the
Thi-type immune response.3® GM-CSF increased the number of
DP monocytes in a dose-dependent manner in vitro (Figure 3E).
These findings suggested that the secretion of GM-CSF induced
by immunization with the killed tuberculosis germs triggered
the expansion of DP monocytes in peripheral blood. The kinetics
of expansion suggest that an increase in the number of DP
monocytes occurs in the early phase of inflammation.

To examine whether CD4+/CD8* cells are derived from DP
monocytes in blood or are generated in situ from resident
macrophages, we transferred GFP-positive spleen cells into
GFP-negative recipients that had been immunized with myosin
in advance (Figure 6A-B). This adoptive transfer experiment
clearly indicates that tissue-infiltrating DP macrophages are of
hematogenous origin. Consistent with this observation, DP
macrophages in situ did not express ED-2 (a marker for
tissue-resident macrophages) or OX-62 (a marker for DCs).
Thus, overall data indicate that certain stimuli that induce the
release of GM-CSF trigger the expansion of DP monocytes in
peripheral blood and that these cells migrate to the site of
inflammation and differentiate into macrophages displaying the
Thl-type immune response and a cytotoxic phenotype. In line
with these findings, DP monocytes could kill allogenic tumor
cells in vitro (Figure 6E). This killing is unlikely to be mediated
by the CTLs contaminated in the effector cells because CTLs
can kill only MHC-matched targets. In hddilion, we demon-
strated that DP monocytes were equipped with phagocytic
activities comparable 1o those of CD4+/CD8~ monocytes (Fig-
ure 6F).

Interestingly, human peripheral blood also contains CDi4*
monocytes expressing both CD4 and CD8 (Figure 7). In this
regard, it is notable that DP macrophage/dendritic cells. which
express Fas L more abundantly than other macrophages, have been
identified in the thyroid glands of patients with autoimmune
thyroid diseases.#3 Although the information available on their
surface markers and cytokine profiles precludes us from drawing
any conclusions, it is possible that they are derived from the DP
monocytes identified in this study.

All volunteers who participated in this study were healthy
donors. None of the donors apparently suffered from inflammatory,
autoimmune, or neoplastic disorders. It is of great interest to
examine whether a population of DP monocyles is increased in
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blood under infectious or other disease conditions. Studies along
this line are ongoing using clinical samples. Whereas rat DP
monocytes displayed cytotoxicity against allogenic tumor cells
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and human DP monocytes/macrophages have any specialized roles
in host defense against infection or cancer and in the pathogenesis
of autoimmune disorders.

(Figure 6E), we have thus far been unable to demonstrate cytotoxic
activities for human DP monocytes. This may be related to the fact

that human DP monocytes were isolated from healthy volunteers,

whereas rat DP monocytes were isolated from animals whose

immune systems were activated by the transgene or artificial
immunization. Studies are in progress to understand whether the rat
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Abstract

Although many human molecules have been suggested to affect replication of human immunodeficiency virus type 1 (HIV-1), the distribution
of such cofactors in human cell types is not well understood. Rat W31/D4R4 fibroblasts expressing human CD4 and CXCR4 receptors were
infected with HIV-1. The provirus was integrated in the host genome, but only a limited amount of p24 Gag protein was produced in the cells and
culture supernatants. Here we found that p24 production was significantly increased by fusing HIV-1-infected W31/D4R4 cells with uninfected
human cell lines of T-cell, B-cell, or macrophage lineages. These findings suggest that human cellular factors supporting HYV-1 replication are
distributed widely in cells of lymphocyte and macrophage lineages. We also examined whether the amount of p24 produced by rat—human hybrid
cells was correlated with expression levels of specific human genes. The results suggested that HP68 and MHC class 11 transactivator (CIITA)
might up- and down-regulate p24 production, respectively. It was also suggested that HIV-1 replication is affected by molecules other than those

examined in this study, namely, cyclin T1, cyclin-dependent kinase 9, CRM1, HP68, and CIITA.

© 2006 Elsevier Inc. All rights reserved.
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Introduction

Replication of human immunodeficiency virus type 1
(HIV-1) is initiated by binding of the viral envelope to the
specific surface receptors on target cells. The viral envelope
gpl20 glycoprotein binds to a human CD4 molecule ex-
pressed on T cells and macrophages. A chemokine receptor
CXCR4 on T cells or CCRS on macrophages is also required
for virus entry into cells (Kozak et al., 1997). CD4 molecules
and chemokine receptors of rodents, which are naturally
resistant to HIV-1 infection, do not bind to gp120; therefore, a
major barrier to HIV-infection exists at the level of virus entry
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(Pleskoff et al., 1997). Recent studies showed that rat-derived
cells expressing human CD4 and CXCR4 or CD4 and CCR5
became susceptible to HIV-1 viruses (Keppler et al., 2001).
However, the rat cell lines produced infectious virus particles
still at much lower levels than in human cells, suggesting the
existence of additional human factors important for HIV-1
replication.

Over the past couple of decades, several critical steps in
HIV-1 replication have been identified. HIV-1 gene expres-
sion relies upon complex machinery controlled by two viral
regulatory proteins, Tat and Rev. Tat activates the transcrip-
tion of the viral genome and requires the cellular protein
kinase activity termed TAK/P-TEFb, composed of cyclin T1
and cyclin-dependent kinase 9 (CDKDY), for its transactiva-
tion function (Herrmann and Rice, 1995; Chen et al., 1999).
It is reported that the host MHC class Il transactivator
(CHTA) is recruited instead of Tat during an early phase of
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infection (Saifuddin et al.,, 2000). Rev is necessary for the
accumulation of incompletely spliced HIV-1 RNAs in the
nucleus and exports them to the cytoplasm cooperating with the
cellular exportin 1/CRM1 molecule (Cmarko et al., 2002).
During HIV-1 assembly, Gag polypeptides multimerize into
immature HIV-1 capsids. The cellular ATP-binding protein,
HPG8, is required for this process (Zimmerman et al., 2002;
Lingappa et al., 2006).

Although many human molecules have been suggested to
affect HIV-1 infection and replication, the distribution of such
cofactors in human cell types is not well understood. Here we
infected rat fibroblasts coexpressing human CD4 and CXCR4
with HIV-1, fused them with uninfected human cell lines of
T-cell, B-cell, or macrophage lineages, and then examined
virus production and expression profiles of human genes in
the fused cells.

Materials and methods

Cells

Rat W31 fibroblasts (Kanki et al.,, 2000) were transfected with plasmids
carrying the human CD4 gene and those camrying the CXCR4 gene. The
expression plasmid of the human CD4 gene (Yamamura et al, 1991) was
kindly provided by Dr. Karasuyama (Tokyo Medical and Dental University,
Tokyo, Japan). The CXCR4 cDNA was amplified using total RNAs extracted
from human peripheral blood mononuclear cells and then subcloned into the
pcDNA3.1/Zeo vector (Invitrogen, Carlsbad, CA). Transfection was carried
out using Lipofectamine (Invitrogen) according fo the manufacturer’s
protocol. The transfectant, designated as W31/D4R4 cells, ‘was maintained
in DMEM supplemented with 10% fetal calf serum (FCS), 400 pug/ml of
G418 (GIBCO-BRL, Rockville, MD), and 40 pg/ml of Zeocine (Invitrogen).
Several weeks later, cloned W31/D4R4 cells were obtained with limiting
dilution.

Human cell lines, including Hut78 and Jurkat (T-cell lymphoma), U937
(macrophage-like cell line), and GI, Raji, Swei, and WT46 (B-cell
lymphoma), were cultured in RPMI 1640 medium supplemented with 10%
FCs.

HIV-] infection

W31/D4R4 cells (5% 10°) were pretreated with 2 pg/ml of polybrene for
30 min and then the T-tropic HIV-{ strain, SF33 (Tateno and Levy, 1988), was
applied to the cells (equivalent to 200 ng of p24 Gag protein) followed by
incubation for 3 h at 37 °C. The supematants were then removed, and cells were
washed 3 times with PBS and digested by trypsin to remove viruses that had not
entered the cells. The cells were resuspended in the selection medium and
cultured at 37 °C.

PCR and RT-PCR for HIV-1 genes

Genomic DNAs were extracted from the HIV-1-infected W31/D4R4 cells by
the standard method. Tota} RNAs were extracted from the cells with TRlzol
Reagent (Invitrogen). The RNAs were subjected to DNase 1 treatment to remove
contaminating DNAs. cDNAs were synthesized with 4 pg of the DNase-treated
RNAs using the SuperScript 11 kit (Invitrogen). PCR for HIV-1 genes was
performed using primer sets described previously (York-Higgins et al., 1990;
Brandt et al,, 1992).

ELISA for p24 Gag protein

HIV-1 p24 Gag profein was quantified using the p24 assay ELISA kit
(Zeptometrix, Buffalo, NY). Cuiture supernatants and cell lysates were

subjected to this assay. Tissue culture medium was changed with a fresh one
24 h prior to the assay. The supematanis were centrifuged to remove cell
debris; 450 pl of the solution was taken and then mixed with 50 pl of the
lysis buffer appended to the kit. The resultant mixture served as culture
supemnatant samples. For cell lysate samples, 1x107 cells were resuspended
in 450 pl of fresh medium and then mixed well with 50 pl of the lysis buffer.
Afier centrifugation for removal of the pellets, the supematants were used as
cell lysate samples.

Cell fusion

HiV-l-infected W31/D4R4 cells were maintained for 3 months, Cells
(5% 10% were then washed extensively with PBS, digested by trypsin, and
mixed with an equal number of human cells. The mixed cell pellets were
overlaid with 1 ml of a 50% solution of polyethylene glycol and stirred gently,
After incubation at 37 °C for 1 min, PBS was added siowly followed by
centrifugation (500xg for 5 min) to remove supematants, The pellets were
resuspended in the selection medium and incubated at 37 °C. The medium was
changed with a fresh one every 3 or 4 days. Three weeks later, p24 con-
centrations were determined in the fused cells and culture supernatants, and the
expression 6f human genes in the rat-human hybrid cells was examined by RT-
PCR (see RT-PCR for human genes).

To evaluate the efficiency of cell fusion, human cells were labeled with
PKH26 Red Fluorescent Cell Linker Kit (Sigma-Aldrich, St. Louis, MO),
according to the manufacturer’s protocol, prior to cell fusion, The labeled cells
were then fused with uninfected W31/D4R4 cells as described above. Fused
cells were incubated in the selection medium at 37 °C for 1 week. The
percentage of fused cells was calculated by dividing the number of fluorescence-
labeled cells by that of living cells.

RT-PCR for human genes

Expression of human genes, including cyclin T1, CDK9, CRM1, HP68, and
CIITA, was examined by RT-PCR. Hybrid cells were harvested 21 days after
fusion, and total RNAs were extracted and then subjected to cDNA synthesis.
c¢DNAs were also prepared from parental human cells that were not subjected to
fusion with W31/D4R4 cells. The first round of PCR was run for 15 cycles
(95 °C for 30 s, annealing for 30 s, 72 °C for 30 s) with sense 1 and antisense 1
primers. The second round of PCR was run for 35 cycles (95 °C for 30 s,
annealing for 30 s, 72° for 30 s) with sense 2 and-antisense 2 primers. Primer
sequences and the annealing temperature are shown in Table 1. These primer
sets were specific for the human genes and did not amplify the corresponding rat
genes,

Table 1
Primers used for RT-PCR

Name of genes Sequences (5’ to 39 Anncaling

temperature
Cyclin T} Sense 1 (2)° agclggaaaatageccaice 60 °C
Antisense 1 aggagglictgatggeagag
Antisense 2 ctgetggagecacagaattt
CDK9 Sense 1 gecaagateggecaaggeacettegg 56 °C
Sense 2 gglgticaaggecaggeacegea
Antisense 1 (2)" cecalcacgaptgataagcacatta
CRMI Sense 1 tpttggageangtaggaccag 55 °C
Sense 2 geaatgcatgaagaggacga
Antisense 1 (2)"  cctgaacctgaacgaaatge
HP68 Sense 1 gagligtecigtaglitcgaate 55 °C
Sense 2 glacgatgatcctectgactgge
Antisense 1 aaclctectectgaaagatetica
Antisense 2 tegtictittaggtggptiaaatca
CHTA Sense 1 (2)° cigggattcetacacaatgeg 60 °C

Antisense 1
Antisense 2

cigpgatcatclcaggetga
teageatcgetgttaagaagete

* The same primer was used for the first and second rounds of PCR.
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Fig. 1. Integration of the provirus (A) and expression of viral mRNAs (B). W31/
D4R4 cells were infected with HIV-1, Genomic DNAs and total RNAs were
extracted from the cells 3 months afier infection, and then integration of the
provirus and expression of viral mRNAs were examined by PCR and RT-PCR,
respectively, Ovals indicate specific PCR products. Product size: gag, 213 bp;
pol, 307 bp; vif, 321 bp; tat, 159 bp; and eny, 321 bp. M, 100-bp ladder marker.

Statistics

Data were analyzed with Student’s r-test. P-values less than 0.05 were
considered to be significant.

Results

Integration and expression of viral genes in W31/D4R4 cells
infected with HIV-1

W31/D4R4 cells were infected with the T-tropic HIV-1
strain, SF33. Three months later, genomic DNAs and total
RNAs were extracted from the HIV-1-infected cells, and then
integration of provirus and expression of viral mRNAs were
examined by PCR and RT-PCR, respectively.

Integration of HIV-1 provirus was confirmed by PCR with 5
pairs of primers, each specific for the gag, pol, vif, tat, or env
region of the HIV-1 genome (Fig. 1A). Expression of viral
mRNAs, including gag, pol, vif, tat, and env, was detected by
RT-PCR (Fig. 1B). By contrast, RNAs without reverse trans-
cription did not generate visible PCR products, indicating
minimal contamination of genomic DNAs in the RNA sample
(data not shown). These findings suggested that W31/D4R4
cells were infected with HIV-1 and that integration of provirus
was accomplished and viral mRNAs were expressed in the rat
cells.

Production of p24 Gag protein in W31/D4R4 cells infected
with HIV-1

We examined the production of viral proteins in HIV-1-
infected W31/D4R4 cells by measuring p24 Gag concentrations

in the cell lysates and culture supernatants. Samples were
collected at days 2, 4, 7, 14, 21, and 28 post-infection, and the
amount of HIV-1 Gag protein was measured using the p24
ELISA kit. p24 in the cell lysates showed a peak concentration
of >10,000 pg/ml at day 4 post-infection and decreased to
84 pg/m] at day 28 post-infection (Fig. 2). Even 3 months later,
p24 in the cell lysates retained a concentration of 12 pg/ml (data
not shown). On the other hand, p24 in the supernatants showed
a peak concentration of > 1000 pg/ml at day 4 post-infection, but
decreased rapidly, and fell below the detection limit at day 28
post-infection.

Production of p24 Gag protein in fused cells

Three months after HIV-1 infection, the infected W31/D4R4
cells were fused with human cell lines. Cell lysates and culture
supernatants were subjected to' ELISA at day 21 after cell
fusion. p24 concentration in the cell lysates showed a 4- to 10-
fold increase when the HIV-1-infected W31/D4R4 cells were
fused with an uninfected human T-cell lymphoma line Hut 78, a
macrophage-like cell line U937, and B-cell lymphoma lines GI,
Swei, and WT 46 (Fig. 3A). Although there was no statistically
significant difference, fusion with the B-cell lymphoma line
Raji also increased the concentration of p24 in the cell lysates.
On the other hand, no significant increase was seen when HIV-
1-infected W31/D4R4 cells were fused with the human T-cell
lymphoma line Jurkat.

Fusion with human cells generally failed to increase p24
concentration in the culture supernatants (Fig. 3B). However,
p24 concentration showed a slight but statistically significant
increase (10 pg/ml) when the HIV-1-infected W31/D4R4 cells
were fused with the B-cell lymphoma line WT46.

Alteration of human gene expression after cell fusion

Expression of human cyclin T1, CDK9, CRM]1, HP68, and
CIITA genes was examined by RT-PCR in both parental

p24 (pg/mi)

100,000 -»- Cell lysate

=+~ Supernatant
10,000 T
1,000 I—/I\\l\‘ 7
100 \\ \\;
10 \T

0.1
2 4 7 14 21 28

Days after infection

Fig. 2. Production of p24 in HIV-]-infected W31/D4R4 cells, W31/D4R4 cells
were infected with HIV-1. Cell lysates and culture supernatanis were collected at
days 2,4, 7, 14, 21, and 28 post-infection, and the amount of HIV-1 p24 Gag
protein was measured using the ELISA kit.
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Fig. 3. Production of p24 in HIV-l-infected W31/D4R4 cells fused with
uninfected human cells. HiV-1-infected W31/D4R4 cells were fused with
indicated human cells. Cell lysates (A) and culture supernatants (B) were
subjected to ELISA at day 21 after fusion (*p<0.05).

human cell lines and rat~human hybrid cells. For this
analysis, we used the same batch of hybrid cells as used in
Fig. 3. Cyclin T1, CDK9, CRMI, and HP68 genes were
expressed in all the human cell lines examined (Fig. 4, left
panels). Notably, expression of CIITA was not detected in
Jurkat (see asterisk).

After cell fusion, expression of human genes was largely
extinguished (Fig. 4, right panels). None of the hybrid cells
expressed human CDK9 or CRM1. Expression of cyclin T1 was
seen exclusively in W31/D4R4 cells fused with Raji, and HP68
was expressed only in W31/D4R4 cells fused with WT46. The
human CIITA gene, expressed in Hut78, U937, and the B-cell
lymphoma lines, lost its expression after fusion. On the
contrary, expression of CIITA was induced in W31/D4R4-~
Jurkat hybrid cells.

Discussion

Development of a small animal model of HIV-1 infection
would greatly facilitate studies of virus transmissjon, patho-
genesis, host immune responses, and antiviral strategies. Mice
and rats are attractive models for HIV-1 study because they can
be genetically manipulated. However, the development of a
permissive model has been hampered by the inability of HIV-1
to infect primary rodent cells.

Rodent CD4 and CXCR4/CCRS (receptors for HIV-1) do
not bind to the viral envelope gp120 (Pleskoff et al., 1997).
Transgenic mouse and rat cells, expressing human CD4 and

CXCR4 or CD4 and CCRS, became susceptible to HIV-]
infection, and the provirus could be integrated in the host
genome (Sawada et al.,, 1998; Keppler et al.,, 2001). However,
replication of the infectious virus remained at much lower levels
in these rodent cells than in human cells, thus suggesting the
involvement of additional human genes in virus replication
(Freed, 2004; Trkola, 2004). Indeed, it has been reported that
human but not rodent cyclin T1 supports the function of viral
Tat protein (Keppler et al., 2001). One of the effective ways to
identify human molecules contributing to HIV-1 replication is to
conduct cell fusion experiments using human and rodent cells.
Identification of such molecules and subsequent introduction
into rodents should help us establish animal models of HIV-1
infection.

Although several human molecules have been suggested to
affect HIV-1 replication, the distribution of such cofactors in
human cell types is not well understood. In the present study,
rat fibroblasts transgenic for human CD4 and CXCR4 genes,
W31/D4R4, were infected with HIV-1. These cells were fused
with uninfected human cell lines of T-cell, B-cell, or
macrophage origin followed by the assessment of associations
between viral production and human gene expression.

As expected, rat W31/D4R4 cells could be infected with
HIV-1, and the provirus was integrated in the host genome (Fig.
1A). Expression of virus genes was detectable by RT-PCR even
3 months after infection (Fig. 1B), but the concentration of p24
Gag protein was very low in the cell lysates (12 pg/ml) and was
below the detection limit in the culture supematants (Fig. 2).
Poor production of p24 may have occurred because rat cells
infected with HIV-1 died or were unable to proliferate like their
uninfected counterparts and/or because host factors supporting
viral replication were deficient in rat cells. Since we observed
no significant difference in the viability and proliferation of
W31/D4R4 cells before and after HIV-1 infection, the first
possibility appeared unlikely. Thus, we conducted cell fusion
experiments using HIV-1-infected W31/D4R4 cells and unin-
fected human cell lines.

We found significant recovery of the expression of p24 Gag
protein in the HIV-1-infected W31/D4R4 cells upon fusion with
the human T-cell lymphoma line Hut78, macrophage-like cell
line U937, and B-cell lymphoma lines GI, Swei, and WT46
(Fig. 3A). These findings indicate that human factors that
support HIV-1 replication are distributed widely in cells of
lymphocyte and macrophage lineages.

To examine whether the amount of p24 produced by hybrid
cells is correlated with expression levels of specific human
genes, we analyzed expression of cyclin T1, CDK9, CRM1,
HP68, and CIITA genes in the fused cells. We chose these genes
for study because they have been suggested to affect HIV-]
replication (Herrmann and Rice, 1995; Chen et al., 1999;
Saifuddin et al., 2000; Cmarko et al., 2002; Zimmerman et al.,
2002; Lingappa et al., 2006). As shown in Fig. 4, expression of
most human genes was lost or down-regulated after cell fusion.
By contrast, expression of rat genes coding for cyclin Tl1,
CDK9, CRMI1, HP68, and CIITA was not altered (data not
shown). These observations indicate that human genes are
preferentially lost or inactivated by cell fusion. Some hybrid
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Fig. 4, Expression profiles of human genes in parental human cell lines (left) and hybrid cells (right). Expression of cyclin T1, CDK9, CRM1, HP68, and CIITA was
examined by RT-PCR. Human cell lines were fused with HIV-1-infected W31/D4R4 cells, Total RNAs from hybrid cells were extracted at day 21 after fusion. The
same hybrid cells were used for in Fig. 3 and this figure. The asterisk indicates that Jurkat cells did not express detectable amounts of CIITA, Ovals indicate specific

PCR products. M, 100-bp ladder marker.

cells ceased to express all of the human genes examined, but
still showed increased production of p24. This suggests that
human molecules that facilitate HIV-1 replication are not
limited to cyclin T1, CDK9, CRM1, HP68, and CIITA. There
may be unknown luman molecules that compensate for the loss
of cyclin T1, CDK9, CRM], HP68, and CIITA and promote
HIV-1 replication.

Interestingly, fusion with Jurkat cells consistently failed to
increase p24 production. This was not because the efficiency of
cell fusion was low in Jurkat since we confirmed that all of the
human cell lines examined in this study fused with W31/D4R4

cells with almost the same efficiency (data not shown). It was
initially reported that CII'TA might promote HIV-1 replication
by functioning as a substitute of Tat during an initial post-
infection period (Saifuddin et al., 2000). However, more recent
work indicates that overexpression of CHTA inhibits viral
replication by blocking the function of Tat (Okamoto et al.,
2000; Accolla et al., 2002). In this regard, it is interesting to note
that human CHTA, which was not expressed in Jurkat, began to
be expressed after fusion with rat cells. Transcriptional
induction of CIITA might be involved in poor production of
P24 in W31/D4R4~Jurkat hybrid cells.
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A slight but significant increase in p24 concentration (10 pg/
ml) was found in the supernatants of W31/D4R4-WT46 hybrid
cells (Fig. 3B). Interestingly, expression of human HP68 was
detected only in this hybrid cells. These results are consistent
with the previous reports that human HP68 is a cellular protein
important for capsid assembly (Zimmerman et al, 2002;
Lingappa et al.,, 2006). Based on these findings, we suggest
that introduction of human HP68 should be considered when
designing animal models of HIV-1 infection.

In summary, we performed cell fusion experiments using
HIV-1-infected rat fibroblasts and uninfected human cell lines
of T-cell, B-cell, and macrophage lineages. Our results indicate
that human cellular factors supporting HIV-1 replication are
distributed in all of these cell lineages. Identification of
additional factors affecting HIV-1 replication, the presence of
which was suggested by the cell fusion experiments (Fig. 4),
would be important to understand the replication cycle of HIV-1
and to develop countermeasures to control HIV-1 infection.
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Abstract

We report serial MR findings in four patients with myelitis caused by visceral larva migrans syndrome due to Joxocara canis or Ascaris
suum infection. MR imaging revealed spinal cord swelling with or without gadolinium enhancement in three patients. T2-weighted images
showed high signal intensities preferentially located in both lateral and posterior columns. Antihelmintic and corticosteroid treatment yielded
improvement in neurologic deficits and spinal lesions. However, one patient with 7. canis infection relapsed associated with reappearance of

MRI abnormalities.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Visceral larva migrans (VL.M) syndrome is a zoonotic
disease caused by the migration or presence in human tissue
of helminth larva from low-order animals. VLM syndrome
most commonly affects the liver, skin, lungs and eyes [1], but
involvement of the central nervous system is rare. The most
common cause of VLM syndrome is the dog ascarid, Toxo-
cara canis (T, canis) [2]. Prevalence of 7. canis infection in
dogs and the resulting ground contamination is relatively
high in many countries. Recently, an outbreak of visceral
larva migrans due to Ascaris suum (A. suwm) infection has
been reported in Kyushu, Japan [3].

Several reports of myelitis caused by VLM syndrome due
to either A. suum, or T canis infection have been reported
[4-11]. However, long-term prognosis of the disease has not
been well understood. In this paper, we report four cases of
parasitic myelitis (2 patients with T canis infection, and 2
patients with A. suum infection).

* Corresponding avthor. Tel.: +81 99 275 5332; fax: +8] 99 265 7164,
E-mail address: umehara@m2.kufin kagoshima-u.ac,jp (F. Umehara).

0022-510X/$ - see front matier © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/}.jns.2006.05.057

2. Subjects and methods

For screening of parasite infection, multiple dot ELISA for
12 parasite antigens, 4. suum, T. canis, Dirofilaria immitis,
Anisakis simplex, Gnathostoma doloresi, Strongyloides
ratti, paragonimus westermanii, Paragonimus miyazakii,
Fasciola hepatica, Clonorchis sinensis, Spiromelra erinacei
and Cysticercus cellulosae, was performed. For evaluation of
the treatment, semiquantitative analysis by microplate ELISA
using antigens of . canis and 4. suwm was done.,

3. Case report
3.1. Patient I

A 37-year-old woman who lived in Kagoshima pre-
fecture in southern Kyusyu, Japan, noticed muscle convul-
sion of the right leg in December 2000. In January 2001,
she had muscle weakness and dysesthesia of the left leg.
Similar symptoms developed on the right leg from April
2001 resulting in paraplegia by May 2001. She was
admitted to our clinic May 2001. On neurological
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examination, she had spastic paraplegia associated with
sensory impairment in all modalities below the T4 level.
She also had urinary retention and bowel dysfunction. Deep
tendon reflexes were exaggerated in both upper and lower
limbs, and Babinski signs were positive bilaterally. Sagittal
Tl-weighted image (TTWI) revealed swelling of the
cervical spinal cord (Fig. la). Sagittal T2-weighted image
(T2W1) of the cervical and thoracic cord showed high
signal intensity at the same levels (Figs. 1b, ¢). Brain MRI
revealed a high intensity lesion in the left parietal white
matter (Fig. 1d). Biochemical and hematological tests were
normal except for eosinophilia (WBC: 6600/mm?>, eosino-
phil 11%, baso 1%, mono 4%, lympho 29%, neutro 55%).
Cerebrospinal fluid examination disclosed the following
results; mononuclear cells 38/mm’°, protein 149 mg/dl,
glucose 43 mg/dl. Oligoclonal band was negative, and
myelin basic protein was not elevated. At this point, she
was diagnosed with an inflammatory myelitis of unknown
etiology, and was started on intravenous methylpredniso-
lone treatment (1000 mg/day for 3 days) followed by oral
prednisolone treatment. Follow-up MRI revealed a decrease
in the spinal cord swelling and high intensity signals. On
nltiple dot ELISA for 12 parasite antigens, both serum
and CSF strongly bound to 7. canis only. Parasite eggs
were not found on repeated stool examinations. A diagnosis
of myelitis caused by 7. canis infection was then made.
Albendazole (600 mg/day) was given for 2 courses of
4 weeks each with a 2-week interval between courses.
Thereafter, high intensity signals in the spinal cord on
T2WI remarkably decreased associated with improvement

of muscle weakness in the lower limbs (Figs. 2a, b).
Although she continued rehabilitation, she noticed worsen-
ing of paraparesis 6 months later. Spinal MRI revealed
swelling of the spinal cord from the upper cervical to the
lower thoracic cord levels with high intensity signals on
T2WI (Figs. 2c, d). Cerebrospinal fluid examination
disclosed the following; cells 53/mm® (eosinophils 1%,
lymphocytes 94%, monocytes 5%), protein 150 mg/dl,
glucose 43 mg/dl, and IgG index 0.82. Antibody titer to 7.
canis was not elevated. Again, she was treated with
intravenous methylprednisolone (1000 mg/day for 3 days)
followed by oral prednisolone. Although she became able
to sit on a chair, severe paraparesis remained. Three weeks
after, CSF examination revealed a decrease in cell count
(21/mm®), and protein (39 mg/dl). Repeat spinal MRI
revealed marked reduction of spinal cord swelling with
high intensity areas.

3.2. Patient 2

A 40-year-old woman who lived in Kagoshima prefecture,
in southern Kyusyu, Japan, noticed acute hypoesthesia and
dysesthesia in the lower limbs on June 9, 2003. One week later,
muscle weakness in the right lower limb developed and then
worsened. She wisited us in July of the same year. On
neuroclogical examination, she had spastic paraplegia (pre-
dominantly in the right lower limb) associated with superficial
sensory impairment below the TI10 level, although deep
sensation was preserved. She had urinary retention and bowel
dysfunction. Deep tendon reflexes were exaggerated in the

Fig. 1. MR1 before treatment (patient 1), (2) Sagittal T1-weighted image (T1WI) demonstrating swelling of the cervical spinal cord. (b, ¢) Sagittal T2-weighted
image (T2W1) showing high signal intensity in the entire spinal cord. (d) Brain MR1 demonstrating a high signal intensity area in the left parietal white matter.
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Fig. 2. Follow-up MRI after treatment (patient 1). (a) Sagittal TZWI shows improvement but still residual high-signal intensity in the posterior aspects of the
cervical cord. (b) Sagittal T2W] showing disappearance of the high signal intensity area in the thoracic cord. (c, d) On relapse, sagital T2WT showing swelling
with high intensity signal throughout the spinal cord.

Jower limbs and Babinski signs were positive bilaterally. 3a). Sagittal T2WT revealed high signal intensity at the
Lhermitte’s sign was positive. Her gait was unstable, Sagittal corresponding levels (Fig. 3b). After the administration of
T1WTIrevealed swelling of the spinal cord from T1 to T7 (Fig. gadolinium, focal enhancement was noted (Figs. 3¢, d). Brain

ok

e

Fig. 3. MR1 before (a—d) and after (¢) treatment (patient 2). (a) Sagittal TIW] demonsirates swelling of the cord from T3 to T6. (b) Sagittal TZW1 shows high
signal intensity in the same levels. (c, d) Post-contrast sagittal (c) and axial (d) TIWI show focal enhancement at the T4 level (arrowhead). () After the second
treatment, sagittal T2ZW1 showing decreased swelling with yesidual high signal intensity of the spinal cord.
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MRI was unremarkable. Biochemical and hematological tests
were normal except for hyper IgEemia (802 IU/ml, normal 3~
304 TU/ml). Cerebrospinal fluid examination disclosed the
following: cells 9/mm?> (eosinophils 10%, mononuclear cells
90%). protein 31 mg/dl, glucose 43 mg/dl, IgG index 0.73.
Oligoclonal band was negative, and myelin basic protein was
not elevated. At this point, she was diagnosed with an
inflammatory myelitis of unknown etiology, and then had
intravenous methylprednisolone treatment (1000 mg/day for
3 days) followed by ora] prednisolone treatment. Follow-up
MRI revealed decrease of spinal cord swelling and high
intensity signals. On nultiple dot ELISA, both serum and CSF
strongly bound to 7. canis and A. suum, and weakly to Diro-
filaria immitis, Anisakis simplex, Gnathostoma doloresi, and
Strongyloides ratti. Microplate ELISA was positive for
positive for 7. canis only. Parasite eggs were not found on
repeated stool examinations. A diagnosis of myelitis caused by
T' canis infection was then made. Albendazole (600 mg/day)
with oral prednisolone (30 mg/day) was given daily for
2 courses of 4 weeks each with a 2-week interval between each
course. Thereafter, high intensity signals in the spinal cord on
T2WI remarkably decreased (Fig. 3e) associated with
improvement of muscle weakness in the lower limbs.

3.3. Patient 3

A 54-year-old man who lived in Kagoshima prefecture,
noticed muscle weakness in the right lower limb, and
numbness in bilateral lower limbs on April 15, 2003. Three
days later, he had facial numbness followed 5 days later by
muscle weakness in the Jower limbs. He consulted us April
28, 2003. On neurological examination, he had spastic
paraplegia associated with numbness of the face and
extremities. He also had urinary retention and bowel
dysfunction. Deep tendon reflexes were exaggerated in
both upper and lower limbs; however, Babinski signs were
negative bilaterally. Sagittal T2WI showed high signal
intensity at the spinal cord from C2 to T3 (Fig. 4a) without
gadolinium enhancement. Brain MRI was unremarkable.
Biochemical and hematological tests were normal except for
eosinophilia (WBC: 4700/mm°, eosinophil 8%, baso 2%,
mono 6%, lympho 38%, neutro 46%) and hyper IgEemia
(991 TU/ml). Cerebrospinal fluid examination disclosed a
normal cell count 2/mm° (mononuclear cell), protein 38 mg/
dl, glucose 43 mg/dl. Oligoclonal band was negative, and
myelin basic protein was not elevated. EEG showed
disorganization of a wave activity, and spikes afier
hyperventilation. On multiple dot ELISA, both serum and
CSF strongly bound to 4. suum only. Parasite eggs were not
found on repeated stool examinations. At this point, she was
diagnosed myelitis caused by 4. swum infection. She was
given daily for 2 courses of 4 weeks each with a 2-week
interval between courses. Thereafter, there was improvement
of muscle weakness in the Iower limbs associated with
decrease of high intensity signals in the cervical cord on MRI
(Fig. 4b).

Fig. 4. MR before (a) and after (b) treatment (patient 3). (a) Sagittal T2W!
demonstrates high signal intensity and swelling of the spinal cord from C2 to
T3. (b) Sagittal T2W] shows remarkable decrease in high signal intensity.

3.4. Patient 4

A 29-year-old man who lived in Kagoshima prefecture,
suddenly noticed numbness in bilateral lower limbs on
April 15, 2003. Three days later, he had numbness of the
face followed 5 days later by muscle weakness in the lower
limbs. He consulted us on April 28, 2003. On neurological
examination, he had spastic paraplegia associated with
numbness of the face and extremities. He also had urinary
retention and bowel dysfunction. Deep tendon reflexes were
exaggerated in both upper and lower limbs; however,
Babinski signs were negative bilaterally. Spinal and Brain
MRI were unremarkable. Biochemical and hematological
tests were normal except for eosinophilia (WBC: 4700/
mm°, eosinophil 8%, baso 2%, miono 6%, lympho 38%,
neutro 46%) and hyper IgEemia (991 TU/ml). Cerebrospinal
fluid examination disclosed the following results: normal
cell count 2/mm® (mononuclear cell), protein 38 mg/dl,
glucose 43 mg/dl. Oligoclonal band was negative, and
myelin basic protein was not elevated. EEG showed
disorganization of o wave activity, and spikes after
hyperventilation. On multiple dot ELISA, both serum and
CSF strongly bound to 4. suum only. Parasite eggs were not
found in repeated stool examinations. At this point, she was
diagnosed with myelitis caused by 4. suum infection. She
had intravenous methylprednisolone treatment (1000 mg/
day for 3 days) followed by oral prednisolone treatment.
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Albendazole (600 mg/day) was given for 2 courses of
4 weeks each with a 2-week interval between courses.
Thereafter, there was improvement of muscle weakness in
the lower limbs.

4. Discussion

The four patients presented were diagnosed with parasitic
myelitis. In patients 1, 2, the cause was 7. canis infection. T.
canis is an unusual cause of myelopathy, most probably
resulting from hematogenous infestation of the spinal cord
with 70 canis larvae. MRJ findings in patient 1 revealed
swelling of the spinal cord with high intensity lesions
involving whole spinal cord. In patient 2, similar abnormalities
were found at T1-T7 levels with focal gadolinium enhance-
ment. These changes resolved soon after the starting
antihelmintic and corticosteroid therapy. The pathogenesis of
myelitis due to Jarva migrans syndrome is not well understood.
Ascarid larvae have been reported to survive longer in the
parenchymatous tissue and secrete antigens that cause allergic
reactions in hosts. Albendazole was therefore considered to
have directly killed the larvae, and albendazole with
corticosteroid jointly suppressed the host’s allergic reactions.

Patient 1 developed relapsing symptoms associated with
re-appearance of spinal MRI abnormalities. Fluctuation of
symptoms associated with MRI abnormalities in patients
with T. canis-myelopathy has never been reported in the
literature. During the second attack, antibody for T canis did
not increase in CSF, but cell count, protein and MBP were
elevated. These findings suggest that allergic reactions in the
CNS may have played a major role in the inflammation of
the spinal cord in patient 1.

There are only a few reports on MRI findings of myelitis
dueto T canis (7, 8, 9, 10). Swelling and high signal intensities
in the spinal cord, as shown in the present cases, are common.
Nevertheless, there were some unusual features in these cases.
In patient 1, although the entire spinal cord was swollen, high
intensity signals were located both posteriorly and laterally in
the cord. Preferential location of residual damage within the
posterior columns has been reported in 7. canis-myelopathy
[7]. Clearly symmetrical residual damage confined to both
lateral and posterior colummns in patient 1 strongly suggests a
specific vulnerability of these structures to in this myelopathy.
In contrast, high intensity signals were preferentially located in
the right lateral columns of the thoracic cord, which are
compatible with the neurological symptoms in patient 2. Taken
together, both symmetrical and asymmetrical high intensity
signals with or without Gd enhancement on spinal MRI could
be observed in T, canis-myelopathy.

In patients 3, 4, the myelopathy may have been caused by
A. suum infection. Myelopathy due to A. suum infection is
rare [6]. In areas where it is endemic, infection with 4. suum
occurs primarily from ingesting vegetables contaminated
with pig manure containing parasite eggs. Both patients lived
in Kagoshima, an endemic area for 4. suum infection. In
addition, some patients were assumed to be infected by

eating raw beef or chicken (liver or meat), contaminated with
A. suum larvae. Patient 3 had a habit of eating raw beef or
chicken meat.

There are two reports describing MRI findings of CNS
lesions in patients with 4. suum infection. In a patient with
encephalopathy, there were many Gd-DTPA enhanced
lesions in the cerebral cortex on TIWI and diffuse,
symmetrical lesions in the cerebral white matter on fluid
attenuated inversion recovery (FLAIR) images [12,13]. In a
patient with myelopathy, a high signal intensity lesion at the
Th; spine level on T2WI, which enhanced after gadolinium
administration was reported [6]. In the present study, patient
3 showed similar findings from the cervical to the upper
thoracic cord levels; however, there were no significant
abnormalities in the spinal cord of patient 4. These findings
suggest that negative MRI findings do not exclude a
possibility of myelopathy caused by 4. swamn or other
parasitic infections.

In conclusion, spinal “visceral larva migrans” syndrome
caused by 7. canis or A. suum should be considered as one of
the differential diagnosis of myelopathy with unknown
etiology. Multiple dot ELISA is useful for screening, and
semiquantitative analysis by microplate ELISA using
antigens is informative for evaluation of the treatment.
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Abstract

We report the case of a 33-year-old woman with limited systemic sclerosis and chronic progressive sensory ataxic neuropathy. Sural nerve
biopsy showed loss of myelinated fibers mostly those of large diameter, axonal degeneration and infiltration of macrophages, but no signs of
vasculitis. Physical examination, laboratory testing, neurophysiological and neuroradiological examinations suggested that the dorsal root
was primarily affected in this patient. Cytokine analysis by multiplex bead array assay revealed that IL-13 and GM-CSF were increased both
in serum and CSF. Although her symptoms did not respond to corticosteroid therapy, intravenous immunoglobulin (IVIg) therapy resulted in
marked improvement. IVIg could be effective in case of immune-mediated reversible neuronal dysfunction associated with collagen disease
without vasculitis.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction localized, as opposed to generalized SSc, meurological
complications associated with it are rarely reported. Here
we report the case of a 33-year-old-woman with limited
SSec, complicated by chronic progressive sensory ataxic
neuropathy (CSAN) characterized by insidious onset and
slowly progressive sensory impairment. Although her ..
symptoms did not respond to corticosteroid therapy, marked

Neuropathies are a common neurologic manifestation of
diffuse connective tissue disease, and are mainly due to
ischemia caused by systemic vasculitis [1]. Systemic
sclerosis (SSc) is also a connective tissue disease charac-
terized by abundant fibrosis of the skin, blood vessels, and

visceral organs [2]. Although clinical peripheral nervous
system disease is regarded as uncommon in SSc [3], recent
studies demonstrated that neurological involvement in SSc¢
is more frequent than has been assumed [4]. The most
commonly observed neurologic manifestations in SSc are
mononeuritis multiplex, trigeminal neuropathy and entrap-
ment neuropathies, such as carpal tunnel syndrome [3].
However, since limited SSc is relatively stable and
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improvement was achieved by intravenous immunoglobulin
(IV1lg) therapy. The pathogenic background and underlying
mechanism for efficacious IVIg therapy in this case are
discussed.

2. Patient and methods
2.1. Case history
A 33-year-old Japanese woman was admitted to our

department for 9 months after the onset of finger swelling
with early moming stiffness and Raynaud’s phenomenon.





