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Summary

For treatment of several malignancies, transplantation of allogeneic haemato-
poietic stem cells (HSCT) derived from bone marrow or peripheral blood has
been used as a therapeutic procedure for decades. In the past, HSCT has been
suggested as a treatment option for infection with the human immunodefi-
ciency virus type 1 (HIV-1), but these attempts were mostly unsuccessful.
Today, after the introduction of an active anti-retroviral therapy, the lifetime
expectancy of HIV-infected patients has improved substantially, but never-
theless the incidence rate of malignancies in these patients has increased
considerably. Therefore, it can be assumed that there will be a rising necessity
for HIV-1-infected patients with malignancies for allogeneic HSCT. At the
same time, there is increasing interest in treatment methods which might
target the HIV-1 reservoir more effectively, and the question has been raised
as to whether allogeneic HSCT could be linked to such strategies. In this paper
the data of more than 25 years experience with allogeneic HSCT in patients
with HIV-1 are reviewed and analysed.
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Introduction

The human immunodeficiency virus type 1 (HIV-1)
belongs to a subset of retroviruses called lentiviruses,
and is causative for the acquired immunodeficiency syn-
drome (AIDS). The immune system of patients with infec-
tion of HIV-1 is characterized by an immunodeficiency
developing in the setting of global immune activation
and a complex array of HIV-specific immune responses,
resulting in a decrease in both memory and naive CD4+ T
cells [1].

The rate of malignancies in patients with HIV infection
has increased and has became dramatically high, especially
for B-non-Hodgkin’s lymphomas [2,3]. According to the
therapy standards in non-HIV-infected patients with leu-
kaemia and relapsed lymphoma, there is a rising demand for
curative treatment options such as high-dose chemotherapy
with autologous or allogeneic haematopoietic stem cell
transplantation (HSCT) [4]. Most recently, a retrospective
trial could demonstrate a comparable survival between HIV-
positive and HIV-negative non-Hodgkin’s and Hodgkin’s
lymphoma patients who underwent autologous HSCT [5].
Nevertheless, prospective, randomized studies with HIV-1

infected patients receiving either autologous or allogeneic
HSCT are still missing [6–8].

Before the introduction of any active anti-retroviral medi-
cation in individuals with HIV, the mortality rate of these
patients was staggering. It is no surprise that at that time
several efforts – even unusual efforts – were undertaken to
influence the clinical course of infection [9,10]. Based on
positive experiences within the field of allogeneic HSCT in
children with severe combined immunodeficiency, this
promising treatment option was considered to benefit the
clinical course of HIV infection in the early 1980s [11]. It
seemed likely that the lack of CD4+ T cells in the late stage of
infection could be balanced easily by cell support from suit-
able healthy donors. However, it soon became obvious that
this approach was not successful in improving the course of
HIV infection. Irrespectively, in the following 25 years there
were several allogeneic HSCT reports in HIV-infected
patients with haematological diseases, including not only
leukaemia and relapsed lymphoma but also successful treat-
ments of non-malignant disorders such as aplastic anaemia
(AA). This review summarizes the experiences from all
reported cases and emphasizes major problems and particu-
larities in this context.
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Early experiences of allogeneic HSCT in patients
with HIV

The first experimental attempt was made in the early 1980s by
Hassett and coworkers (Table 1). They treated two patients
with a history of Kaposi’s sarcoma and severe opportunistic
infections with human leucocyte antigen D-related (HLA-
DR) matched haematopoietic progenitor cells from the bone
marrow of related donors. Because of the severe wasting
situation in these patients, Hassett abstained from giving a
preparative conditioning regimen. Looking more closely, this
attempt seemed to be more alike to a donor lymphocyte
infusion (DLI) than to an allogeneic HSCT. Consequently, no
stable engraftment was achieved despite the fact that huge
amounts of marrow mononuclear cells were given. Clinically,
the patients did not improve substantially from this proce-
dure and the immunological condition remained stable or
worsened [12]. A similar approach with DLIs was reported in
the same year by Davis and coworkers [13].

Probably the first allogeneic stem cell transplantation in a
patient with HIV was performed in early 1982 with undiag-
nosed infection, as the test assay to detect HIV was not
available at that time. Verdonck and coworkers reported the
case of a 22-year-old man with acute lymphoblastic leu-
kaemia who underwent syngeneic stem cell transplantation
in 1982. One month before transplantation the patient had
received a platelet concentrate from a donor who was later
tested to be HIV+. Retrospectively, the patient displayed sero-
conversion at day +33 after HSCT, and 28 months after
transplantation the patient developed AIDS and eventually
died from severe pneumonia [14].

Another unusual case was reported by Furlini and
coworkers in which a young woman with acute lymphoblas-
tic leukaemia underwent HSCT from her brother, who was
found later to be HIV-positive. The exact time-point of sero-
conversion in this patient was not known, but in the first
available blood sample 5 months after engraftment, HIV
antibody testing was positive [15]. Interestingly, although the
allografted patient was heavily immunocompromised after
transplantation and anti-retroviral medication was not
available at that time, the patient did not progress towards
the stage of AIDS in the following 8 years [16].

In 1984 another patient, who was in a better clinical con-
dition and had an HLA identical twin, was treated by Lane
and colleagues. Encouraged by experiences and previous
reports that engraftment of stem cells from an identical twin
can be achieved without conditioning treatment, over a
period of 7 months the patient received six DLIs and a single
stem cell boost from his twin [17]. This treatment regimen
was associated with an increase of CD4+ T cell count with a
peak at 3 months after allogeneic HSCT. Finally, however, the
patient died of cytomegalovirus pneumonia 12 months after
beginning treatment [18].

In the same year, Mitsuyasu and coworkers reported a
small series of three patients with AIDS and Kaposi’s

sarcoma who were found to have HLA-identical siblings.
Two patients received infusions of allogeneic bone marrow
without previous conditioning, but no improvement in
terms of T cell-mediated immunity could be observed. The
third patient received a conditioning regimen containing
vinblastine [0·3 mg/kg intravenously (i.v.), d1–2] and total
body irradiation (TBI) (200 cGy, d1–5). Engraftment was
achieved on day +10 and Kaposi’s sarcoma showed a > 50%
reduction. Nevertheless, the patient died on day +41 from
severe pneumonia [19].

Based on these first investigations from 1982 to 1984, it
can be assumed that although patients with AIDS display a
high degree of immune deficiency, allogeneic transplanta-
tion without conditioning regimen did not lead to stable
chimerism. Furthermore, one suggested rationale for alloge-
neic stem cell transplantation as a therapy in these patients
was to target the reservoir of HIV-infected cells for degrada-
tion during the conditioning regimen, and secondly, to
replace the old immune system with uninfected donor cells.
The latter can be assumed, as not only are donor-derived
circulating lymphocytes changed after allogeneic transplan-
tation, but all lymphoid cells and tissues including alveolar
macrophages in the lung, Kupffer’s cells in the liver and even
microglia cell in the central nervous system (CNS) were
replaced during a long-term process [20–22]. However, this
ignores a crucial problem, namely that as long as the HIV
replication is not affected during this cytoablative therapy,
the newly arising lymphoid cells are susceptible to infection
after engraftment. Thus, anti-viral therapy seems to be an
essential element to such an approach in elimination of the
HIV-1 reservoir.

The introduction of anti-retroviral therapy

A promising solution for this problem was given after
zidovudine received approval for HIV treatment in 1987
[23]. There was some hope that a suppression of viral repli-
cation by anti-retroviral medication during the set-up of
allogeneic HSCT might protect the arising new immune
system from reinfection. Indeed, this theory followed a first
encouraging case reported from Holland and coworkers in
1989. A 41-year-old man with refractory lymphoma under-
went allogeneic HSCT with concomitant zidovudine medi-
cation (5 mg/kg body weight). Engraftment was achieved on
day +17 with complete donor chimerism. HIV-RNA poly-
merase chain reaction (PCR) was positive until day +32, and
HIV culture experiments remained negative from day +25.
Unfortunately, the patient died on day +47 after allogeneic
HSCT due to a relapse of his lymphoma. Investigation of
several tissues post-mortem revealed no evidence of HIV-
RNA, except for a positive gag-specific signal for HIV-1 DNA
from the recto-sigmoid under lowered stringency conditions
for filter washing of this assay. The authors suggested that
HIV had been eradicated secondary to the myeloablative
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chemoradiotherapy and that zidovudine may have prevented
reinfection of the new donor haematopoetic stem cells [24].

Encouraged by these findings, the Hopkins and Emory
group performed two allogeneic and three syngeneic stem
cell transplantations in another five HIV+ patients with
ongoing zidovudine. One of the patients who underwent
allogeneic HSCT remained without evidence of viral
rebound until his death from graft-versus-host-disease
(GVHD) on day +120. The second allogeneic HSCT patient
displayed no control of viraemia. Interestingly, all three
recipients from syngeneic donors remained HIV culture-
positive after this procedure [25]. This is the first compelling
evidence for a possible allogeneic effect controlling HIV-1
replication.

In the same time-period, Lane and coworkers reported a
series of 16 HIV+ patients who received syngeneic bone
marrow transplantation and adoptive transfer of peripheral
blood lymphocytes. Patients were randomized, receiving
either zidovudine or placebo for a period of 12 months after
transplantation. Lane et al. observed a rapid increase of the
CD4+ cell count after infusions but without any notable
clinical improvement. Furthermore, no difference in CD4+ T
cell percentage, HIV isolate from blood or p24 antigenaemia
was observed during follow-up in both groups [26]. In the
following years, several groups tried to repeat this approach
and four more HIV+ patients underwent HSCT, but all
patients died during the first year of follow-up and none of
them displayed improvement in HIV infection [27–30].

Allogeneic HSCT ongoing highly active
anti-retroviral therapy (HAART)

Since the introduction of HAART for HIV the survival of
infected patients has improved considerably and, in 1997, the
first allogeneic HSCT was performed with ongoing HAART
[31,32]. Subsequently, in further transplantations of patients
with HIV, additional anti-retroviral medication became a
standard treatment (Table 2).

Tomonari reported transplantation of cord blood stem
cells in a young Japanese girl with acute lymphoblastic
leukaemia. After conditioning with 1200 cGy TBI and
120 mg/kg cyclophosphamide, there was only partial
engraftment using a relatively small amount of 0·76 ¥ 105

CD34+/kg stem cells, but there was successful engraftment 40
days after the first HSCT using a second unrelated donor
with a one-locus mismatch at HLA-DR [33].

The first case of successful treatment of a patient with an
AIDS-defining disease using allogeneic HSCT was reported
in 2008 from Bryant and coworkers in a patient who had
primary effusion lymphoma (PEL). PEL is associated with
human herpesvirus 8 with poor prognosis, and this patient
was treated with a reduced-intensity conditioning regimen
followed by allogeneic HSCT. He remained in second com-
plete remission regarding PEL over a period of 31 months
after transplantation [34].

It is difficult to continue oral HAART during the post-
transplant period, when there is severe mucositis or other
complication which decreases oral intake. Thus, in seven
patients noted in Table 2, HAART was discontinued in the
early months after allogeneic HSCT. All such patients devel-
oped a rapid rebound in HIV-RNA, which reverted to low or
undetectable levels after resumption of anti-retroviral
therapy [33–39].

Feasibility of HSCT in patients with HIV

Because of the impaired immune system in HIV+ individuals
there was great anxiety in the past that allogeneic HSCT – in
the case of a haematological disease – would be an unfore-
seeable risk in these patients. Today, retrospective analysis of
reported cases indicates that the outcome of allografted HIV-
positive patients is probably only negligibly poorer in com-
parison to HIV-negative patients.

The median time to leucocyte engraftment was 19·7 days
(Table 2). There are no data on the recovery of CD4+ T cell
count after allogeneic HSCT in patients with HIV but, col-
lating the data of 28 allografted patients with ongoing
HAART, there might be a slight but continuous increase
during engraftment and follow-up (Fig. 1). The infectious
complications encountered during the phase of neutropenia
are fairly similar to those seen in HIV-negative patients.

The summary of post-transplant complications implies
no HIV-specific or unknown events in this patient group and
the frequencies of the observed side effects are comparable to
those in HIV-negative recipients of HSCT (Table 3) [40].

The Kaplan–Meier estimation of survival reveals a
remarkable difference between patients with HIV ongoing
anti-retroviral medication during the transplantation proce-
dure and those who did not receive HAART (Fig. 2). From

350

300

250

200

150

100

50

0
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Fig. 1. T cell recovery after allogeneic haematopoietic stem cell

transplantation in patents with human immunodeficiency virus

(HIV) infection ongoing highly active anti-retroviral therapy

(HAART) (n = 28). The dashed line displays the median values of

CD4+ T cell counts.
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eight patients who died in the HAART group, in half the
cases a relapse of the malignant diseases was causative.
Restrictively, both these groups represent two historical
populations, one group before HAART has been adminis-
tered routinely between 1983 and 2000 and the second group
from 2000 until today with routinely given HAART. During
the last 27 years the steady optimization of the supportive
therapy regarding treatment-related complications notably
ameliorated the outcome of patients after allogeneic HSCT.

Specific problems in patients with HIV and
allogeneic HSCT

Drug interactions

The pharmacokinetics and pharmacodyanamics of HAART
agents, particularly the non-nucleoside reverse transcriptase
inhibitors (NNRTIs) and the protease inhibitors (PIs), are
influenced by the cytochrome P450 (CYP450) enzyme
system [41]. CYP450 is altered significantly by the immuno-
suppressive agents and antibiotics used routinely after allo-
geneic HCST. Thus, we know little of the potential effects of
HAART in the setting of allogeneic HSCT. These drug–drug
interactions have been best studied in conventional chemo-
therapy regimens in AIDS patients with lymphoma, and
although some interactions have been reported, adverse
reactions have mainly been modest. Reverse transcriptase
inhibitors known to alter marrow are the exception, and
zidovudine has been incriminated in one transplant in
which there was engraftment failure after autologous HSCT
[42,43]. In the allogeneic HSCT setting, less is known only
about the potential for drug interactions with anti-
neoplastic agents used for conditioning regimen and con-
comitant medication [44]. Table 4 gives an overview on the
previously described interactions of NNRTIs and PIs with
agents used commonly during the allogeneic HSCT setting.

Infections

Infectious complications encountered during the phase of
neutropenia are fairly similar to those seen in HIV-negative
patients. Table 3 gives an overview of reported allogeneic

Table 3. Allo haematopoietic stem cells (HSCT)-related toxicity and

infectious complications according to Table 2.

Post transplant complications (n = 22)

BK-virus associated hemorrhagic cystitis (¥2)

Bronchiolitis obliterans with organizing pneumonia (BOOP)

Central nervous system toxoplasmosis

Cerebrospinal fluid pleocytosis

CMV enteritis

CMV reactivation

Critical illness polyneuropathy

Dental infection

Grade � II acute GVHD (skin) (¥9)

Grade II/III chronic GVHD (mucosal) (¥2)

Grade III acute GVHD (skin) (¥2)

Multi-organ failure (¥2)

Neutropenic sepsis (¥3)

Paresis of cranial nerves

Pericarditis

Post-transplant glomerulopathy (¥2)

Systemic inflammatory response syndrome (SIRS)

Unclear neurological disease with myocloni

Number of events is given in parentheses. CMV, cytomegalovirus;

GVHD, graft-versus-host disease.
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With HAART (n = 17)
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Fig. 2. Kaplan–Meier estimation of the survival of human

immunodeficiency virus (HIV)-infected patients after allogeneic

haematopoietic stem cell transplantation reported from 1983 to

2010.

Table 4. Interactions of agents commonly used during allogeneic haemopoietic stem cell transplantation and anti-retroviral medications.

Agent Anti-retroviral drug Interaction on agent Ref.

Cyclophosphamide Indinavir Indinavir AUC: increased 38% [71]

Cyclosporine Darunavir Increased cyclosporine effects (increased

immunosuppression, renal toxicity)

[72]

Lopinavir/ritonavir [73]

Nelfinavir [74]

Saquinavir [75]

Mycophenolate mofetil Nevirapine Nevirapine clearance: increased 27% [76]

Tacrolimus Nelfinavir Increased tacrolimus levels (e.g. increased

bone marrow suppression)

[77]

Lopinavir/ritonavir [78]

AUC, area under the curve.
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HSCT-related events based on the cases listed in Table 2.
Although these data are based upon retrospective analysis of
case reports, the reported entities are comparable to non-
HIV-infected patients after transplantation.

Graft failure

There has been controversy concerning the point as to
whether haematopoietic progenitor cells can be infected by
HIV [45,46]. In theory, the uncommitted haematopoietic
multipotent progenitor lacks the receptors necessary for HIV
infection, but at some point of lineage differentiation it
probably develops the capability for infection. The published
evidence which supports this, however, is incomplete due to
the use of technologies which cannot ensure complete sepa-
ration of lineage marker-negative progenitor cells [47].

Graft failure may have been the problem in the case of a
9-year-old boy with severe aplastic anaemia who was
infected with HIV after blood cell transfusion and under-
went allogeneic transplantation from his ABO HLA-
identical brother. Post-transplant engraftment and T cell
function 3 months after allogeneic transplantation were
within normal range, but soon thereafter partial marrow
failure occurred, with a rapid decline in absolute neutrophil
counts. Thirteen months after allogeneic HSCT, AIDS was
diagnosed and the patient subsequently died. It is not clear
whether this rapid decline in T lymphocytes was due to a
partial graft failure after reinfection of T cell progenitor cells,
or was caused by acceleration of the progression into AIDS
by the transplantation procedure [29]. Kang and coworkers
reported another HIV+ patient who developed signs of an
acute HIV infection after allogeneic transplantation. During
this period HAART was discontinued and a viral rebound
was measured. The authors suggested that these symptoms
may have represented an infection of the new allograft [35].
In this case, the patient received reduced intensity condition-
ing prior to HSCT, and a critical question is whether ablative
conditioning could, by itself, influence the virus reservoir
and assist in eliminating HIV.

The effect of allogeneic HSCT on HIV

Successful allogeneic HSCT requires the use of a broad panel
of additional medication and therapeutic techniques such as
irradiation. The effect on HIV-1 replication and course of
infection is somewhat speculative for single agents and, fur-
thermore, completely unknown when given as combination.
In particular, immunosuppressive medication has been con-
sidered to have a favourable effect on HIV. The most com-
monly used immunosuppressive drug in the clinical setting
of allogeneic HSCT is cyclosporine A (CsA). CsA has been
shown to inhibit T cell activation through a mechanism well
defined at the molecular level. In terms of HIV infection,
CsA is able to decrease the heightened state of T cell activa-
tion in order to limit the infection, and thus depletion of T

lymphocytes that may contribute to a better long-term pres-
ervation CD4 T cell count. CsA has been tested during
primary HIV infection. Thereby, CsA was not detrimental to
virus-specific CD8+ or CD4+ T cell responses. At week 48, the
proportion of interferon (IFN)-g-secreting CD4+ and CD4+/
CCR7- T cells was significantly higher in the CsA and
HAART cohort than in the cohort where HAART had been
given exclusively. The authors suggested that a rapid shut-
down of T cell activation during the early phases of primary
HIV-1 infection can have long-term beneficial effects and
establish a more favourable immunological set-point.
Appropriate, immune-based therapeutic interventions may
represent a valuable complement to HAART for treating
HIV infection [48]. Taken together, CsA and other immuno-
suppressive agents such as mycophenolate mofetil or thymo-
globulin have only a marginal effect on HIV viraemia and no
lasting effect on HIV replication.

Only few data are available to answer the question of
how HSCT may influence the composition and the virus
host interaction itself. During an observation period over
384 days, Kamp et al. reported on the change in HIV
tropism after HSCT. To analyse viral dynamics, they
studied viral diversity and phylogeny by means of
maximum likelihood and Bayesian methods. Interestingly,
viral diversity decreased after HSCT, although the patient
developed HIV rebound during a short period of HAART
discontinuation [49].

In another investigation, Woolfrey et al. focused their
research on the development of HIV-specific T cells after
allogeneic HSCT. There, CD8+ T cell responses targeting
multiple epitopes were detected before transplantation and
a different pattern of donor-derived HIV-specific CTL
responses emerged a couple of months after transplantation.
The authors suggested that HSCT offers the unique ability to
characterize de novo HIV-1-specific immune responses [50].

Targeted strategies including gene therapy

As demonstrated by Hasset and Lane, donor lymphocyte
infusions without prior conditioning regimens are not effec-
tive to enhance the CD4+ T cell count. An advancement of
this idea was performed by Vilmer and coworkers, who
reported a patient with AA who received syngeneic trans-
plantation in 1979. Five years later AIDS was diagnosed,
and a retrospective analysis of blood samples revealed a
time-point of seroconversion 1 month before allogeneic
transplantation. Vilmer decided to give DLI in combination
with a/g interferon. CD4+ T cell count rose rapidly from < 50
to 420/ml and declined to stable levels around 180/ml after 7
months following the last infusion without any additional
treatment. Vilmers concluded from this that HIV had no
immediately cytopathogenic effect for the transfused lym-
phocytes [51].

Nevertheless, there have been attempts to use genetic
manipulation to ‘arm’ adoptively transferred T lymphocytes
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in immunotherapy studies in AIDS. An example of this idea
is that developed by Morgan and Walker, who designed a
gene transfer of HIV-1 anti-sense TAR and transdominat Rev
protein genes into lymphocytes [52]. These modified cells
from syngeneic twins of HIV-infected patients were trans-
fused and showed a prolonged survival in comparison to
untreated lymphocytes [53].

After the discouraging experiences with allogeneic stem
cell transplantation on the natural course of HIV infection,
there were some attempts to enhance the efficacy of this
approach. In 1993 Contu and coworkers performed an
HLA-identical allogeneic HSCT in a 25-year-old HIV+

woman and added a combination of zidovudine, IFN-a2
and HIV-1-specific T cell clones. Engraftment was achieved
on day +18, but bone marrow function remained insuffi-
cient, leading to lasting depletion of CD4+ T and B lym-
phocytes. HIV-1 was undetectable by env-, gag-, pol- and
ltr-specific DNA-PCR up to 30 days post-transplant, but
the patient died on day +301 after allogeneic HSCT from
an adult respiratory distress syndrome. Post-mortem inves-
tigation of several tissues was performed and found to be
negative for HIV-1 DNA. Surprisingly, 4 months after
transplantation this patient became HIV-1 seronegative as
tested by enzyme-linked immunosorbent assay (ELISA)
and Western blot assays [54,55].

Subsequently, Bex et al. attempted to generate HIV-
specific T cells in a syngeneic adoptive setting by transfer-
ring syngeneic T cells following immunization of the
donor. In this experiment, the HIV-negative identical twin
brother of a terminally ill 38-year-old AIDS patient, who
had failed single-agent therapy using zidovudine, was vac-
cinated with WR87, a recombinant HIV-1 envelope glyco-
protein. Following infusion of these immunoreactive T
cells, there was a slight increase in CD4+ and in activated
CD8+/DR+ cell count. However, these effects were only tran-
sient and did not lead to a significant clinical change; in
fact, a marked but transient increase in cellular and plas-
matic virus loads was observed after the second adoptive T
cell transfer [56].

Kang and coworkers performed the first allogeneic HSCT
in patients with HIV using genetically modified allogeneic
stem cells. They transduced the donor’s CD34+ stem cells
with GcsapSL3rd3, containing a dominant-mutant Rev
(TdRev) engineered to inhibit viral replication through
blocking of wild-type Rev, a key HIV regulatory protein. This
trial was partially successful, because stable transfection of
TdRev was measurable at least 2 years after allogeneic HSCT.
The effect on HIV course was not clearly evaluable because
HAART administration was not interrupted [35].

The combination of stem cell and gene-based therapies
has been proposed as a long-lived alternative to anti-
retroviral therapy. Today, the techniques of gene delivery and
gene knock-down have progressed considerably, and a rising
number of clinical data in patients undergoing gene therapy
are available [57,58].

More recently, DiGiusto et al. have used a lentivirus vector
encoding three anti-HIV RNAs (TAR decoy, siRNA targeting
tat/rev and an anti-CCR5 ribozyme) to genetically modify
autologous CD34 cells in patients undergoing marrow abla-
tive therapy for AIDS lymphoma. Of four patients treated, all
expressed the anti-viral RNA for up to 24 months [59].

HIV eradication by allogeneic HSCT?

For entry into host cells, HIV-1 uses CD4 and membrane-
bound chemokine co-receptors such as CCR5 or CXCR4.
Homozygosity towards a 32-base pair deletion (CCR5-
delta32) in the CCR5 gene leads to an inactive receptor
which is associated with a high but not complete HIV-1
resistance. It seemed likely that a CCR5-delta32-based stem
cell-based approach could improve the course of HIV infec-
tion and, for example, in 2000 M. Lux and J. Stapleton
attempted to pursue this approach. The relative lack of such
donors, however, discouraged this effort (personal commu-
nication, M. Lux, Rochester, NY, USA). One year later R.
Chow (founder of StemCyte Inc.) applied for a patent for
stem cell donor screening for a beneficial gene to treat HIV
infection (US patent 2003/0099621 A1). Chow’s group built
up a database with more than 10 000 cord blood units, geno-
typed for the CCR5-delta32 deletion. In this group, 30
donors were homozygous for the CCR5-delta32 deletion;
this demonstrates a potential source of CCR5-negative
donors for the future [60]. A similar approach was prepared
by the M.D. Anderson CB Bank (Houston, Texas, USA), who
have collected and CCR5-genotyped more than 10 000 cord
blood units since 1995 as potential sources for allogeneic
HSCT in HIV+ patients [61].

The problem of selection of donors has been addressed by
genetic manipulation of CD34 cells to knock-down CCR5.
DiGiusto et al. transplanted four AIDS lymphoma patients
with autologous CD34 with a lentivirus vector encoding a
triple anti-HIV RNA combination which included a
ribozyme targeting CCR5 [59]. In a mouse model of
transplantation of human CD34 cells treated with zinc finger
nuclease targeted to the CCR5 gene, Holt et al. have shown
that transplanted CCR5 knock-out CD34 cells will not only
engraft, but are protective after HIV challenge [62]. If HSCT
donor cells can be made routinely CCR5-negative by such
genetic methods, then the problem of available CCR5-
negative donors for HIV-related allogeneic HSCT would be
solved.

The first allogeneic stem cell transplantation in an HIV+

patient with a donor selected to be homozygous for CCR5-
delta32 was performed by Hütter and coworkers. The trans-
plantation led to a complete donor chimerism and the
patient’s lymphocytes changed from a heterozygous into a
homozygous genotype regarding the CCR5-delta32 allele.
Although HAART was discontinued, HIV-1-load could not
be detected as determined by RNA and proviral DNA PCR
assays of peripheral blood, bone marrow and several other
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tissues during a 3·5-year follow-up period [63,64]. The ques-
tion of why this patient has suppressed his HIV infection so
completely is not known. Ultimately, the graft-versus-
leukaemia effect probably produced a concomitant graft-
versus-HIV-reservoir effect, which prevented any outgrowth
of HIV after HAART was stopped. The lesson of this case is
valuable, as it suggests that cellular therapy is likely to be
important in producing a function cure for HIV (i.e. control
of HIV without lifelong anti-viral chemotherapy). It will be
important to confirm the ability of this proposed CCR5-
negative cellular effect to alter the HIV reservoir in other
patients

Conclusions

Patients with HIV infection have a considerably increased
risk of developing different kinds of haematological
malignancies. Effective anti-retroviral therapy has improved
the life expectancy in these patients with consecutive
increase in prevalence of malignancies. We assume that there
will be a growing demand in intensified treatment options
such as stem cell transplantation in the future. Since the early
1980s, several patients with HIV-1 infection underwent allo-
geneic stem cell infusion or transplantation procedures.
Because of the relatively small number of patients and the
non-systematic analysis of allogeneic HSCT in these
patients, a conclusive statement regarding an altered
procedure-related morbidity of the transplantation proce-
dure in comparison to non-HIV-infected patients cannot be
made. Nevertheless, the published data may suggest a lower
rate of treatment-related mortality since HAART has been
included during allogeneic HSCT. Finally, the survival rate
for stem cell recipients has improved in these years from
optimized supportive care and enhanced immunosuppres-
sive and anti-microbiological medication. Thus, patients
with HIV infection should be offered allogeneic HSCT if
there is an indication to treat a haematological disease.
Finally, allogeneic HSCT alone is not effective to treat HIV
infection. Nevertheless, enhancement of this venture can
probably be achieved with gene therapy approaches or
special donor selection for HIV beneficial genes such as the
CCR5-delta32 mutation.
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