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six HIV-1 individuals at a high incidence. When
peripheral blood cells from healthy volunteers were
infected with HIV-1 in vitro, the incidence of PCS
increased. This suggests that HIV-1 infection causes
PCS and has the potential to induce aneuploidy.

Malignancy in HIV infection influences the prognosis of
AIDS patients. These neoplasms are the result of various
diseases that accompany immunodeficiency, such as co-
infections with Epstein—Barr virus or human herpes virus

8 [1-4]. Besides these AIDS-defining cancers, several non-
AIDS-defining cancers also occur at a higher incidence in
HIV-infected individuals [5—9]. Moreover, it has been
reported that HIV-1 itself is tumorigenic in immortalized
B cells in nude mice [10,11]. These reports lead to the
hypothesis that HIV-1 has the potential to induce
neoplasms before AIDS develops.

Aneuploidy is a phenomenon of chromosome instability
that is frequently reported in HIV-1-infected individuals
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Fig. 1. Metaphase spreads of blood cells in HIV-1 infection. (a) Representative metaphase spreads of peripheral blood cells from
HIV-1-infected individuals (b, €, d, e, and f are from cases nos. P-1, 2, 4, 5, and 6, respectively, see Fig. 1b). (a). (b) Frequency of
premature sister chromatid separation (PCS). The frequency of PCS (black bar), and number of HIV-1 messenger RNA copies and
total white blood cells (WBC) are shown, (c) Metaphase spreads of peripheral blood mononuclear cells (PBMC) from healthy
volunteers. Representative metaphase spreads of PBMC from healthy volunteers with (a/4, b/+, and c/+) or without (a, b, and ¢)

vesicular stomatitis virus G protein (VSV-G)-pseudotyped HIV-1 infection are shown. (d) Aneuploidy in HIV-1-infected cells.

Metaphase spreads from P-1, P-6 and from PBMC with VSV-G-pseudotyped HIV-1 infection were positive for aneuplondy with

numbers of chromosomes of 85, 75 and 65, respectively. The scale bar represents 5 pm.
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Fig. 1. (continued)

[12—14]. One of the major factors accelerating aneu-
ploidy is thought to be abnormal chromatid separation
[15—17]. At metaphase, paired sister chromatids are
folded at the centric region until the onset of anaphase
[18—~22]. If the attachment of the sister chromatids is
abolished before the onset of anaphase, premature sister
chromatid separation (PCS) occurs. Subsequently,
chromosome mis-segregation is induced, often resulting
in aneuploidy [16,17]. PCS has been found in several
clinical conditions, including aging, familial dominant
inheritance [23—25], Roberts syndrome [26,27], cancer-
prone syndrome mosaic variegated aneuploidy [28,29]
and general tumours [30,31]. Note that all of these cases
of PCS are associated with aneuploidy, indicating that a
high PCS rate is a sign of chromosome instability. To
investigate the cellular mechanism of HIV-1-related
aneuploidy, we exarnined PCS in peripheral blood cells of
HIV-1-infected individuals.

Peripheral blood was collected in sodium heparin
(20 U/ml) from HIV-1-infected patients or healthy
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volunteers. We added 0.5 ml whole blood to 9.5 ml
RPMI-1640 growth medium containing 10% fetal
calf serum and 2% phytohemagglutinin M-form, and
incubated it for 82 h at 37°C. Then colcemid (30 ng/ml)
was treated for 2h at 37°C. Recovered cells were
resuspended in 75 mM potassium chloride and incubated
for exactly 15 min at 37°C. To the cell suspension, freshly
prepared Carnoy’s solution (methanol: glacial acetic
acid = 3:1) was added and mixed gently. After three
changes of Carnoy’s solution, a drop of the cell suspension
was placed on a slide and air dried. Subsequently, the
metaphase spread was stained with Giemsa.

Surprisingly, the HIV-1 patients examined showed PCS
at high frequencies of 2.1 to 9.0% (mean = standard
deviation; 5.36 % 2.92%:; Fig. 1a, panels b—fand Fig. 1b).
A high incidence of PCS was observed in HIV-1-infected
individuals with high viral RNA copy numbers (Fig. 1b),
in which total PCS was often observed (patient case no. 1
and no. 6; panels b and f). By contrast, peripheral blood
mononuclear cells (PBMC) from healthy volunteers
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showed normal attachments at the centromere (Fig. 1a,
panel a), and PCS was detected in less than. 2%
(1.22 & 0.48%).

We next clarified whether the PCS was attributable to
HIV-1 infection. The PBMC (1.5 x 10% [32] were
infected with vesicular stomatitis virus G protein

(VSV-G)-pseudotyped HIV-1 [33] at the concentration

of 2ng/ml of p24 Gag antigen of pseudotyped virus
(multiplicity of infection at 0.007). They were incubated
for 82h in the presence of 2% phytohemagglutinin
M-form, and metaphase spread was analysed as described
above. All of the specimens from three volunteers showed
an increased incidence of PCS after HIV-1 infection (Fig.
1lc, lower panels), whereas PCS was barely detectable
without infection (Fig. 1¢, upper panels). The frequencies
of PCS after HIV-1 infection in the three samples were
8.40 £ 1.09, 5.28 &£ 1.40, and 7.34 &% 1.67, whereas
the frequencies without infection were 1.26 & 0.40,
0.72 £ 0.22, and 1.68 = 0.86, respectively. Our present
data suggest that HIV-1 infection is a primary factor
inducing PCS.

In the patients’ case, the frequency of PCS was positively
correlated with the reduction in total white blood
cells (Pearson product—moment correlation coeffi-
cient r=0.837, P<0.01; Fig. 1b) rather than CD4
positive lymphocytes (r=0.011, P> 0.05). Although
VSV-G-pseudotyped HIV-1 was infected to PBMC at a
multiplicity of infecton of 0.007 (0.7%), the average
incidence of PCS with HIV-1 infection exceeded 7%.
Taken together with the information that pseudotyped
HIV-1 induces a single round of infection, these data
suggest that PCS occurs not only in response to the
infection itself but also as a result of the effects of other
virus products or cellular proteins stimulated by HIV-1
infection.

Simultaneously, we found aneuploidy in hyperploid cells
of HIV-1-infected individuals who had high viral loads
and high PCS frequency (Fig. 1b and Fig. 1d, left and
middle panels). We also found aneuploidy in PBMC with
HIV-1 irifection in vitro (Fig. 1d, right panel). By contrast,
aneuploidy was not found in control PBMC. Although it
remains to be determined whether PCS is directly related
to neoplasms in AIDS, we speculate that a high incidence
of PCS and constitutive virus infection augment the
susceptibility of the cells to aneuploidy and may play
a critical role in the development of AIDS-related
neoplasms. It will be important to track the epidemio-
logical and biological features of the incidence of PCS in
-HIV-1 infection. ’
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CASE REPORT

A case of pulmonary Mycobacterium avium
infection with growing nodules after commencing
highly active antiretroviral therapy
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Received 16 May 2005

Summary A 53-year-old man was adimitted to our hospital because of AIDS-

related Pneumocystis jirovecii pneumonia. Although the diffuse interstitial infiltrate

disappeared on chest radiography after initiation of therapy for B jirovecii

pneumonia, a solitary nodute in the right upper lung field persisted. After initiation

of highly active antiretroviral therapy (HAART) (stavudine, -lamivudine and

nevirapine), -the -pulmonary nodule became larger and a new lesion in the left-
upper lung field developed. We diagnosed him as pulmonary Mycobacterium avium

infectonin the histological findings of transbronchlal lung biopsy {TBLB), and the

culture ‘of : brushmg specimens and -gastric ‘juice. Our-case -hasprobably “been’
dlagnosed as ‘immune reconstuitution syndrome because his putmonary - nodule

became larger followed by a decrease of his v1ral load and an mcreasse of his CD4+

cell colint after .commencing HAART.

© 2005 Elsevrer Ltd All rights reserved

Introduction ' immunocompetence following HAART leads to a

more potent inflammatory response against infec- .
The prognosis of patients with human immunode- ~ tious or non-infectious antigens.” We describe

ficlency virus (HIV) infection has dramatically  herein an HIV-infected man with pulmonary Myco-
improved since the introduction of highly active  bacterium avium (M. avium) infection that grew
antiretroviral - therapy (HAART). However, some  the prior nodules after initiating HAART.
unexpected adverse events occurred in HiV-in- :

fected individuals treated with HAART. Beyond the

direct toxicities of HAART, the improvement of Case report

*Correspondin arJthor. Tel.: +81744223051; .
fax: +81 754249512. A 53-year-old man, who was previously healthy, was

E-mail address: mkonishi@naramed-u.ac.jp (M. Konishi). admitted to our hospital on May 31, 2002 because
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of fever, non-productive cough, and exertional
dyspnea. On admission, his body temperature was
38.2°C and he had thrush on his oral mucosa. The
laboratory data were as follows: a white blood cell
count 4500/pl (lymphocyte 1%), LDH 3491U/1, and
CRP 3.4mg/dl. Arterial blood gas analysis on room
air revealed a PaQ, of 60.9Torr, and PaCO, of
39.8 Torr. Chest radiography revealed a solitary
nodule in the right upper lung field and a diffuse
interstitial infiltrate. Chest CT demonstrated each
solitary nodule (size of about 1cm) in the right 5’
and §%, and patchy ground glass opacities diffusely
distributed over all tung fields. We examined his
serum HIV-1 antibody because we suspected Pneu-
mocystis jirovecii (P. jirovecii) pneumonia related
to HIV infection. His serum Western blot assay for
HIV-1 was positive, and his viral load was
1.6 x 10% copies/ml. His CD4" cell count was 5/,
and his plasma f-D-glucan was 50.2pg/ml. The
transbronchial lung biopsy (TBLB) specimens, which
were taken from his right B'b and B?b, revealed
only non-specific inflammatory changes, but the P
jirovecii DNA polymerase chain reaction test was
positive in his bronchoalveolar lavage fluid. Oral
therapy with sulfamethoxazole/trimethoprim and
prednisolone was commenced. After initiation of
therapy for P jirovecii pneumonia, his illness
completely resolved. Although the diffuse inter-

stitial infiltrate disappeared on chest radiography, a
solitary nodule in the right upper lung field
persisted with the same size as before the treat-
ment (Fig. 1a). HAART (stavudine, lamivudine, and
nevirapine) was started after the end of therapy for
P jirovecii pneumonia.

After 1 month of HAART, chest radiography
indicated that the pulmonary nodule had slightly
grown (Fig. 1b). The pulmonary nodule became
larger, and a new lesion in the left upper lung field
developed 2 months later (Fig. 1c). He was
admitted to our hospital again on December 27,
2002 though he had no complaints. On re-admis-
sion, his viral load became undetectable, and
his CD4" cell count was 95/ul. The histological
findings of TBLB from his right B'®b and B%b
indicated non-caseating granulomas with acid-fast
bacilli. Microbiologically, acid-fast bacilli were
detected in the culture of brushing specimens and
gastric juice, and M. avium was identified by the
DNA-DNA hybridization method. HAART was con-
tinued, and the treatment for M. avium with
isoniazid and levofloxacin was commenced. His
chest radiography became almost normal 6 months
later (Fig. 1d), and the treatment for M. avium
was discontinued after 1 year. Since then, he was
still asymptomatic and his chest radiography did
not worsen.

Figure 1 Chest radiographic changes in our case with pulmonary Mycobacterium avium infection. (a) At the end of the
therapy for Pneurnocystis jirovecii pneumonia, (b) after 1 month of highly active antiretroviral therapy (HAART), (c)
after 3 months of HAART, (d) after 6 months of treatment for M. avium infection.
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Discussion

M. avium complex (MAC) infection is known to
cause a disseminated disease in HIiV-infected
patients. On the other hand, isolated pulmonary
MAC infection is very uncommen in the HiV-infected
patients.” Salama et al. reported 4 cases of isolated
pulmonary MAC infection and reviewed only the 20
previously reported cases in the literature. They
pointed out that the onset of isolated pulmonary
MAC infection might be associated with immune
reconstitution syndrome (IRS) which has been
recognized as paradoxical inflammatory disorders
developing after initiation of HAART.® Our case also
has probably been diagnosed as IRS because his
putmonary nodule became larger followed by a
decrease of his viral load and an increase of his
CD4" cell count after commencing HAART.

It is very rare to identify solitary nodules on chest
radiography regardless of the pulmonary MAC
infection. Chest radiography most often reveals
hilar adenopathy with or without infiltrates in the
pulmonary MAC disease related to HIV infection.
Only 1 of 24 cases had pulmonary nodule on chest
radiography in the above-mentioned review.? Pul-
monary MAC disease showing a solitary nodule is
thought to be rare even in patients without HIV
infection.® In addition, our case is unique because

he had no symptoms in spite of worsening of the
radiological findings. The symptoms of isolated

.pulmonary MAC disease in HIV-infected patients

include fever, cough, night sweats, dyspnea,
hemoptysis, and/er weight loss. Especially, the
symptoms can usually appear within 24 weeks
after initiating HAART when MAC infection is due
to IRS.?

We should pay attention to isolated pulmonary
MAC infection because it has become more common
resulting from the increasing patient population

"~ with IRS in the HAART era.
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