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HIV-1 gp120 impairs the differentiation
and survival of cord blood CD34+ HPCs induced
to the erythroid lineage
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Summary
Anemia is the most common hematological abnormality in human immunodeficiency virus (HIV)-infected patients. Besides chronic disease, opportunistic infections, nutritional deficiencies and antiretroviral drug toxicity,
the direct role of HIV in the development of anemia has not yet been fully investigated. To explore the HIV-related
mechanisms involved in the genesis of anemia, we used two experimental designs. In the first, HPCs purified from
cord blood were challenged with HIV-1IIIb or recombinant gp120 (rgp120) and then committed to erythrocyte
differentiation (EPO-post-treated HPCs). In the second, HPCs were first committed to differentiate towards the
erythroid lineage and only afterwards challenged with HIV-1IIIb or rgp120 (EPO-pre-treated HPCs). Our results
showed that HPCs and EPO-induced HPCs were not susceptible to HIV-1 infection. In addition, the two experimental designs (EPO post or pre-treated HPCs) independently showed that HIV-1IIIb or rgp120 were able to induce the
impairment of survival, proliferation, and differentiation albeit differing in kinetics and extent. Interestingly, the
gp120 interaction with CD4 and CXCR4 played a pivotal role in the impairment of erythrocyte differentiation by
inducing TGF-b1 expression. These observations reveal an important additional mechanism involved in the genesis
of anemia suggesting a complex competition between EPO-positive regulation and HIV-negative priming regarding
erythrocyte survival, proliferation and maturation.
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INTRODUCTION
Among the cytopenias commonly encountered
in HIV-1-infected patients, anemia represents
a major pathological manifestation during the
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course of infection [Zon et al., 1987; Kreuzer
and Rockstroh, 1997; Gibellini et al., 2013).
The decreased erythrocyte number found in
HIV-1-positive patients is frequently associated
with alterations of erythrocyte form (Spivak et
al., 1984), and the severity of anemia seems to
be strictly related to immunosuppression and
disease stage (Volberding et al., 2004). In particular, anemia, observed in 10% of asymptomatic
HIV individuals and up to 92% of AIDS patients
(Zon et al., 1987; Kreuzer and Rockstroh, 1997;
Gibellini et al., 2013), is a negative prognostic factor correlated with a lower survival rate
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(Kreuzer and Rockstroh 1997; Gibellini et al.,
2013; Spivak et al., 1984; Volberding et al., 2004;
Forsyth et al., 1996).
HIV infection per se and its indirect effects
could play a crucial role in the genesis of anemia. Vitamin deficiencies, pharmacological
treatments, iron metabolism derangement,
neoplastic diseases, opportunistic infections
and therapeutic protocols are indirect effects,
but a direct viral effect on HPCs and erythroid
lineage differentiation and proliferation must
not be underestimated (Levine et al., 2001;
Semba et al., 2002). HIV-1 may well have a central role in triggering apoptosis and impaired
proliferation in HPCs through gp120 binding to
the cellular membrane and HPCs. In addition,
erythroid-committed cells like BFU-E (Zauli
et al., 1992; Zauli et al., 1994; Lee et al., 1999)
might represent a target of HIV infection even
though controversial results have been reported (Cleveland et al., 1996; Carter et al., 2011;
McNamara et al., 2012; Durand et al., 2012; Josefsson et al., 2012).
It is noteworthy that the HIV-1 deregulation of
pro-inflammatory cytokines is related to impaired erythropoietin (EPO)-related feedback
modulation. EPO is a cytokine produced by
mesangial cells in the kidney and plays a central role in erythrocyte differentiation, proliferation and homeostasis regulation.
This study focused on the effects of early HIV1 challenge on the survival/proliferation and
maturation of the erythrocyte lineage derived
from HPC differentiation by EPO. Two experimental designs were used. In the first, HPCs
purified from cord blood before being committed to erythrocytes differentiation were challenged with HIV-1IIIb or recombinant gp120
(rgp120) (EPO-post-treated HPCs). In the second, HPCs were first committed to erythrocyte
differentiation and only afterwards challenged
with HIV-1IIIb or rgp120 (EPO-pre-treated
HPCs).
Both experimental designs investigated susceptibility to HIV-1 infection, cell viability, cell
survival/proliferation, apoptosis activation, glycophorin expression, colony formation units
and the role of TGF-b1 to study the HIV-related
mechanisms involved in impaired erythrocyte
cell lineage survival and induction of EPO-driven differentiation.

MATERIALS AND METHODS
CD34+ HPC isolation and analysis of the
cell surface (CD4, CXCR4 and glycophorin).
CD34+ cells were obtained from umbilical cord
blood specimens. Collection and handling of
samples were carried out according to the
Helsinki declaration (Shephard DA, 1976).
No approval from the Ethical Committee was
requested because all the samples were anonymous and could not be related to any cord
blood donors.
The efficiency of CD34+ HPCs purification was
determined by flow cytometry. Briefly, cells were
stained with phycoerythrin (PE)-conjugated anti-CD34 monoclonal antibody (Becton-Dickinson, San José, CA, USA) for 30 minutes in ice.
After washing with PBS, stained cells were acquired on a FACSCalibur, and the data were analyzed with BD CellQuest™ Pro Software (Becton-Dickinson Biosciences). The percentage of
CD34+ HPCs obtained ranged from 94 to 99%
in all purified cord blood samples.
After purification, HPCs (1x105) were analyzed
for the presence of cell surface receptors and
intracellular markers. Briefly, to determine the
percentage of cells expressing CD4, CXCR4 and
glycophorin A, cells were separately stained
with FITC-conjugated-anti-CD4mAb (Becton-Dickinson),
FITC-conjugated-anti-CXCR4mAb (R&D System, Minneapolis, MI, USA)
and PE-conjugated-anti-glycophorin A mAb
(R&D System) for 30 minutes in ice. The cells
were extensively washed in PBS and then analyzed by flow cytometry.
HIV-1IIIb and recombinant gp120 (rgp120)
treatment. HIV-1IIIB viral stock was produced
as previously described (Gartner S and Popovic
M, 1990) and titrated by ELISA HIV-1 p24 antigen kit (BioMerieux, Marcy L’Etoile, France).
Isolated HPCs (5x104 cells/ml) were seeded in
Iscove medium (Gibco, Paisley, UK) containing
2% FBS (Gibco), IL-3 (10 ng/ml; Roche, Mannheim, Germany), SCF (10 ng/ml; Roche), GMCSF (250 ng/ml; Genzyme, Cambridge, UK).
Twenty-four hours later, HPCs were challenged
with HIV-1IIIb (5 ng/ml of HIV-1 p24) for 2 hours
at 37°C. Cultures, seeded in 6-well plates, were
extensively washed with PBS, kept in standard
medium and supernatants and HPCs were harvested at days 3 and 7 post infection (pi).
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Most experiments were performed treating
HPCs with full-length recombinant gp120
(rgp120 (1 μg/ml, NIBSC, London, UK) for 2
hours at 37°C to verify the effect of envelope
glycoprotein on progenitor cells on erythrocyte
survival, proliferation and maturation.
HPC differentiation. Two different experimental designs concerning in vitro differentiation
and HIV-1 pr gp120 challenge were performed,
as shown in Table 1.
First: EPO-post-treated HPCs. HPCs (5x104
cells/ml) were challenged with HIV-1IIIB or
rgp120 and treated with EPO 24 hours later
(4U/ml; Roche). Half the medium was changed
every 4 days with fresh medium without SCF,
with IL3 and EPO. In addition, HIV-1IIIB or
rgp120 were re-added every 4 days.
Second: EPO-pre-treated HPCs. Isolated HPCs
(5x104 cells/ml) were pre-treated with EPO (4U/
ml; Roche) and HIV-1IIIB or rgp120 was added
to cell cultures 24 hours later. Half the medium was changed every 4 days with fresh medium without SCF, with IL3 and EPO, including
HIV-1IIIB or rgp120 at the same concentration
described forEPO-pre-treated HPCs.
As control, HPCs were kept in medium without
EPO or in medium with EPO without HIV-1IIIb
and rgp120 challenges in both protocols.
HIV detection. The HIV-1 p24 content was as-

sayed in supernatants by ELISA HIV-1 p24 antigen kit (BioMerieux Boxtel, The Netherlands).
Cellular and proviral DNAs were extracted from
samples by DNAeasy kit (Qiagen, Hilden, Germany). Purified DNA (0.5 mg) was amplified by
PCR using SK431 and SK462 oligos, as previously described (Gibellini et al., 2008). A specific
amplicon of 142 bp was detectable by 2% agarose gel electrophoresis. As a control, parallel
amplification of globin gene was carried out and
the integrated HIV-1 proviral DNA was analyzed
after gel purification of cell genomic DNA (Gibellini et al., 2008) followed by nested Alu-PCR
assay as assessed by O’Doherty and coworkers
(O’Doherty et al., 2002). The first nested PCR
amplification was performed on cell genomic
DNA (0.5 μg) with primers specific for Alu and
gag sequences whereas the second amplification
was carried out with the HIV-1 LTR oligonucleotide pair. A specific amplicon of 100 bp was detectable by 3% agarose gel electrophoresis.
Quantitative RT-PCR (qRT-PCR) for mRNA
TGF-b detection. Total mRNA was extracted
from HPCs by the High Pure RNA isolation kit
(Roche) following the manufacturer’s instructions. 50 ng of retro-transcribed total RNA was
amplified using Quantitect SYBR Green RT-PCR
kit (Qiagen) with 400 nM of each specific oligos
(β-actin F: CATGTACGTTGCTATCCAGGC; β ac-

Table 1 - Experimental design performed on CD34 HPCs purified from cord blood. On the left,
HPCs firstly challenged with HIV-1IIIb or gp120 (rgp120) and then committed to erythrocytes differentiation
(HPCs EPO post-treated). On the right HPCs firstly committed to erythrocytes differentiation and then
challenged with HIV-1IIIb or rgp120 (HPCs EPO pre-treated).
HPCs EPO post-treated

HPCs EPO pre-treated
HPCs isolation

Day 3

Day 4
Day 7
Day 8
Day 12
Day 14

HPCs plus HIV or gp120
EPO addition
Cell count HIV DNA PCR
Apoptosis Glycophorin
expression TGF-β1 mRNA
expression

HPCs plus EPO
HIV or gp120 addition
Cell count HIV DNA PCR
Apoptosis Glycophorin
expression TGF-β1 mRNA
expression
Fresh medium and HIV or gp120

Cell count Apoptosis HIV DNA
PCR Glycophorin expression
TGF-β1 mRNA expression

Cell count Apoptosis
Glycophorin expression TGF-β1
mRNA expression
Fresh medium and HIV or gp120

Cell count Apoptosis TGF-β1
mRNA expression

Cell count Apoptosis TGF-β1
mRNA expression Glycophorin
expression
CFU assay
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tin R: GTCCTTAATGTCACGCACGAT, TGF- β1
F: 5’-CTTCAAGCTCCTGGGAAATGT-3’,TGF- β1
R: 5’- GCAGAATAAAGCCTACCTTGAAAG-3’ in
a LightCycler instrument (Roche). The amplification was performed with RT step (1 cycle at
50°C for 20 min) followed by initial activation
of HotStar Taq DNA polymerase at 94°C for 15
min and 40 cycles in 3 steps: 94°C for 10 s, 60°C
for 30 s, 72°C for 60 s. The b-actin real time RTPCR amplification was carried out with an annealing step at 60°C for 15 s and an extension
time at 72°C for 25 s. The amplicons were also
analyzed in 1.5% agarose gel electrophoresis.
Apoptosis analysis. HPCs were fixed in cold
ethanol 70% for 15 minutes at 4°C and after 2
soft washings in PBS, the samples were treated with RNase (500 µg/ml, Sigma) and then
stained with propidium iodide (50 µg/ml, Sigma). The samples were analyzed by flow cytometer (FACScan, Becton-Dickinson) at different
experimental times.
Colony-forming unit (CFU) assay. The CFU
assay was performed using MethoCult™ assay
(StemCell Technologies, Milan, Italy) following the manufacturer’s instructions. In the first
protocol HPCs were gp120-treated and then
seeded in MethoCult™ medium. In the second
protocol purified HPCs were seeded in MethoCult™ medium and gp120-challenged only 24
hours later. At day 14, CFUs were enumerated
following the manufacturer’s instructions.
Recombinant proteins and polyclonal antibody. Briefly, recombinant TGF-b1 (r TGF-b1;
900 pg/ml; Peprotech London, UK), p5p (pyridoxal-phosphate), as antagonist of gp120-CD4
binding (5 ng/ml, Sigma, St Louis, MO, USA)
and AMD3100, as antagonist of gp120- CXCR4
binding (0.5 mM, Sigma, St Louis, MO, USA)
were added to purified CD34+ daily in some experimental steps to verify the individual role of
different molecules in survival/proliferation and
maturation of the HPC-derived erythrocyte lineage. TGF-b1 neutralization experiments were
performed using anti-TGF-b1 polyclonal antibody (pAb; 1 mg/ml; R&D Systems, Minneapolis,
MI, USA) to study the potential role of TGF-b1.
Statistical analysis. The data are expressed as
means ± standard deviation (±SD) of 3 separate
experiments performed in duplicate. Statistical
analysis was performed using Student’s twotailed t-test.

RESULTS
Cord blood HPCs and EPO-induced HPCs
are not susceptible to HIV-1 infection. The
percentage of purified HPCs (CD34 ranging
from 94 to 99%) expressing CD4 and CXCR4
was 5±1.5 and 32 ± 3% respectively.
HPCs and HPCs differentiated towards the
erythroid lineage (48 hours after EPO treatment) exposed to HIV-1IIIb (5ng p24/ml) were
analyzed at days 3 and 7 p.i. for the presence of
HIV proviral DNA by PCR and HIV p24 by ELFA
technique (Vidas IV p24, BioMerieux, Marcyl’Etoile, France) in cell culture supernatants.
Neither HIV sequences (Figure 1) nor HIV-1 p24
protein were detected at any experimental time
point, indicating that HPCs and EPO-induced
HPCs were not susceptible to HIV-1 infection.
HIV-1 or rgp120-impaired cell survival/
proliferation of cord blood CD34+ HPCs
through apoptosis activation. We performed
2 sets of experiments treating HPCs with HIV1or rgp120 before or after EPO stimulation.
In highly purified CD34+ HPCs challenged
with virus and then triggered to differentiation
(EPO-post-treated HPCs), cell viability (by trypan blue exclusion technique) showed a significant cell reduction at different times post-infection (days 3, 7, 12), evident early on (day
3) both in the presence of HIV-1IIIb and rgp120
(data not shown). Moreover, a significant in-

Figure 1 - HIV DNA PCR in HPCs and HPCs differentiated towards the erythroid lineage (48 hours after
EPO treatment) exposed to HIV-1IIIb. Lane 1: Molecular weight markers. Lane 2: Negative control (PBMCs).
Lane 3: Positive control (HIV-1-infected PBMCs cells
at day 3). Lane 4: HPCs challenged with HIV-1 at day
3. Lane 5: EPO-treated HPCs challenged with HIV-1
at day 3.
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crease in apoptotic cells from day 3 onwards
(12±2%, 23.1±2.6% and 40±6, at days 3, 7 and
12 respectively) was also observed both in HIV1 IIIb, (data not shown) and rgp120-treated HPCs
(Figure 2A) in comparison with control cells
(4±1.2%, 6.8±1.3% and 8.5±1.8, at days 3, 7 and
12 respectively).
In the second set of experiments, cells were first
triggered to erythroid differentiation and only
24 hours later challenged with viral stocks or
rgp120 (EPO-pre-treated HPCs). In this instance,
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results showed a later reduction of cell viability
and apoptosis. In particular, after a slight and
not significant increase in cell number at days
3 and 7 p.i., HPCs showed a drastic reduction
in viable cells coinciding with apoptosis activation from 12 days onwards. However, the
high apoptosis levels recorded in the first set
of experiments (EPO-post-treated HPCs) were
never reached, thereby allowing more experimental points to be checked. In particular, we
observed a higher apoptosis percentage (up to

Figure 2 - Panel A. Percentage of apoptosis (y axis) detectable by flow cytometry in purified HPCs challenged
with recombinant gp120 and subsequently committed to erythrocyte differentiation (EPO-post-treated HPCs).
Black columns: control CD34+ HPCs; gray columns: rgp120-treated CD34 HPCs. Panel B. Percentage of apoptosis
(y axis) detectable by flow cytometry in purified HPCs first committed to erythrocyte differentiation and then challenged with rgp120 (EPO-pre-treated HPCs). Black columns: control HPCs CD34+; gray columns: rgp120-treated
CD34 HPCs. Panel C. Percentage of apoptosis (at day 12) in purified EPO-pre-treated HPCs separately challenged
with HIV rgp120, HIV rgp120 plus p5p (as inhibitor of gp120/CD4 binding) and HIV rgp120 plus AMD3100 (as
inhibitor of gp120/CXCR4 binding).
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40±6%) in EPO-post-treated HPCs at day 12 in
comparison to EPO-pre-treated HPCs where the
level of apoptosis did not exceed 20% and was
maintained within the 30% throughout our experimental times and up to day 20 (Figure 2B).
In a parallel experiment, 5x104 cells/ml HPCs
committed to differentiation by EPO, exposed to HIV gp120 (1 ng/ml) 24 hours later
(EPO-pre-treated HPCs) were then separately
treated with inhibitors of gp120/CD4 binding (p5p (5ng/ml)) or gp120/CXCR4 binding
(AMD3100 (0.5 mM)). HIV gp120 was re-added every 4 days while P5P and AMD 3100
were added every day and the percentage
of apoptosis was checked at days 7 and 12.
Even if no difference was observed at day 7
(data not shown), later on (at day 12), as expected, HPCs treated only with rgp120 showed
a clear increase (p<0.05%) in apoptosis levels
(20±2%) in comparison with HPCs treated also
with p5p (9±0.3)% or AMD3100 (11±0.6%)
showing apoptosis values similar to controls
(Figure 2C).
Glycophorin expression in EPO-post and
pre-treated HPCs was downregulated by
challenge with rgp120. Glycophorin A erythroid antigen expression was studied in CD34+
HPCs to evaluate whether the pre- or post-chal-

lenge with rgp120 might affect the subsequent
EPO-driven differentiation. Results demonstrated a strong percentage of cells expressing glycophorin A with clear differences in the two protocols. In highly purified CD34+ HPCs challenged
with gp120 and then triggered to differentiation
(EPO-post-treated HPCs), glycophorin expression was very low compared to control cells both
at day 3 and day 7 (1.8±0.3% versus 4.2±1.3%
and 2.2±0.6% versus 8.1±1.8%) (Figure 3A).
In EPO-pre-treated HPCs, despite an early higher and constant glycophorin expression with
respect to EPO-post-treated HPCs, a sharp and
significant reduction in comparison to control
cells was observed from day 12 up to day 20
(11.9+3 versus 22.26±5 (day12), 12.3+2.4 versus 24.2+4.2 (day 14), 12.5+3 versus 31.4+5(day
20)) (Figure 3B).
Glycophorin expression was evaluated by flow
cytometry in control HPC cells (purified HPCs
maintained in the presence of IL3 and EPO
(as described in Material and Methods) and in
HPCs challenged with p5p and AMD3100 - separately - to verify the role of CD4 and or CXCR4
and evaluated at day 12.
HPCstreatment with P5P resulted in an inhibition of glycophorin expression, comparable
to gp120-treated HPCs (8±2.3 and 9.52±3.4

Figure 3 - Glycophorin A expression in EPO-post-treated HPCs (Panel A) at days 3 and 7 and EPO-pre-treated HPCs
(Panel B) from day 3 to day 20. Black columns: control CD34+ HPCs; gray columns: rgp120-treated CD34 HPCs.
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Figure 4 - Colony formation assay in HPCs (A: control), in EPO-pre-treated (B) and EPO-post-treated
HPCs challenged with rgp120 (C). Table reports the
number of colonies obtained by triplicate experiments
in EPO-post and pre-treated HPCs.

respectively) in comparison with control cells
(22.26±3.2). On the other hand, pre-treatment
with AMD3100 partially restored glycophorin
expression (14±2.1) probably suggesting a role
of gp120 binding and CXCR4 in the differentiation process.
Colony formation is hampered in both post
and pre-treated HPCs. In parallel, we evaluated the impact of rgp120 on EPO-driven colony formation in semisolid methylcellulose
agar. The number of BFU-E was clearly less in
rgp120-challenged EPO post (BFU-E number:
246±11) and pre-treated HPCs (BFU-E number: 272±19) at day 14 in comparison to control cells (BFU-E number: 427±13) with a clear
downregulation of hemoglobin in the colonies
determined by a pale red color with respect to
the brilliant red detectable in the HPC control
cells (Figure 4).
mRNA expression of TGF-β1 is elevated in
both EPO post and pre–treated CD34+ HPCs.
Since TGF-β and related factors exert autocrine
and/or paracrine effects on hematopoiesis by
regulating cell proliferation, differentiation,
and survival (Gibellini et al. 2013; Xie et al.
2015), to further investigate the role of TGF-b
in the development of erythroid progenitors we
focused on TGF-b1 induction in EPO post (Figure 5A) and pre-treated CD34+ HPCs (Figure
5B) from day 3 onwards.

Figure 5 - Panel A. mRNA TGF-b1 expression in
EPO-post treated HPCs. Black columns: control HPCs
CD34+; gray columns: rgp120-treated HPCs. Panel B:
mRNA TGF-b1 expression in EPO-pre-treated HPCs.
Black columns: control CD34+ HPCs; grey columns:
rgp120 treated HPCs. Panel C: percentage of apoptosis
at day 12 in HPCs (control cells, HPCs treated with
gp120 or TGF-b1 only or gp120 plus anti-TGF-b1.
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In EPO-post-treated HPCs, we observed a peak
of mRNA TGF-β1 at day 3 (24±2.3 fold of activation) followed by a clear decrease five days
later (3±0.4 fold of activation). As expected, no
further times should be analyzed since number
of cells available was not more sufficient for additional experimental points
On the contrary in EPO-pre-treated HPCs only a
slight increase in TGF-β1 levels, never reaching
the activation fold registered in EPO-post-treated HPCs, was observed only at days 3 (4±0.4
fold of activation versus 24±2.3 fold) and 7
(7.9±0.7 fold of activation versus 3.1±0.3 fold),
with a clear decrease at later times. In particular, comparing the level at day 3 in EPO-post
and pre-treated HPCs I, a significant difference
was observed. On the basis of these results
and to verify the role of TGF-b1 in apoptosis
induction, HPC cell cultures (1x104 cells) were
treated with gp120 plus anti-TGF-b1 pAb (1
microgram/ml) added daily up the end of our
experimental times (day 12). Results obtained
showed a consistent apoptosis inhibition in
EPO-pre-treated HPCs suggesting that a specific treatment with anti-TGF-b1 pAb completely
re-established the apoptosis levels as in control
cells (Figure 5C).
DISCUSSION
Anemia is detectable in many HIV patients and
is related to increased morbidity with a lower
survival rate with respect to HIV patients without anemia (Opie J., 2012; Gibellini et al., 2013;
Redig and Berliner 2013). cART therapy is able
to raise erythrocyte and hemoglobin levels in a
good percentage of patients (up to 55%) even if
some antiretroviral agents induce bone marrow
suppression with a derangement of erythrocyte
cell lineage differentiation (Alexaki and Wigdahl 2008).
The pathogenesis of HIV-related anemia is multifactorial and involves both the loss of differentiated erythrocytes and impairment of the
erythrocyte differentiation process. Generation
and maturation on erythrocytes takes place in
the bone marrow, which represents one of the
main replication sites during HIV infection.
HIV infection affects bone marrow function via
several mechanisms, including deregulation of

cytokine networks, stromal cell damage, and
direct infection of bone marrow macrophages.
HIV infection has also been linked to decreased
erythropoietin (EPO) synthesis resulting from
HIV-related kidney damage, and to anti-EPO
autoantibodies in several HIV-positive patients
(Sipsas et al., 1999; Tsiakalos et al., 2010).
EPO is a 30 kDa protein that plays an essential
role in the production and differentiation of red
blood cells (Jelkmann, 2013). The molecule is
mainly expressed after birth by peritubular fibroblasts in the renal cortex even though EPO
mRNA is detectable in other tissues such as
liver, brain, lung, spleen and testis. EPO plays
a crucial role in the differentiation of erythrocytes, modulating the replication and differentiation of CFU-E to generate large amounts of
pro-erythroblasts and normoblasts. Importantly, EPO is an anti-apoptotic molecule for CFU-E
and some studies (Spivak et al., 1984; Wang et
al., 1993; Kreuzer et al., 1997) have demonstrated that the same erythroid progenitors contained EPO mRNA and protein. This suggests
a twofold regulation of CFU-E biology where
autocrine stimulation by CFU-E-produced EPO
may modulate basal erythropoiesis whereas circulating renal EPO induces a strong response
to hypoxic stimulation (Gibellini et al., 2013).
In this complex scenario where anemia may
represent a consistent negative prognostic factor during the disease course and the role of human progenitor cells in the pathogenesis of HIV
infection remains controversial, we investigated the HIV-related mechanisms involved in the
impairment of erythrocyte cell lineage survival
and differentiation. We used two experimental
- in vitro - protocols to evaluate the effect before
and after the induction of EPO-driven differentiation of cord blood CD34+ HPCs.
Since the HPC/HIV interaction is still a controversial issue, our first aim was to verify HPC
susceptibility to HIV-1. We and others (Sakaguchi et al., 1990; Re et al., 1993; Re et al.,1994;
Molina et al., 1999; Zauli et al., 1994) previously
demonstrated the lack of HPC infection after
in vivo or in vitro exposure to HIV despite detectable amounts of CD4 and CXCR4 receptor
on their surface (Deichmann et al., 1997; Aiuti
et al., 1999; Shen et al., 1999). By contrast, recent papers have shown that a low percentage
of HPCs could be infected and HIV proviral
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DNA has been detected in bone marrow HPCs
purified from cART-treated patients, suggesting HPCs are a reservoir of HIV infection (McNamara and Collins 2011; Carter et al., 2011).
In our experimental conditions, the results obtained showed a lack of HPC infection both
in HPCs treated with HIV and HPCs after
EPO-driven differentiation induction, confirming previous results and also suggesting that
EPO treatment does not modify the lack of
HIV-1 susceptibility.
Although we did not observe any proviral DNA
in our experimental conditions, this cannot
rule out a possible HIV infection in other experimental procedures where different HIV
strains, HPC purity, time of HIV exposure, cellto-cell infection, or deregulation of cytokines at
bone marrow level can promote HPC infection
by HIV (Zhang and Crumpacker, 2010).
Despite the lack of infection, HPC cultures challenged with HIV showed a reduced cell viability and a higher apoptosis rate than untreated
cultures. Increased levels of apoptosis were observed in HPC cells challenged with either virus
or gp120 before and after inducing erythrocyte
differentiation by EPO treatment. Challenging
EPO post-treated HPCs with HIV or rgp120
resulted in a dramatic reduction of viable cells
mainly by apoptosis activation.
The significant increase in apoptotic cells, already detectable at day 3 pi with a peak at
days 7 and 12 pi suggested that subsequent
EPO treatment is not able to tackle the negative effect induced by HIV or rgp120 treatment.
These data confirm previous studies where HIV
induced apoptosis in CD34+HPCs (Zauli et al.,
1992, Gibellini et al., 2014; MacEneaney et al.,
2011), and stress the importance of apoptosis in
the pathogenesis of different cytopenias during
HIV infection.
Interestingly, the results obtained by the second protocol (EPO-pre-treated HPCs) showed a
decreased viability, but only at later times and
never reaching the high levels shown in EPOpost-treated HPCs, suggesting that EPO efficiently reduces the dramatic negative HIV effects on viability and proliferation.
In addition, results obtained treating purified
HPCs with an antagonist of gp120-CD4 binding or an antagonist of gp120-CXCR4 binding
showed apoptosis levels very similar to HPCs
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treated with only gp120, suggesting a mechanism related to CD4 and CXCR4 interaction
with gp120 in triggering apoptosis.
Data obtained by the analysis of glycophorin
expression in HPCs treated with rgp120 are
consistent with the detrimental effect demonstrated by the gp120/HPC interaction. In our
experimental conditions, HIV glycoprotein
downregulated glycophorin A erythroid antigen
expression, even if with clearly different results
in the two protocols. While the expression of
glycophorin was very low at early experimental
times in EPO-post-treated HPCs, the reduction
of glycophorin expression was observed only
later (form day 12) in EPO-pre-treated HPCs
confirming that EPO is able to attenuate the
detrimental effect of gp120 also in this case.
Colony formation was also drastically hampered in both post and pre-treated HPCs and
the impact of rgp120 was associated with a clear
downregulation of hemoglobin. The reduction
of BFU-E and downregulation of hemoglobin
in the methylcellulose-based cultures suggests
that HIV-1 could perturb HPC differentiation
towards the erythrocytic lineage resulting in
decreased differentiation and an inhibition of
erythroid specific markers.
Finally, to try to understand the mechanism of
the detrimental effects of HIV or its envelope
protein we studied the expression of TGF-b1,
a cytokine required for both HPC self-renewal
and replication/differentiation control and involved in the HIV-1-related depression of bone
marrow and differentiation of cell lineages such
as the megakaryocyte lineage.
However, we verified whether an increase
in TGF-b1could be detected after EPO treatment. TGF-b1 mRNA appeared significantly
increased already at day 3 pi and this upregulation was found at days 6 and 10 when high
levels of apoptotic cells were detected. Interestingly, TGF-b1 is, at least in part, involved in
apoptosis induction.
Apoptosis induction was mediated by the increased expression of TGF-b1. TGF-b1 has been
implicated in the control of erythrocyte generation by determining the levels of apoptosis in
progenitor cells (Gibellini et al., 2013; Xie et al.,
2015). Moreover, anti-TGF-b1pAb treatment
in the supernatant in our experimental system
inhibited TGF-b1-paracrine/autocrine activity,
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consistently reducing the number of apoptotic
cells in HIV-1 and rgp120-treated cell cultures.
In addition, CD4 and CXCR4 are present even
on BFU-E and CFU-E (Kitano et al., 1991;
Lee et al., 1999) suggesting that the HIV-1 or
rgp120-related negative effect involves not only
HPC apoptosis but also the first steps of differentiation. EPO did not seem able to tackle the
negative effect, since the amount of CFU-E was
dramatically decreased in gp120-treated cultures.
In conclusion, anemia and the progressive decline of erythrocytes and hemoglobin play an
important role in both HIV disease progression
and the clinical and therapeutic management
of HIV-positive patients. By certifying the lack
of HPC infection, a dramatic reduction of viable cells mainly by apoptosis activation, and
a downregulation of glycophorin A erythroid
antigen expression, our data add important information to the pathogenesis of HIV infection
underlying the central role of TGF-b1 in HPC
replication and differentiation.
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