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Abstract

Autologous stem cell transplantation (ASCT) is a widely used procedure for AIDS-related lymphomas, and it
represents an opportunity to evaluate strategies curing HIV-1 infection. The association of autograft HIV-DNA
load with peripheral blood HIV-1 reservoir before ASCT and its contribution in predicting HIV-1 reservoir size
and stability during combination antiretroviral therapy (cART) after transplantation are unknown. Aiming to
obtain information suggesting new functional cure strategies by ASCT, we retrospectively evaluated HIV-DNA
load in autograft and in peripheral blood before and after transplantation in 13 cART-treated HIV-1 relapse/
refractoring lymphoma patients. Among them seven discontinued cART after autograft infusion. HIV-DNA was
evaluated by a sensitive quantitative real-time polymerase chain reaction (PCR). After debulking chemotherapy/
mobilization, the autograft HIV-1 reservoir was higher than and not associated with the peripheral HIV-1
reservoir at baseline [median 215 HIV-DNA copies/106 autograft mononuclear cells, range 13–706 vs. 82 HIV-
DNA copies/106 peripheral blood mononuclear cells (PBMCs), range 13–479, p = 0.03]. After high dose che-
motherapy and autograft infusion, HIV-DNA levels reached a plateau between month 6 and 12 of follow-up. No
association was found between peripheral HIV-DNA levels at baseline and after infusion in both cART
interrupting and not interrupting patients. Only in the last subgroup, a stable significant linear association be-
tween autograft and peripheral blood HIV-1 reservoir emerged from month 1 (R2 = 0.84, p = 0.01) to month 12
follow-up (R2 = 0.99, p = 0.0005). In summary, autograft HIV-1 reservoir size could be influenced by the mobi-
lization phase and predicts posttransplant peripheral HIV-1 reservoir size in patients on continuous cART. These
findings could promote new research on strategies reducing the HIV-1 reservoir by using the ASCT procedure.

Introduction

The advent of combination antiretroviral therapy
(cART) and the possibility of reaching chronic sup-

pression of HIV-1 replication have deeply changed the nat-
ural history of HIV-1 infection, allowing many infected
persons to live much longer.1 However, managing life-
long cART is challenged because of necessary continuous
adherence, possible toxic effects, and age-associated ill-
nesses.2,3 The last considerations have encouraged research

finalized to eradicate HIV-1 reservoirs.4 This line of research
is fuelled by clinical reports suggesting the possibility of
complete virus eradication following hematopoietic stem cell
transplantation (HSCT) with an allogeneic homozygous
CCR5 (D32) donor5 and by studies on elite suppressors, i.e.,
patients naturally controlling viral replication under the de-
tection limits of clinical assays.6

Studies on the last subjects and secondary controllers
(treated during chronic HIV infection) evidenced that unde-
tectable viremia was associated with a very low HIV-1
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peripheral blood reservoir.7,8 Although anti-HIV immune
responses are likely to be one of the key elements at the base
of virus control in these patients, these findings suggested that
reducing the pool of infected cells might be crucial for a
successful control of viral replication without therapy.

Among HIV-1 curing approaches, HSCT has been pro-
posed, in association with other new or current therapies, as it
allows management of the graft and it provides reconstitution
of renewed immunological responses following development
of hematopoiesis.9 In the setting of allogeneic transplantation
with CCR5 wild-type donors, immune reconstitution during
cART, followed by reduction in reservoir, has recently been
reported.10,11 Nonetheless, the absence of clear evidence
concerning the relative contribution of HIV-specific and
nonspecific immune responses in the reduction in the residual
reservoir in the setting of optimal antiretroviral therapy12

suggested that dilution of the HIV-1 reservoir within donor
uninfected cells, rather than the selective killing of infected
cells, likely played an important role in the dynamics of the
reduction in HIV-DNA levels posttransplant in those patients
who underwent analytical cART interruption 2.6–4.3 years
following HSCT.

Autologous stem cell transplantation (ASCT) by itself
cannot significantly reduce the HIV-1 reservoir13–15; in fact,
infected lymphomonocytes are infused together with pro-
genitor cells, hence, both the reservoir and the rest of the
immune system are reconstituted. However, because it is a
strengthened approach for AIDS-related lymphomas and
more widely used than allogeneic transplantation, it offers a
unique opportunity to evaluate strategies finalized to cure
HIV-1 infection. This notion is in part supported by recent
data in the cART-treated nonhuman-primate model16 sug-
gesting that total body irradiation followed by immediate
infusion of a clean autograft (obtained by cryopreservation of
hematopoietic stem cells prior to infection of the host) led to a
decrease of SHIV reservoir size during a period of 40–75
days preceding antiretroviral therapy interruption.

Modifying autograft characteristics by inserting geneti-
cally engineered and HIV-1-resistant CD34 + progenitors has
proven to be safe, but limited by the low efficient engraftment
of transformed cells.17,18 Alternatively, reducing the HIV-1
reservoir through cART and selection/depletion of cells from
the autograft could be a hypothetical strategy needing further
investigation, especially in light of evidence showing that
highly purified CD34 + cells in successfully cART-treated
patients might be uninfected.19–21

Among those few studies in which measurements of the
HIV-1 reservoir were performed during the ASCT procedure,
only one focused specifically on patients who remained on
therapy with HIV-RNA below the threshold.13 However, this
study lacked information on reservoir size in peripheral blood
before transplantation and in autografts. Aiming to obtain in-
formation suggesting functional cure strategies including the
concept of purging HIV-1 from the autograft, we assessed
autograft HIV-DNA load, its association with the peripheral
blood HIV-1 reservoir before transplantation, and its value in
predicting peripheral HIV-1 reservoir size and stability under
cART during longitudinal follow-up up to 1 year after infu-
sion. Herein, we retrospectively evaluated data on the HIV-1
reservoir from patients belonging to one of the largest and
well-characterized monoinstitutional cohorts of cART-treated
HIV-positive lymphoma patients who underwent ASCT.14

Materials and Methods

Patients and study design

Patients for this retrospective study were elected among all
HIV-positive subjects with relapse/refractory non-Hodgkin
lymphoma (NHL) and Hodgkin lymphoma (HL) after first
line conventional chemotherapy (CT), submitted to salvage
therapy with high-dose chemotherapy (HDC) plus ASCT
in 2002–2007, as previously described.14 The selection cri-
teria were (1) to have a follow-up of at least 6 months after
transplantation, namely, until recovery of at least baseline
CD4 T cell counts was attained14 and (2) to have recorded
HIV-RNA assessments and clinical information highlighting
cART adherence during the transplant procedure in order to
evaluate the impact of antiretroviral and ASCT treatment on
the HIV-1 reservoir.

Thirteen patients were eligible. Based on cART inter-
ruption after autograft infusion, patients were stratified into
two groups: continuously treated and interrupted cART
patients. They had undergone HIV-DNA load and CD4 T
cell percentage assessments in all the available samples of
apheretic products (n = 13) and of peripheral blood at base-
line [i.e., before starting debulking chemotherapy (DCT);
n = 12] and at months 1 (n = 9), 3 (n = 12), 6 (n = 11), and 12
(n = 11) after transplantation. A slightly smaller number of
patients had undergone CD4 memory T cell percentage
evaluation in autograft products (n = 12) and in peripheral
blood (at baseline, n = 11; at months 1, 3, 6, and 12 after
transplantation, n = 9, 12, 11, and 11, respectively). The
Ethics Committee of the CRO National Cancer Institute
Aviano approved this study. A written informed consent
was obtained from the patients in accordance with the De-
claration of Helsinki. All the patients’ information was
deidentified prior to analysis.

Salvage procedure and samples collection

Figure 1 provides an outline of the salvage procedure and
the timing of the evaluated parameters. In brief, conventional
second-line DCT for all NHL patients consisted of ESHAP
(etoposide, cytarabine, cisplatinum, and methylprednisone)
or DHAOx schemes (dexamethasone, high-dose cytarabine,
and oxaliplatinum). Rituximab was administered before each
cycle to all patients with CD20-positive NHL. DCT in HL
relapsed patients consisted of the MINE regimen (mesna,
iphosphamide, mitoxantrone, etoposide, and prednisolone).
Stem cell mobilization was enhanced through a challenge
with 10 lg/kg/day of granulocyte colony-stimulating factor
(G-CSF) after the fourth CT cycle, until a stable CD34 + cell
count of at least 10 cells/ll was achieved. CD34 + stem cell-
enriched autografts were harvested by leukapheresis using a
COM.TEC cell separator (Fresenius Hemocare, Germany)
and frozen with a double bag storage procedure.22 Two leu-
kapheresis products within 48 h were harvested in 6 out of 13
patients.

The second phase of the treatment consisted of a condi-
tioning regimen with HDC BEAM (carmustine, etoposide,
cytarabine, and melphalan). Two days after the end of HDC,
the cryopreserved autograft was thawed, evaluated for cel-
lular viability by the ISHAGE protocol,23 and infused, while
an aliquot was used for genomic DNA extraction by the
phenol/chloroform technique.
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Whole blood samples were collected by venipuncture in
ethylenediaminetetraacetic acid; peripheral blood mononu-
clear cells (PBMCs) were then isolated by density gradient
centrifugation over Ficoll-Hypaque and cryopreserved at
- 80�C until genomic DNA extraction by the phenol/chlo-
roform technique.

Immunological parameters

Peripheral blood percentage values and absolute counts of
lymphocyte subsets were evaluated by a single platform
whole blood lysing technique, Flow-Count fluorospheres and
EPICS XL flow cytometer (Beckman-Coulter), as previously
described.24 In brief, staining was performed by monoclonal
antibody (MoAb) combinations CD45-FITC/CD4-PE/CD8-
ECD/CD3-PC5 and CD45-FITC/CD56-PE/CD19-ECD/CD3-
PC5 (Beckman-Coulter). The proportion of CD4 + T cells in
the thawed autografts was evaluated by lymphocyte gating on
the basis of scatter properties and CD45-FITC reactivity
(2D1, BD Biosciences) and by MoAb CD4-PC5 (MT310,
DAKO). The proportions of CD4 + T cells expressing mem-
ory phenotype in peripheral blood and thawed autografts
were studied in detail using the MoAb combinations CD4-
FITC/CD45R0-PE (MT310/UCHL1, DAKO).

Virological parameters

HIV-DNA load was assessed in each sample of DNA by
quantitative real-time PCR (qPCR) with primers and probe
detecting a 121-bp DNA fragment in the long terminal repeat
of the HIV-1 genome as previously described.25 In brief,
qPCR amplification was performed in a 25 ll volume con-
taining 2 · TaqMan Universal Master Mixture, 37.5 pmol of
each primer, 3.75 pmol of the fluorogenic probe,26 and 5 ll of
sample. The ACH-2 cell line, which stably harbors one in-
tegrated copy of the HIV-1 genome, was used to generate the
standard curve. The intra- and interassay coefficient variation
(CV) of standard quantity from 5,000 to 2 copies per reaction
was always within 30%. Ten-fold and, for quantification of
reactions containing HIV-DNA below 5 copies per well, 2-
fold serial dilutions of the standard curve were run in tripli-
cate along with the samples in each plate experiment.

Analytic validation assays of the standard curve from five
to one HIV-DNA copies per reaction, in a background of
1 · 105 cell equivalents of genomic DNA, showed that
quantification of two and one copies of target HIV-DNA per
reaction occurred in 85% and 67% of the cases, respectively.

PBMCs and autograft DNA samples were run in duplicate or
quadruplicate using a range of 2.1–46.3 · 104 cell equiva-
lents per qPCR reaction. Mean intraassay CV of the sample
quantity was 28.2 (range 3.1–67.7). Samples with an HIV-
DNA quantity between one and two copies per reaction (with
CVs higher than 60%) were repeated in other sessions on
more than three replicates of the same DNA extract and/or
after reextraction of the sample.

The lack of inhibitory substances was evaluated by co-
amplification of an additional one or two replicates seeded
with 300 copies of ACH-2 HIV-1 DNA. Normalization of the
HIV-DNA copies per 106 PBMCs in each peripheral blood
DNA sample was obtained by qPCR on the human b-globin
gene as previously reported.27 Since thawed autografts con-
tained a considerable and not removable granulocyte pro-
portion (range 10.5–67.1%), HIV-1 DNA qPCR data in this
compartment were normalized per 106 autograft mononu-
clear cells (AMCs) using qPCR for the b-globin gene and the
lymphocytes and monocytes percent estimated by hemocy-
tometer.

When two leukapheresis products were harvested and in-
fused, a weighted mean of the two HIV-DNA concentrations
was reported. Normalization of HIV-DNA per 106 CD4 and
CD4 memory T cells was attained by using CD4 + and
CD4 + CD45R0 + T cell percentages assessed in peripheral
blood or in autograft. Data were collected using an ABI Prism
7900 HT Sequence Detector and analyzed using Sequence
Detection System Software (2.1 v., Applera, Italy). For sta-
tistical analysis, a value of two HIV-DNA copies/106 PBMCs
was given to qPCR reactions persistently showing a detected
HIV-DNA quantity below the limit of the assessed sensitiv-
ity. HIV-RNA levels were tested using the HIV-RNA b-DNA
assay (3.0 v., Siemens, Berkeley, CA) with a detection limit
of 50 copies/ml.

Statistical analysis

Univariate linear regression analyses were computed to
evaluate associations between covariates. To increase the
power of regression analyses between autograft and periph-
eral blood HIV-1 reservoir after transplantation, we com-
bined HIV-reservoir determinations from 12 patients at
month 3 after autograft infusion with the HIV-1 reservoir
determination at month 1 for one continuously treated cART
patient. Moreover, we added patients having HIV-1 reservoir
assessments at month 12 after transplantation (n = 11) to

FIG. 1. Outline of autolo-
gous stem cell transplantation
(ASCT) procedure and timing
of parameter evaluation. DCT,
debulking chemotherapy; G-
CSF, granulocyte colony-
stimulating factor; HDC, high
dose chemotherapy.
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patients showing HIV-1 reservoir determination at month 6
(n = 1, continuously treated cART patient; n = 1, interrupted
cART patient). The Wilcoxon rank sum test for continuous
variables and Fisher exact test for proportions were used to
evaluate differences between groups. The Wilcoxon signed-
rank test was used to evaluate differences between paired
covariates. Statistical analyses were performed using STATA
(version 7) and MedCalc (version 13.1.2) softwares. Results
were considered statistically significant at a two-tailed
p value £ 0.05.

Results

Patients

As shown in Table 1, at baseline, the majority of patients
had a long history of HIV-1 infection. Nine of them were
treated with protease inhibitor (PI)-based cART regimens
and all received nucleoside reverse transcriptase inhibitors
(NRTIs). The minimum time of cART treatment was 8
months. Most of the patients showed HIV-RNA levels < 50
copies/ml. Previous CT consisted of one to three doxorubicin-
based intensive regimens and patients’ immunodeficiency was
severe. We found a wide variation within patients in CD34+

stem cells mobilization efficiency (range harvested CD34+ ,
2.1–20.0 · 106 cells/kg). The CD34+ cell concentration in
leukapheresis was significantly correlated with CD4 + T cell
numbers at baseline (r = 0.60, p = 0.037) with a nearly signif-
icant reduction in patients treated with PI-based cART [me-
dian harvested CD34+ in patients treated with PI-based cART
vs. NNRTI-based cART, 882 cells/ll (range, 500–7,031 cells/
ll) vs. 3,000 cells/ll (range 1,618–11,148); p = 0.09].

cART was maintained throughout the DCT/mobilization
procedure and HIV-RNA load was undetectable during
DCT and at autograft collection time. After autograft infu-
sion, patients 1–6 received continuous cART and patients
7–13 received interrupted cART within month 0.5–1 for a
median of 27 days (range 4–77 days). All continuously
treated cART patients showed undetectable HIV-RNA levels
until month 6 or 12 after transplantation, except for one who
exhibited a transient increase to 103 copies/ml at month 1.
Conversely, median HIV-RNA levels sharply increased at
month 0.5 after transplantation in interrupted cART patients.
Reintroduction of the same cART produced a 0.5–3 log10

copies/ml reduction in HIV-RNA levels in about 4 weeks.
HIV-RNA was always detectable during follow-up in one
patient due to low adherence.

At baseline, no statistically significant difference was no-
ticed between continuously treated and interrupted cART pa-
tients, except for the antiretroviral treatment that was PI based
in the latter subjects ( p = 0.02). No statistically significant
difference between continuously treated and interrupted cART
patients emerged in harvested CD34+ cell number [median
harvested CD34+ in continuously treated vs. interrupted,
6.3 · 106 cells/kg (range 2.1–7.5 · 106 cells/kg) vs. 3.9 · 106

cells/kg (range 3.1–7.5 · 106 cells/kg); p = 0.13] or in leuka-
pheresis number (1/6 continuously treated and 5/7 interrupted
patients harvested two autografts; p = 0.10).

HIV-DNA reservoir

HIV-DNA levels in autograft were higher than in periph-
eral blood at baseline in the patients before cART interrup-

tion [median, 215 copies/106 AMCs (range 13–706 copies/
106 AMCs) vs. 82 copies/106 PBMCs (range 13–479 copies/
106 PBMCs); p = 0.03]. Although not statistically significant,
increased autograft HIV-DNA levels were also observed
after adjustment of HIV-1 reservoir per CD4 [median, 886
copies/106 CD4 (range 90–7,385 copies/106 CD4) vs. 685
copies/106 CD4 (range 45–2,818 copies/106 CD4); p = 0.15].
Since the HIV-1 reservoir resides for the most part in
memory T cell subsets, we also normalized HIV-DNA
per million CD4 + CD45R0 + memory T cells. The findings
obtained resemble those attained from the HIV reservoir
expressed per million PBMCs [median, 1,535 copies/106

CD4R0 (range 146–16,411 copies/106 CD4R0) vs. 860
copies/106 CD4R0 (range 66–3,023 copies/106 CD4R0);
p = 0.017].

No association emerged between HIV-DNA levels in pe-
ripheral blood at baseline and in autograft (n = 12) (R2 = 0.04,
p = 0.53; Fig. 3a). Similar associations were confirmed by
normalizing the HIV-1 reservoir per CD4 or CD4R0 memory
T cells (baseline vs. autograft: HIV-DNA/106 CD4 in n = 12
patients, R2 = 0.1, p = 0.34; HIV-DNA/106 CD4R0 in n = 10
patients, R2 = 0.23, p = 0.16).

HDC induced a radical decrease in absolute white blood
cell counts (WBCs), with the nadir reached approximately 1
week after the end of the conditioning period [median, 50
WBC/ll (range 10–130 WBC/ll), at median 6 days after
HDC (range 5–8 days)] and 98.6% median reduction from
levels before conditioning (range 97.0–99.7%).

After autograft infusion, the median peripheral blood
HIV-1 reservoir in continuously treated and interrupted cART
patients reached relatively stable levels between months 6
and 12 follow-up (median HIV-DNA levels at months 3, 6,
and 12 in continuous and interrupted cART patients: 38, 156,
and 61 copies/106 PBMCs and 114, 148, and 79 copies/106

PBMCs, respectively) (Fig. 2). Peripheral blood HIV-DNA
levels at plateau were not associated with HIV-DNA values
at baseline either in overall patients (R2 = 0.0001, p = 0.97)
(Fig. 3b) or in patients stratified by cART interruption (in-
terrupting cART patients: R2 = 0.04, p = 0.70; continuously
cART treated patients: R2 = 0.02, p = 0.78). In addition, pe-
ripheral HIV-DNA levels at baseline were not associated
with peripheral HIV-DNA values in the initial months after
autograft infusion in both interrupting (between month 1 and
6, range R2 = 0.10–0.70, p > 0.37) and continuously cART-
treated patients (between month 1 and 6, range R2 = 0.0–0.12,
p > 0.51). Conversely, only in the last subgroup was a stable
significant linear association between reservoir size in auto-
graft and in peripheral blood observed from month 1 to 12
after transplantation (month 1: R2 = 0.84, p = 0.01; month 3:
R2 = 0.72, p = 0.07; month 6: R2 = 0.97, p = 0.0004; month 12:
R2 = 0.99, p = 0.0005). Regression analyses of pooled data
were reported in Fig. 3c and d.

Adjustments of HIV-1 reservoir per 106 CD4 and CD4R0
yielded analogous associations. A statistically significant
association between autograft and posttransplantation pe-
ripheral HIV-1 reservoir was particularly evidenced at pla-
teau in continuous cART-treated subjects (Fig. 3f). It is worth
noting that in the last subgroup, associations between HIV-1
reservoir per million CD4R0 memory T cells in autograft and
in posttransplant peripheral blood were highly significant (at
months 1–3, R2 = 0.94, p = 0.007; at months 6–12, R2 = 0.97,
p = 0.003).
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Discussion

ASCT is a well-tolerated salvage therapy for HIV-positive
relapse/refractoring-lymphoma patients.28 In this monocentric
study focusing on cART-treated patients submitted to this
procedure, we evaluated the importance of autograft HIV-1
reservoir size in determining the peripheral HIV-1 reservoir,
ultimately aiming to obtain information in support of the
concept that purging HIV-1 from the autograft could represent
a strategy contributing to functionally curing HIV-1 infection.

First, this study showed that the HIV-1 reservoir size in
autograft was higher than the HIV-1 reservoir size in pe-
ripheral blood at baseline. It is possible that HIV-1 infection
compartmentalization might be disrupted by the G-CSF ef-
fect on mononuclear cell mobilization from multiple niches
characterized by differential levels of infection, as already
demonstrated in T cell trafficking within peripheral blood in
response to this mobilizing agent.29

In addition, HIV-1 reservoir sizes in autograft and in pe-
ripheral blood at baseline were not associated, suggesting an
influence of the DCT/mobilization phase in changing the
autograft HIV-1 reservoir. This was also emphasized by the
absence of a relationship between peripheral blood HIV-
DNA levels at baseline and after infusion not only in inter-

rupting cART patients, where this was expected given the
rapid rebound of viremia in this subgroup, but also in con-
tinuously cART-treated patients. In fact, this suggests that
autograft infusion might have contributed to perturbing a
relationship that, otherwise, would be maintained in well-
suppressed patients.

Second, patients not interrupting cART maintained a sta-
ble highly statistically significant linear association between
autograft and peripheral blood HIV-1 reservoir size since
month 1 after transplantation. To the best of our knowledge,
this finding was never reported in the literature. Studies
measuring the HIV-1 reservoir in selected lymphocyte pop-
ulations reported that the proliferation process driven by the
complex cytokinic network and/or by antigens within the
lymphopenic environment30,31 could lead to the differential
expansion of subsets32 and stimulate virus replication in
productively and latently infected CD4 + T cells.33,34 Our
results indicated that a homeostatic and/or antigenic milieu
during posttransplant lymphopenia exerted its proliferative
pressure on lymphomonocytes and HIV-1 replication without
apparent consequences for the proportion of the HIV-1 res-
ervoir in each patient until plateau. This occurred due to the
continuous action of cART in efficiently preventing virus
dissemination to susceptible cells.

FIG. 2. HIV-1 reservoir post-
transplant dynamics in continuously
(top) and interrupted combined an-
tiretroviral therapy (cART)-treated
patients (bottom).
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FIG. 3. (a) Linear regression between reservoir size in the autograft vs. reservoir size in peripheral blood at baseline
(before HDC) in overall patients: R2 = 0.04, slope = 0.41, p (slopes0) = 0.53; (b) linear regression between reservoir size in
peripheral blood at month 6 or 12 vs. reservoir size in peripheral blood at baseline (before HDC) in overall patients:
R2 = 0.0001, slope = –0.04, p (slopes0) = 0.97; (c) linear regression and 95% CI (curved lines) between reservoir size in
peripheral blood at month 1 or 3 vs. reservoir size in autograft, continuously cART-treated patients: R2 = 0.89, slope = 0.55,
p (slopes0) = 0.0044; interrupted cART patients: R2 = 0.008, slope = 0.03, p (slopes0) = 0.85; (d) linear regression and
95% CI between reservoir size in peripheral blood at month 6 or 12 vs. reservoir size in autograft, continuously cART-
treated patients: R2 = 0.99, slope = 0.56, p (slopes0) < 0.0001; interrupted cART patients: R2 = 0.09, slope = 0.61,
p (slopes0) = 0.51. (e) linear regression between reservoir size per million CD4 in peripheral blood at month 1 or 3 vs.
reservoir size per million CD4 in autograft, continuously cART-treated patients: R2 = 0.30, slope = 0.46, p (slopes0) = 0.26;
interrupted cART patients: R2 = 0.004, slope = 0.02, p (slopes0) = 0.91; (f) linear regression and 95% CI between reservoir
size per million CD4 in peripheral blood at month 6 or 12 vs. reservoir size per million CD4 in autograft, continuously
cART-treated patients: R2 = 0.78, slope = 0.92, p (slopes0) = 0.019; interrupted cART patients: R2 = 0.004, slope = –0.15, p
(slopes0) = 0.89. HDC, high dose chemotherapy; cART, combination antiretroviral therapy; CI, confidence intervals;
AMCs, autograft mononuclear cells; PBMCs, peripheral blood mononuclear cells. black triangles, continuously cART-
treated patients; black diamonds, interrupted cART patients before interruption; open diamonds, interrupted cART patients
after interruption; gray triangle, continuously cART-treated patients at month 1 (c–e) or month 6 (d–f).
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Our observations resemble the association found between
viral reporter gene expression in the autograft and in the
reconstituted immune system at set point (6 months) de-
scribed in autologous HSCT of nonhuman primates follow-
ing total body irradiation.35 Six to twelve months is also the
lag time needed to reach baseline CD4 + T cell count levels in
an analogous cohort of HIV-1-positive patients.14 Of note,
our previous findings showed a correlation between CD4 +

and CD8 + T cell counts in autograft and in peripheral blood
until month 6 or 12 after transplantation, indicating a re-
markable role of the infused T cell subsets and their expan-
sion in immune reconstitution.14 It is known that the recovery
of immune function occurs rapidly in CD34 + unselected if
compared to selected autologous transplantation; although
the pattern of TCRVB expression is very similar before and
after conditioning plus autograft infusion, the expansion of
oligoclones within 100 days after infusion suggests the pro-
liferation of mature postthymic cells.36

Although straightforward and direct proof ascertaining the
origin of the posttransplant HIV-1 reservoir has not been
reported in human studies and further investigations are
needed to establish the relative contribution of the autograft
to immune system recovery, collectively these observations
suggest that, in preconditioned HIV-1 hosts, the reconstituted
immune system could stem primarily from the autograft,
rather than from homeostatic proliferation of the immune
cells surviving the conditioning regimen.

Possible weaknesses of this study are its retrospective
nature and the small number of patients, which might, for
instance, have masked the presence of associations not found
in our group of patients due to the low power of the analysis.
In addition, this study is grounded on HIV-1 reservoir as-
sessments in PBMCs, which could be an approximate marker
of the HIV-1 reservoir. However, we have demonstrated that
similar associations emerged also expressing the HIV-1 res-
ervoir per CD4 T cells, in particular per CD4 memory T cells.
The loss of strength in the associations that consider HIV-1
reservoir inferred per million CD4 (Fig. 3e) could be related
to statistical noise due to the low sample size as well as to
systematic errors introduced by the difference in staining and
gating strategy between peripheral blood and autograft
samples, or distinct dynamics of monocytes and CD4 T cell
subset recoveries during transplantation.37–39

Despite these limitations, our results point out the impor-
tance of autograft HIV-DNA levels in determining the HIV-1
reservoir after transplantation. Consequently, clearing auto-
grafts from HIV-1, during or after the DCT/mobilization
phase, could have a positive impact on the subsequent pe-
ripheral HIV-DNA load. Theoretically, > 99% replacement
of the immune system from a fully purged autograft would
reduce the reservoir size, in cART settings, of more than 2
logs. Such a strategy would make it possible to reach a
threshold below which the reservoir could be eradicated
or kept under control possibly in combination with other
immune-based approaches, e.g., through enhancement of
HIV-1-specific boosting of the reconstituted immune system
prior to interruption of antiretroviral therapy.40,41

In line with other findings, our results showed that the
greatest efficiency of CD34 + cell mobilization was associ-
ated with high CD4 + T cell absolute counts at baseline
and suggested that cART might influence progenitors’
availability, confirming an interdependence between immune

status, cART treatment, and hematopoiesis in these pa-
tients.42–45 It is conceivable that patients preserving a quite
functional bone marrow and immune system during HIV-1
infection could fully benefit from HIV-1 purging interven-
tions, because they exhibit lower defects in the quantity and
quality of CD34 + and effector T cells with presumably low
HIV-1 infection load. In these subjects, risks associated with
delayed lymphocyte recovery and infection-related mortality
after transplantation might be managed by increasing the
dose of infused purified CD34 + progenitor cells and by in-
fection surveillance and prevention.46,47

In conclusion, this study provides evidence that autograft
HIV-1 reservoir size influences posttransplant peripheral
HIV-1 reservoir size in patients on effective cART. The latter
prevents substantial reseeding of the infused HIV-1 reservoir
to the reconstituting immune system. Since the DCT/mobi-
lization phase within the ASCT procedure could change the
quantity and/or the quality of the autograft HIV-1 reservoir,
additional studies on larger patient numbers are needed to
assess the autograft composition in HIV-1-infected subsets
predicting subsequent HIV-1 cell-associated load. To this
end, the ASCT procedure could be a useful platform to
subsequently design strategies reducing the HIV-1 reservoir.
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